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PREFACE 

This report presents a method for the nonlinear analysis of plane frame 

structures. Geometric, material, and support nonlinearities are accommodated 

by a discrete element model of the frame members which is incorporated in a 

nonlinear frame solution. 

This is the twenty-third in a series of reports that describe work under 

Research Project No. 3-5-63-56, "Development of Methods for Computer Simulation 

of Beam-Columns and Grid-Beam and Slab Systems." Reports No. 56-1, 56-4, and 

56-21 provide background information for this report. 

Duplicate copies of the program deck and test data cards for the example 

problems in this report may be obtained from the Center for Highway Research, 

The University of Texas at Austin. 

Thanks are due to the members of the staff of the Center for Highway 

Research for their assistance in producing this report. 

May 1972 

iii 

Clifford o. Hays 

Hudson Matlock 

.. 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



) 
LIST OF REPORTS 

Report No. 56-1, '~ Finite-Element Method of Solution for Linearly Elastic 
Beam-Columns" by Hudson Matlock and T. Allan Haliburton, presents a solution 
for beam-columns that is a basic tool in subsequent reports. September 1966. 

Report No. 56-2, "A Computer Program to Analyze Bending of Bent Caps" by 
Hudson Matlock and Wayne B. Ingram, describes the application of the beam­
column solution to the particular problem of bridge bent caps. October 1966. 

Report No. 56-3, "A Finite-Element Method of Solution for Structural Frames" 
by Hudson Matlock and Berry Ray Grubbs, describes a solution for frames with 
no sway. May 1967. 

Report No. 56-4, '~ Computer Program to Analyze Beam-Columns under Movable 
Loads" by Hudson Matlcok and Thomas P. Taylor, describes the application of 
the beam-column solution to problems with any configuration of movable non­
dynamic loads. June 1968. 

Report No. 56-5, "A Finite-Element Method for Bending Analysis of Layered 
Structural Systems" by Wayne B. Ingram and Hudson Matlock, describes an 
alternating-direction iteration method for solving two-dimensional systems 
of layered grids-over-beams and plates-over-beams. June 1967. 

Report No. 56-6, ''Discontinuous Orthotropic Plates and Pavement Slabs" by 
W. Ronald Hudson and Hudson Matlock, describes an alternating-direction 
iteration method for solving complex two-dimensional plate and slab problems 
with emphasis on pavement slabs. May 1966. 

Report No. 56-7, "A Finite-Element Analysis of Structural Frames" by T. Allan 
Haliburton and Hudson Matlock, describes a method of analysis for rectangular 
plane frames with three degrees of freedom at each joint. July 1967. 

Report No. 56-8, '~Finite-Element Method for Transverse Vibrations of Beams 
and Plates" by Harold Salani and Hudson Matlock, describes an implicit pro­
cedure for dete~ining the transient and steady-state vibrations of beams and 
plates, including pavement slabs. June 1968. 

Report No. 56-9, "A Direct Computer Solution for Plates and Pavement Slabs" 
by C. Fred Stelzer, Jr., and W. Ronald Hudson, describes a direct method for 
solving complex two-dimensional plate and slab problems. October 1967. 

Report No. 56-10, "A Finite-Element Method of Analysis for Composite Beams" 
by Thomas P. Taylor and Hudson Matlock, describes a method of analysis for 
composite beams with any degree of horizontal shear interaction. January 1968. 

v 

• .. 

t 



• 

t 

vi 

Report No. 56-11, "A Discrete-Element Solution of Plates and Pavement Slabs 
Using a Variable-Increment-Length Model" by Charles M. Pearre, III, and 
W. Ronald Hudson, presents a method for solving freely discontinuous plates 
and pavement slabs subjected to a variety of loads. April 1969. 

Report No. 56-12, "A Discrete-Element Method of Analysis for Combined Bending 
and Shear Deformations of a Beam" by David F. Tankersley and William P. Daw­
kins, presents a method of analysis for the combined effects of bending and 
shear deformations. December 1969. 

Report No. 56-13, "A Discrete-Element Method of Multiple-Loading Analysis for 
Two-Way Bridge Floor Slabs" by John J. Panak and Hudson Matlock, includes a 
procedure for analysis of two-way bridge floor slabs continuous over many 
supports. January 1970. 

Report No. 56-14, "A Direct Computer Solution for Plane Frames" by William p. 
Dawkins and John R. Ruser, Jr., presents a direct method of solution for the 
computer analysis of plane frame structures. May 1969. 

Report No. 56-15, '~xperimental Verification of Discrete-Element Solutions 
for Plates and Slabs" by Sohan L. Agarwal and W. Ronald Hudson, presents a 
comparison of discrete-element solutions with small-dimension test results 
for plates and slabs, including some cyclic data. April 1970. 

Report No. 56-16, "Experimental Evaluation of Subgrade Modulus and Its Applica­
tion in Model Slab Studies" by Qaiser S. Siddiqi and W. Ronald Hudson, describes 
a series of experiments to evaluate layered foundation coefficients of subgrade 
reaction for use in the discrete-element method. January 1970. 

Report No. 56-17, '~ynamic Analysis of Discrete-Element Plates on Nonlinear 
Foundations" by Allen E. Kelly and Hudson Matlock, presents a numerical method 
for the dynamic analysis of plates on nonlinear foundations. July 1970. 

Report No. 56-18, '~Discrete-Element Analysis for Anisotropic Skew Plates and 
Grids" by Mahendrakumar R. Vora and Hudson Matlock, describes a tridirectional 
model and a computer program for the analysis of anisotropic skew plates or 
slabs with grid-beams. August 1970. 

Report No. 56-19, "An Algebraic Equation Solution Process Formulated in Anti­
cipation of Banded Linear Equations" by Frank L. Endres and Hudson Matlock, 
describes a system of equation-solving routines that may be applied to a wide 
variety of problems by using them within appropriate programs. January 1971. 

Report No. 56-20, "Finite-Element Method of Analysis for Plane Curved Girders" 
by William p. Dawkins, presents a method of analysis that may be applied to 
plane-curved highway bridge girders and other structural members composed of 
straight and curved sections. June 1971. 

Report No. 56-21, ''Linearly Elastic Analysis of Plane Frames Subjected to 
Complex Loading Conditions" by Clifford O. Hays and Hudson Matlock, presents 
a design-oriented computer solution for plane frames structures and trusses 
that can analyze with a large number of loading conditions. June 1971. 

( 



) 

vii 

Report No. 56-22, '~na1ysis of Bending Stiffness Variation at Cracks in Con­
tinuous Pavements," by Adnan Abou-Ayyash and W. Ronald Hudson, describes an 
evaluation of the effect of transverse cracks on the longitudinal bending 
rigidity of continuously reinforced concrete pavements. April 1972. 

Report No. 56-23, '~ Nonlinear Analysis of Statically Loaded Plane Frames Using 
a Discrete Element Model" by Clifford O. Hays and Hudson Matlock, describes a 
method of analysis which considers support, material, and geometric non1in­
earities for plane frames subjected to complex loads and restraints. May 1972. 

(p) indicates Preliminary Report. 

• 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



) ABSTRACT 

A discrete element analysis which considers geometric, material, and 

support nonlinearities of statically loaded plane frames is developed. A 

computer program has been written to implement and verify the analysis. Frame 

geometry, loads, cross sections, and supports (nonlinear concentrated and dis­

tributed springs) can be sufficiently general to work practical frame problems. 

The method of analysis is based on an iterative procedure called the tan­

gent stiffness method. Unbalanced nodal point forces are applied to a tem­

porarily linear structure whose position dependent stiffness matrix is the 

tangent stiffness matrix of the structure. The frame members are divided into 

a number of discrete elements. The member solutions necessary to define the 

load-displacement response of the members are made separately from the frame 

solution to reduce computer time and storage requirements. 

Load-displacement equations for an individual discrete element are derived 

which are valid for large displacements. A numerical technique is used to 

determine the force-deformation response of a cross section with nonlinear 

stress-strain curves. Loads and nonlinear supports are input in normal engi­

neering terms and can be referenced either to the structure or to the member 

axes. When necessary, the loads and nonlinear supports are internally trans­

formed to member coordinates and discretized to concentrated values at the 

nodal points. 

Castigliano's first theorem is applied to develop matrix expressions for 

the stiffness matrix of a general discrete element and these expressions are 

used to obtain the stiffness matrix for the specific discrete element used in 

the frame solutions. 

A number of problems are worked and compared with existing analytical or 

experimental solutions. These example problems demonstrate the ability of 

the analysis to predict the general load-displacement response of (1) members 

which undergo large displacements, (2) steel frames, (3) reinforced concrete 
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frames, (4) continuous prestressed concrete beams, and (5) frames involving 

soil-structure interaction . 

KEY WORDS: structural engineering, frame analysis, plane frames, computer 

program, discrete element, soil-structure interaction, nonlinear analysis, 

large displacements, nonlinear material properties. 



SUMMARY 

A computer program which uses a discrete element model for the nonlinear 

elastic analysis of complex bridge bents and other highway structures has been 

developed and is reported herein. Rigid frames, trusses, continuous beams, 

and other planar structures may be analyzed using the program. 

The effects of nonlinear soil supports may be considered acting at the 

joints or distributed along the members of the frame. Cross sections may be 

quite general and are easily input without preliminary computations. Nonlinear 

stress-strain curves which need not pass through the origin may be specified 

for various parts of the cross section. This technique of inputting stress­

strain data accommodates the solution of a wide variety of practical problems 

such as those which arise because of temperature and prestressing effects. 

The geometric effects of the interaction of axial force and lateral displace­

ment and of the bowing or stretching of members due to bending are automatically 

considered as part of a complete large displacement analysis. 

Loads and restraints may act both normal and parallel to the members of 

the frame. This allows the designer to consider both vertical and inclined 

piles as integral parts of the frame, even if a pile has nonlinear lateral 

and axial soil supports. The geometry of the frame and the directions of the 

static loads may be input in a manner both natural and convenient to the 

designer. 
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IMPLEMENTATI ON STATEMENT 

A method of plane frame analysis which considers nonlinear supports, 

material properties, and geometric effects has been developed in this study. 

The computer program, documented in this report, can analyze skewed frames 

supported by laterally and axially restrained piles and subjected to a complex 

system of static loads. 

The nonlinear soil support capabilities available in the program allow 

the highway structures designer to realistically model many problems of soil­

structure interaction which previously had to be represented in a linear 

manner. The nonlinear soil characteristics are input as either concentrated 

force-displacement curves at the frame joints (Q-W curves) or distributed 

force-displacement curves acting along the members (q-w curves). This 

method of input allows a wide variety of practical problems, such as bridge 

bents on pile foundations, culverts below grade, retaining walls, and sign­

support structures, to be handled by the same program. 

The nonlinear material properties features of the program allow the 

designer to specify the cross section as a series of rectangles and thin­

walled tubular pieces with different nonlinear stress-strain curves. Steel, 

reinforced and prestressed concrete, and other materials and construction 

techniques can be accommodated by the program. The yielding of members asso­

ciated with plastic and limit design may be permitted or prevented at the 

discretion of the designer. 

The nonlinear geometric effects of axial force-lateral displacement 

interaction and of the stretching of members due to bending are considered as 

a part of a complete large displacement analysis in the program. 

The large number of problems which are worked using the program and the 

comparisons made with existing analytical and experimental studies show that 

agreement is favorable for all such comparisons. 

Because of the generality and wide range of application of the program 

developed in the reported research, it may be less efficient for a linear 

analysis than previously reported linear analysis programs. Therefore, the 
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program documented herein is recommended primarily for problems which cannot 

be solved accurately by previously documented programs. 

Further research to demonstrate the full potential of the program to 

study prestressing, temperature, and other practical effects and the exten­

sion of this and previously documented linear frame analysis programs, to 

consider three-dimensional and dynamic effects, appear feasible at this time. 



TABLE OF CONTENTS 

PREFACE 

LIS T OF REPORTS 

ABSTRACT AND KEY WORDS 

SUMMARY . . . • • • • • 

IMPLEMENTATION STATEMENT 

NOMENCLATURE 

CRAPl'ER 1. INTRODUCTION 

Linear Discrete Element Analysis of Complex Frames 
Sources of Nonlinear Behavior. • • ••• 
Purpose of This Research • • • • • 
Outline of Presentation • • • • • ••• 

CRAPl'ER 2. NONLINEAR ELASTIC ANALYSIS 

Modeling a Complex Structure • • • 
Matrix Methods of Structural Analysis 
Finite and Discrete Element Methods 
Elastic Analysis • • • • • 
Linearly Elastic Analysis 
Nonlinear Elastic Analysis Using the Tangent Stiffness Method 
One-Degree-of-Freedom System • • 
Multi-Degree-of-Freedom Systems 
Incremental and One-Step Iterations 
Special Technique for Framed Structures 
Joint and Member Solutions • • • • • • • • • • • • • • • • • • • • 

CRAPl'ER 3. PLANE FRAME SOLUTION 

Plane Frame Definition • • • 
Assumptions and Limitations of the Solution 
Linearly Elastic Frame Solution 

Member Stiffness Matrjx • • •• 
Member-Fixed-End-Force Matrix 
Structure Stiffness Matrix 

xv 

. . . . . . . . . 

iii 

v 

ix 

xi 

xiii 

xix 

2 
2 
5 
5 

7 
7 
8 
9 

10 
10 
11 
14 
14 
16 
16 

19 
21 
22 
22 
22 
22 

• 



• 

• 

xvi 

S true ture Load Matrix •••••.••• 
Joint Supports • • • • • •• • • • • • • • • • • • 
Solution of Joint Equilibrium Equations ••••• 
Member-End"Forces and Equilibrium Errors .••• 

Nonlinearly Elastic Frame Solution . • • • . • • • 
Member Tangent Stiffness Matrix • . • • • • • 
Member Incremental Fixed-End Force Matrix .••• 
Structure Tangent Stiffness Matrix and Incremental 

Load Matrix . . . . • . . . • . . • . . . . . . 
Nonlinear Joint Supports ••••••••••••• 
Solution of Incremental Joint Equilibrium Equations 
Nonlinear Member-End-Forces and Joint Equilibrium 

. . . 
Errors •••••• 

Maximum Load Analysis •••.•••••••• •• 

CHAPTER 4. DISCRETE ELEMENT IDDEL OF FRAME MEMBERS 

Existing Capabilities for Response of Nonlinear Members 
General Frame Member and Discrete Element Representation • 
Discrete Element Model ••••••• 
Deformation-Displacement Relations 
Force-Deformation Relations 
Equilibrium Equations •.•••• 
Force-Displacement Equations . . • 
Discrete Element Stiffness Matrix 
Discretizing Member Loads 
Member Restraints .•••• 
Nonlinear Member Restraints • • • • • . 
Specification of Member Data in Member and Structure 

Coordinates . . • . • . • . . • • . • . . . 
Member-End Forces by Discrete Element Solution • • • • 
Member Stiffness Matrix by Discrete Element Solution 
Member Incremental Fixed-End-Force Matrix by Discrete 

Element Solution • • • • 
Summary of Chapter 4 .••••••••.•..•... 

CHA PI' ER 5. COMPUT ER PROGRAM 

Program Description . . . . . 
Input Tables: 

Table 1. Program Control Data 
Table 2. Frame Geometry Data 
Table 3. Member-Type Location . . . 
Table 4A. Joint Loads and Supports (Linear Restraints) 
Table 4B. Nonlinear Joint Supports · 
Table 4C. Nonlinear Support Curves · Table 5A. Member Stiffness Types . . 
Table 5B. Cross-Section Properties · 
Table 5C. Stress-Strain Curves . . . . . .. 
Table 5D. Nonlinear Member Supports . . . . . 

· . . 

· . . 

· 

24 
25 
25 
25 
26 
26 
26 

28 
28 
28 

28 
29 

31 
32 
34 
34 
35 
37 
39 
39 
43 
44 
44 

46 
48 
51 

51 
51 

53 

54 
54 
55 
55 
56 
57 
57 
59 
59 
59 



Table 6. Member Load Data •• 
Table 7. Iteration Control. 

Output Tables: 
Table 8. Joint Displacements and Reactions. 
Table 9. Member Results .•.•.. 
Table 10. Joint Equilibrium Errors •••••••••• 

Example Frame •••• 
Location of Joints • • 
Location of Members in Frame • 
Joints Loads and Supports. 
Member Stiffness Data. • 
Member Load Data • . • • 
Iteration Control (Input and Output) • • 
Results for Problem 501 •• 
Problem 502 - Joint Effect . 

CHAPTER 6. SOME ANALYTICAL VERIFICATIONS 

Cantilever with Large Displacements •• 
Post Buckling Analysis ••..•••• 
Membrane Forces. • • • • • • • • • • 
Elastic-Plastic Analysis of Cantilever 
Convergence Study for Cantilever Beam. 
Moment-Curvature-Thrust Curves (M-¢-T) for 

Wide Flange Members • • • • . • • 
Discrete Element Solution for M-¢-T Curves • 
Summary of Chapter 6 • . • . • . . • . . • . . . . . 

CHAPTER 7. STEEL FRAMES 

Hybrid Steel Frame • 
Base Restraint • • • 
Load-Displacement Curves • 
Residual Stresses. • • . • • • • • •• 
Stiffening Effect of Joints •••••••• 
Comparison of Load-Displacement Curves • • 
Specified Displacement Solution. • • • 
Comparison with Experimental Moments • 
Joint Study. . • • • • • 
Prestressed Tie Rods • • 
Three Story Steel Frame. 
Summary of Chapter 7 . • • e • 

CHAPTER 8. CONCRETE FRAMES 

Assumptions for Reinforced and Prestressed Concrete 
Members • • • • • • • • • • • • • • • • 

A1ani's Test Beams •••• 
Continuously Prestressed Beam. 
Losses of Prestress ••• 
Load-Displacement Curve •• 
Discrete Element Solution. 

xvii 

60 
60 

61 
61 
62 
62 
62 
64 
65 
65 
67 
67 
68 
68 

71 
71 
74 
74 
76 

78 
82 
82 

85 
85 
85 
88 
88 
88 
88 
89 
89 
92 
94 
98 

99 
101 
104 
107 
107 
107 

• 



xviii 

Concrete Frames • 
Load-Displacement 
Frame F2. • ••• 
Frame F4. • ••• 

Curves. • 

Sway Failure of Symmetrical Frames •• 
Summary of Chapter 8 •••••••• 

CHAPTER 9. SOIL-STRUCTURE INTERACTION 

Jacket-Leg and Pile Problem • • • • • • 
Soil-Supported Bent Test from Galati, Rumania •••• 
Axially Loaded Pile Tes ts . • • • • • • • • 
Laterally Loaded Pile Tests • • • • • • • •••••••• 
Computer Model of Three-Pile Bent • • • 
Analytical and Experimental Response of Frame 
Summary of Chapter 9. • • • • • • • . • 

CHAPTER 10. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary of Presentation • • • • 
Conclusions and Recommendations 

REFERENCES • • • • • • • • • • • • • • • • • • • • • • • • . . • • 

APPENDICES 

Appendix 

Appendix 

Appendix 
Appendix 

Appendix 
Appendix 
Appendix 
Appendix 
Appendix 
Appendix 

THE AUTHORS 

A. 

B. 

C. 
D. 

E. 
F. 
G. 
H. 
r. 
J. 

Prismatic Member Linear Stiffness Matrix 
[K] and Transformation Matrix [T] 
Numerical Integration of Nonlinear Stress­
Strain Curves .. . . . . . . . . . . . 
Discrete Element Matrices ...... . 
Transformation of Springs Between Member 
Structure Coordinates 
Guide for Data Input • . . . . 
Program Flow Charts ....• 
Glossary of FORTRAN Notations 
FORTRAN Listing of Program FRAME 51 
Sample Input • . 
Sample Output 

and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 

108 
108 
111 
111 
114 
114 

115 
118 
120 
120 
120 
125 
130 

131 
132 

135 

143 

147 
157 

165 
169 
187 
221 
229 
273 
279 

351 



" 

Symbol 

A 

A. 
~ 

A 
s 

AE 

(AE f ) eff 

AEY 

Q' 

b 

b 

b. 
~ 

b. 
J 

[B] 

NOMENCIATURE 

Typica I Units 

· 2 
~n 

· 2 
~n 

· 2 
~n 

lb 

lb 

lb-in 

in 

in 

in 

in 

lb/in, lb) and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

xix 

Definition 

Cross-sectional area of member 

A f · th b I rea 0 ~ su -rectang e 

Area of reinforcing or prestressing 
steel 

Axial stiffness LA.E. 
~ ~ 

Effective AE of flange 

Axial-flexural stiffness -~.E.y. 
~ ~ ~ 

Cosine of angle between the 
x-axes 

, 
x 

Flange width for a wide flange 
section 

and 

Width of compression face of concrete 
member 

Width of ith sub-rectangle into 
which input rectangles are subdivided 

. d h f . th I d W~ t 0 J rectang e use to 
input cross section 

Increment in ith end-displacement 
corresponding to a unit increment of 

h . th. I d f . f t e J ~nterna e ormat~on 0 a 
discrete element 

(3 X 6) incremental deformation­
displacement matrix for discrete 
element 

, 
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Symbol 

[B] t 

c 

d 

d 

d. 
1 

d. 
J 

D •. 
1J 

[D] 

Co} 

[M} 

E 

E c 

TYI2ical Units 

lb/in, lb, and 
lb-in/rad 

in 

in 

in 

in 

in 

Ib/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

in 

in 

inches and radians 

inches and radians 

in 

Ib/in 
2 

lb/in 
2 

Defini tion 

(6 X 3) matrix which is the transpose 
of [B] 

Cosine of angle between the 
I 

and x 
y-axes 

Distance from centroidal axis to 
outer fiber of member cross section 

Depth of cross section 

Distance from compression face to 
centroid of steel in concrete member 

h f 
. th 

Dept 0 1 sub-rectangle into 
which input rectangles are subdivided 

h f . th 1 d Dept 0 J rectang e use to 
input cross-section 

. . th. 1 f . Increment 1n 1 1nterna orce 1n 
discrete element corresponding to a 

unit increment in the jth internal 
deformation 

(3 X 3) incremental internal force­
deformation matrix for discrete-element 

Elongation of axially deformable bar 
in discrete element 

Axial displacement of member 

(3X 1) matrix of internal deforma­
tions corresponding to internal 
forces in discrete element 

(3 X 1) matrix of increment of inter­
nal deformations corresponding to 
internal forces· in discrete element 

Lateral displacement of member or 
joint 

Modulus of elasticity 

Modulus of elasticity of concrete 
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E. 
1 

EI 

e 

€ 
a 

e 
c 

€ 
C 

€ 
o 

€ 
u 

€ 
Y 

f c 

f' 
c 

f" 
c 

f. 
1 

f 
r 

in/in 

in/in 

in/in 

in/in 

in/in 

in/in 

in/in 

in/in 

in/in 

in/in 

in/in 

Ib and lb-in 

xxi 

Definition 

Slope of stress-strain curve for 
sub-rectangle 

Flexural stiffness = EEi1i 

Strain 

Average of and 

Strain at bottom of cross section 

Strain at members x'-axis 

Concrete strain 

. th 
1 

Strain at junction of parabola and 
straight line on Hogenstad's stress­
strain curve 

Strain at top of cross section 

Ultimate concrete strain in com­
pression 

Yield strain 

Strain when compression flange first 
yields 

Strain when compression flange is 
completely yielded 

Concrete stress 

Maximum stress from test of standard 
concrete cylinder 

Maximum stress on concrete stress­
strain curve 

Force on end of discrete element 

d · . th d' 1 correspon lng to 1 lSP acement 

Maximum concrete stress in tension 
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Symbol 

f 
Y 

f
l

, f2' f3 ' 

f4 ' fS, f6 

(f) 

(L~f) 

F. 1 

Fl , F2 , F
3

, 

F 4' FS ' F6 

('F) 

{FF.) 
1 

(FF. ) 
1 

g(u) 

I 
g (u) 

g (u) 

h 

Typical Units 

lb and lb-in 

lb and lb-in 

lb and lb-in 

lb and lb-in 

lb and lb-in 

lb and Ib-in 

lb and lb-in 

lb and Ib-in 

lb and lb-in 

lb and Ib-in 

1b/in and lb-in/rad 

in/lb and rad/1b-in 

lb/in and 1b-in/rad 

inches 

Definition 

Yield stress of reinforcing steel 

End~forces on discrete element 

(6 X 1) matrix of end-forces on 
discrete element 

(6 X 1) matrix of increments of end­
forces on discrete element 

F d · t l' th member-orce correspon 1ng 0 

end-displacement 

Member-end-forces in member coordi­
nates 

(3N X 1) matrix of incremental frame 
joint loads measured in structure 
coordinates 

(6 X 1) matrix of member incremental 
fixed-end-forces measured in member 
coordinates 

(3 X 1) matrix of member incremental 
fixed-end-forces at joint i in 
member coordinates 

(3 X 1) matrix of member incremental 
fixed-end-forces at joint i in 
structure coordinates 

Function of u 

Derivative of g(u) , tangent stiff­
ness 

Reciprocal or inverse of g'(u) 

Secant stiffness 

Distance between concentrated rota­
tional springs in discrete element 
model, one-half of element's length 
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k .. 
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~J 
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~n 
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~n 
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lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in and lb-in/rad 

lb/in, lb, and 
lb-in/rad 
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Definition 

Moment of inertia of cross section 
about member's z'-axis 

Moment of inertia of sub-rectangle i 
about the member's z'-axis 

Moment of inertia of sub-rectangle i 
about its own centroidal axis 

f .th f d Increment 0 ~ orce correspon -

ing to a unit increment in jth dis­
placement in discrete element 

(6 X 6) tangent stiffness matrix for 
discrete element 

3(m + 1) X 3(m + 1) member tangent 
stiffness used for member solutions 

Conventional portion of discrete 
element stiffness matrix [k] 

Initial stress portion of discrete 
element stiffness matrix [k] 

Portion of discrete element initial 
stress stiffness matrix [k]S due 
to axial force 

Portion of discrete element initial 
stress stiffness matrix [k]S due 
to shear force 

Element of tangent stiffness matrix 
[K] which represent the increment of 

f d · h· th d orce correspon ~ng to t e ~ is-
placement due to a unit increment of 

the jth displacement 

Tangent stiffness of nonlinear Q-W 
curve 

(6 X 6) member tangent stiffness 
matrix in member coordinates 
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[K]SM 

[KJ 

[K . .J 
1.J 

[K .. ] 
1.J 

L 

m 

m 

m 

M 

M. 
1. 

M 
y 

Typical Units 

lb/in 

lb/in 

lb/in, lb, and 
Ib-in/rad 

lb/in, lb, and 
lb-in/rad 

lb/in, lb, and 
Ib-in/rad 

inches 

inches 

lb-in 

Ib-in 

Ib-in 

Ib-in 

Defini tion 

(2 X 2) stiffness matrix which gives 
the effect of member springs in 
direction of structure coordinates 

(2 X 2) stiffness matrix which gives 
the effect of structure joint springs 
in direction of member coordinates 

(3N X 3N) structure tangent stiffness 
matrix in structure coordinates 

(3 X 3) member tangent stiffness 
matrix in member coordinates which 
represents the increments of forces 
at i due to unit increments of 
displacements at j 

(3 X 3) member tangent stiffness 
matrix in structure coordinates which 
represents the increments of forces 
at i due to unit increments of 
displacements at j 

Length of member 

Projection of member along member's 
original undeformed axis 

Number of discrete elements in frame 
member 

Number of discrete energy absorbing 
springs like elements in discrete 
element model 

Number of rectangles input for a 
cross section 

Bending moment 

Moments at points A, B, C, and 
D in frame 

Moment of stresses on 
rectangle 

.th 
1. sub-

Moment corresponding to no axial 
thrust and outer fibers just yielded 
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n 

N 

p 

fP] 

P 

/:,P 

P
E 

p. 
1 

D.P. 
1 

P 
m 

~l ~2 ~3 
P. , p. , p. 

1 1 1 

q 

Typical Units 

lb-in 

lb and Ib-in 

lb and lb"in 

lb and lb-in 

lb 

lb and lb-in 

lb and lb"in 

lb and lb-in 

lb and lb-in 

radians 

lb/in and lb-in/in 

lb/in and lb-in/in 

xxv 

Definition 

Bending moments at location of first 
and second rotational springs in 
discrete-element model 

Poisson's ratio 

Number of rectangles into which input 
rectangles are subdivided to obtain 
linear stress-strain response over 
each sub-rectangle 

Number of degrees of freedom of 
general discrete element 

Number of joints in frame 

Reinforcement ratio (A /bd) 
s 

3(m + 1) X 1 member incremental load 
matrix composed of equilibrium errors 
at member nodal points (stations) 

Load or force 

Equilibrium error, i.e., load not 
absorbed by structure 

Euler buckling load 

Load at end of 
.th 
1 load increment 

Load increment number i 

Maximum load on structure 

Applied incremental forces at joint 
i measured in structure coordinates 
(x-force, y-force, and moment about 
z-axis, respectively) 

Discrete angle changes which occur at 
rotational springs in discrete element 

Distributed load intensity 

Distributed load in the direction of 
the a:axis per unit of length along 
the (:I-axis 
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Symbol 

Q 

r 

R 

s 

S. 
1 

S x 

S I 
X 

S 
Y 

S I 
Y 

(S) 

(t~S ) 

cr. 
1 

Typical Units 

lb and lb-in 

lb 

lb and Ib-in 

lb and lb-in 

in 

lb-in/rad 

in 

lb and lb-in 

lb/in 

lb/in 

Ib/in 

lb/in 

lb and lb-in 

Definition 

Concentrated load 

Force to cause a mechanism based on 
simple plastic theory 

Resistive spring force from nonlinear 
Q-w curve 

Concentrated load in the direction of 
the a-axis 

Change in distance parallel to mem­
ber x'-axis between rotational 
springs in discrete element 

Rotational restraint 

Distance parallel to member y/-axis 
between rotational springs in dis­
crete element 

Internal force in discrete element 

corresponding to the ith internal 
deformation 

Member spring in direction of struc­
ture x-axis 

Spring acting at structural joint in 
direction of member x'-axis 

Member spring in direction of struc­
ture y-axis 

Spring acting at structural joint in 
direction of member y/-axis 

(3 X 1) matrix of internal forces 
corresponding to internal deforma­
tions in discrete element model 

(3 X 1) matrix of increments of inter­
nal forces corresponding to internal 
deformations in discrete element 

Stress 

Stress at centroid of ith sub­
rectangle 
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c . 01. 

C! rc 

(J 
rc 

(J 
rt 

t 
w 

T 

T. 1. 

T 
Y 

[T] 

e 

u 

6u 

u. 1. 

Typical Units 

lb-in
2 

in 

in 

1b 

1b 

1b 

radians 

in and rad 

in and rad 

in and rad 

xxvii 

Definition 

Intercept of stress-strain curve with 
. f . th b 1 stress ax1.S or 1. su -rectang e 

Residual compressive stress 

Constant compressive residual stress 
over flanges 

Residual tension stress 

Constant tensile residual stress 
over web 

Yield stress 

Thickness of flange of wide flange 
sec tion 

Thickness of web of wide flange 
section 

Axial thrust 

Thrust on . th 1. sub-rectangle 

Axial thrust corresponding to full 
yielded condition of cross section 

(3 X 3) member coordinate transforma­
tion matrix 

(3 X 3) matrix which is the transpose 
of T 

Angle axially deformable bar in dis­
crete element makes with member 

I • 
X -ax1.S 

Di sp 1acemen t 

Linear increment in u 

Displacement corresponding to 
.th 
1. 

load increment 
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Symbol 

tlu. 
1 

U 

v 

w 

W. 
1 

w 
s 

Wl ' w2 ' w3 ' 

w4' wS' w6 

{W} 

{tow} 

W 

W. 
1 

W
l

, W
2

, W
3

, 

W4 , WS' W6 

Typica 1 Units 

in and rad 

lb 

rad/in 

radians 

in and rad 

in and rad 

in and rad 

in and rad 

in and rad 

in and rkd 

in and rad 

in and rad 

in and rad 

in and rad 

in and rad 

Increment of displacement correspond­

ing to ith load increment 

Strain energy of discrete element 

Shear force normal to axially deform­
able bar in discrete element 

Curvature 

Curvature corresponding to no axial 
thrust and outer fibers just yielded 

Member displacement 

Discrete element end-displacement 
number i 

Displacement at mid-element, used to 
enter Q-w curves and find resistive 
spring, force Q ,and tangent 

s 
stiffness of spring K s 

End-displacements of discrete element 

(6 X 1) matrix of end-displacements 
of discrete element 

(6 X 1) matrix of increments of end­
displacements of discrete element 

(3m + 1) X 1 of member nodal point 
(station) displacements 

3(m + 1) X 1 matrix of increments of 
member nodal point (station) dis­
placements 

Joint displacement 

Member-end-displacement number i 

Member-end displacements in member 
coordinates 



Symbol 
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I , z 

Typical Units 
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inches 

inches 
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xxix 

Definition 

Displacements of joint i measured 
in structure coordinates (distance 
along x and y , and rotation about 
z-axis, respectively) 

(3N X 1) matrix of frame joint dis· 
placements in structure coordinates 

(3N X 1) matrix of linear increments 
of frame joint displacements in 
structure coordinates 

Cartesian coordinate axes for frame 
structure coordinates 

Distance along member x'-axis 

Cartesian coordinate axes for member 

Distance to any point in cross sec· 
tion· 

Displacement of member relative to 
member 

Distance to centroid of 
tangle 

.th 
~ rec· 



CHAPTER 1. INTRODUCTION 

The design and analysis of plane frames such as those which occur in 

buildings, highway bridge bents, and marine and offshore structures has become 

increasingly complex in recent years. Today the designer must not only check 

stresses and displacements under working loads, for which a linear analysis is 

often assumed to be sufficiently accurate, but in addition, he must often 

estimate the maximum load which his structure will support. If the responses 

of the soil and of the structure are considered simultaneously, additional 

complications arise. 

Plastic design has been permitted by the AISC Manual (Ref 6) for some time. 

Standard 318 of the American Concrete Institute (Ref 5) does not specifically 

permit limit design; however, it does permit up to a 20 percent redistribution 

in the design moments based on the concepts of limit design. Both limit and 

plastic design are used to estimate a structure's maximum load and each method 

predicts the additional load capacity that a statically indeterminate structure 

possesses beyond the load at which one section in the structure reaches its 

maximum capacity. This additional strength is available only if the structure 

is sufficiently ductile to develop the necessary zones of yielding. These zones 

of yielding are often idealized as plastic hinges occurring at points. Both 

limit and plastic design are unconservative in certain cases unless modified 

for the more general nonlinear effects discussed later ·in this chapter. 

Nonlinear behavior of many structures starts at stress levels well below 

the proportional limit of the material from which the frame is constructed. 

This nonlinearity is caused by the nonlinearity of the soil supporting the 

structure and the long unsupported lengths and heavy axial loads that the 

frame members often have. 

When energy absorbing characteristics are important, as for earthquake 

and blast loads, the complete load-displacement history of the structure should 

be calculated. Such calculations are practical for real structures only with 

the aid of a digital computer program. 
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Linear Discrete Element Analysis of Complex Frames 

A research program entitled "Development of Methods for Computer Simu­

lation of Beam-Columns and Grid-Beam and Slab Systems" is nearing completion 

at The University of Texas at Austin. The work has been sponsored by the 

Texas Highway Department and the Federal Highway Administration. The purpose 

of this research has been to develop techniques for analyzing structures for 

which no closed-form mathematical solutions are available. Hays and Matlock 

combined the discrete-element modeling techniques developed in previous beam­

column research (Ref 40) with standard matrix techniques to develop a linear 

frame analysis program (Ref 27). That program is capable of analyzing large 

nonrectangular plane frames composed of nonprismatic members subjected to 

complex lateral and axial loading and elastic support conditions, but it does 

not consider any nonlinear effects. The present research is an extension of 

that work which will consider the nonlinear response of plane frames to static 

loads. 

Sources of Nonlinear Behavior 

Several nonlinear effects are possible in plane frames (Fig 1). Typical 

nonlinear stress-strain curves are shown in Fig l(a). Using the nonlinear 

stress-strain curve for the frame materials gives a better prediction of the 

general load-displacement response of the frame than using idealized elastic­

plastic moment-curvature relations (Ref 47). In particular the ultimate load 

is predicted more accurately by using the appropriate nonlinear stress-strain 

curves where the displacements interact with the axial forces, as pointed out 

by Adams (Ref 1). The stress-strain curves sometimes do not pass through the 

origin due to prestressing or temperature effects. 

Elastic spring constants have been used (Ref 27) to represent supports and 

they are more realistic than rigid supports. However, support curves which 

represent the reaction-displacement (Q-W) relations can be nonlinear as shown 

in Fig l(b). particularly when the support is some type of soil. Thus, 

an adequate representation of a support may require the description of a num­

ber of points on the support curve (Ref 41). Supports may occur at structural 

joints or may be distributed along the member, as for a grade beam or a fric­

tion pile. 



(a) Nonlinear stress-strain curves. 
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(c) Secondary bending moments. 
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(e) Large displacement effects. 
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(b) Nonlinear support curves. 
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(d) Membrane forces due to bowing. 

(f) Plane frame with all nonlinear 
effects. 

Fig 1. Nonlinear effects in plane frames. 
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All framed structures have members with axial forces present. The axial 

forces act on lateral displacements to cause secondary bending moments as 

shown in Fig l(c). These moments tend to straighten a member and thus stabilize 

the structure when axial forces are in tension and increase the curvature in a 

member and thus decrease the stability of the structure when they are in com­

pression. Two types of secondary moments occur in a frame member. The so­

called P6 moment is equal to the force P times the joint displacement 6. 

The so-called Py moment is equal to the force P times the distance y, 

where y is the difference between the displacement of the member and the 

displacement of the member chord. 

When supports prevent or reduce the axial movement of both ends of a 

member, as shown in Fig l(d), a oowing or stretching of the member due to 

bending occurs. This causes an axial thrust which causes Py moments and 

makes the member's response to load highly nonlinear. 

When extremely large displacements occur, the entire geometry of the struc­

ture is changed, as shown in Fig l(e). The length of moment arms may change 

s-ignificantly, and the axial force and shear are not always parallel and per­

pendicular to the member's original axis. 

When the stress in a material has exceeded the elastic limit, upon unload­

ing the material follows a different path from the loading stress-strain curve. 

Generally the material unloads on a path parallel to the initial slope of the 

stress-strain curve. However, as borne out in the example problems presented 

herein, many structures undergo few if any such inelastic strain reversals, 

even when subjected to nonproportional loadings. 

Residual stresses due to the cooling of rolled metal shapes and welded 

built-up sections cause different areas of a cross section to yield at different 

stress levels. The exact distribution of residual stresses is very complex and 

is seldom if ever known accurately. Thus, an extremely accurate analysis is 

unwarranted. An approximate method of handling residual stresses developed in 

this report is sufficiently accurate for bending of a wide flange section about 

its strong axis. 

The effects of both nonlinear stress-strain and soil support curves can 

be classified as material nonlinearity. The other nonlinear effects discussed 

above can be grouped as geometric nonlinearities, since they occur because the 

structure displaces and causes its geometry to change. A plane frame, as shown 

in Fig l(f), will be subject to both material and geometric nonlinearities. 
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Purpose of This Research 

Considerable research has been done to develop design and analysis tech­

niques capable of considering each of the sources of nonlinear behavior dis­

cussed above. However, no computer analysis is known that considers the 

effects of nonlinear stress-strain and soil support curves and all geometric 

effects. The purpose of this research was to develop such a computer analysis 

and to maintain the capabilities developed in Ref 27 to work problems dealing 

with a wide range of real frames. 

Outline of Presentation 

Chapter 2 reviews a general method of nonlinearly elastic analysis called 

the tangent stiffness method which is well suited for a discrete element solu­

tion of framed structures. In Chapter 3 the tangent stiffness method is applied 

to the nonlinear solution of frame joint displacements. The force-displacement 

equations for the discrete element model are developed in Chapter 4 and the 

tangent stiffness method is applied to develop the nonlinear solution of frame 

members. The associated computer program is discussed in Chapter 5, and an 

example is given to illustrate the use of the program. Several examples that 

illustrate the validity of the solution for single members are presented in 

Chapter 6. Chapter 7 presents the results of some previous research on steel 

frames and shows how well the program can predict the response of steel frames. 

Several concrete members and frames that had been tested were analyzed and a 

comparison of the observed and predicted behavior is presented for these frames 

in Chapter 8. Two examples of structure problems involving soil-structure 

interaction are worked in Chapter 9. These examples illustrate the versatility 

of the program. 

Appendix A gives the linear stiffness matrix for prismatic members without 

elastic restraints and the transformation matrix to transform displacements 

and forces from member coordinates to structure coordinates. The numerical 

integration procedure used to obtain thrust, moment, and stiffness terms by 

integrating the stresses over the cross section for a specified axial strain 

and curvature is developed in Appendix B. The discrete-elernent matrices needed 

for the member solution are given in Appendix C. The transformation matrices 

needed to transform the stiffness of springs between structure and member 

coordinates are given in Appendix D. The remaining appendices include, 



6 

respectively, the input guide, flow charts, FORTRAN notation, FORTRAN listing 

of the program, and examples of program input and output. 



CHAPTER 2. NONLINEAR ELASTIC ANALYSIS 

In this chapter an extremely powerful method of structural analysis called 

the tangent stiffness method is reviewed. The tangent stiffness method, when 

applied to a one-degree-of-freedom system, has a very simple and descriptive 

interpretation. The method, when extended to multi-degree-of-freedom systems, 

is well suited for the solution of framed structure problems, using a discrete 

element model of the frame members. The complete nonlinear frame solution is 

shown to contain an iterative solution for the individual members within the 

iterative solution for the structural joint displacements. 

Modeling a Complex Structure 

During the design-analysis cycle the structural engineer must model the 

real or prototype structure. The modeling process consists of three steps. 

First, the engineer creates a model that represents his complex prototype 

and yet remains simple enough to analyze. The model may be physical or analy­

tical. Second, the engineer analyzes the model either experimentally or 

mathematically. Third, he interprets the results of the model analysis in 

relation to the prototype. 

Actually, the process is seldom that simple. The original model may be 

too complex to be analyzed. Or, after interpreting the results, the engineer 

might decide that the model does not accurately represent the prototype. In 

either case a new and better model must be created. 

Matrix Methods of Structural Analysis 

Matrix methods of structural analysis are accepted techniques for modeling 

structural behavior. They are documented by many writers, including 

Przemieniecki (Ref 49), who states: 

Matrix methods are based on the concept of replacing the 
actual continuous structure by a mathematical model made 
up from structural elements of finite size (also referred 
to as discrete elements) having known elastic and inertial 
properties that can be expressed in matrix form. 
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Actually, "continuous" as used by Przemieniecki may be somewhat misleading, 

since a material such as steel is continuous only if viewed at the microscopic 

level or higher and materials such as concrete are continuous only if viewed 

at the macroscopic level or higher. One might consider that the continuum 

mechanics model is being replaced with a discrete or finite element model. 

Then, since the continuum model itself may have some errors in it, the results 

of any new model should be compared not only with continuum solutions but also 

with experimental results obtained from tests on structures made of real 

materials. 

The words "finite element" and "discrete element" also deserve some dis-

cussion. As used herein, finite element (Ref 66) denotes an element whose 

displacements are described by a continuous mathematical function. Discrete 

element (Ref 27), on the other hand, is used to describe mechanical models 

that have discrete changes in rotation. 

Finite and Discrete Element Methods 

Both finite and discrete element methods allow the designer to subdivide 

a complex structure into a number of regions or elements. Each element may 

have different stiffness properties and loadings. The elements are connected 

at a finite number of nodal points, and in general the more nodal points used 

the more accurate the predicted response of the structure. 

The development of finite and discrete element techniques has paralleled 

that of digital computers, as both techniques involve the solution of a large 

number of simultaneous equations, for which a digital computer is essential. 

These equations relating element properties and nodal point loads, displace­

ments, and boundary conditions are the nodal point equilibrium equations. 

Thus, in theory, any complex structure can be modeled by a large number 

of elements whose properties are representative of the structure. In practice, 

the number of elements which can be used is physically limited by the size of 

available computers and economically limited by the amount of computer time 

which a problem warrants. 

Both finite and discrete techniques will give adequate results if enough 

elements are used. In general, finite elements are more complicated mathe­

matically and more time is required to develop and generate the element pro­

perties, such as the element stiffness matrix. However, they can adequately 

represent smoothly varying loadings, stiffness changes, and support conditions 



with fewer elements than required for a discrete element solution of equal 

accuracy. Thus, finite elements may be more economical for modeling struc­

tures whose properties are very regular. 

Discrete element models, on the other hand, are mathematically simpler, 
~ 
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easier to visualize," and require less development and generation time. Thus, 

structures which have widely varying and discontinuous loadings, stiffnesses, 

and support conditions may be more economically modeled using a discrete 

element model. 

Problems in between the very regular and the very irregular may be 

modeled by either method. All other things being equal, a structure for which 

the nodal point equilibrium equations have a narrow band width is better 

represented by a discrete element model with its larger number of simple 

elements. A structure whose equations have a wide band width will be better 

represented by a finite element model which has a fewer number of more com­

plicated elements. 

A discrete element model was chosen for the plane frame solution developed 

herein to allow frame members to have widely varying loadings, stiffness 

changes (particularly since nonlinear material effects are being considered), 

and supports and because, as discussed later in this chapter, frame members 

have a very narrow band width when isolated from the rest of the frame. 

Elastic Analysis 

The elastic analysis of a statically loaded structure is basically a 

problem in simultaneously satisfying four sets of conditions. The governing 

conditions are 1) nodal point equilibrium, 2) compatibility of nodal point 

displacements, 3) any boundary conditions specified at the nodal points, and 

4) the element force-displacement relations. It is assumed that the element 

force-displacement relations insure that equilibrium, compatibility, boundary 

conditions, and constitutive laws for the element are satisfied throughout the 

element. 

* Discrete element models were used to obtain qualitative results regarding 

structural behavior before digital computers made possible the economical use 

of a large number of elements to obtain accurate quantitative results. One of 

the best known examples is Shanley's inelastic buckling model (Ref 54). 
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Most methods of satisfying these conditions can be classified as either 

displacement or force methods based on whether the formulation is such that 
i: ** the basic unknowns to be found are nodal point displacements or forces 

The force or flexibility method has advantages for certain structures but is 

not as easy to formulate in general terms as the displacement method. Hence, 

the displacement or the stiffness method is the only one considered herein. 

Linearly Elastic Analysis 

A set of linear simultaneous equations can be written that insure satis­

faction of the four governing conditions using the direct stiffness method, 

discussed in Refs 27 and 36. The direct sitffness method is a technique by 

which the element stiffness matrices are formed in their own element coordinates 

and then transformed to the structural coordinates. Then the structure stiff­

ness matrix is formed directly by adding in the element stiffness matrices in 

the appropriate positions. Premultiplying the unknown nodal point displacement 

'vector by the known stiffness matrix and setting this result equal to the known 

nodal point force vector gives the desired simultaneous equations of nodal 

point equilibrium. These equations may be solved for the nodal point displace­

ments which insure that all four governing conditions are satisfied. Using 

the displacements thus found, the governing conditions can be applied to find 

complete force and displacement information for the individual elements. It 

is well known that the solution of a set of linear simultaneous equations is 

unique. Therefore, there is no question of the uniqueness of the results of a 

linearly elastic solution and superposition may be freely and fruitfully 

applied. 

Nonlinear Elastic Analysis Using the Tangent Stiffness Method 

For a nonlinear but elastic analysis, the explicit writing of the nodal 

point equilibrium equations may be difficult or impossible, especially when 

some of the stiffness parameters of the structure are in other than equation 

* Herein the word "displacement" should be considered to mean either a trans-

lation or a rotation. 

** Herein the word "force" implies either a translational force or a moment. 
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form; for example, a number of points on a nonlinear stress-strain or soil 

support curve. It is possible, however, to construct an algorithm for satis­

fying the four governing conditions that is mathematically equivalent to using 

the Newton Rapheson method (Ref 28) to solve the implied nodal point equilibrium 

equations. This algorithm is described herein as the tangent stiffness method 

which is an extension of the direct stiffness method to the solution of non­

linear but elastic structures and has been used by others (Refs 44, 34, and 65). 

The tangent stiffness method uses an iterative process in which the nodal 

point displacements are successively corrected until the four governing condi­

tions are satisfied. The corrections are made by applying the nodal point 

equilibrium errors to a fictitious temporarily linear structure whose stiffness 

matrix is position-dependent and properly reflects the stiffness of the struc­

ture in its deformed position. 

Because of the nonlinearity of the equations, superposition is not valid 

and in fact the uniqueness of the solution is not even guaranteed. However, 

Murray (Ref 44) offers a good argument that the result obtained by this tech­

nique is physically reasonable. 

One-Degree-of-Freedom System 

An oversimplified model is examined here to clarify the iteration tech­

nique for multi-degree-of-freedom systems. Consider a single-degree-of-freedom 

structure in which a single load P is a nonlinear function of a single dis­

placement u. The nonlinear relation is shown by the curve of Fig 2(a) and is 

given mathematically by 

P = g(u) (2.1) 

The function, or algorithm, for finding P need not be an explicit 

formula, but it must give a unique P for any given value of u. A funda­

mental problem in structural mechanics is to find, for a given value of P, 

the corresponding u. This u may not be unique, but normally, iterative 

processes will converge on a stable position. For example, in Fig 2(a), 

will converge on displacements to the values of P below the maximum load P 
m 

left of the displacement corresponding to P Points to the right of P 
m m 

may be obtained by a controlled displacement technique as discussed in the next 

chapter. 
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(a) Tangent stiffness method. 
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(b) Secant stiffness method. 

Fig 2. Tangent and secant iteration techniques. 
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known and that, given 

the increments in P 

Pi +l ' 
and u 

it is desired to find 

are seen to be & i 

u i +l . 

and !Pi 

From Fig 2(a), 

and are defined 

by 

= u. + fjl. 
1. 1. 

(2.2) 

(2.3) 

The first derivative of the function g(u) is g '(u) and is defined as 

the tangent stiffness of the structure. From Fig 2(a) 

g' (u) (2.4) 

Here ~u is the linear increment in u corresponding to &i and is 

thus a linear approximation to ~u .• 
1. 

~u. ~ ~u = [g'(u)]-l (~P.) 
1. 1. 

Thus, solving Eq 2.4 

where -1 [g'(u)] is the reciprocal, or the inverse, of g'(u) . 

(2.5) 

Thus, the folloWing first approximation to ui +l is evident. First, 

solve Eq 2.3 for !::.P • • 
1. 

Then solve Eq 2.5 for an approximation to tJ.u. • 
1. 

Then solve Eq 2.2 for an approximation to 

from point 1 to point 2 on Fig 2(a). 

This corresponds to going 

The approximation of ui +l can then be substituted into the algorithm for 

finding P (Eq 2.1). The value of P obtained will not equal P i+l but 

P at point 3 on the curve. Obviously then, not all of the load Pi +l has 

been absorbed by the structure. A remnant or equilibrium error ~P remains 

where 

(2.6) 

For this new value of & the process can be repeated. Solving for another 

linear increment in displacement ~,move to point 4; then correcting for 

equilibrium, move to point 5; and repeat the process until a sufficiently 
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small bP is left. The flow chart of Fig 3 is thus suggested. The study of 

this flow chart is a critical step in understanding the nonlinear frame solu­

tion developed herein. 

A similar technique can be developed using a secant stiffness g(u) as 

suggested by Fig 2(b). The secant stiffness will in general require more 

iterations but is more stable. Also, the secant stiffness is easier to com­

pute than the tangent stiffness. However, due to the rapid convergence of the 

tangent stiffness technique and its potential for future inelastic work, it 

was used throughout this study. 

Multi-Degree-of-Freedom Systems 

The iterative process, which was demonstrated on a simple geometric basis 

for a one-degree-of-freedom system, can be extended to a multi-degree-of­

freedom system by using Taylor series as done by Lee in Ref 34. The same 

algorithm applies except that the individual forces (P, bP, etc.) now become 

force vectors, the individual displacements (u, 6u, etc.) now become displace­

ment vectors, and the single stiffness term g'(u) becomes a square stiffness 

matrix. The stiffness matrix is not actually inverted to solve for the linear 

increments in displacements, but instead, an elimination technique is used to 

solve for the desired increments of displacement. 

Incremental and One-Step Iterations 

The iterative solution used might be described as an incremental loading 

iterative solution; that is, loads are applied in increments, and within each 

increment an iterative solution is performed until the full value of loading 

at the end of the increment is absorbed by the structure. However, in general 

there is no need to trace the complete load history of a structure if only the 

results at one high load level are desired. The program documented herein 

allows the user to specify a number of small increments, one large increment, 

or any combination desired. This was done because it was observed by Lee (Ref 34) 

and by the author that usually, the direct, or one-step, iteration process is 

the fastest and most economical. However, in same cases, more information 

about the loading history is desired, and some problems fail to converge at 

very high load levels unless a few intermediate increments are used. Thus, the 

program allows the user maximum flexibility for solving a wide range of non­

linear problems. 
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Fig 3. Tangent stiffness iteration for one load level. 
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Murray (Ref 44) proposed a modification of the tangent stiffness algorithm 

whereby the tangent stiffness was revised only between load increments thus 

not requiring a reformation of and a re-elimination of the stiffness matrix 

between load increments. Murray's technique is probably best when a large 

number of small increments are applied. However, when the size of the load 

increment may be fairly large it was felt that the more rapid convergence 

obtained by modifying the stiffness for every iteration was desirable, and that 

technique is used in the computer program developed herein. 

Special Technique for Framed Structure 

The framed structure when treated as a series of line members intersecting 

at a number of structural joints is well suited to using a large number of 

elements within each member. Thus, any actual variation of member properties, 

loading, or support conditions may be represented. It is possible to econo­

mically subdivide the members into a large number of elements by using a static 

condensation process (Ref 19). The large number of equations with their result­

ing large band width which would arise if all elements were combined into one 

system of equations need not be solved explicitly. Rather, the individual 

members can be solved separately using as many elements as necessary to obtain 

each member's stiffness and fixed-end-force matrices. These matrices may then 

be combined to form the structure stiffness and load matrices using standard 

matrix techniques. The only unknowns will be the structural joint displace­

ments. This condensing of the equilibrium equations results in considerable 

savings in computer time and storage requirements for many problems which would 

otherwise require a large number of pseudo-structural joints. 

Joint and Member Solutions 

As just discussed, it is advantageous to perform the member solutions 

separately from the solution of structural joint displacements. Thus, for 

nonlinear frames, an iterative cycle for each member occurs within the itera­

tion on structural joint displacements. (The members, with their current 

level of loading, converge on the latest set of joint displacements. Then 

the member-end-forces are found, and an equilibrium check of the joints is 

made. Then a new set of joint displacements is found, and the process is 

repeated.) Both iterations use the tangent stiffness method. No additional 
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loops or iterations are required, as all sources of nonlinearity are handled 

simultaneously. A general flow chart of the two iteration processes is shown 

in Fig 4. The details of the frame solution are discussed in Chapter 3 and the 

details of the discrete element member solution are developed in Chapter 4. 
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Fig 4. General flow chart for nonlinear analysis of frame 
with members composed of discrete elements. 



CHAPTER 3. PLANE FRAME SOLUTION 

The tangent stiffness method was reviewed in Chapter 2. The solution of 

a framed structure was shown to consist of an iterative nonlinear member 

solution nested within an iterative nonlinear solution for the frame joint 

displacements. The frame solution is developed in detail in this chapter, 

and in Chapter 4 the member solution is shown to be a simplified frame 

solution. 

The plane frame problem is defined in this chapter and the assumptions 

and limitations of the proposed solution are given. Then a linearly elastic 

frame solution is reviewed and modified to accommodate the tangent stiffness 

algorithm. The nonlinear solution is presented and it is shown how the load 

may be incremented up to a structure's maximum load capacity. 

Plane Frame Definition 

A plane frame such as that shown in Fig 5 is composed of straight-line 

members that lie in a plane, in which all loads and displacements occur. For 

convenience, the plane is taken to be the x-y plane of a right-hand Cartesian 

coordinate system. 

The end of a member or the intersection of two or more members is a 

joint. A member may be either rigidly connected or pinned at a joint. All 

members rigidly connected at a joint rotate through the same angle and trans­

mit moment to one another. When a member is pinned at a joint, it is free to 

rotate independently of the joint and other members intersecting at that joint. 

Each of the N joints has three degrees of freedom, 
~3 
W. , as shown in Fig 5. 

1 

~l 
Translational displacements W. 

1 

~l ~2 
W. , w. , and 

1 ~2 1 
and W. must be 

1 

equal (compatible) for all members intersecting at a joint. The rotational 

displacement may not be the same for all members at a joint, since some or 

all of the members may be pinned at the joint. Hence ~ is defined as being 
1 

the rotation of the joint, and the pin is assumed to be a part of the member 

occurring at an infinitesimal distance inside the member. When all members 

at a joint are pinned at the joint, the rotation of the joint is undefined. 

19 
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'I 

x 

(a) Plane frame. 

Fig 5. Plane frame. 

(8) Member-end-forces. 

(b) Joint displacements. 

/, 

x -----

(c) Joint forces. 

(b) Member-end-displacement. 

Fig 6. Member-end-force$ and member-end-displacements 
for a plane frame member. 
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The program developed herein allows such joints and outputs a very large 

to indicate that the rotation is undefined. rotational displacement 
~l 

Joint forces p. , 
1 

~2 ~3 
p. ,and p. , shown in Fig 5 can be applied at any 

1 1 

joint. The joints can be supported by linear or nonlinear springs. Member 

loads and supports can be quite general, as discussed in Chapter 4. 

Research discussed in a later chapter has shown that the size of a rigid 

joint has an effect on both the strength and the stiffness of a frame. The 

solution developed herein allows lengths of the member near the joint 

(1) to be rigid, 

(2) to be linearly elastic, 

0) to follow the member's stress-strain curve, or 

(4) to be combinations of the above. 

Assumptions and Limitations of the Solution 

Although the solution developed herein covers a wide range of problems 

and considers large displacements, nonlinear stress-strain curves, and non­

linear soil supports, the solution is developed within a definite framework 

of assumptions. These assumptions, and limitations are as follow: 

(1) Frame members are initially straight-line elements. 

(2) Bernoulli's hypothesis of a linear distribution of strain 

through the depth of a member is valid. 

(3) Shearing deformations are negligible. 

(4) The deformations (strain and curvature) are of an infinitesimal 

order, even though the displacements (axial, lateral, and 

rotational) may be of any size. 

(5) No out-of-plane loads or displacements occur. Thus, lateral 

or local buckling can be considered only by limiting strains for 

the material stress-strain curves, and members must be symmetri­

cal about the x-y plane. 

(6) The constitutive equations for the member can be satisfied by 

specifying nonlinear but elastic uniaxial stress-strain curves. 

Various portions of the cross section may have different stress­

strain curves. 
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(7) The response of the structure to time-dependent loads (to consider 

creep or rapid loadings) is obtainable only if the appropriate 

pseudo-static stress-strain curves can be developed. 

(8) Nonlinear but elastic Winkler-type springs can be used to repre­

sent the axial and lateral support characteristics of soil or 

other supports. 

Linearly Elastic Frame Solution 

Matrix methods of linear frame analysis are well documented (Refs 36 and 

49) and will be discussed only briefly here. Figure 7 illustrates a linear 

frame solution from Ref 27. First the problem data are input. (Special 

attention was given in Ref 27 to developing input techniques that were 

versatile but still convenient for routine problems.) Next the member stiff­

ness matrix and fixed-end-force matrix for the members are calculated in 

member coordinates (x', y', z', as shown in Fig 6). Member-end-displacements 

(axial, lateral, and rotational) and their corresponding member-end-forces 

(axial, lateral, and moment) are also shown in Fig 6, at the ends of the 

member. 

Member stiffness matrix. The member stiffness matrix is a 6 X 6 matrix 

[K] relating member-end-forces to member-end-displacements. A typical 

Th l' t h ,th d' e represen s t e 1 rowan J repre-element of [K] is K ... 
1J 

sents the jth column of [K] . For a linearly elastic member, Kij 

represents the force corresponding to the ith displacement due to a unit 

1 f h ,th di 1 Th h ,th 1 f [K] . h va ue 0 t e J sp acement. us, t e J co umn 0 1S t e 

collection of member-end-forces due to a unit value of the jth displacement. 

Prismatic members without distributed linearly elastic spring restraints 

have the well-known member stiffness matrix shown in Appendix A. A discrete 

element solution for more realistic members was developed in Ref 27 using the 

above unit displacement definition of the stiffness terms. 

Member-fixed-end-force matrix. The member-fixed-end-force matrix is a 

6 X 1 column matrix [FF} . Special cases for simple loadings are available. 

MOre general loadings can be handled by performing a discrete element solution 

of the member, subject to its member loads and zero end-displacements. 

Structure stiffness matrix. The 3N X 3N structure stiffness matrix 
'" [K] is formed by first transforming the member stiffness matrix into structure 
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Fig 7. Flow chart for linearly elastic frame solution (Ref 27), 
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coordinates (x, y, z, as shown in Fig 5): 

where 

= [T{ [K .. ] [T] 
1J 

(3.1) 

[K
ij

] = (3 X 3) member stiffness matrix in member coordinates 

which represents the forces at joint i due to unit 

displacements at joint j , 

[T] = (3 X 3) transformation matrix that transforms member 

displacements and forces into structure displacements 

and ,forces (shown in Appendix A), 

[T]t = (3 X 3) transpose of [T] , 

[K
ij

] = (3 X 3) member stiffness matrix in structure coordinates 

which represents the forces at joint i due to unit 

displacements at joint j . 

The member stiffness matrices are divided into 3 X 3 submatrices for 

convenience in the next step, which consists of assembling the 3N X 3N 

structure stiffness matrix [K] from the member transformed stiffness 

matrices, using the direct stiffness method (Refs 27 and 36). 

Structure load matrix. The member-fixed-end-force matrix is subdivided 

into 3 X 1 submatrices and transformed into structure coordinates by 

{FFJ = [T]t {FFJ (3.2) 

where 

{FFJ = (3 X 1) matrix of member-fixed-end-forces at joint 

i , in member coordinates, 

{FFJ = (3 X 1) matrix of member-fixed-end-forces at joint 

i , in structure coordinates. 
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The 3N x 1 structure load matrix [P} is then formed by subtracting 

the transformed fixed-end-forces from the applied joint loads at all joints. 

Joint supports. Any joint may have vertical, horizontal, and rotational 

linearly elastic support springs. If a joint displaces, support reactions will 

be generated equal to the negative of the displacements times the appropriate 

spring constants. These reactions must be considered in writing the joint 

equilibrium equations. If the support reactions are added to the equations, 

the effect is to add the corresponding spring term to the diagonal of the 

structure stiffness matrix [K]. 

The effect of the other matrix terms becomes negligible as the spring 

term becomes very large compared to the other terms in any row of [K] • 

Similarly, the load term for that row becomes negligible. 

Thus, a zero displacement can be obtained by specifying a very large 

spring restraint. Likewise, a specified displacement can be obtained by 

specifying a large spring restraint and a correspondingly large joint force 

equal to the desired displacement times the spring restraint. 

Handling specified displacements in this way allows both real problems 

with finite values of support restraints and idealized problems with infinitely 

stiff supports to be solved by the same technique. 

Solution of joint equilibrium equations. Premu1tip1ying the structure 

joint displacement matrix [W} by the structure stiffness matrix [K] yields 

["'F} the structure load matrix Thus the joint equilibrium equations may be 

written as 

[K] • [W} = [F} (3.3) 

Equation 3.3 is solved by a recursion-inversion process previously developed 

(Ref 18). The solution considers the banding and symmetry of the stiffness 

matrix. A multiple load option allows significant savings in computer time 

when the same structure is analyzed for several loading conditions. This is 

possible since for a linear solution the stiffness matrix is independent of 

the loading. The joint displacements are then output. 

Member-end-forces and equilibrium errors. The member-end-forces and other 

member data such as shears, moments, and displacements c.an be found by a dis­

crete element solution of the members subject to their member loads and end­

displacements (transformed from the structure 'displacements found in the frame 
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solution to member coordinates). The sum of all forces acting at the joints 

(applied forces, member-end-forces, and reactions) should equal zero if the 

solution is correct. In practice there are some small round-off errors and 

discretizing errors. Thus, the joint equilibrium errors are an indication of 

the validity of the solutions, and it is wise to print these out as a check on 

programming errors and machine malfunctions. 

Nonlinearly Elastic Frame Solution 

Figure 8 shows the general flow diagram for a nonlinear frame solution. 

It resembles the linear frame solution but the tangent stiffness algorithm 

discussed in Chapter 2 is incorporated in it. The iterative process shown can 

be used for any given load level and is thus valid for either a single load 

level or a series of load increments. 

Member tangent stiffness matrix. The tangent stiffness matrices for the 

members are formed in member coordinates (undeformed) as in a linear solution. 

However, in the more general nonlinear solution a member tangent stiffness 

matrix is a nonlinear function of the member loads and member-end-displacements. 

Martin (Ref 37) points out that the definition of the element of a nonlinear 

member stiffness matrix in the ith row and the jth column K.. is the 
1J 

partial derivative of the ith force Fi with respect to the jth displace-

men t W. , i. e. , 
J 

(3.4) 

Thus the member stiffness matrices are formed by six discrete element 

solutions similar to the linear unit displacement technique developed in 

Ref 27 except that the discrete elements have nonlinear force-displacement 

relations which are developed for the nonlinear discrete element model in 

Chapter 4 and the unit displacements are unit increments of displacement from 

the present position of the member. 

Member incremental fixed-end-force-matrix. A fixed-end-force matrix for 

the members is formed only on the first frame iteration. Succeeding iterations 

include the effects of the member loads in the joint equilibrium errors. The 

member incremental fixed-end-force matrices [FF} are formed by a discrete 
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Fig 8. Flow chart for nonlinearly elastic frame solution. 
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clement solution for the increments of member loads with the mernber-end-dis-

placements held in their present position (see Chapter 4). 

Structure tangent stiffness matrix and incremental load matrix. The 

formation of the structure tangent stiffness matrix [K) and incremental load 

matrix [P} is the same as for the linear solution. 

Nonlinear joint supports. Linearly elastic joint supports and specified 

displacements are handled as in a linear solution. For nonlinear joint springs 

the tangent stiffness of the spring's Q-W curve is added to the structure 

stiffness matrix. Since the incremental load matrix is being constructed, the 

resistive spring forces corresponding to the spring's displacement are not 

normally added into the incremental load matrix; instead the spring force is 

included in the joint equilibrium check. However, on the first iteration, 

from a zero displacement start, the force corresponding to zero displacement 

should be added into the structure incremental load matrix as a fixed-end-

force. 

Joint supports may be in the direction of the member axes rather than in 

the direction of the structure axes, as for an inclined pile that develops an 

end bearing force. Such a spring produces a force in the direction of both 

structure axes due to a unit displacement in either of the structure directions. 

The method of transforming spring stiffnesses from member directions to struc­

ture directions is given in Appendix D (Case a). 

Solution of incremental joint equilibrium equations. The solution of the 

simultaneous equations is carried out as in a linear solution. However, the 

increments of displacement [6W} are obtained and are then added to the pre-

N} vious displacements l" to obtain the new estimate of displacements ~. 
Nonlinear member-end-forces and joint equilibrium errors. The new 

estimates of joint displacements are transformed into member coordinates and 

an iterative discrete element solution is made for all members, as discussed 

in Chapter 4. The discrete element solutions determine sets of member-end­

forces compatible with the member-end-displacements, member loads, and 

restraints. 

The sum of all forces acting at each joint should equal zero if an equili­

brium position has been found. The magnitude of the joint equilibrium errors 

is an indication of the joint loads not absorbed by the structure in that 

estimated position. If the errors are greater than a specified tolerance, the 

cycle is repeated with the incremental joint loads taken as the equilibrium 
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errors. When the joints converge, the results may be output and the program 

returns for a new load level. 

The joint equilibrium error corresponding to a specified joint displace­

ment is not well defined mathematically. In the present program when a large 

spring and force are used to specify a displacement, no internal equilibrium 

check is made corresponding to that displacement in the iterative process. The 

equilibrium error output corresponding to the specified joint displacement is 

actually the force required to enforce the displacement. The program interprets 

any force larger than 1 X 1030 as one used to specify a displacement. 

More details of the actual program are given in Chapter 5 and the 

Appendices. 

Maximum load analysis. By increasing the loads until the solutiou diverges 

or the value of a critical variable such as shear or strain in the compression 

flange becomes excessive, one may make an estimate of the maximum load that a 

frame can carry. The loads may be increased, proportionally or otherwise, as 

desired. 

The nonconvergence of the solution at a given load level is often an 

indication that the frame is physically unable to come to equilibrium under that 

load condition. However, it is possible that the lack of convergence may be 

due to other reasons, such as 

(1) using too severe a tolerance on the joint equilibrium errors or the 

member equilibrium errors, 

(2) using incompatible equilibrium errors for the joint and member 

solutions, 

(3) applying too large a load increment if the frame or one of its mem­

bers undergoes a severe change in stiffness, or 

(4) having a member in a state of zero stiffness, such that it will not 

come to equilibrium. 

The first two possibilities can be virtually eliminated by the following 

technique: For the given frame, select as the joint tolerances a force and a 

moment that will have a negligible effect on the frame; the member force and 

moment tolerances can be chosen as one-tenth of the joint tolerances to allow 

for accumulation of errors in the member solution. This procedure gave good 

results for the wide range of problems for which the program was tested. 

The other two possibilities are due in large part to the fact that a mem­

ber solution is attempted separately from the overall frame solution. Thus 
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the nonconvergence of a member may not correspond to the maximum load on the 

frame as a whole. The output from nonconverging solutions should be studied to 

see if the frame is actually near a failure condition. The steel frame with 

tie rods discussed in Chapter 7 illustrates these special problems and how 

they can be handled. 



CHAPrER 4. DISCRETE ELEMENT MODEL OF FRAME MEMBERS 

In developing the nonlinear frame solution in Chapter 3, it was assumed 

that there was a method for obtaining the member tangent stiffness matrix, the 

member incremental fixed-end-force matrix, and the member-end-forces correspond­

ing to specified end-displacements and member loads. 

In this chapter, the necessary member solutions are developed using a 

discrete element model of the members. The force-displacement and stiffness 

properties of the elements are needed for the member solutions just as the 

force-displacement and stiffness properties of the members are needed for the 

frame solution. Thus, the force displacement equations for a typical discrete 

element are developed early in Chapter 4. The stiffness matrix of the element 

is found by applying Castigliano's first theorem to the element force-displace­

ment equations. Then the effects of member loads and restraints are discretized 

to the nodal points connecting the elements. Finally, the member solutions 

needed to define the force-displacement response and stiffness properties of 

the members are developed. 

Existing Capabilities for Response of Nonlinear Members 

A closed-form solution for a frame member with variable cross section, 

general loadings, and nonlinear material and support properties which considers 

all geometric effects has not been developed. Simple cases considering all 

geometric effects except axial shortening have been worked using elliptic in­

tegrals (Ref 21). Approximations of the nonlinear geometric effects have been 

made using finite element models by Jennings (Ref 32) and Saafan (Ref 53). 

Nonlinear material effects have been approximated by numerous investigators 

(Refs 59, 8, and 24). Nonlinear support properties, nonlinear material proper­

ties, and the Py and P6 moments have been considered in a discrete element 

member solution (Ref 39). 

Gunnin (Ref 25) has developed a frame solution which considers large 

displacements of structural joints and nonlinear material properties, as ex­

pressed in Ramberg-Osgood M-¢-T (moment-curvature-thrust) curves. However 
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his member solution neglects the effects of member deformations on the statics 

of the member. His solution may be used for problems with significant Py 

moments only by subdividing members and inserting additional joints. Extra 

joints are also required at concentrated loads. Distributed loads are handled 

by specifying equivalent concentrated loads. 

Alvarez (Ref 4) has a solution which considers inelastic unloading for 

an elastic plastic stress-strain curve, but it is restricted to rectangular 

steel frames made of wide flange members. 

The discrete element solution that is developed herein allows for a more 

general frame member than previously possible. 

General Frame Member and Discrete Element Representation 

A plane frame member is shown in Fig 9(a). Loads, linearly elastic re­

straints, and changes in a linearly elastic cross section may occur anywhere. 

Loads and restraints may be specified in either member or structure coordinates. 

Member restraints may be nonlinear and have a linear variation between struc­

tural joints. Cross sections may be defined as a series of pieces. Each 

piece can be either a rectangle or a thin wall tube. The dimensions and lo­

cations of the pieces can vary linearly between structural joints. Each piece 

in the cross section may have a nonlinear stress-strain curve. The coordinates 

of corresponding points on the stress-strain curves can vary linearly between 

structural joints. 

The member is assumed to be initially straight. All loads and displace­

ments are assumed to occur within the plane of the frame, in which one of the 

member's principal axes lies. The members may be pinned or rigidly connected 

at the joints. The effects of shearing deformation are neglected. 

The member is divided into m elements of length 2h. The force-dis­

placement equations can then be obtained for a general element. Member loads 

and restraints are discretized to the stations where the adjacent elements 

are connected and are fully compatible. Thus the member may be solved as a 

structure composed of a series of straight line elements. 

The discrete element shown in Figs 9(b) and 9(c) was developed by Rays 

and Matlock (Ref 27). They obtained the element force-displacement equatiorts 

for linearly elastic response of the model and showed that these equations 

were an approximation of the "exact" differential equation solutions with an 
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error term of order (2h)2. Discretizing the loads and distributed linear 

restraints with the astatic equivalencing technique of Mises (Ref 43) gives a 

similar error term. The second-order error term (2h)2 gives a solution which 

converges rapidly with a decrease in element size. 

An analytical determination of the error term for a general nonlinear 

element may not be possible due to the complexity of the differential equa­

tions. However, the force-displacement equations can be obtained from an 

analysis of the model and used to check nonlinear examples for which c10sed­

form, numerical, or experimental solutions exist. With all the basic types of 

nonlinearity so verified, one will have confidence to work problems which con­

tain all nonlinear effects. 

In Chapter 6 an error study for cantilever beams indicates the good con­

vergence properties of the nonlinear discrete element model. Several examples 

in later chapters also illustrate the discretizing error on real frames. 

Discrete Element Model 

A mechanical model of the discrete element is shown in Fig 9(b). It con­

sists of two rigid end-blocks (the end blocks are rigidly connected to neigh­

boring elements to preserve vertical, horizontal, and rotational compatibility 

at the nodal points), two rotational springs, which give bending moments M1 

and M2 ' and a rigid piston with an axial spring which gives an axial thrust 

T. A discrete line-element interpretation of the model is shown in Fig 9(c). 

The end blocks of Fig 9(b) become rigid bars, the rotational springs reduce 

to point size, and the piston is replaced by a bar that is rigid in bending 

but axially extensionab1e. Discrete angle changes ~1 and ~2 occur, 

corresponding to the bending moments M1 and M2 ' and a discrete axial 

shortening 0 corresponds to the axial thrust T. 

Deformation-Displacement Relations 

The element-end-disp1acements w1 through w6 completely define the 

deformations ~1' ~2' and o. The deformations can be calculated by a 

simple geometric analysis of the model. 

From Fig 9(c) it is seen that the horizontal projection of the deformable 

center bar is 
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h + r (4.1) 

The vertical projection of the center bar is 

s (4.2) 

The length of the center bar (h + 5) is the hypoteneuse of the triangle. 

Thus, 

o = ~2 + (h + r)2 - h 

The angle e which the bar makes with the x'-axis is given by 

e = -1 ( s ) tan h + r 

The discrete angle changes ~l and V2 are found from 

= e - w 3 

(4.3) 

(4.4) 

(4.5) 

(4.6) 

Equations 4.1 through 4.6 are the deformation-displacement equations for 

the element and correspond to the strain-displacement equations of elasticity. 

They are valid for large values of displacement, since they contain no small­

displacement approximations. 

Force-Deformation Relations 

The force-deformation equations for the model which correspond to the 

stress-strain equations of elasticity may be obtained by integrating the stress­

strain curves over the cross section. For the case of linear material proper­

ties, the equations of Ref 27 may be used: 
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M1 = 
E1W1 

h (4.7) 

~ = 
EIW2 

h (4.8) 

T = AEo 
2h (4.9) 

where EI and AE are the average product of modulus of elasticity times 

moment of inertia and area, respectively, for the element. M1 and M2 are 

the bending moments at the two discrete rotational springs and T is the 

axial thrust in the center bar. 

Equations 4.7 and 4.8 are the statements that the moments are equal to 

EI times the curvatures, where the curvatures at 1 and 2 are taken as the 

discrete angle changes W1 and W2 divided by h. For these equations to 

be correct, the curvatures, and hence W1 and V2 ' should be small, even 

though the displacements need not be. Similarly, Eq 4.9 is the statement that 

the axial thrust is equal to AE times the axial strain, where the axial 

strain is taken as the discrete change in length 0 divided by 2h. 

For nonlinear stress-strain curves the more complex relations can be ob­

tained by the numerical integration technique developed in Appendix B. Symbol­

ically, Eqs 4.10 through 4.12 can be used to represent any function g that 

occurs: 

M1 = g (W1 ' 0) (4.10) 

~ = g( W2 ' 0) (4.11) 

T = g(6 , W1 ' W2 ) (4.12) 

Thus, M1 and. ~ are the moments at the location of the two rotational 

springs and T is the average of the two thrusts at the two rotational springs. 

The numerical integration procedure developed in Appendix B allows a 

cross section to be specified as a series of up to 10 pieces. Each piece may 

be either a rectangle or a thin wall tube. Several cross sections that can 
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be input in this manner are shown in Fig 10. Each piece is assigned a non­

linear stress-strain curve by the user. The curves need not be the same for 

all pieces at a section. The stress-strain curves are specified by inputting 

a number of points to define the curves. Up to eleven points may be used; 

thus, the full range of the appropriate curve may be input and idealizations 

such as assuming bilinear curves or equal properties in tension and compression 

are not necessary. 

This method of specifying cross section and material properties allows a 

wide variety of practical problems to be handled by one program. Steel, rein­

forced concrete, and prestressed concrete examples are worked in subsequent 

chapters. Other construction materials, such as aluminum and composite steel 

and concrete, could be handled by the program by inputting the sections and 

the appropriate stress-strain curves. 

Equilibrium Equations 

The equilibrium equations for the element are easily obtained by applying 

the laws of statics to free bodies of the center bar and the two end bars. 

The shear force V normal to the center bar of Fig 9(c) is found from a free 

body of the bar to be 

V = (4.13) 

Then, summing forces and moments on the end bars gives Eqs 4.14 through 

4.19 : 

fl = -T cos e - V sin e (4.14) 

f2 = -T sin e + V cos e (4.15) 

h h 
sin w3 f3 = -M + f2 '2 cos w3 - f1 '2 1 (4.16) 

f4 = -f 1 
(4.17) 
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(1+ .18) 

(4.19) 

Equations 4.1 through 4.19 comprise the element force-displacement equa­

tions. They could be combined to form one set of equations but may be solved 

by the following straightforward procedure. For a given set of displacements, 

the deformation-displacement equations are solved for the deformations. Then, 

using these deformations, the force-deformation equations are solved for the 

internal for.ces. Then, using the deformations, internal forces, and displace­

ments, the equilibrium equations are solved for the e1ement-end~forces. 

Discrete Element Stiffness Matrix 

The analytic differentiation of the element force-displacement equations 

to obtain the element 6 X 6 stiffness matrix would be a laborious task. A 

numerical differentiation of the relations in the computer program is possible, 

as demonstrated in Ref 34, but this procedure was tried and found to take ex­

cessive computer time; up to 30 significant figures were required to perform 

the numerical differentiation for problems that were near instability. Thus, 

a derivation of the stiffness matrix was made using Castig1iano's first theorem. 

This theorem, applied to the discrete element equations, gives a method which 

organizes the analytic differentiation process so that is is manageable and 

also gives some physical insight into the problem. 

Consider a discrete element with n element end-forces tf} related to 

n element end-disp 1acements {w} by n force-displacement equations of the 

form shown in Eq 4.20 (n = 6 for the plane frame element being considered 

herein) : 

f. 1. 
= (4.20) 

Since Eq 4.20 will not, in general, be linear, it is not possible to 

write a matrix equation relating the forces and displacements by a constant 
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stiffness matrix as is done in a linear analysis. However, a linear approxi­

mation of the relation between the increments in forces ~f} and the incre­

ments in displacements £6w} is given by 

£6f } = [k] £6w] (4.21) 

where [k] is the n X n tangent stiffness matrix with variable coefficients. 

The coefficient of the ith row and the jth column, k .. , is given by 
~J 

k .. 
~J 

= 
of. 

~ 

ow. 
J 

(4.22) 

Assume that there are m discrete energy absorbing spring's in the ele­

ment with m internal forces [S} related to m deformations [oj as 

given by m force-formation equations such as Eq 4.23 (m = 3 for the plane 

frame element): 

S. 
~ 

= (4.23) 

Here, too, only a linear approximation is in order, relating increments 

of internal force ~S J to increments of internal deformation ~o) by 

{b.s J = [D] ~o J (4.24) 

The m X m matrix [D] is the incremental force-deformation matrix, 

and D.. is given by 
~J 

The element deformation-displacement equations relating 

are given by m equations of the form 

= ••• w ) 
n 

(4,25) 

and w 

(4.26 ) 
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Linear increments in defonnation 60 are related to linear increments 

in displacement 6w by 

(4.27) 

where [B] is the m X n incremental deformation-displacement matrix, and 

00. 
= 1. ow. (4.28) 

J 

Castig1iano's first theorem, which is applicable for nonlinear but elas­

tic structures (Ref 66), gives the ith force f. as 
1. 

OU 
fi = -:;,-uw. 

1. 

(4.29) 

where U is the atrain energy of the element and may be expressed in terms 

of the energy absorbing spring forces and defonnations as 

The differential of defonnation dO
k 

is 

Thus, combining Eqs 4.29 - 4.31 gives 

f.. = 
1. 

(4.30) 

(4.31) 

(4.32) 

The successive integration and differentiation that are implied negate 

each other. Hence, 
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f. 
1 

= (4.33) 

Equation 4.33 was derived in a slightly different manner by Austin 

(Ref 10). Differentiating Eq 4.33 with respect to Wj gives 

of. 
1 

= ow. 
J 

= 

But using the chain rule for partial derivations gives 

= 

(4.34) 

(4.35) 

Combining Eqs 4.34 and 4.35 gives the desired expression for k
ij 

as 

::: (4.36) 

Since kij is composed of two terms, the stiffness matrix [kJ can be 

considered to be composed of two portions, [kJ s and [kJ c • Thus, 

[kJ == (4.37) 

where [kJ s is called the initial-stress stiffness matrix and is made up of 

all the kij that would arise if only the first term of Eq 4.36 were used. 

The term initial stress was used by Murray (Ref 44) and comes from the fact 

that if an element undergoes a rigid body displacement, no internal forces 

sk will develop and [kJ s will be zero regardless of how large the rigid 

body displacements are. 

The initial-stress stiffness matrix for the frame element was computed by 

taking the indicated second partial derivations of the strain-displacement 

equations (Eqs 4.1 through 4.6). It was further noted here that for the frame 
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element, , [k] S could be subdivided into two portions, one due to the internal 

axial force [kJ ST and one due to the internal shear force [kJ
sV

• Both 

[k]ST and [k]SV are given in Appendix C. 

The conventional portion of the stiffness matrix [k]C could be computed 

coefficient-by-coefficient using the second term of Eq 4.36; however, it is 

easy to show that identical results will be obtained if this portion is formed 

by the conventional triple matrix product 

= (4.38) 

Matrices [B] and [D) are as previously defined, and [B]t is the 

transpose of [BJ • Both [B] and [D] are given in Appendix C for the dis­

crete element used herein. 

Discretizing Member Loads 

Member loads were not considered in developing the force-displacement 

equations for a single discrete element. Rather they are discretized into 

concentrated loads acting at the member stations. Such forces can then be in­

corporated into the member solution as nodal point forces. 

The idea of replacing a complicated loading system with a simpler stati­

cally equivalent system is not new. Newmark's classic paper (Ref 45) gives a 

good practical discussion of the concept and a theoretical treatment is given 

in a paper by Mises (Ref 43), who points out the lack of generality of St. 

Venant's principle and gives better criteria for the replacement of one load 

system by another. 

By use of Mises criteria a system of loads may be replaced by an equiva­

lent system if the static difference of the two systems is zero and remains 

zero when the two systems are rotated through an arbitrary angle. Such systems 

are said to be astatica11y equivalent. Then, if the real loading system and 

the astatica11y equivalent loading system are contained in a circle with a 

diameter of 2h (the length of an element), the difference in the resulting 

stresses and strains a short distance away from the loads will be of order 

(2h)2 • 

In Ref 27 it was shown that axial loads, lateral loads, and couples could 

all be discretized by the same formulas and satisfy Mises requirements. The 
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formulas are based on applying the loads to a serie~ of simple stringers sup­

ported at the member stations. The discretizing is done in the program de­

veloped herein so that the user can specify his loads in a normal engineering 

manner (see Appendix E). However, the user should be aware of this discreti­

zation and how it affects his solution. 

Consider a simply supported beam, as shown in Fig 11. The beam is 40 

feet long and has a concentrated load of 20 kips at 19.75 feet from the left 

end. For a 40-element solution (2h = 1 ft) , the normal load, shear, and 

moment diagrams are compared with the discretized diagrams in Fig 11. 

The maximum shears are equal in both cases and the difference in maximum 

moments is only 1.25 percent. The difference in the area of the two moment 

diagrams, shown shaded in the figure, is a function of (2h)2 and thus the 

curvature diagram and the resulting rotations and deflections will be of or­

der (2h)2, illustrating Mises principle. 

Distributed loads are handled by finding the resultant load on each 

stringer and then distributing it to its adjacent stations. 

Output shears, axial forces, and bending moments are the average values 

at stations where concentrated lateral loads, axial loads, and couples can 

cause double values to exist. 

Member Restraints 

Member restraints are also discretized to concentrated station values, 

i.e., discrete nonlinear springs. In Ref 27 it was shown that the formulas 

used to discretize loads could be used to discretize linear springs except 

where extremely large springs are used to set a member's displacement. Thus, 

the computer program developed herein permits only distributed spring supports 

for members. Concentrated springs are input at the structural joints where 

they are handled as described in Chapter 3. Distributed linear spring re­

straints are discretized to station values by the technique used in Ref 27. 

Nonlinear Member Restraints 

When a member displaces against a supporting medium such as soil, dis­

tributed forces q are developed which are often a nonlinear function of the 

member displacements w. For stable supporting media, the forces will oppose 

and hence be of opposite sign to the displacements. Criteria are available to 
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determine q-w curves (Refs 38, 17, and 48) that can represent the axial and 

lateral response of sandy and clay soils. 

Distributed nonlinear member restraints may be visualized as a bed of 

nonlinear springs, such as the lateral springs shown in Fig 12(a). However, 

axial and rotational springs are also allowed by the program. Any of the 

spring restraints may be defined with reference to either the member or the 

structure coordinates. 

The distributed force-displacement properties of the supporting medium 

are defined by inputting a q-w curve at each end of the membpr, as shown in 

Fig 12 (b). The curves input at the "From" and "To" joints must both have the 

same number of points. 

In the program, a continuous nonlinear support is discretized as a series 

of concentrated nonlinear springs at the member stations by the following pro­

cedure: first, as shown in Fig l2(b), a q-w curve is obtained at the middle of 

each element by interpolating along the length of the member with respect to 

both force and displacement. Interpolation is between corresponding points on 

the end curves. Then the distributed values of force q are multiplied by 

2h to obtain concentrated values of force Q at mid-element and generate the 

curve of Fig l2(c). Next the stiffness K and the resistive spring force 
s 

are found for the temporary spring displacement w at mid-element by a 
s 

linear interpolation between adjacent points on the Q-w curve, as shown in 

Fig 12(c). The concentrated values Ks and Qs are then replaced in the 

solution by half-values at the two stations at the ends of the element. 

SpeCification of Member Data in Member and Structure Coordinates 

Member loads and stiffness properties are needed in member coordinates 

for the discrete element member solutions; however, it may be convenient to 

specify loads or restraints in structure coordinates. 

The computer program developed herein allows considerable freedom in this 

respect, thus extending the usefulness of the method. Member loads may be 

specified in the direction of either member or structure coordinates and may 

have their intensity (for distributed loads) specified along either the member 

or the structure axes. For instance, gravity loads on an inclined member may 

be specified as acting in the direction of the structure y-axis per unit of 

length along the member xl-axis. All the options are illustrated in Appendix E. 

The equations to transform the data to member coordinates are given in Ref 27. 
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Member restraints (linear and nonlinear springs) may be specified as 

parallel and perpendicular to the member ox' parallel to the structure x and 

y axes. Restraints that are specified in the structure axes must be handled 

differently from those specified in member coordinates, since a displacement 

parallel to the member produces forces in both x and y structure-oriented 

springs. The necessary transformations are given in Appendix D (case b). 

Member-End-Forces by Discrete Element Solution 

During the iterative frame solution it is necessary to find the member­

end-forces corresponding to a member's loads and the current estimate of frame 

joint displacements (transformed to member coordinates). An iterative solution 

of the member is made, similar to the frame solution. The structure being 

analyzed by the direct stiffness method is now the individual member composed 

of m discrete elements connected at the m+l stations (Fig 9). The member 

solution is somewhat simpler than the frame solution since all of the dis­

crete elements have their axes parallel to the member axes. 

The element force-displacement equations are developed earlier in this 

chapter, as are the element stiffness matrices, and the effects of member 

loads and restraints have been discretized to station values. The member 

solution for a particular set of member-end-displacements is outlined in 

F~ D. 
The incremental member-end-forces necessary to enforce the increase in 

member-end-displacements (from the previous solution of the member) are equal 

to the increase in member displacements times the large spring values at the 

member ends. The large springs and corresponding large forces are used to 

enforce the member-end-displacements from the frame solution. The station 

equilibrium errors are used throughout the member solution as the member loads; 

hence, the equilibrium errors at the end stations are set equal to the neces­

sary, large incremental end-forces. 

Next the element-end forces are evaluated for each discrete element in 

its current position. The element-end-displacements are known and hence the 

element deformations may be found from Eqs 4.1 through 4.6. The internal 

forces may then be found from Eqs 4.7 through 4.9 for a member with linear 

material properties. The internal forces are found by the numerical integra­

tion procedure of Appendix B for members with nonlinear material properties. 
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Then the equilibrium equations (4.13 through 4.19) can be solved for the ele­

ment-end-forces. 

Next the station equilibrium errors at all interior stations (i = 2,m) 

are evaluated by summing all forces acting at the stations (element-end-forces, 

discretized member loads, and discretized spring forces). A check is then 

made to see if the station equilibrium errors are less than the specified tol­

erance. If they are then the member is considered to be in equilibrium. Next 

the member-end-forces are evaluated for checking joint equilibrium in the 

frame solution. The member-end-forces are the element-end-forces at the end 

stations when corrected for the discretized member loads and spring forces at 

the end stations. 

If all frame members are in equilibirum and all joints are in equilibrium 

when subjected to the member-end-forces and other joint forces, then an equi­

librium solution for the frame has been found and the latest member results 

along with the joint displacements and reactions can be output. The axial 

forces and shear forces for the members are output with respect to member 

undeformed axes. The internal computations for thrust and shear, however, 

are made with respect to the deformed axes, as previously discussed. The user 

may transform the output forces to the member's deformed position, if desired, 

since the member rotations are also given. 

If any of the equilibrium errors is larger than the specified tolerances, 

the member is solved as a structure composed of the discrete elements and sub­

jected to the station equilibrium errors. 

The element stiffness matrices and the spring stiffnesses are combined to 

form the 3(m+l) X 3(m+l) member stiffness matrix [kJ • The 3(m+l) member 

load vector [p} is formed directly from the station equilibrium errors. The 

incremental member equilibrium equations are given by 

(4.39) 

Equation 4.39 is solved for the 3(m+l) increments of member displacements 

fAw} using the recursion-inversion technique discussed in Chapter 3. 

The new estimate of member displacements [w} is found by adding the 

increments to the previous member displacements: 

(4.40) 
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Then the station equilibrium errors at the end stations are set equal to 

zero for the subsequent member iterations, since the member-end-disp1acements 

will not vary during these iterations. The solution is then repeated until 

convergence occurs or a limiting number of iterations is reached. 

Member Stiffness Matrix by Discrete Element Solution 

The 6 x 6 member stiffness matrix [K] needed for the frame solution 

is formed by applying 6 unit increments of displacement from the member's 

present position. The incremental end-forces found from a member solution due 
. . f h . th b d d i 1 h . th 1 to a un1t 1ncrement 0 t e J mem er-en - sp acement are t e J co umn 

of [K] • Since the tangent stiffness of the member is sought it is not nec­

essary that the 6 member solutions be iterative as was the member solution 

for a set of specified end displacements. Rather a single member solution is 

made for each unit increment of displacement and the incremental member-end­

forces are found by premu1tip1ying the increments of member displacements by 

the end-elements stiffness matrices and correcting for the discretized loads 

and incremental spring forces at the end stations. The stiffness matrix so 

found is the stiffness matrix that a linear member would have if all of its 

elements had a linear stiffness matrix exactly like the elements' present 

tangent stiffness matrices. Furthermore, the stiffness of the member does 

not change during the six member solutions and, hence, the member stiffness 

matrix [k] does not change and the multiple-load features of the recursion­

inversion equation solver are used to good advantage. 

Member Incremental Fixed-End-Force Matrix by Discrete Element Solution 

The 6 x 1 member fixed-end-force matrix [FF} is found by a discrete 

element solution for the member's incremented loads with the member fixed in 

its present position. Here too, as in obtaining the member 6 X 6 stiffness 

matrix [K] , a single pseudo-linear solution will define the linear increments 

of fixed-end-forces and no iterat~ons are required. The incremental end­

forces are found as for the member stiffness matrix. 

Summary of Chapter 4 

The nonlinear force-displacement equations for the individual discrete 

elements were developed considering large displacements. Material nonlinearity 
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was incorporated into these equations through the nonlinear force-deformation 

equations relating axial thrust and bending moment to axial strain and curva-

ture. 

Castigliano's first theorem was applied to develop matrix expressions for 

the stiffness matrix of a discrete element with n external degrees of free­

dome and m discrete energy absorbing springs. These expressions were then 

used to obtain the tangent stiffness matrix for the discrete element used for 

the plane frame members. 

Member loads and distributed nonlinear spring supports are discretized 

to concentrated loads and springs in order that the problem may be described 

in normal engineering terms. Axis transformations are provided to allow member 

data to be referenced to either member of structures axes. 

The iterative solution to determine the force-displacement'response of 

the frame members was developed as a simplified frame solution. The structure 

being solved was seen to be the member composed of a series of individual 

discrete elements. The unit displacement technique was used to determine the 

6 X 6 member stiffness matrix needed for the frame solution. Finally incre­

mental loads were applied to determine the incremental member fixed-end-force 

vector. 



CHAPTER 5. COMPUTER PROGRAM 

Computer program FRAME 51 was written for the nonlinearly elastic analysis 

of plane frames and is subject to the limitations outlined in Chapter 3. 

This chapter, after a brief des~ritpion of the computer program, discusses 

the input and output features of the program and gives an example problem to 

familiarize the reader with the use of the program. This example problem was 

chosen to illustrate the input of dimensions, loads, and basic stiffness data. 

An example problem in Chapter 9 illustrates the complete nonlinear capabilities 

of the program. Input and output for these two example problems are given in 

Appendices H and I. Other problems, discussed in Chapters 6, 7, 8, and 9, 

illustrate the validity 'of the program for modeling a wide range of nonlinear 

effects, however, input and output are not given for these problems. 

Program Description 

FRAME 51 is written in FORTRAN IV and conforms to the requirements of 

"American Standard FORTRAN" (Ref' 7). The program has been implemented and 

checked out on the CDC 6600 computer at the Computation Center of The Univer­

sity of Texas at Austin. Only minor modifications are necessary to convert 

the program to other machines. 

Program flow charts, the glossary of notation, and the FORTRAN listing of 

programs are in Appendices F, G, and H, respectively. The reader interested 

in developing a full understanding of the computer program may wish to study 

these appendices after reading this chapter. In particular, the flow diagram 

for subroutine FRAM51 should prove helpful. 

The program is presently dimensioned to work a moderate size frame, and 

requires only 730008 words of storage. The detailed input guide in Appendix E 

gives the limits for the number of members (40), number of joints (20), nlm­

ber of different cross sections (20), etc. The FORTRAN listing of the program 

has a dimensioning guide to enable easy modification of the dimensions of the 

program. 
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The data input subroutines (JTCORD, MEMLOC, JNTDAT, RDMST, RDMID, and 

ITCONT) were programmed using overlays, thus reducing the storage requirements, 

but the program can be used without overlays by removing the cards marked 

OVERLAY in columns 73-79 and replacing them with the comment cards marked 

NONOVER. 

Input Tab 1es 

Table 1. Program Control Data - consists of two cards which are re­

quired for all problems. The first card specifies the problem type and the 

tables for which data from the previous problem are held and allows the user 

to suppress output. 

Tables 2 through 7. 

The second card specifies the number of new data cards in 

Data cannot be held on the first problem of a computer 

run. A type 1 problem is one in which all displacements are assumed to be 

zero at the start of the solution. In a type 2 problem the displacements of 

the previous solution are the starting values for the new solution. 

Table 2. Frame Geometry Data - defines the location of the structural 

joints of the frame. Joints are required at the intersections of two or more 

members and at the ends of members. Joints need not be input at concentrated 

loads but are required at locations of supports (concentrated springs) and at 

hinges (points of zero flexural stiffness). In addition, joints are required 

at any point where a change in the nonlinear member stiffness properties occurs 

(see Table 5A). 

The first card of Table 2 gives the total number of frame joints, the 

reference joint, its coordinates, and the joint location tolerance. The ref­

erence joint may be any joint and it may have any coordinates, except that any 

joint must have coordinates less than 1 x 1050 • 

Additional cards as necessary follow to specify the location of the re­

maining joints and check the location of as many joints as desired. These 

cards give the offsets of new joints with reference to previously defined 

joints. For example, if joint 3 is the reference joint, the second card could 

locate joint 7 with respect to joint 3. The next card could then locate joint 1 

with respect to either joint 3 or joint 7. When several joints are in a straight 

line and have identical offsets, they may be located with only one card. Joint 

offsets need not be given at every place where there are members, but all joints 

mugt be located at least once. 
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When joints are located more than once the program compares the old and 

new coordinates as an aid to spot input errors. If the difference in either 

coordinate (x or y) is greater than the joint-location tolerance, a computer 

diagnostic appears; otherwise, the program averages the old and new coordinates 

and continues. 

The input data are echo-printed in Table 2 and in addition the computed 

joint coordinates are given. 

Table 3. Member-Type Location - locates the members of the frame 

between the joints defined in Table 2. The use of member stiffness and load 

types reduces the volume of input required for large frames with repeated 

members. Two or more members can be designated with the same stiffness type 

if they have identical stiffness properties and lengths and have their member 

axes parallel and similarly directed. Two or more members can have the same 

load type if they have the same loadings, same length, and similarly directed 

parallel member axes. 

The first card of Table 3 contains the total number of stiffness types 

and load types in the frame and the number of discrete elements to be used in 

the member solutions. The number of elements per member can be any even num­

ber between, and including, 4 and 40. If the number of elements is not speci­

fied, 40 elements are used. The second and succeeding cards give the locations 

of the members in the frame and their stiffness and load types. 

The members are input as going from the ''From'' joint to the "To" joint. 

This orients the member xl-axis in the direction of the "To" joint. The or­

ientation is given with the member output for interpreting results. 

When several members with the same stiffness and load type are connected 

in a straight line, they may be input with only one card. 

The stiffness and load types on a data card replace any values for a 

member which may exist. Thus if stiffness and load types from the previous 

problem change for only a few members, the data may be held in Table 3 and 

only the new values of stiffness type and load type given. Both stiffness 

type and load type must be given, even if only one of them changes. 

The input data are echo-printed and in addition the computed member num­

bers, lengths, and offsets are printed in Table 3. 

Table 4A. Joint Loads and Supports (Linear Restraints) - gives 

joint loads and linear supports in the direction of the structure (x, y, z) 
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axes. Frame supports may be specified as linearly elastic restraints (springs). 

Real values can be used, if available, or large fictitious values can be used 

to simulate unyielding supports. 

A completely fixed support is obtained by specifying large horizontal (x), 

vertical (y), and rotational (z) springs at a joint. A pinned support would 

omit the rotational restraint and the free end of a cantilever would have no 

restraints. 

A specified displacement can be enforced by inputting a large spring and 

a corresponding large force equal to the spring restraint times the desired 

displacement. To enforce a specified displacement, the force should be greater 

than 1 X 1030 • Such a force is a cue to the program to skip the equilibrium 

check during the iterative process, since an equilibrium check corresponding 

to a specified displacement is invalid. 

Each card of Table 4A contains joint loads and restraints for one joint. 

Cards are required only for joints with nonzero values. No special order of 

the joints is required. The table is accumulative and in addition to the 

echo-print of the data the accumulated joint data are printed. 

Loads are positive if in the direction of the structure axes; thus, 

counterclockwise couples are positive loads. Springs corresponding to stable 

supports will always have positive values; however, the program accepts nega~ 

tive values. 

Table 4B. Nonlinear Joint Supports - gives the numbers of the non­

linear Q-W support curves at the joints, if any, and the multipliers for the 

curves. The final values of Q and W used for the joint support curves are 

the Q and W values given in Table 4C times the multipliers in Table 4B. 

Curves may be input with forces and displacements parallel to the structure x 

and y-axes, or with rotational restraints about the z-axis, or parallel to a 

member's x' and y'-axes. If the curves are referenced to member axes then the 

stiffness type of a member should be given to orient the joint springs. The 

stiffness type given to orient the joint spring does not have to be, although 

it often will be, one of the members that meet at the joint. 

The curve numbers input for a joint on anyone card, including zero, re­

place the old curve numbers if any at the joint. Thus, all curve numbers for 

a particular joint must be specified on the same card. A joint may have both 

linear supports, which are specified in Table 4A, and nonlinear supports, 

specified in Table 4B. 
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If the curves are specified parallel to a member then the ratio of the 

final Q-values to the final W-values should not be extremely large. If these 

values are unrealistically large, numerical problems arise because these values 

are combined with the realistic stiffness values of the members of the frame, 

which are many orders of magnitude lower. No problem will be encountered if 

actual physical values are used to represent the supports or if the supports 

are in the direction of the structure axes, since in this case the large values 

are restricted to the diagonal of the stiffness matrix, where they do not ~ause 

any numerical problems. 

Table 4C. Nonlinear Support Curves - gives the Q-W curves which 

were located in Table 4B. The curves must be input so that the final W-values 

are in increasing algebraic order. Stable joint supports give a force opposite 

to the displacement, and they are input so that the final Q-values are opposite 

in sign to the final W-values. 

Symmetrical curves (actually antisymmetrical, since displacements which 

are equal in magnitude but opposite in sign produce forces which are equal in 

magnitude but opposite in sign) may be input by specifying only the positive 

displacement branch of the curve. The first point on a symmetrical curve must 

be the zero, zero point. 

Table SA. Member Stiffness Types - specifies the stiffness data for 

the various stiffness types in the frame. One or more data cards are required 

to define each new stiffness type. Stiffness types must be input in ascending 

order. When Table 5A is held from a prior problem, if there is a new stiff­

ness type, the first one input must be one more than the last stiffness type 

in the prior problem. 

Prismatic members with a constant modulus of elasticity which do not have 

elastic spring restraints require only one data card. Members with variable 

cross sections, specified stress-strain curves, or elastic-spring restraints 

require two or more data cards and the first card indicates how many additional 

cards follow. 

If the nonlinear option is left blank and additional cards are used, then 

the second and succeeding cards describe variations in linear stiffness proper­

ties within the member. The modulus of elasticity is held constant but the 

moment of inertia, area, and linear restraints (spring constants) may vary 

freely in the member. Distances to locations of changes in stiffness are given 
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from the member's ''From'' joint and are in member coordinates. This format is 

illustrated on page lS of Appendix E. 

If any of the member stiffness properties are nonlinear, the nonlinear 

option is set equal to one, and cross section numbers, q-w curve numbers and 

q-w multipliers are input on the second card for the ''From'' and "To" joints. 

Then the cross sections, stress-strain curves, and q-w curves are defined in 

Tables SB, SC, and SD. The final q and w values are the q and w multi­

pliers times the q-w curves input in Table SD. 

In Table S, either partial (end-forces only) or complete member output 

may be requested for each stiffness type and all members with that stiffness 

type will have the specified output. 

Connections of members to a joint, either pinned or rigid, are indicated 

on the first card for each stiffness type. This option either pins or rigidly 

attaches the member to the joint but does not provide a support for the frame. 

Members are pinned to a joint by specifying the joint option as +1. A 

zero joint option indicates the member is rigidly attached to the joint. If 

the joint option is -ij(i and j are digits ~ 9), the member is rigidly at­

tached to the joint and the first i discrete elements away from the joint 

remain rigid. Actually, some very small deformations occur; the program uses 

a modulus of elasticity E equal to 10 times the slope of the stress-strain 

curve at a zero strain and the stress in the element is computed by multiplying 

the strain by this large E value and adding on the stress corresponding to 

zero strain, if any. If the nonlinear option is zero, then the E value used 

for the rigid elements is 10 times the input value of E • The i rigid ele-

ments may be followed by j elements which remain linearly elastic regardless 

of the stress level. This is accomplished by using the slope of the stress-

strain curve at a zero strain as E and computing the stress in the elements 

by multiplying the strain by this constant E value and adding on the stress 

corresponding to zero strain, if any. 

The axis option allows member distributed linear and nonlinear springs 

to be in the direction of member coordinates (axis option = 1) or in the di­

rection of structure coordinates (axis option = 2). In both cases the distrib­

uted spring values are per unit of length along the member axis. If there are 

no distributed springs on a member then the axis option may be either 1 or 2. 
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Table SB. Cross-Section Properties - describes the member's cross 

section and gives the stress-strain curve number for each piece in the section 

and the stress and strain multipliers. The final stress-strain curve used 

at a joint is the product of the stress-strain curve input in Table SC and 

the stress and strain multipliers. 

The cross section is described as a series of up to 10 pieces; each piece 

may be either a rectangle or a thin wall tube. The input for a rectangular 

piece is the width and depth of the rectangle and the distance from the rec­

tangle's centroid to the x'-axis of the member. The distance is positive if 

in the direction of the positive y'-axis. The input for a tube is the outside 

diameter of the tube, the thickness of the tube, and the distance from the 

centroid of the tubular section to the x'-axis of the member. The distance is 

positive if in the direction of the positive y'-axis. 

The program interpolates linearly between joints to define the cross 

section properties of each discrete element at mid-element. Therefore the 

cross section should have the same number of pieces at both joints, and corres­

ponding pieces should be input in the same order. The linear variation in 

depth, width, etc., provides for higher order variation in section properties 

such as moment of inertia and elastic and plastic moduli. 

Table SC. Stress-Strain Curves - gives the stress-strain curves 

which were located in Table SB. The input of the stress-strain curves is simi­

lar to the input of Q-W curves of Table 4C except that normally the sign of 

the stress and strain values will be the same. A stress-strain curve at mid­

element is found for each piece in the discrete element by linearly interpola­

ting along the length of the member with respect to both stress and strain. 

Thus stress-strain curves at both joints of a member on the same piece should 

have the same number of points. 

Table SD. Nonlinear Member Supports - gives the q-w curves which 

were located in Table SA. The input of the q-w curves is similar to the 

input of the Q-W curves in Table 4C except that the final q values have 

the units of force per unit of length. The q-w curve for an element is ob-

tained by linear interpolation along the length of the member with respect 

both q and w. Thus q-w curves at both member joints should have the 

same number of points. 

to 
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Table 6. Member Load Data - specifies the loadings for the various 

load types. One or more data cards are required to define each new load type. 

Load types must be input in ascending order and when Table 6 is held from a 

prior problem, the first new load type must be one more than the last load 

type in the prior problem. A load type may be increased a certain percentage 

over its previous value if the hold option for Table 6 is input as 2 in Table 1. 

All loads on members of this load type have their values increased by the per­

centage indicated in the card. For example, if 25.0 is input as the percent 

increase in a load type and the load type previously had two concentrated 

loads of -20.0 and +30.0, their new values would be -25.0 and +37.5, respec­

tively. If the hold option is 2 all old load types must have a percent in­

crease specified. To decrease loads, input a negative percent increase. 

Members with only uniform loads over their full lengths may be defined 

with only one data card. Other loadings require two or more cards and the 

first card indicates how many additional cards follow. Four axis options are 

provided to permit the user to describe the member loads in the most convenient 

manner (see page 16 of Appendix E). Loads are positive if they are in the di­

rection of the chosen axes; thus, counterclockwise couples are positive. Dis­

tances to concentrated loads and changes in distributed loads are given from 

the member's ''From'' joint and are positive in the direction of the chosen axis. 

Table 7. Iteration Control - specifies the maximum number of itera­

tions allowed in the frame and member solutions and the maximum allowable 

equilibrium errors. The equilibrium errors should be specified by the pro­

cedure discussed in Chapter 2 unless the user has his own special requirements. 

Monitor members and joints should be specified to study the convergence 

or nonconvergence of the solution. The member numbers input are the member 

numbers assigned by the program in Table 3. The members are numbered in the 

order in which their stiffness and load types are input in Table 3. 

Monitor joints and members have iteration data output in Table 7 which 

may be used to study the closure process. During the member solutions the 

displacements and equilibrium errors at the first station inside the member's 

"From" and "To" joints and at the middle station of the member are printed out 

for each monitor member. Off-curve messages are generated for all members if 

the limits of the member's stress-strain or q-w curve are exceeded in a 

particular iteration, and the number of iterations a member undergoes and 

whether or not it is in equilibrium are printed for each member. 
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A summary of the displacements and equi1ibriuol errors for the monitor 

joints is printed in Table 7 at the end of the problem with any off-curve 

messages that might have been generated for the monitor joint Q-W curves. 

The iterative process is stopped if any member fails to converge within 

the specified number of member iterations during anyone of the frame iterations 

or if the solution for joint displacements fails to converge within the speci­

fied number of frame iterations. The output from a solution that does not con­

verge is tagged with appropriate warning statements and should not be used for 

design purposes. 

Off-curve messages for all members and all joints for the final solution 

of the problem are given in Tables 8 and 9. 

Output Tables 

Table 8. Joint Displacements and Reactions - gives displacements 

and reactions for all frame joints. Only supported joints (those with spring 

restraints) will have nonzero reactions. 

Undefined displacements, such as the rotation of a joint to which all 

members are pinned and the three displacements of a joint to which no members 

are connected, are indicated in the output by exteme1y large displacements. 

If the final displacements of a joint are such that the limits of the Q-W 

curve are exceeded, an off-curve message is printed for that joint. 

Table 9. Member Results - gives member-end-forces or detailed out­

put for all members, as requested in Table SA. Member-end-force output con­

sists of the axial forces, shears, and bending moments at the ends of the 

member; complete member output lists the axial, lateral, and rotational dis­

placements as well as the axial force, shear, and bending moment at every 

station (nodal point) along the member. 

For either choice of output, the axial forces, shears, and bending moments 

are in a normal member sign convention. Positive axial force produces tension 

in the member; positive shear tends to raise the end of the member nearest the 

origin of the member's x'-axis; and positive bending moment produces tension 

on the bottom side of the member. Positive displacements are in the positive 

direction of the member axes; thus, positive rotations are counterclockwise. 

The axial force is parallel to and the shear force is normal to the member's 
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original undeformed xl-axis. The direction of the member's xl-axis is as 

input in Table 3 and is given with the member output for convenience. 

The values of axial force, shear force, and bending moment are the nor­

mal engineering values except that average values are given when there is a 

double value at an interior point due to a concentrated load or couple. 

If the final displacements or strains in a member are such that any of 

the limits of the q-w or stress-strain curves are exceeded an off-curve 

message is printed for that member. 

Table 10. Joint Equilibrium Errors - gives the equilibrium errors 

at all joints from the final solution of a problem. The errors will all be 

less than the specified limits if the solution converged, except at a joint 

where a specified displacement was enforced. The equilibrium error corres­

ponding to such a displacement is the force absorbed by the structure in en­

forcing the displacement. 

Example Frame 

The frame shown in Fig 14 was chosen to illustrate the input features of 

the program. All of the input tables except Table 5D are used in coding the 

frame. The use of the distributed soil support curves defined in Table 5D is 

illustrated in Chapter 9. The input and output for the frame may be found in 

Appendices H and I (Problems 501 and 502). 

Location of Joints 

The first step in coding Problem 501 is to number the joints. In general, 

the most efficient solution, in terms of time and storage requirements, is 

obtained by numbering the joints back and forth across the short direction of 

the structure, as illustrated by the encircled joint numbers if Fig 14(a). 

Joints 4, 5, 9, 10, 14, and 15 are located at the junction of the rolled sec­

tion and the built-up section (see Detail A). These joints would not be re­

quired if the entire girder between adjacent columns were to be input as one 

member with linear stiffness properties. 

Joints 2, 7, 12, and 17 are located at the intersection of the column 

center1ines and the centroid of a vertical section through the tapered girder. 

This does ,not give a theoretically correct centroida1 axis for a tapered sec­

tion, since a section perpendicular to this axis is not quite symmetrical. 
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However, the angle of taper between the two flanges is less than 50, and the 

error is insignificant. In addition, the representation of a member whose 

outer fibers are not parallel to the centroidal axis is not exact. However, 

Osgood (Ref 46) showed that the error involved in computing stresses by the 

common flexural formula is less than 5 percent for a taper angle of up to 200
• 

The exact location of a tapered member's axis is not important. However, 

the variation in the section properties within the member is. Note that while 

the depth varies linearly the moment of inertia varies as the square of the 

depth for I sections and as the cube of the depth for rectangular sections. 

This variation in member properties is easily handled by the program. More 

information on the design of tapered connections is available in Ref 20. 

The joint locations are input in Table 2. The first card gives the loca­

tion of a reference joint. Joint 1 is chosen as the reference joint and is 

placed at the origin merely for convenience. The joint offsets are input to 

the nearest 1/10 inch; therefore, a reasonable tolerance of 3/10 inch is al­

lowed. Joints 6, 11, and 16 are located from Joint 1 with only one card since 

they are all an equal distance apart and on a straight line. All joints are 

located with respect to one of the previously located joints. One check is 

made by inputting the hand calculated distance from Joint 20 to Joint 1. The 

joint check is satisfied and the computed joint coordinates are printed along 

with an echo print of the datae No joint checks are required by the program; 

however, for larger or more complex frames several checks are advisable. 

Location of Members in Frame 

All of the lower columns have the same length and cross section; hence, 

they were assigned the same stiffness type (type 1) in Table 3. The connec­

tions are different at the bottom of the columns, but this difference can be 

accommodated in defining the joint supports (Table 4). Only one of these 

columns has any lateral load acting on it and it is assigned load type 1. The 

other lower columns have only their own weight as a member load and are as­

signed load type 2. If the weight of the columns were neglected, these col­

umns could be assigned zero load type and no loading would have to be defined 

for them in Table 6. The upper columns all have different lengths and are 

all assigned different stiffness and load types. However, the areas of the 

columns are all equal and these need only be defined once in Table 5B. 
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All of the upper girders except the overhang may be given the same stiff­

ness type (6) and load type (7) and input with a single card. The members 

are numbered internally in the order the members are input; thus, these three 

members will have successive numbers. The computed member numbers and the mem­

ber lengths and x and y offsets are output in Table 3 in addition to an 

echo print of the data. The three stiffness and three load types for one 

typical haunched girder are used for all the haunched girders. 

Joint Loads and Supports 

The joint loads are specified in Table 4A, in structure coordinates. The 

idealized fixed support at Joint 1 is obtained by specifying three large lin­

early elastic spring constants which effectively prevent horizontal and ver­

tical movement and rotation. The roller supports at Joints 6 a'nd 11 are ob­

tained by specifying only a large vertical spring restraint at these joints. 

The nonlinear horizontal support at these joints is specified by the Q-W 

curve discussed below. The pinned support at Joint 16 is obtained by specify­

ing large horizontal and vertical restraints but no rotational restraints. 

This effectively pins the end of the member at the joint whether or not the 

member has a pin specified at this end in Table SA. 

The soft nonlinear lateral joint support at Joints 6 and 11 in combination 

with the rigid vertical support might occur if the column were supported on a 

pile or piles passing through a relatively soft soil layer and then resting on 

a very stiff layer. Of course the vertical support would not be truly rigid. 

In fact, as discussed in Chapter 9, the entire pile support could be studied 

using the program either separately or as a part of the frame. 

The Q-W curve which defines the lateral response of the foundation is 

specified by inputting the curve number in Table 4B and then defining the 

curve in Table 4c. Different curves could, of course, be defined for different 

joints. 

Member Stiffness Data 

For the purpose of this problem, all of the members' stress-strain re­

sponses were assumed linear; thus, all the stiffness types could have the 

nonlinear option left blank and have their stress-strain curve defined by 

merely inputting the modulus of elasticity E • 
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However, to illustrate both methods of input several of the member stiff­

ness types are assigned a nonlinear option of 1 and a linear stress-strain 

curve is input for these stiffness types. The modulus of elasticity for all 

members was assumed as 30,000 ksi, and it was assumed that it was desirable 

to keep the stress level below 24 ksi. By inputting the stress-strain curve 

as two points, 0, 0 and 24.0, 0.0008, the desired E is obtained. Further­

more, the off-curve message indicates when the stress level exceeds the maxi­

mum stress specified on the curve. The stress check is made at the location 

of each discrete rotational spring in the members (two checks per element). 

The stress found by the program is the same as one would calculate by adding 

the axial stress pIA to the bending stress Mc/! , with due regard for sign. 

Stiffness type 1 is input in Table 5A with the nonlinear option equal to 

1 and the area numbers at the column ends are assigned area number 1. The 

area of the l4WF158 will then be described as area number 1 in Table 5B. The 

number of cards following the first card in Table 5A will always be one when 

the nonlinear option is equal to 1. The axis option may be either 1 or 2 

since there are not any member spring supports. The output option is left 

blank so complete output will be printed for members with these stiffness types. 

Stiffness types 2, 3, 4, and 5 all have the same cross-sectional area so they 

are all assigned area number 2. Since the members with stiffness types 3, 4, 

and 5 have no lateral loads acting on them the output option is set equal to 

1 to give only partial member output in Table 9. 

Stiffness types 6 and 7 are input with their nonlinear option blank. 

Then since they are prismatic and do not have any member spring restraints, 

only one card is required to define their stiffness data. The check on the 

maximum stress will not be made on members with these stiffness types since 

their stress-strain curve is defined only by its modulus E • 

Stiffness types 8, 9, and 10 are used to define the three sections of a 

typical haunched girder. Stiffness type 8 is input with area number 4 at its 

"From" joint and area number 5 at its "To" joint. Stiffness types 9 and 10 

complate the defining of the stiffness types. 

The five cross-sectional areas are each input as three rectangles in 

Table 5B and all are assigned stress-strain curve number 1, though several 

different stress-strain curves could have been used to define different grades 

of steel or different allowable stress conditions. 
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The stress-strain curve is input as two points in Table 5C for the rea­

sons previous ly s ta ted. The final s tress and s train values used in the pro­

gram are the product of the curve values and the stress and strain multipliers 

in Table 5B. 

Membe r Load Data 

The member load types are defined in Table 6. Load types 1 through 6 

have only uniform loads over their full length and thus require only one data 

card. These load types are all given axis option 1. Thus, loads are oriented 

completely with respect to member axes, i.e., lateral loads are loads in the 

direction of the member's y'-axis and per unit of length along the member's 

x' -axis (q , ,). 
y x 

Load types 7 and 8 have both distributed and uniform loads,. The concen-

trated loads are input by having their ''From'' and liTo" distances equal. Axis 

option 2 is used; hence, the concentrated loads are specified in the direction 

of the structure's y-axis (vertical), and the uniform load is input as a load 

acting in the direction of the structure's y-axis and per unit of length along 

the member's xl-axis (q ,). Distances are measured from the member's ''From'' yx 
joint along the member's xl-axis for axis option 2. An allowance for the 

weight of the girders is assumed to be included in the uniform loads given in 

Fig 14 (a) • 

Load types 9, 10, and 11 are similar to 7 and 8 except that axis option 

3 is used in order that the distributed loads may be input as parallel to the 

structure y-axis per unit of length along the structure's x-axis (q ). yx 

Iteration Control (Input and Output) 

The maximum number of consecutive iterations for both the frame and mem­

ber solutions is set at 10 and monitor joints and members are selected in 

Table 7. The concentrated loads on the frame are probably only accurate to 

about 0.2 kip. Thus a reasonable joint force equilibrium error would be 0.02 

kip and a reasonable joint moment equilibrium error would be the length of a 

typical member times the force, about 10 kip-inches. The member errors are 

set at one-tenth of the corresponding frame errors. Looking at the summary 

of frame iterations output at the end of Table 7 it appears the joint displace­

ments have converged to four significant figures during the four frame 
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iterations.~ The member solutions are seen to have all converged in two itera­

tions or less. 

Since the stress-strain curve was input as linear for all members, the 

only sources of nonlinearity are the geometric effects and the two nonlinear 

supports. The primary geometric effect was the P6 moments, due to the rela­

tively large joint displacements. 

Results for Problem 501 

Table 8 gives the displacements and reactions at all joints. The hori­

zontal reactions and displacements of Joints 6 and 11 are seen to be compat­

ible with the Q-W curve input for the jOints. The horizontal displacements 

of the joints are rather high in general and might necessitate a redesign even 

if the stresses were at an acceptable level. 

Scanning Table 9 one finds that member numbers 1, 14, and 15 have off­

curve messages printed for them. This indicates that they have a stress higher 

in magnitude than the limit of their stress-strain curve, which was input as 

24 ksi. Note that a stress check was not made for the upper girders, because 

of the way their stiffness data were defined. Lateral displacements in the 

girders seem reasonable. 

The member output should, of course, be studied in more detail. Checking 

the many design requirements, such as shear, deflection, and lateral bracing, 

would be facilitated by the detailed member output. Based on such a study, 

the frame members could be revised and another analysis run. Several loading 

conditions would also need to be run. The designer might also want to in­

vestigate the redistribution of moments that occurs after initial yielding of 

the frame, by inputting the complete stress-strain curve for the steel. The 

effects of nonlinear material response are discussed in Chapters 6 through 10. 

The number of elements per member was specified as 20 in Table 3. A 

check solution was run with 10 elements and the differences between the two 

solutions were small. 

Problem 502 - Joint Effect 

In Problem 501 the members were assumed to be rigidly connected at the 

theoretical joint locations. This is not always a valid assumption, as shown 

in the joint study reported in Chapter 7. For the frame shown in Fig 14 it 
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is doubtful that any bending deformations would occur in the columns within 

the joint region. Thus, Problem 502 was run holding all the data from Problem 

501 except Table SA, in which the connections for the member stiffness types 

are given. The stiffness types of all the columns are to be changed; hence, 

the entire table was replaced. If only one or two stiffness types changed, 

it would be easier to assign new stiffness types to the members that changed 

(in Table 3) and then hold Table SA and add on these new stiffness types. 

Note that if only the area of a stiffness type changes, all that is required 

is to redefine this area in Table 5B. 

The length of stiffness type 1 is almost 30 feet, and the length of one 

of the 20 elements in it is approximately 18 inches. Thus, if one rigid 

element is specified at the top of stiffness type 1, one end of the element 

end will coincide with the edge of the connection. The length of stiffness 

types 2 through 5 is approximately 24 feet, and the length of one element is 

approximately 14-1/2 inches. Thus, one rigid element at the top of these 

stiffness types will be just outside the 27WF94 and one rigid element at the 

bottom will be just inside the built-up section. There is no need to try to 

exactly match the edge of the rigid element with the face of the connection 

since the behavior of the joint is not known that precisely. Using 20 to 40 

elements per member, one can usually come close enough to model the effect 

that the joint stiffness has on a frame's behavior. 

No elements are specified as remaining linear beyond these rigid elements, 

since the stress-strain curves are linear to start with. Note that an off­

curve message will not be generated for any element that is specified as 

rigid or linear, regardless of the stress level. 

Problem 502 is run as a type 2 problem, since the displacements are not 

expected to be too different from those of Problem 501. Problem 502 converges 

in only two frame iterations, two less than for Problem 501. The results of 

Problem 502 show that the lateral displacements of the joints are reduced by 

approximately 9 percent due to the joint effect. The moments in the laterally 

loaded exterior column are also reduced, but the off-curve messages are still 

generated for the same members as before. 
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CHAPTER 6. SOME ANALYTICAL VERIFICATIONS 

In this chapter, comparisons are made with other nonlinear solutions of 

single members. The comparisons show that the proposed analysis is capable of 

considering both material and geometric non1inearities. All discrete element 

solutions are for 40 elements unless otherwise indicated. 

Cantilever with Large Displacements 

A cantilever with a point load as shown in Fig 15 was analyzed using the 

program developed herein. The actual cantilever used in the program was 100 

inches long and had a modulus of elasticity E of 1000 psi, an area A of 

1 square inch, and a moment of inertia I of 1 inch
4

• The nondimensiona1 

load displacement curves of Fig 15 compare well with the large displacement 

solution by elliptic integrals made in Refs 21 and 13. Note that for a lateral 

displacement ratio ~/L of less than 0.2, the differences between the lateral 

displacement ratios for large displacement and small displacement solutions 

are small. However, the axial displacement 6 may be significant and this is 

not predicted by a small displacement solution. 

The same cantilever was analyzed for a uniform load. The nondimensiona1 

load displacement curves are shown in Fig 16. The results are in good agree­

ment with the series solution found in Ref 52. The nonlinearity for the uniform 

load is not as severe as for the concentrated load. This is because for a 

given lateral displacement, the center of gravity of the uniform load does not 

move toward the support as much as the end of the cantilever does. 

It was assumed in the analyses that the material remained linearly elastic 

throughout. This assumption would be questionable in most civil engineering 

app lications. 

Post Buckling Analysis 

Using large displacement theory, a column made of a linearly elastic 

material does not exhibit the indeterminacy of position indicated by small 
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displacement theory. Rather, as shown in Fig 17, at the Euler buckling load 

P
E 

the column will begin to deflect horizontally a large but finite amount 

under increasing axial load. Timoshenko (Ref 56) has solved the problem con­

sidering large displacements using elliptic integrals. The results of two 

solutions are compared with Timoshenko's large displacement solution in 

Fig 17. The two solutions made using the proposed method were for small 

lateral loads, Q = O.OlPE and Q = O.OOlPE • The small lateral loads were 

necessary to disturb the column from an unstable equilibrium position which the 

solution would find if no disturbing forces were present. Comparing the curves, 

it is seen that as Q approaches zero the discrete element solution approaches 

Timoshenko's post buckling solution. Thus, the discrete element solution can 

be used to approximate the post buckling behavior of slender columns and it can 

also be used to handle more realistic problems in which the lateral loads are 

not zero. 

Membrane Forces 

The stretching of the centroidal axis can produce large tensile axial 

forces which will greatly increase the stiffness of thin members composed of 

a linearly elastic material. Timoshenko (Ref 57) has a solution by elliptic 

integrals for a wide plate subject to a uniform load, as shown in Fig 17. 

The wide plate may be analyzed as a beam using an effective area and moment of 

inertia equal to their nominal values divided by (1 ~2), where ~ is 

Poisson's ratio for the material. Murray presented a finite element solution 

of this problem in Ref 44. The solution developed herein compares favorably 

with both Murray's and Timoshenko's load displacement curves. 

The maximum stress (P/A + Mc/I) for a q of 5 ksi is 70.8 ksi and thus, 

the solution would be valid only if a high strength steel were used. 

In the preceding solutions in this chapter nonlinear material properties 

were not considered. This was not due to their lack of possible importance, 

but because the solutions they were being compared with did not consider non­

linear materials properties. 

Elastic-Plastic Analysis of Cantilever 

For a rectangular cross section and an elastic-plastic stress-strain 

curve as shown in Fig 17 the relationship between moment and curvature can be 

expressed in closed form (Ref 14). 
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The displacement for the cantilever beam shown in Fig 17 can be obtained 

by using the moment-curvature relationship and the second moment area theorem. 

In using the moment area theorem the area of the curvature diagram is used 

rather than the normal M/EI diagram, since for moments above the yield moment 

the curvature is not equal to M/EI. 

The load-displacement curve from a moment area analysis using the trape­

zoidal rule with 200 increments along the beam is shown in Fig 17 along with 

the 40 element discrete element solution. The results are in extremely good 

agreement. The moment area solution did not consider large displacements 

and hence it indicates that as the load Q approaches the mechanism load Qp 
the displacement becomes indefinitely large. The discrete element solution 

considers the effect of large displacements and thus, a load slightly in ex­

cess of Qp was found (Q = 40.9 kips). The s lightly higher 10c;ld is also due 

to the fact that the maximum internal moment evaluated in the discrete-element 

is at the discrete rotational spring which is located a distance of h/2 = 0.3 

inch from the theoretical end of the cantilever. 

Convergence Study for Cantilever Beam 

The cantilever beam examples were run using 4, 6, 8, 20, and 40 elements. 

The percent error in the lateral displacement-length ratio 6/L is plotted 

versus the reciprocal of the number of elements (l/m = 2h/L) in Fig 18. The 

percent error is seen to approach zero as the number of elements increases, 

indicating the discrete element solution converges as the element length 

decreases. 

The curves in Fig 18 for the large displacement analyses (cantilever 

with concentrated and uniform loads) show the convergence is extremely good. 

The four-element solution is in error by less than 1 percent. The curves 

appear parabolic, indicating second order or quadratic convergence. 

Two curves are shown for the cantilever with nonlinear material properties. 

For the lower of the two curves (Q = 0.95Qp) the error is only approximately 

2 percent for a four-element solution and the convergence still appears 

quadratic. The upper curve (Q = 0.99Qp) is essentially linear, indicating 

first order convergence. However, the 40-element solution is in error by 

less than one percent. 

All problems reported herein used 40 elements per member, unless 

otherwise indicated, and many of these were compared with preliminary solutions 
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using fewer elements. The comparisons indicated that the 40-element solution 

was close to convergence in all cases, and most of the examples could be solved 

with good accuracy using fewer elements. Since the amount of computation time 

is a linear function of the number of elements per member, it may be wise to 

use fewer than 40 elements for applications where four-significant-figure 

accuracy is not required. The number of elements used could then be varied 

occasionally to get an idea of the discretizing error for particular types of 

problems. 

Moment-Curvature-Thrust (M-¢-T) Curves for Wide Flange Members 

The relationships to describe the M-¢-T curves for a wide flange section 

have been developed at Lehigh and are reported in Ref 33. The elastic-plastic 

stress-strain curve shown in Fig 19 was assumed and the section'was idealized 

as three rectangles, as shown in Fig 19. Nondimensional curves showing the 

M-¢-T relation for various values of axial thrust divided by the yield thrust 

T are shown in Fig 20. 
y 

The solid curves do not consider the effect of residual stresses. The 

dashed curves consider the effect of residual stresses caused by the cooling 

of rolled shapes. During the cooling process the exterior portions of a cross 

section cool first and the inner portions cool last. The portions that cool 

first develop residual compressive stresses and the portions that cool last 

develop residual tensile stresses. Thus, the tips of the flanges tend to 

develop residual compressive stresses. This causes the tips of the flange to 

yield at an average compressive stress pIA below the yield stress, and hence, 

the bending stiffness of the section is reduced, as is evident from the M-¢-T 

curves in Fig 20. 

The straightening or cold rolling processing produces other residual 

stresses which tend to offset the cooling residual stresses. Sections built 

up by welding plates together or to wide-flange shapes have residual stresses 

which may be appreciably higher than cooling residual stresses. 

The exact distribution of cooling residual stresses can be found only by 

a costly testing procedure (Ref 31). The M-¢-T curves developed at Lehigh 

were based on the idealized cooling stress distribution shown in Fig 19. The 

residual compressive stress a rc 
is taken as some portion of the yield stress 

(a = 0.3a for the M-¢-T curves in Fig 20). rc y The residual tension stress 
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(f) Axis shift for flange and 
web. 

Fig 19. Approximate solution for residual stresses in wide-flange 
section (strong axis bending). 
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art is computed by Eq 6.1 such that the residual stresses a're self-equilibrat­

ing: 

a bt
f rc 

(6.1) 

It was desired to incorporate the effects of cooling residual stresses 

in the proposed analysis and still maintain the basic input device of nonlinear 

stress-strain curves that are constant over a given rectangle. Therefore, the 

following approximate solution was developed. As the compression flange of a 

wide flange yields under gradually increasing compressive strain, the outer 

fibers yield first at a strain where 

(6.2) 

Then the complete flange yields at a compressive strain of where 

(6.3) 

The effective AE of the flange varies linearly with 8 as shown in 

Fig 19. This gradual yielding of the flange could be approximated by a 

flange that remained linearly elastic until it reached a compressive strain of 

8 , where 8 is the average of 8
1 a a 

fiable since the energy absorbed by the 

state is the same for both cases. Note 

and 82. This approximation is justi­

flange in reaching the fully yielded 

that if there is any curvature the 

flange will not ha:ve a constant strain over its depth. Thus, the change in 

stiffness will not be as abrupt as indicated above. A constant stress model 

of the stresses is proposed for bending about the strong axis of a wide flange 

section, as shown in Fig 19. There, cr rc 
is a constant residual compressive 

stress in the flange and it is selected such that the flange will yield at a 

compressive strain of 8
a 
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(j 
rc 

To maintain equilibrium, art is given by 

(6.4) 

(6.5) 

It is easy to incorporate cr and ~ t into the proposed analysis as rc r 
residual stresses over the flanges and the web as shown in Fig 19. Obviously, 

a more accurate representation of the assumed residual stress distribution 

could be made by further subdividing the cross section and specifying different 

initial stresses for each one. This technique could also be used to study 

temperature effects. 

Discrete-Element Solution for M-¢-T Curves 

The results of the discrete-element solution for M-¢-T curves and the 

Lehigh solution are shown in Fig 20. The curves not considering residual 

stresses are almost identical. The curves which consider cooling residual 

stresses are seen to be in essential agreement. The constant stress model, 

as expected, is initially stiffer than the Lehigh solution and then less stiff. 

The computer program developed does not specifically develop M-¢-T curves 

as a part of the analysis. The thrust, axial force, and stiffness terms are 

generated by the integration process as needed in the frame iterative process. 

However, it was a simple matter to run a series of problems for a stub (short) 

column subject to various axial loads. The curvature was varied for each axial 

load to generate the curves. 

Summary of Chapter 6 

Several examples were discussed in the chapters which demonstrate that 

the proposed solution is capable of predicting the nonlinear response of 

members subject to either geometric or material nonlinearity. A brief error 

study indicated the good convergence properties of the discrete element 

solution. In succeeding chapters the method is applied to more realistic 



problems that combine both geometric and material nonlinearities, and the 

results are compared with other iterative solutions, where available, and 

with experimental results. 
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CHAPTER 7. STEEL FRAMES 

In this chapter, the discrete element frame solution is used to model two 

steel frames. The results compare well with experimental data and other 

analytical solutions. The effects of joint rigidity and prestressed tie rods 

on the load-displacement response of the frame are demonstrated. 

Hybrid Steel Frame 

The hybrid steel frame shown in Fig 21 was tested at Lehigh University 

and is reported in Ref 9. The girder was composed of A-36 steel and the 

columns were made of A-441 steel. Average stress-strain curves obtained by 

averaging the results from several coupon tests are shown in Fig 21. Cross 

section properties were measured and found to be very close to handbook 

properties. 

Base Restraint 

The bases were nominally fixed; however, some rotations did occur in the 

test and they were measured. In the present analysis, a rotational restraint 

of 200,000 1b-in/rad was used to simulate the partial base fixity. This value 

was also used by Gunnin (Ref 25). The present program is capable of consider­

ing nonlinear joint restraints; however, the experimental moment-rotation 

curves were essentially linear. Thus, a single spring constant was used. 

Load-Displacement Curves 

Load-displacement curves obtained from the test and from analyses by 

Arnold (Ref 31) and Gunnin (Ref 25) are shown with the discrete element solu­

tion in Fig 22. Arnold's analysis considered finite joint displacements, the 

beam column effect (P-y moments), and the effect of nonlinear material pro­

perties in the fonm of plastic hinges. Gunnin's analysis considered finite 

joint displacements and nonlinear material properties in the form of Ramberg­

Osgood M-¢-T curves. The discrete element solution considers all large 
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displacement effects and nonlinear material properties using the experimentally 

obtained stress-strain curves. 

Residual Stresses 

The residual stresses were also determined experUmenta11y and were found 

to be low. The average value of compressive residual stress in the outer flange 

of the columns was 8 ksi. The discrete element solution was run once including 

these stresses in the manner developed in Chapter 6 and no p1otab1e differences 

in moments or displacements occurred. Arnold did not include the effects of 

residual stresses in his analysis. Gunnin's analysis includes them indirectly 

in that he uses different coefficients for the M-¢-T curves for columns to 

account for the effects of residual stresses. 

Stiffening Effect of Joints 

All of the analyses shown in Fig 22 considered the fact that due to the 

stiffening effect of the joint the plastic hinge formed away from the face of 

the connection at a distance equal to the depth of the member d in which the 

hinge formed. However, Yura stated (Ref 62), based on experiments reported in 

Ref 63, that the plastic hinge tends to form at a distance of only d/2 from 

the face of the connection in larger members. The location at which the hinge 

forms as well as the deformation in that region can have a marked effect upon 

the frame's load-displacement response, as demonstrated later in this chapter. 

Comparison of Load-Displacement Curves 

All of the analytical curves are in good agreement with the experimental 

data, although Gunnin's analysis is consistently less stiff than the other 

solutions and the experimental data. This is possibly due to the Ramberg­

Osgood M-¢-T curves used by Gunnin, which do not exhibit linear behavior ini­

tially. The maximum horizontal load observed experimentally was 16.9 kips, 

which Arnold predicted. Gunnin's maximum load was 16.0 kips and the maximum 

load the author found was 17.25 kips. 

Specified Displacement Solution 

The load of 17.25 kips was obtained by a controlled displacement solution. 

The horizontal displacement of the frame was varied by specifying a large 
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spring and correspondingly large forces to enforce the desired displacement. 

This allowed the maximum load to be well defined and also allowed points on 

the descending or unstable portion of the curve to be obtained. 

Another solution was run in which the horizontal load was applied in 

increments and the solution converged up to a load of 17.2 kips. This indi­

cates that an applied load solution will converge reasonably close to the 

maximum load. However, fairly small increments are required because the frame's 

tangent stiffness is approaching zero. 

In the unloading portion of the curve a definite change in stiffness at 

a displacement of 3.25 inches is observed. This is due to the fact that 

strain hardening in the beam starts at this time. Strain hardening has already 

occurred at several points in the columns. 

Comparison with Experimental Moments 

The discrete element solution for moments at the theoretical joint center­

lines are shown with the experimentally observed values in Fig 23. The results 

compare quite well except for the moment ~ at the base of the loading 

column. Arnold's and Gunnin's analyses show a similar trend. 

The high value reported for ~ does not seem plausible for two reasons. 

First, it is not in equilibrium with the other three observed moments, and 

second, it is over 50 percent above the plastic capacity of the section, con­

sidering axial force. 

The moments at A and at B decrease as the horizontal load is initially 

applied. However, the unloading occurs at a stress below the yield stress and 

hence the assumption of no inelastic unloading is satisfied. 

Joint Study 

The high concentration of material around a "rigid" joint in a steel 

frame has two effects; first, it tends to cause the primary zone of yielding 

(plastic hinge) to occur away from the face of the connection, and second, it 

causes the bending deformations in the connection to be very small. 

The computer program developed for the discrete element solution allows 

the user to vary the stiffness and strength of the joint as discussed in 

Chapter 6. This feature was used to study the effect of various assumptions 

of joint behavior. The load-displacement curves for four different assumptions 

of joint behavior are shown in Fig 24. 
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Curve A shows the results for the conservative assumption that the 

material yields throughout. The maximum load is only 14.5 kips, which is well 

below the maximum observed load of 16.9 kips, and the displacements predicted 

by curve A are poor at all load levels. 

Curve B was obtained assuming the material does not yield from the joint 

centerline to the location of the plastic hinge. The hinge is assumed in this 

and the remainder of the curves to occur a distance d from the face of the 

connection. Curve B comes closest to predicting the experimental load dis­

placement response of the frame at the higher load levels. The maximum load 

obtained for curve B was 16.7 kips. 

Curve C assumes the material is rigid from the joint centerline to the 

face and the material remains linear to the hinge. Curve C gives the best fit 

of the experimental curVe throughout the complete load range. The maximum 

load obtained was 17.25 kips, which is only 2 percent above the observed load. 

Curve C was shown in Fig 22 since it seems to fit the experimental data best 

and is based on the most reasonable assumptions. 

Curve D is based on the assumption that the material is rigid from the 

joint centerline to the hinge. Curve D is obviously too stiff once yielding 

begins and its maximum load is 18 kips. 

While no broad conclusions can be made from this short study, the joint 

effect is seen to be significant and the present program is seen to be capable 

of approximating this effect in a reasonable manner. 

Prestressed Tie Rods 

The end frames in single story structures often have tie rods used as 

x-bracing, as shown in Fig 25. The frame previously analyzed was rerun assuming 

that tie rods 1/2 X 1/2-inch were installed prestressed to a stress of 1/2 the 

yield stress, which was assumed to be 36 ksi. The load displacement curves in 

Fig 25 show that the frame is initially stiffer than the frame without tie 

rods and that it carries considerably more load. 

The inclusion of the tie rods in the general frame analysis required some 

special consideration, since both of the members reach a state of zero stiff­

ness long before the maximum load of the frame is reached. 

The variation in axial thrust with horizontal load is shown in Fig 26. 

Both rods are initially stressed to a force of 4.43 kips. The initial stress 

of 18 ksi would give a force of 4.5 kips but shortening of the columns causes 



93 

36.0 _AI 

0.0062 

~~ __________________ ~~E 

0.0124 

Tie Rod Stress Strain Curve 

10 

Q 

Tension Rod 

Compression Rod 

10 20 

Q(Kips) 

Fig 26. Axial thrusts in tie rods for hybrid steel frame. 



94 

the slight reduction. When the vertical loads are applied the tension in the 

rods is reduced to 3.40 kips. 

The horizontal force is then applied, and one rod increases in tension 

while the other rod goes into compression. At a horizontal load of approxi­

mately 7.5 kips the force in the compression rod has reached zero and at a 

sligh tly higher load it "buckles," carrying a maximum load of only about one­

tenth kip. However, due to the large displacement capabilities of the program, 

the solution is able to converge, provided fairly small increments of load are 

taken around the point where the rod goes into compression. 

The solution for the tie rod in compression was made in an initial run 

with the tie rod assumed weightless and pinned to the joints. This solution 

did not exhibit any lateral effects of axial compression in the rod since the 

rod at all times remained straight and did not buckle. However, buckling of 

the rod can be initiated in the computer solution either by making the connec­

tions to the joints rigid or by including a small member load, such as its own 

weight. 

At a horizontal load of approximately 10 kips the tension rod yields and 

causes the computer solution for the member to blow up if the stress-strain is 

assumed to have a horizontal branch, as shown by the solid curve in Fig 26. 

However, by specifying a very small increase in stress at a much higher strain, 

as shown in the dashed curve, the member solution was stabilized and the frame 

solution could continue. 

Three-Story Steel Frame 

The three-story steel frame of Fig 27 was tested by Yarimci (Ref 61). 

Yarimci developed an incremental method of analysis based on variational 

principles that considers inelastic material unloading and the reduction of 

stiffness in the columns due to axial load. However, all yielding is concen­

trated at plastic hinges and for this frame the spread of yielding away from 

the hinges causes a significant additional reduction in stiffness. The axial 

load at the start of the application of the horizontal load is 45 percent of 

the yield axial load and the horizontal loading causes the axial force in the 

loading column to be increased to 48 percent of the yield load. Thus, Yarimci 

predicts a maxtmum load of 1.9 kips while the maximum observed load was only 

1.62 kips. 
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Gaylord and Wright (Ref 60) considered the spread of yielding by using 

M-¢-T curves and a form of finite element analysis in which the elements have 

a reduced moment of inertia in order to account for the reduced flexural stiff­

ness as indicated by the curves. They report a maximum load of 1.62 kips; 

however, their M-¢-T curves as shown in Ref 60 indicate yielding at an extremely 

low stress level. 

Gunnin (Ref 25) chose to neglect the joint effect in his analysis and 

underestimated the strength and stiffness of the frame, as shown in Fig 28. 

The discrete element solution shown in Fig 28 is very close to the 

experimental load-displacement curve. A maximum load of 1.65 kips was found 

in the analysis, which assumed the joints rigid from the centerline to the face 

of the connection and then nonyielding to the location of the plastic hinges. 

The column moments Oat the theoretical joint center lines obtained from 

the discrete element solution are seen in Fig 28 to be in general agreement 

with the experimental values. One experimental value for ~ seems to be a 

data reduction error. 

No data were given by Yarimci for residual stresses or strain hardening, 

and thus these effects were not included in the discrete element analysis. 

The base was designed as fixed and Yarimci states that the rotations which 

occurred were negligible. Handbook values of section properties were used 

and Yarimci reports that test values of flexural stiffness and plastic moment 

capacity were very close to handbook values. 

Yarimci's analysis indicated that a sway mechanism formed in the lower 

floors. However, the experimental moment values and the discrete element 

solution indicate a stability failure with a combination mechanism very close 

to forming. At a horizontal load of 1.65 kips, which was the last load for 

which a solution was found, the moment under the left load on the lower girder 

was over 90 percent of the plastic moment capacity. The discrete element 

solution failed to converge on a load of 1.70 kips and from the extreme flat­

ness of the load displacement curve a stability failure seems plausible • 
• 

The discrete element analysis indicated that the stress near the joints 

in all the columns was at the yield stress before the horizontal loading was 

applied. Therefore some inelastic unloading did occur in the columns. Evi­

dently, the effect of this unloading, which was not considered in the discrete 

element analysis, did not significantly affect the behavior of the frame. 
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Summary of Chapter 7 

The discrete element analysis was used to model two steel frames that had 

been tested previously by others. The tests indicated a high degree of geo­

metric and material nonlinearity. The discrete element solutions for displace­

ments and moments were in very good agreement with the experimental observations. 

The ability of the analysis to model the stiffening effect that occurs at 

joints and the existence of prestress forces in frame members were demonstrated. 

The ability of the method to approach a structure's maximum load by applying 

increments of loads was demonstrated by doing a controlled displacement solu­

tion for comparison. 



CHAPTER 8. CONCRETE FRAMES 

In this chapter, the assumptions of the proposed method of analysis are 

examined with regard to reinforced concrete frames. It is shown that the 

method is capable of predicting the general response to short-time static 

loads of reinforced concrete members, continuously prestressed beams, and 

reinforced concrete frames. 

Assumptions for Reinforced and Prestressed Concrete Members 

Reinforced concrete members crack under loads well below their maximum, 

and the assumption of a linear variation of strain over the depth (plane sec­

tions remain plane) is open to question. However, Hognestad (Ref 30) and 

others have shown that this assumption is valid on an average basis over a 

finite length of member. A typical stress-strain curve for concrete at a 

flexural crack is shown in Fig 29(a). The stress-strain relation in tension 

is somewhat linear and rupture occurs at a fairly small stress f 
r 

The 

concrete is very nonlinear in compression and has a maximum compressive stress 

f" which is related to but not always equal to the compressive strength of a 
c 

standard test cylinder, f' However, for laboratory conditions, the two 
c 

values are often taken as equal (Ref 23). The concrete crushes at a strain 

€ which can vary (Ref 42). 
u 

Hognestad's stress-strain curve (Ref 29) for the concrete in compression 

has been used by numerous researchers. Hognestad's curve consists of a 

parabola and a straight line, as shown in Fig 29(b). The ultimate strain has 

often been used as around 0.004 (Refs 23 and 26). The attainment of the maxi-

mum moment at a given section often occurs before the limiting strain is 

reached. Thus, the exact value of this limiting strain is only of primary 

importance when the section must continue to deform upon reaching its maximum 

moment, as is required in limit design. Some researchers, such as Barnard 

(Ref 12), have maintained that the ultimate strain is actually of little 

consequence since, even though the concrete starts to crush at this value, the 
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concrete still deforms under a decreasing moment. The ultimate strain was 

assumed as 0.004 for the problems worked herein. 
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Using Hognestad's stress-strain curve for the concrete in compression, 

a linear stress-strain relation for the concrete in tension up to the cracking 

stress, and the assumptions of a linear distribution of strain, moment-curva­

ture curves can be developed using established procedures (Ref 15 and 16). 

However, Alani (Ref 3) shows that curves developed in such a manner do not 

compare well with experimental results for beams with small percentages of 

steel. Alani points out that for lightly reinforced beams, the steel stress 

varies considerably between cracks. The steel stress is high at the crack 

but drops off between the cracks, where the concrete carries a major portion 

of the tensile force. Thus, development of moment-curvature relations should 

be based on average stress-strain relations in a finite length of beam. 

Alani shows that by using "average" stress-strain curves for the steel 

(Refs 3 and 50), Hognestad's stress-strain curve for the concrete in com­

pression, and the solid curves shown in Fig 29(c) for the concrete in tension, 

he is able to keep the assumption of a linear strain distribution and predict 

the observed moment-curvature behavior of beams with small reinforcement ratios 
A 

p (p s where A 
bd s 

is the area of the tension steel, b is the width of 

the compression force, and d is the distance from the tension steel to the 

compression face). The present method of analysis would permit the use of 

both the average steel stress-strain curves and Alani's curve for the concrete 

in tension. However, it was decided to try and account for the cracking effect 

by simply over-modifying the tension curve for the concrete. The stress-strain 

curve shown dashed in Fig 29(c) was used, along with Hognestad's stress-strain 

curve, for the concrete in compression and the normal stress-strain curve for 

the steel. Several examples now presented show that the general behavior of 

lightly reinforced beams can be predicted using this technique. Even more 

accurate predictions could probably be made by using Alani's complete recom­

mendations. Beams that are heavily reinforced, and columns, are little 

affected by the assumption of how the tension stresses are distributed. 

Alani's Test Beams 

Two of Alani's test beams are shown in Figs 30 and 31. They represent 

the minimum and maximum reinforcement ratios in his tests, p = 0.0032 and 
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0.0147, respectively. The moment-curvature curves obtained from the tests, 

Alani's analysis, and the discrete element solution using the over-modified 

tension curves for the concrete are shown in the two figures. Good agreement 

is found between all the curves except that the author's curve for the small 

percentage of steel shows a decrease in stiffness at a smaller curvature than 

do Alani's analysis and the test result. 

The discrete element solutions were generated by modeling Alani's test 

beam as a member with two concentrated loads. The stress-strain curves were 

input as a series of points. Note, however, that the M-¢ curve for the 

beam with the smaller percentage of steel shows a descending portion. It was 

necessary to use a controlled-displacement solution to generate this descend­

ing branch. Thus, the member was divided into three members with joints at 

the two load points, and the displacements of these two loads were enforced 

by large joint springs and correspondingly large forces. The maximum moment 

from the discrete element solution is 5 percent higher than Alani's analysis 

and approximately equal to the maximum observed value. 

Continuously Prestressed Beam 

The ability of the discrete element solution to input nonlinear stress­

strain curves that do not have to pass through the origin allows one to study 

a variety of prestressing effects; one such application is the study of pre­

tensioned or bonded, post-tensioned beams. The two-span pretensioned beam 

shown in Fig 32 was tested at the University of Illinois and reported in 

Ref 26. The cross section and other pertinent data are also shown in Fig 32. 

The stress-strain curve for the steel is shown in Fig 33. The stress axis is 

shifted to the right the amount of the initial prestressing strain, 0.0042. 

The discrete element solution considers the elastic shortening and bend­

ing of the concrete. Thus, the input strain corresponds to the strain one 

would obtain by dividing the change in length of the wires by the length of 

the unstretched wires. This means that a given cross section would not be in 

equilibrium in a zero-strain condition. Thus, the discrete element solution 

finds the new position after prestressing, which indicates the stretching 

and bending of the section due to the prestressing. 
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Losses of Prestress 

In addition to the so-called elastic losses of prestress due to the 

aforementioned prestressing deformations, there are several other sources of 

prestress loss (Ref 35). The primary sources are creep and shrinkage in the 

concrete and stress relaxation in the steel. The stresses were measured at 

the time of prestress and at the time of the test for the two-span beam. The 

difference in these two stresses was the loss due to all effects. Since the 

discrete element solution considers only elastic losses, the other losses 

should be subtracted from the initial stress applied to the member to simulate 

test conditions. This was done for the test beam, and a preliminary run con­

sidering only elastic losses indicated the reported initial stress of 125 ksi 

should be reduced to 120 ksi. For normal applications, the prestress losses 

due to other than elastic shortening could be estimated with sufficient accu­

racy without making a preliminary solution. 

Load-Displacement Curve 

The load-displacement curves obtained from the test are compared with the 

author's discrete element solution and a discrete-element solution by Atkins 

(Ref 11). Atkins' analysis does not consider the effect of the stress varia­

tion in the steel between cracks and at the start of cracking his solution 

underestimates the stiffness of the beam. However, near the maximum load, his 

analysis is closer to the reported test values. 

Discrete Element Solution 

Taking advantage of symmetry, the problem was coded for only one of the 

spans. A large rotational restraint was placed at the center support to 

achieve the desired "zero" rotation. A joint was placed at the point of the 

tendon hold-down, and the linear variation of cross-sectional properties 

allowed in the program permitted the tendon to be located simply by specifying 

its locations at the ends of the members. (The computer model of one span 

consisted of three joints and two members.) Atkins' prestressed-beam program 

required that cross section data be specified at a large number of points in 

the region between the hold-down and the center support (Ref 11). 

Two solutions were run for the beam; in the first, 20 elements were used 

per member and in the second, 40 elements were used per member. This 
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corresponds to 80 and 160 elements for the full two-span beam. The displace­

ment under the load for Q = 20 kips was -0.434-inch for the 20-e1ement 

solution and -O.445-inch for the 40-increment solution. The difference of 

2.5 percent is due to the high moment gradients and the even higher curvature 

gradients near the center support and under the load. 

The 20-e1ement solution converged at a load of Q = 20.25 kips and failed 

to converge at a load of Q = 20.5 kips. The 40-e1ement solution failed to 

converge at Q = 20.25 kips after converging for Q = 20.00 kips. In both 

cases, for the last solution which converged the moments under the load and 

at the support were approximately equal and the strain was less than the 

maximum concrete strain. This indicated that the maximum load had been 

achieved before the concrete reached its maximum strain. Atkins' analysis, 

which is noticeably less' stiff, indicated that the limiting strain was reached 

slightly before the maximum load would have otherwise been reached. 

Concrete Frames 

A series of single-story, single-bay reinforced concrete frames was 

tested by Furlong (Ref 23). The frames were loaded, as shown in Fig 34, to 

produce single curvature in the columns. The frame and loads were nominally 

symmetric; however, external restraints were provided to brace the frame 

against sway. The results of the test are compared with the discrete element 

solution and Furlong's and Gunnin's analyses for frames F2 and F4. The 

dimensions and physical properties of these two frames are shown in Fig 34. 

Load-Displacement Curves 

The load-displacement curves of Fig 35 show the variation in the lateral 

displacement at the mid-height of the columns as the column thrusts increase. 

Even though the frames were nominally symmetric, the displacements were ob­

served to be different in the two columns of both frames. Thus, some 

eccentricities were present. The author and Furlong both predicted the 

general load-displacement response of the frames. Gunnin's analysis is 

generally less stiff than the observed behavior. 
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Frame F2 

Failure occured in frame F2 at a thrust of 61.2 kips. This was below the 

load of 71.5 kips predicted by Furlong and the load of 76.8 kips predicted 

by the author. The maximum load at which Gunnin's analysis converged was 

approximately the observed failure load; however, he stated that this was due 

to a lack of mathematical convergence as no failure condition was indicated 

by his solution. 

The load-moment plots from the discrete element analysis and the test 

data are shown in Fig 36(b) for frame F2. The maximum moment at the middle 

of the column found in the discrete element solution is seen to be slightly 

above the column interaction diagram. This indicates that the maximum moment 

is reached before the strain used to compute the interaction diagram is reached. 

The moments are generally in qualitative agreement with the test data but are 

consistently lower than the test data. 

The moment diagram for one-quarter of the frames is plotted on the ten­

sion side for three different load levels in Fig 36(a). Two different trends 

are observed. First, as the axial thrust increases, the moment magnification 

in the column increases: at a column thrust of 30.8 kips the ratio of the 

column centerline-moment to the column end-moment is 1.3, and at a thrust of 

76.0 kips this ratio has increased to 3.6. Second, due to the decreasing 

stiffness of the column caused by increasing axial thrust, the column end­

moment does not increase linearly with applied load; in fact, it actually 

decreases prior to the attainment of the maximum load. This second trend 

causes the inflection point in the beam to move closer to the column, as seen 

in the moment diagrams. This beneficial shifting of the inflection point 

could not occur if the beam stiffness decreased sharply due to yielding of the 

beam steel. The beams were designed to insure that failure would occur in the 

columns. 

Frame F4 

The observed failure load for frame F4 of 52.5 kips is very close to the 

failure load of 52.4 kips predicted by the discrete element solution. Furlong's 

and Gunnin's analyses gave maximum loads of 48.0 and 45.1 kips, respectively. 

The load-displacement (Fig 35) and load-moment (Fig 37(b)) response predicted 

for frame F4 by the discrete element solution are in excellent agreement with 
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the observations. The moment diagram for one-quarter of the frame (Fig 37(a» 

shows the same trends that were observed for frame F2. However, these trends 

were not as pronounced since the beams were shorter and thus stiffer. An 

analysis of frame F4 was run using 20 elements per member in addition to the 

40-e1ement solution and the results were almost identical. For instance, for 

a column thrust of 52.4 kips, the maximum column moments were 53.9 and 53.B 

kip-inches for the 40 and 20-e1ement solutions, respectively. 

Sway Failure of Symmetrical Frames 

Symmetrical frames which are nominally loaded symmetrically but not 

braced against sway will often fail by sway instability (Ref 64). This fail­

ure might be viewed as b~ck1ing; however, in practice, some horizontal loads 

will always be present to trigger the sway instability. For instance, frame 

F2 was analyzed for a constant 100-pound force applied at one of the column 

tops and the other loading increased as in the previous analysis. A sway 

instability failure occured at a nominal column thrust of only 64.6 kips. 

This is well below the failure load of 76.0 kips predicted without the 

unsymmetrical load. This points out that where sway is not positively re­

strained, the effects of unsymmetrical loads should be investigated. 

However, the bracing system does not have to and could not completely 

prevent sway. Another analysis was run where a constant displacement of 

liB-inch, rather than the lOO-pound load, was introduced at the top of one of 

the columns. This small displacement did not have any appreciable effect on 

the frame's behavior. If the force-displacement characteristics of the bracing 

system are known, they can be included in the discrete element analysis, either 

as joint springs or as members of the frame. 

Summary of Chapter 8 

The discrete element analysis was used to model two lightly reinforced 

beams, a two-span continuous prestressed beam that had a small percentage of 

steel, and two reinforced concrete frames. All of these examples had been 

previously tested by others. Even though not all the assumptions of the pro­

posed method of analysis are rigorously satisfied, the method predicted the 

general response of all of these diverse examples. 
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CHAPTER 9. SOIL-STRUCTURE INTERACTION 

Because of poor soil strata near the ground surface, many framed struc­

tures are supported by pile foundations. The piles may be attached to the 

super-structure either through a pile cap or directly to one of the columns. 

Both methods are illustrated in Fig 38. Lateral and axial forces are developed 

along the length of the pile due to the soil displacements which occur when 

loads are applied to the frame. 

The distributed load-displacement response of the soil may be represented 

by nonlinear Wink1eT-type springs (q-w curves). Matlock (Ref 38) gives cri­

teria for determining lateral q-w curves which describe the distributed load­

displacement properties of clay soils. Coyle and Reese (Ref 17) give criteria 

for determining axial q-w curves for clay soils. Parker and Reese (Ref 48) 

have developed techniques for finding both lateral and axial q-w curves for 

sandy soils. 

In the past (Refs 51 and 2), pile-supported structures were analyzed 

by separating the supporting piles from the super-structure and solving the 

piles and frame separately. Then, through an iterative process, the displace­

ments and forces were matched up at the common boundaries. Sometimes, the 

structure was assumed as rigid in these analyses, thus neglecting a signifi­

cant portion of the soil-structure interaction. The analysis developed herein 

is capable of solving an entire frame-pile structure in one solution. 

The ability of the present program to handle soil-structure interaction 

problems is demonstrated by comparing the results of the discrete element 

frame solution with other analytical and experimental results in this chapter. 

Jacket-Leg and Pile Problem 

Offshore structures often have their piles driven through jacket-legs, 

which are the columns on the frame. The piles are then usually grouted to the 

jacket-legs to insure that they act as a unit. 

The line-member representation of a jacket-leg and pile problem, shown in 

Fig 39, was analyzed by Matlock and Haliburton (Ref 41). They considered the 
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effect of the axial load on the lateral displacements using a beam-column 

solution. The nonlinear lateral soil supports were represented by the non­

linear q-w curve given in Fig 39, which was assumed to be acting at the base, 

and the zero-resistance curve, which was assumed to be acting at the mud line 

(joint 4 in the discrete element frame solution). The effects of frame action 

were simulated by specifying rotational restraints R as shown in Fig 38(a). 

Specified lateral displacements of 4, 3, and 2 inches were enforced at joints 

1, 2, and 3, respectively. 

The lateral deflected shape and bending moment diagrams obtained by the 

beam-column solution (program BMCOL 28) and the author's discrete element 

frame solution are seen to be almost identical (Fig 39). The frame solution 

has a joint at the rotational spring restraints and gives a value of moment 

on both sides of the theoretical joint location. 

The beam-column solution was for 100 increments, which contained 100 dis­

crete angle changes. The frame solution was for 10 elements per member, or a 

total of 60 elements, which had 120 discrete angle changes. An additional 

frame solution was run using 20 elements per member and the difference in 

maximum moment between the two frame solutions was in the fourth significant 

figure. 

Soil-Supported Bent Test from Galati. Rumania 

Recently, a series of reinforced concrete bents with battered piles were 

tested in Galati, Rumania, by Iacint Mano1iu, at a test site near the Danube 

River. The upper layer of soil in the area was a silty highly compressible 

clay about 15 feet thick. Under this layer were intermixed layers of fine 

sand and clay of medium consistency. One of the bents tested is shown in 

Fig 40. It consists of three battered piles driven into the soil and a fairly 

rigid beam which connects them. The lateral and axial q-w curves needed to 

define the response of the soil which supported the bents were furnished by 

Welch (Ref 58). Welch used Matlock's criteria for establishing the lateral 

q-w curves and Coyle's and Reese's criteria for developing the axial q-w curves. 

Welch did not have a complete shear-strength profile available; therefore, 

estimates of the shear strength at several levels were made, based on the 

points available and correlated to the observed response of single-pile tests 

for axial and lateral loads. 
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Axially Loaded Pile Tests 

The results of the two axial load tests on vertical piles and the author's 

solution are shown in Fig 41. The applied load versus the top displacement 

curves observed for the two piles and the curve from the analysis have the same 

general shape but different magnitudes of maximum load, as one would expect for 

such a variable material as soil. An end-bearing ~orce-displacement (Q-W) 

curve could have been generated using criteria developed by Skemptcn (Ref 55); 

however, it would have little effect on the response of the pile until dis­

placements near the maximum were reached. Since the primary purpose of this 

analysis was to verify that the axial q-w curves were satisfactory under the 

level of axial loadings experienced by the piles in the bent test, end-bearing 

curves were not developed. 

The axial q-w curves used for the single-pile analysis are the same as 

the ones used in the bent analysis. The pile lengths, section properties, and 

concrete and steel strengths were also the same as for the bent problem. 

Laterally Loaded Pile Tests 

The lateral-load versus lateral-displacement curves and lateral-load 

versus rotation curves are shown in Figs 42 and 43 for tests on two vertical 

piles. The analytical curves have the same shape as the observed curves 

except for an unexplained jump in the observed curves at an applied load of 

approximately 15 kips. The analysis did not indicate that the maximum load 

had been reached when it was stopped at a displacement of 2.5 inches. However, 

the slope of the analytical load-displacement curve is very small, as is the 

slope of observed load-displacement curve. The lateral q-w curves and other 

pile data are the same as for the bent test, which is described below. 

Computer Model of Three-Pile Bent 

The computer model of the three-pile bent previously discussed is shown 

in Fig 44. Input and output for two problems that were run on this bent are 

given in the appropriate appendices (Problems 901 and 902). Problem 901 is 

for the vertical loads only. Problem 902 is for these loads plus a horizontal 

load of 80 kips. Several intermediate values of horizontal loading were also 

run, to completely define the load-displacement response of the frame; however, 

these inputs and outputs are not included, for brevity. 
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Joints 1, 2, and 3 are located at the intersection of the pile center1ines 

and the centerline of the horizontal beam in Problem 901. Joints 4, 5, and 6 

are located at the ground1ine. The remaining joints, 7 through 15, are lo­

cated to facilitate the description of the soil properties by q-w curves with 

a linear variation between these joints. The ability of the program to input 

joint offsets rather than joint coordinates is an obvious asset for this type 

of problem. Stiffness types and load types are assigned in the manner de­

scribed in Chapter 5. Ten elements per member were used, based on the accuracy 

obtained in the jacket-leg and pile problem. This gives a total of thirty 

elements per pile, below the ground line. 

It is doubtful if any bending deformation would occur in the pile within 

the region of the supporting beam, particularly if the steel in the pile is 

properly connected to the beam. Therefore, four rigid elements ,were specified 

at the ends of stiffness types 3 and 4 adjacent to the beam. 

The reinforcing steel used in the pile and the beam were plain bars with 

a yield stress of 54 ksi. Concrete samples were tested on cubes 20 centimeters 

on an edge. The reported strength was reduced by 85 percent to obtain an f' 
c 

value of 3020 psi. The depth of the beam was such that neglecting shearing 

deformation would cause some errors. However, due to its extreme stiffness 

compared to the other members, its exact value would have little effect on the 

overall response of the frame. To verify this, another solution was run in 

which the beam stiffness was reduced by reducing the width of the beam by 25 

percent. The resulting displacements at a load of 80 kips differed by less 

than one percent from the stiffer solution. 

In Problem 901, the dead weight of all members was included, plus the 

applied vertical load of 15.2 kips. Since this load was offset a slight dis­

tance from the joint centerline, a moment was applied at the joint to preserve 

statics. Note that there are no joint supports for this frame. The frame 

receives all of its support from the axial and lateral soil restraints which 

are input as member properties with the member stiffness types in Table 5. 

Actually, the frame will develop some end-bearing on the ends of the piles, 

and q-w curves to represent this could be included in Table 4. However, as 

discussed previously, these would have little effect under the range of loading 

studied in this problem series. 

Problem 902 was worked by holding all tables from Problem 901 and simply 

adding on the new load and moment in Table 4(a). The moment was again due to 
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the eccentricity of the applied load from the theoretical joint centerline. 

The results of problems 901 and 902 are not sufficient to plot load­

displacement and load-rotation curves. However, they may be all that is 

required if only the response of the structure under a given level of loading 

is desired. It is worth noting that the computer time required for six values 

of loading was approximately three minutes, while the time for these two prob­

lems was slightly in excess of one minute. 

Analytical and Experimental Response of Frame 

The load-displacement and load-rotation curves for the three-pile bent 

are shown in Figs 45 and 46, respectively. The agreement between the observed 

and calculated curves is. rather good up to a load level of approximately 60 

kips, particularly considering the possible variation in soil and structural 

properties. However, at a load level of about 60 kips, the observed curves 

show a marked decrease in stiffness. The analytical curves do not show such 

a response. 

The deflected shape of the soil-supported bent for a load level of 80 

kips is shown in Fig 47. The rigidity of the beam is obvious from the sketch. 

Because of this beam rigidity, the right column rotated down; therefore, the 

primary axial tension is carried by the center pile, rather than the pile on 

the right. Most of the flexural effects have died out at less than half the 

depth of the pile, a common occurrence when piles are subjected to both 

lateral and axial effects. 

The axial thrust, shear, and bending moment diagrams for the center pile 

are shown in Fig 48. Note that the center pile is in tension. The variation 

of the axial forces in the three piles with the applied horizontal loading is 

plotted in Fig 49. Initially, all of the piles carry approximately equal 

loads in compression. Then, as the horizontal load is applied, the left pile 

increases in compression. The right pile initially starts to go into tension; 

however, as the rotation of the bent increases, the axial displacement of this 

pile is virtually eliminated and thus no significant axial force is developed 

therein. The center pile gradually increases in tension as the load is 

applied. 

A detailed study of the output for a level of 80 kips does not indicate 

that any structural failure is imminent from excessive bending in the plane of 
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the structure. However, the observed load-displacement and load rotation 

curves indicate some sort of distress in the frame. There are several possible 

sources of this discrepancy. The nominal shear stress in the center column 

is 91 psi. This rather high shear stress, in conjunction with the axial ten­

sion in this column, could be one possible source of distress. No details of 

stirrups were given for the piles. Another possible source of loss of 

strength would be at the connection from the pile to the beam. No details of 

the imbedment length of the bars at this point are given. The combination of 

axial tension, bending moment, and high shear force could well have caused a 

pullout problem, particularly since plane bars were used. 

Summarx of Chapter 9 

The discrete element frame solution was compared with a previous discrete 

element solution of line members for long laterally supported piles. The 

agreement was excellent. The results of the test of a laterally and axially 

loaded pile-supported structure were compared with the discrete element frame 

solution. Agreement was extremely good until the load level just prior to 

the loading on the test frame was stopped. 



CHAPTER 10. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The principal result of this research has been the development of a method 

of analysis for predicting the static load-displacement response of plane 

frames which have significant material, geometric, and support non1inearities. 

The analysis has been put into a useful form by developing computer program 

FRAME 51, which has sufficient generality to work real frame problems. The 

analysis and the program have been verified by working a number of problems 

and comparing the computer analyses with existing analytical and experimental 

results. 

Summary of Presentation 

In Chapter 1, the sources of nonlinear frame behavior were discussed. 

The tangent stiffness method as an extension of the direct stiffness method 

was reviewed in Chapter 2, and a general flow chart for a nonlinear frame 

solution using a nonlinear discrete element model of the frame members was 

presented. The details of the frame solution and the assumptions of the 

analysis were given in Chapter 3. 

The nonlinear force-displacement equations for the discrete element 

were developed in Chapter 4, and Castig1iano's first theorem was applied to 

develop a general discrete element stiffness matrix. Then the member solu­

tions needed to define the force-displacement response of the member were 

discussed. The numerical integration of nonlinear stress-strain curves to 

define the force-deformation response at a cross section is given in Appendix B. 

The matrices needed to generate the stiffness matrix for the discrete element 

used in the member solutions are listed in Appendix C. 

Chapter 5 presented a description of the computer program and an example 

problem to illustrate the use of the program. 

Several members with a high degree of geometric nonlinearity were worked 

in Chapter 6 and the results were in good agreement with existing analytical 

solutions. The effects of nonlinear stress-strain curves and residual stresses 

on the force deformation response of a steel cross section were demonstrated 

D1 



132 

and the computer analysis gave a good correlation with existing analytical 

procedures. 

In Chapter 7, two steel frames which had been previously tested were 

analyzed. The observed behavior, throughout the complete load-displacement 

range, was predicted by the discrete element solution, within the bounds of 

experimental error. The ability of the program to handle axially prestressed 

members and the joint effect was also demonstrated. In Chapter 8, a variety 

of concrete problems were worked: lightly reinforced members, a prestressed 

beam with a small percentage of reinforcement, and two concrete frames. The 

response of all of these was predicted well qualitatively, and the quantitative 

answers were adequate for design applications. 

The method of analysis was used in Chapter 9 to predict the general load­

displacement response of a bent containing laterally and axially loaded piles. 

The problem had nonlinear material, geometric, and support characteristics. 

Conclusions and Recommendations 

Based on the demonstrated ability of the program to predict the response 

of a wide range of nonlinear frames, the method of analysis is felt to be 

valid within the scope of the stated assumptions. Due to the broad analytical 

scope of the work, conclusions about nonlinear behavior for specific types of 

structures will not be drawn at this time. Before such conclusions are drawn, 

more detailed studies should be made using the computer program in conjunction 

with existing experimental data and as an aid to planned experimental programs. 

The program was intended to be capable of working real structures sub­

jected to complex systems of loads and support conditions. This capability 

has been demonstrated in the example problems. There are, however, some 

modifications that could be made in order to make the program more convenient 

to the user. Several possible modifications are 

(1) Extend the input formats to include automatic generation of stress­

strain curves and cross section data for standard construction 

practices. 

(2) Extend the input formats to automatically subdivide pile-type mem­

bers into submembers and generate the soil-support curves from a 

limited amount of input of soil shear strength and deformation 

characteristics. 
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(3) Modify the program to allow the same general variations in nonlinear 

stiffness properties throughout the length of the member as per­

mitted for loads and linear stiffness properties. 

Because of the wide range of application, the program may not be extremely 

efficient for a particular type of problem that does not need the full generality 

of the program. For instance, most civil engineering structures attain their 

maximum load before really large displacements occur, as borne out in the 

example problems. Therefore, some saving in computer time could be made by 

using a less rigorous model of the large displacement effects; i.e., the first 

one or two terms of the series expansions of the trigonometric functions could 

be used in the element force-displacement equations and stiffness matrices. 

Options could be provided in the program to allow the user to make such simpli­

fications in the analysis. 

Finally, the scope of this work was limited to the short-term static, 

nonlinear but elastic response of two-dimensional frames; however, many framed 

structures have important time-dependent dynamic, inelastic, and three-dimen­

sional characteristics. The work done in this research could serve as a guide 

for efforts to extend the nonlinear analysis technique to include these effects. 

For instance, the general derivation of the discrete element stiffness matrix 

which was used in Chapter 4 for plane frame members is valid for any discrete 

element with m discrete energy absorbing springs and n element end-dis­

placements. This should prove helpful in developing or checking the stiff-

ness matrix for a three-dimensional discrete element model of a line member. 
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PRISMATIC MEMBER LINEAR STIFFNESS MATRIX [K] 
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APPENDIX A. PRISMATIC MEMBER LINEAR STIFFNESS MATRIX [K] 
AND TRANSFORMATION MATRIX [T] 
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Ci ~ 0 

[T] == -~ Ci 0 

001 

sectional area (in2) L = length 

o 1 
6EI 

L2 

2EI 

L 

o 

4EI 

L 

of member (in) 

Modulus of elasticity (kip/in2) Ci = Cosine of angle between the member 

(in4) 
and the structure x-axis 

moment on inertia 

~ = Cosine of angle between the member 
and the structure y-axis 
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APPENDIX B 

NUMERICAL INTEGRATION OF NONLINEAR STRESS-STRAIN CURVES 
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APPENDIX B. NUMERICAL INTEGRATION OF NONLINEAR STRESS-STRAIN CURVES 

A cross-section can be specified by a series of rectangles. A section 

composed of nonrectangular pieces will of course be only approximately repre­

sented. Similarly, a nonlinear stress-strain curve may be represented by a 

series of straight line segments. The more nonlinear the curve, the more 

points required to accurately define the curve. The procedure developed 

herein is exact for a section actually composed of all rectangular pieces and 

whose stress-strain curves consist of a finite number of straight line seg­

ments. The program also permits input of thin wall tubular pieces as discussed 

at the end of this appendix. 

Consider the cross-section shown in Fig 50(a). The section is composed 

of m rectangles (j = 1, m). The stress-strain curve for the rectangle is 

defined by the stress-strain curve of Fig 50(d). The curve is specified by 

giving a number of points on the curve. Different rectangles of the section 

may have different stress-strain curves. 

A linear 'variation of strain is assumed over the depth of the section as 

shown in Fig 50(b). Thus, the strain distribution is defined by specifying 

the strains at the top and bottom 8 t and 8b • For small strains, the 

curvature ¢ is given by 

(~ - ~) 
¢ = d (B.l) 

Positive strain is tension and positive curvature indicates more tension on 

the bottom fiber of the member than on the top. The strain distribution is 

also defined if the curvature ¢ and the strain 8c 
are known. The strain at any point y is given by 

* at the member's x'-axis 

* The geometric centroid is used as the member axis for sections of one material; 

however, for beams of more than one material, the plastic centroid has been 

recommended (Ref 5). 
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.. 

(a) Cross section. 

\ 

(b) Strain distribution. 

Stress tT 

I" ;;1 

~ 
~ 

" ~ , 
~ 

. 

~ 

(c) Stress dis­
tribution. 

.L--------

Strain E 

(d) Stress-strain curve. 

Fig 50. Cross-section and stress-strain assumptions. 



149 

(B.2) 

With the strain distribution so defined, the stress distribution is then 

found by using the stress-strain curves for each of the m rectangles. The 

jth rectangle, as shown in Fig 50(a), does not have a linear variation in 

stress over its depth. However, it may be subdivided into n sub-rectangles 

(i = 1, n) such that each sub-rectangle will have a linear variation in stress 

over its depth d. • The slope of the stress-strain curve over the ith sub-
1. 

rectangle is and the intercept of the straight line segment and the stress 

axis is cr • • 
01. 

cr=cr.+ E .€ 
01. 1.. 

Combining Eqs B.2 and B.3, 

The thrust acting on the sub-rectangular area 

integrating the stress over the area. 

T. 
1. 

T. = cr JS dA. + E.€ Jf dA. 
1. 0 A 1. 1. C A. 1. 

And since 

Y.A. 
1. 1. 

i 1. 

= SS Y 
A. 

1. 

dA. 
1. 

A. 
1. 

is found by 

(B.3) 

(B.4) 

(B.5) 

(B.6) 

(B.7) 

(B.B) 



where Y
i 

is the distance from the section centroid to the centroid of Ai' 

as shown in Fig 50(a). 

T. 
~ 

cr .A. + E.8 A. - E¢Y.A. 
o~ ~ ~ c ~ ~ ~ 

(B.9) 

The thrust T over the entire cross-section is found by summing up T. 
~ 

for all the sub-rectangles. Thus, 

m n 

T=\ \(".+E.8 -E...ty.)A. L L vo~ ~ C ~J~ ~ (B.10) 

j=l i=l 

The multiple of A. 
~ 

in Eq B.10 is seen (from Eq B.4) to be the stress 

~ which is the stress at the centroid of the sub-rectangle. Vi 

m n 

T =L I (1iAi 
j=l i=l 

The moment of T. about the centroid of the section, M. 
~ ~ 

integrating Eq B.12 

Combining Eqs and B.4 and B.12, 

Mi = Ei¢II
A 

idAl - (<101 + Ei€c)IIA/dAi 

i 

Thus, 

(B.ll) 

is found by 

(B .12) 

(B .13) 

The moment of inertia of sub-rectangle i about the centroid of the 

section, I. , is given by 
~ 

Ii = IIA y2dAi 

i 

(B.14) 



Combining Eqs B.S, B.13, and B.14 gives 

M. = E. I . ¢ - (0 . + 
~ ~ ~ O~ 

e )y.A. 
c ~ ~ 

Thus, the total moment on the cross section is found to be 

m n 
\' 

M :; L L Ei1i¢ - (0 • + 
j=l i=l 

From Eq B.4, 

0, 
~ 

Combining 

= 0', + 
o~ 

Eqs B.16 

m m 
~ '\ 

O~ 

and B.17, 

M 
\ L E .!.¢ (0'. = L ~ ~ ~ 

j=l i=l 

By the parallel axis theorem, 

+ 

E.€ )y.A. 
~ c ~ ~ 

E.¢y.)y.A. 
~ ~ ~ ~ 
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(B.lS) 

(B.16) 

(B .17) 

(B.lS) 

(B.19) 

where I. is the moment of inertia of the ith sub-rectangle about its own 
~ 

centroid. Thus, combining Eqs B.ll, B.IS, and B.19 gives 

m n 

M = EI.¢ - T.y. 
~ ~ ~ 

(B.20) 

j=l i=l 
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For any distribution of strain over the cross-section, i.e., given €c 

and ¢ from a geometric analysis of the model, the process to determine T 

and M is a straightforward process which does not require any iterations. 

First, subdivide the rectangles of the cross-section into sub-rectangles. 

Each sub-rectangle is obtained such that it has a linear stress distribution 

over it. The technique to do this is a direct process and is illustrated in 

the flow chart for subroutine FAEJR. Then, by interpolations along the stress­

strain curve, the stress 0i can be found. Then Eq B.ll may be used to find 

the thrust. Similarly Ei may be found by interpolation and Ii computed 

for the sub-rectangle and Eq B.20 used to find the moment. 

The above procedure completely defines the thrust and moment on a given 

section given the strain distribution. It is also desired to have the stiff­

ness of the cross-section. In Appendix C, the discrete-element force defor­

mation matrix is given in terms of the partial derivatives of thrust and 

moment with respect to axial strain and curvature. The following derivatives 

are thus needed: 

Differentiating Eq B.lO, 

m n 

= L L AiEi (B.2!) 

j=l i=l 

This is the sum of AE for all sub-rectangles and is thus equal to AE for a 

cross-section with a single linear stress-strain curve. Thus, it can be inter­

preted as the effective AE of the section. 

Differentiating Eq B.16, 

oM = 
o¢ 

m n 

L I EiIi 
j=l i=l 

(B.22 ) 

For a cross-section with a constant value of E , this becomes simply 

EI at the geometric centroid, and ~ may be interpreted on the effective 

EI of the section. Taking the derivative of Eq B.lO with respect to ¢ and 

Eq B.l6 with respect to €c gives 



153 

m n 
aT oM \' \""' 

; A.E.y. (B.23) 
crt; cgc '-" " ~ ~ ~ 

j=l i=l 

For a section with a constant E , the partial derivatives of Eq B.23 

become zero. They are an indication of the increment in thrust due to an 

increment in curvature and the increment in moment due to an increment in 

axial strain. This property of the section will be referred to as AEY. 

Thin Wall Tubular Sections 

The program also allows input of a piece of a section having the properties 

of a thin wall tube. Each tubular piece is subdivided by the program into 20 

equal radial segments and equivalent rectangular properties for each segment 

are calculated. Then the equivalent rectangles are used in the numerical 

integration procedure just developed. Using 20 segments, it was found that 

the moment of inertia of the equivalent rectangles was different from the 

moment of inertia of a typical thin tubular section by less than 1 percent. 
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APPENDIX C 

DISCRETE ELEMENT MATRICES 
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APPENDIX C. DISCRETE ELEMENT MATRICES 

Initial Stress Stiffness Matrices [k] and [k] 
ST SV 

The initial stress stiffness matrices [k]ST and [k]SV were obtained 

by taking the second partial derivatives indicated in Eq 4.36 and then sepa­

rating the terms containing the thrust T and the shear V. To illustrate: 

of 

From Eq 4.36 

kst
ll 

and 

[k]ST and 

ksv
11 

[k]SV • 

(C .1) 

are the terms on the first row and the first column 

The summation of k from 1 to 3 is over the three energy absorbing 

elements of the bar; the axial deformable bar with its internal force T and 

its deformation 5, the rotational springs at points 1 and 2 on the element 

with their internal moments M1 and M2 and their corresponding deformations 

~1 and ~2' Thus 

(C.2) 

The partials in Eq C.2 are found by differentiating Eqs 4.1 through 4.6. 

2s(h + r) 

(h + 6)4 
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(C .3) 

(C.4) 
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and 

Thus 

-2s(h + r) 

(h + 5)4 

Ts2 M12s(h + r) 
----~----~ +~--------~--

(h + 6)3 (h + 6)4 

Noting the shear V as given by Eq 4.13 

Then 

= 

ksv
ll 

-2Vs(h + r) 

(h + 6)3 

-2Vs(h + r) 

(h + 0)3 

(C.5) 

(C.6) 

(C.7) 

(C.B) 

(C.9) 

The remainder of the terms were similarly computed. The algebra involved 

in getting [k]ST and [k]SV was quite extensive as was the algebra involved 

in getting the incremental deformation displacement [B] (shown later in 

this Appendix). All three of these matrices are used to evaluate the element's 

stiffness matrix [kJ and it was desired to check the algebra in some way. A 

numerical differentiation using 30 significant figures was performed on the 

element's force displacement equations and these results were found to compare 

to 14 significant figures with the results obtained using the closed form 

procedure developed herein on several test cases. The test cases were chosen 

over a fairly wide range of element displacements, hence a fair degree of 

confidence can be placed in the results. 



kSV
23 

r-
2 

-s (h+r) kst
13 

2 s(h+r) s -s 
_.- t------ - ----~. 

(h+r)2 kst
23 

s(h+r) -(h+r) 2 

Synnnetric kst
33 

-kst
13 

-kst
23 

T -hs[sosin(w
3

) 2 

(h-t{)) 3 
kst

13 
= s -s(h+r) 2 

+ (h+r)cos(w
3

)] (h+r )2 

kst 16 = -hs[sosin(w
6

) + (h+r)cos(w
6

)] 
2 

'---

= h(h+r)[sosin(w3 ) + (h+r)cos(w3 )] 
2 

h(h+r)[sosin(w
6

) + (h+r)cos(w
6

)] 
2 

2 - 2 = h [sosin(w
3

) + (h+r)cos(w
3
)] 

4 
h(h+6)2[sosin(w

3
) + (h+r)cos(w

3
)] 

+"2 

-
kst 16 

kst
26 

kst
36 

-kst
16 

-kst 
26 

kst 
66 

h2[sosin(w
3

) + (h+r)cos(w
3

)][sosin(w
6

) + (h+r)cos(w
6

)] 
4 

-v 
(h+5 ) 

h2[sosin(w
6

) + (h+r)cos(w
6

)]2 
4 

+ h(h+O)2[sin(w
6

) + (h+r)cos(w6)] 
2 

.---
~s (h+r) z * ksv

13 
._----~ 

-2s(h+r) ksv23 

Synnnetric ksv
33 ~ -

2 2 
Z = s - (h+r) -k 

. Iksv
13 

= hzcos(w3) 
2 

- hs(h+r)sin(w
3

) 
L...--

hzcos(w6) - hs(h+r)sin(w
6

) 
2 

-hzsin(w ) - hs(h+r)cos(w
3

) 
- 3 

2 

_2S(h+rll.-Z * 

-z * 2s (h+r) 

-ksv
13 

-ksv23 

2s(h+r) z ~'< 

-2s(h+r) 

-
ksv

16 

ksv26 

ksv
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16 
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kSV
26 

kSV66 

-hzsin(w
6

) - hs(h+r)cos(w6) 
2 

= h2s(h+r)[Sin
2

(w3) - COS
2

(W3)] _ h2zSin(w3)CoS(W3) 
2· 2 

+ h(h+8)2[(h+r)Sin(w3) - scos(w
3

)] 
2 

= h2s(h+r)fsin(w3)Sin(w6) - cos(w3)cos(w6)] 
2 

_ h2z[Sin(W
3

)CoS(W
6

) + cos(w
3

)sin(w
6

)] 
4 

2 [2 2 2 h-s(h+r) sin (w6) - cos (w6 )] _ ~zsin(w6)cos(w6) 
2 2 

2 . 
+ ~(h+8) [(h+r)s~n(w6) - scos(w6)] 

2 

Incremental Deformation-Displacement Matrix [B] 

bll 

[B] = 

d
6 bI2 

d'f'l b2l 

r--- -
1 

bll bI2 b13 -b ll -b12 bI6 

(h+5)2 b2I b22 b23 -b2I -b22 b26 

b2I 
-b

22 
b

33 
b2I 

b
22 

b
36 d'f'2 b22 

- -

b13 == 
h(h+6)[(h+r)sin(w3) - scos(w

3
)] 

2 

b
16 

;: 
h(h+5 )[(h+r)sin(w

6
) - S .cos(w6 )] 

2 

b23 = -1 _h[(h+r)cos(w3) + s.sin(w3)] 
2 

b26 
;: 

_h[(h+r)cos(w6 ) + s.sin(w6)] 
2 

b33 
~[(h+r)cos(w3) + sosin(w3)] 
2 

b
36 

1 + ~[(h+r)cos(w6) + sosin(w6)] 
2 . 

- (h+r) (h+ 5) 

;: -s(h+6) 

;: S 

:::; - (h+r) 
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Incremental Force-Deformation Matrix [D] 

The incremental force-deformation matrix [D] is found from Eq 4025 

where the forces are the thrust T, the moments M1 and M2 ' and where the 

corresponding deformations are the discrete change in length & , and the 

discrete angle changes ~1 and ~2 0 

Thus 

r-- -
aT aT aT 
0& a~l a~2 

[D] ~1 OM1 0 
-- (ColO) 

a& a~l 

OM2 0 OM2 -- --
a& a~2 

'-- --

The evaluation of the partial derivative in Eq ColO is made in terms of 

the derivative cross-section stiffnesses (EI, AE ,AEY) developed in 

Appendix Bo The relationships between the discrete model deformations and the 

member section deformations for small strains and curvature are: 

e &/2h (Coll) 
c 

¢1 ~l/h (C 012) 

¢2 Vf2/h (Col3) 

Thus [n] may be written as 
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- -
oT I oT I oT I . - . - . -
Of: 2h o¢l 2h oCl'2 2h c 

oMI I oMI I 0 - . - . -[DJ (C.14) 
oe 2h o¢l h c 

OM2 I 0 OM2 I - . . -
oec 2h ot:p2 h 

- -

All the derivatives in Eq C.14 are seen to be the stiffness terms of 

Appendix B evaluated at points 1 and 2 in the element. Thus 

-
AEI + AE2 AEYI 

4h 2h 

D = 
AEY I Ell o 

(C .15) 
2h h 

AEY2 0 

2h -
for the special case of a linear material (constant E). And assuming the 

average value of A and I are used, [D] becomes 

- -
!f; 0 0 
2h 

[D] 0 EI 0 
(C.16) = h 

0 0 !! 
h - -
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TRANSFORMATION OF SPRINGS BETWEEN MEMBER AND STRUCTURE COORDINATES 
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APPENDIX D. TRANSFORMATION OF SPRINGS BETWEEN 
MEMBER AND STRUCTURE COORDINATES 

Case A - Structure Joint Springs in Direction of Member Coordinates 

y 

Fig 51. Structure springs in member coordinates. 

From the figure above it is seen that a unit displacement along x 

produces a force in both the x and y-directions. The effect of S , and 
x 

S , on the structure stiffness matrix is the addition of the 2 X 2 stiff­
y 

ness matrix [K)SM 

= 
Q'j3(Sx' - S I)] 

2 2 
f'S,+Q'S, 

x y 

(D. 1) 

The terms in [K]SM may be easily verified. The first term ksmll is the 

force directed along the x axis due to a unit displacement along the x axis. 

The eva~uation of forces in structure directions due to springs in member 

x' and y/-directions 1s accomplished by transforming structure displacements 

to member coordinates and then evaluating the spring forces. Then the forces 

are transformed back to structure coordinates. 
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Case B - Member Springs in Direction of Structure Coordinates 

L 

Fig 52. Member springs in structure coordinates. 

From the figure above it is seen that a unit displacanent along x' 

produces a force in both the x' and y' directions. The effect of S x 
S on the member stiffness matrix is the addition of the 2 X 2 stiffness 

y 
matrix [K~ 

and 

(D.2) 

The terms in [K~S may be easily verified. The first term kms ll is the 

force directed along the x' axis due to a unit displacement along the x' 

axis. 

The evaluation of forces in member directions due to springs in structure 

x and y-directions is accomplished by transforming member displacements to 

structure coordinates and then evaluating the spring forces. Then the forces 

are transformed back to member coordinates. 
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FRAME 51 GUIDE FOR DATA INPUT - Card Forms 

Units of force (f) and distance (d) are indicated below all dimensional input. 

IDENTIFICATION OF RUN (2 alphanumeric cards per run) 

IDENTIFICATION OF PROBLEM (one card for each problem; program stops if problem number 

Problem 
Number (alphanumeric) 

(alphanumeric) 

TABLE 1. PROGRAM CONTROL DATA (2 cards per problem) 

Hold Option for Tables 2 Through 7 
Enter I to Hold Prior Data (only if data was 
input or held for Table in preceding problem) 

PROB 
TYPE TABLE 2 3 4A 4B 4C 5A 5B 5C 5D 

Number of Cards in Tables 2 Through 7 for this problem 

TABLE 2 3 4A 4B 4c 5A 

____ ~I ~I~~I ~I~~J 
II 15 2:0 25 30 35 40 

PROB TYPE I - Displacements not held from preceding problem. 

PROB TYPE 2 - Displacements held fro!jl preceding" problem. 

5B 5C 5D 

45 50 55 

6 

6 
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80 

80 

CEASE) 

60 

80 

Output Options for 
Table 8 Through 10 

Enter I to Suppress Output 

7 8 

7 

65 

9 10 

(2nd card) ...... 
(j\ 

\0 



TABLE 2. FRAME GEOMETRY DATA (number of cards per Table 1) 

Num of Ref 
Joints Joint x-Coordinate y:-Coordinate 

I I I I I I I 
II 15 21 2.5 31 (dl 40 d 50 

From To To To 
Joint x-Offset y-Offset Joint Joint Joint 

Id) 30 

TABLE 3. MEMBER TYPE LOCATION (number of cards per Table 1) 

From 
Joint 

Num of 
Stiffness 

Types 

II 15 21 

Num of 
Load 

Types 

25 

Stiffness Load 
Type Type 

Num of 
Elements 

per Member 

35 

To To To To 
Joint Joint Joint Joint 

To To 
Joint Joint 

I-' 
"'-J 

Joint Location 0 

Tolerance (1st card) 

I I 
61 (d' TO 

To 
Joint 

To To To 
Joint Joint Joint 

(2nd and succeeding cards) 

(1st card} 

To To To 
Joint Joint Joint 

To 
Joint 

(2nd and 

* An even number of elements between 4 and 40 may be used. If blank, 40 elements are used for the solution. 
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TABLE 4A. JOINT LOADS AND SUPPORTS (LINEAR RESTRAINTS) IN STRUCTURE x,y,z-AXES (number of cards per Table 1) 

Restraint Restraint Rotational 
Load II to Load II to Moment about /1 to // to Restraint about 

Joint x-Axis y-Axis z-Axis x-Axis y-Axis z-Axis 

I I I (All 
6 10 (I) 20 If) 30 (I d) 40 If/d) 50 Il/d) 60 " d) 70 

TABLE 4B. NONLINEAR JOINT SUPPORTS (number of cards per Table 1) 

Joint Support Curve Numbers 

II to II to about II to II to 
Joint Q-Mult W-Mult x-Axis y-Axis z-Axis I -Axis I -Axis x y 

I 
6 10 If) • Ifd) 20 Id) .Id/d) 30 41 45 50 55 60 65 

TABLE 4C. NONLINEAR SUPPORT CURVES (number of cards per Table 1, 2 cards per curve) 

Number 
Curve of Symmetry 

Number Points Option Q-Values 

3 I 
6 10 15 20 26 JO 35 40 45 50 55 60 65 70 

W-Values 

cards) 

Stiff 
Type 

76 80 

80 

26 30 35 40 45 50 55 60 65 70 75 80 

* If equal to 1 a symmetrical branch is provided internally. The first Q and W values must be 0 if the symmetry 
option is used. 
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TABLE SA. MEMBER STIFFNESS TYPES (number of cards as per Table 1; number of sets of cards equal to the number 
of stiffness types defined in this problem) 

Blank, if 2nd Card Used 
(1st 
card 
of 
set) 

-I Blank if non­
linear option 
=1 Prismat ic Nonlin- Num Joint Options 

Stiffness Modulus of Moment of Prismatic ear Cards Axis Output "From" "To II 
Type I Elasticity Inertia Area Option Follow Opt ion Option Joint Joint 

31 (d4 ) 40 ldZ) 

i( 
(2nd and suc- Restraint Restraint Rotational 

ceeding cards 
of set if non-
linear option 
is blank) 

* (2nd card 
of set if 
nonlinear 
opUon""l) 

From To 
(Distance) (Distance) 

I 
II (II) 

Cross 
Section 

Numb 

I 
20 (d) 

At ''From'' Joint 

q-w Curve Number , , , 
x,x y,y z 

I 
30 

Moment of 
Inertia 

I 
(d4 ) 40 

Cross 
Section 

Numb 

II to II to Restraint about 
Area 

, 
,x-Axis 

, 
,y-Axis z'-Axis x y 

I 
(d Z) 50 If/dZ) 60 U/dZ ) TO (f) eo 

At "To" Joint 

q-w Curve Number 
x',x y',y z' q-Mult w-Mult 

(f/d),(f) 10 «(!l.(cl/dl 

t If equal to 1, restraints are in direction of member axes. If equal to 2, restraints are in direction of structure 
axes. In both cases, they are per unit of length along the member xl-axis, and distances are along the member xl-axis . 

• If blank, complete beam-column output is given; if equal to 1, only member end forces are given. 

'* If equal to 1, the member is assumed pinned to joint at ''From'' end. If blank, the member is assumed rigidly connected 
to joint at "From" end. If equal to -ij the member is assumed to be rigidly connected to the joint at ''From'' end 
and it is assumed to have i rigid discrete elements followed by j discrete elements that remain linear regardless 
of stress level. 

i If equal to 1, the member is assumed pinned to joint at "To" end. If blank, the member is assumed rigidly 
connected to joint at liTo" end. If equal to -ij the member is assumed to be rigidly connected to the jOint 
at liTo" end and it is assumed to have 1 rigid discrete elements followed by j discrete elements that 
remain linear regardless of stress level. 



TABLE 5B. CROSS-SECTION PROPERTIES (number of cards as Table 1; number of sets of cards equal 

Cross Number 
Section Cards 
Number Follow 

6 10 15 

to number of cross-sections defined j.n this problem.) 

(first card of set) 

Rectangle or Thin Wall Tube 

Stress-Strain Data 
Area Curve 
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Second and 
succeeding 
cards of set 

Width or 
Outside 
Diameter 

Depth or 
Thickness 

Centroidal 
Distance Option Number Stress-Mult Strain-Mult 

II tdl 20 tdl 30 (d) (dId) 70 

* If blank, input properties of rectangle. If equal to 1, input properties of thin wall tube, 

TABLE 5C. STRESS-STRAIN CURVES (number of cards as per Table 1: 2 per curve) 

Number 
Curve of Symmetry 
Number Points Option Stress - Values 

I 1 *1 6 10 15 20 26 30 35 40 45 50 55 60 65 70 

Strain - Values 

45 50 55 60 65 70 

";k 
If equal to 1 a symmetrical branch is provided internally. The first SIG and EP values must be 0 if the 

symmetry option is used. 

.J 
75 80 

75 80 
...... 
"-J 
w 
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TABLE 5D. NONLINEAR MEMBER SUPPORT CURVES (number of cards as per Table 1: 2 per curve) p. 

* 

Number 
Curve of Symmetry 
Number Points Option 

I I I *1 I I 
6 10 15 20 26 30 l5 40 

IS 30 15 40 

If equal to 1 a symmetrical branch is provided internally. 
is used. 

q-Va1ues 

I I I 
45 !l0 !l5 60 65 70 75 10 

w-Va1ues 

45 !l0 55 60 65 70 75 80 

The first q and w values must be 0 if the symmetry option 
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TABLE 6. MEMBER LOAD DATA (number of cards per Table 1; number of sets of cards equal to the number of load 
types defined in this problem) 

Member loads may be input by anyone of the four axis options outlined below. Qa is tae concentrated-load 
in the direction of the a-axis. qab is the distributed load in the direction of the a-axis and has 
its intensity per unit of length along the b-axis. 

Note: Concentrated loads may not be input at a distance of 0.0. 

(1st 
card 
of 
set) 

Load 
Type 

(2nd and 
succeeding 
cards of set 

(1st 
card 
of 
set) 

6 

Load 
Type 

(2nd and 
succeeding 
cards of set 

AXIS OPTION 1 

Blank Unless 
,!lOld Option = 2 

% Increase i:' 
Load 

20 

From (Distance To (Distance 
along Member) along Member) 

x x 

(d) 20 (d) 30 

~
Blank' if 2nd card used~ 

niform Load Uniform Load 
II to x' .. Axis II to y'-Axis 

31 

q I I 
X X 
( I/d) 

Load II to 
x I -Axis 

Q , 
x 

, q , , 
x x 

(I) • (t/d) 40 

Load II to 
I -Axis Y 

Q , 
y 

, q , , 
y x 

(t) • (f/d) 50 

AXIS OPTION 2 
Blank Unless 

Hold Option = 2 

10 

% Increase in 
Load 

20 

From (Distance To (Distance 
along Member) along Member) 

II 

, 
x 
(d) 20 

x 
(d) 30 

~
Blank' if 2nd Card used~ 

Uniform Load Uniform Load 
II to x-Axis II to y-Axis 

I qxx' qyx' I 
31 (t/d) 40 (f/d) 50 

Load II to Load II to 
x-Axis y-Axis 

Qx 
, qxx' Y 

, qyx' 
(I) • (f/d) (f) • (f/d) 50 

Num 
Cards Axis 
Follow Option 

Moment about 
z'-Axis 

Q , 
z 

, q , , 
z x 

(fd) • (f) 60 

Num 
Cards Axis 
Follow Opti0n 

60 

Moment about , 
-Axis z 

q , , , , 
z z x 

(ld) • (f) 60 

Qr 

I-' 
-...J 
VI 
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(lst 
::ard 
of 
set) 

5 

Load 
Type 

(2nd and 
succeeding 
cards of set 

AXIS OPTION 3 

Blank Unless 
Hold Option == 2 

% Increase in 
Load 

10 20 

From (Distance To (Distance 
along Struc- along Struc-
ture Axis) ture Axis} 

x x 
Id) 

~B1ank, if 2nd Card used~ 
Uniform Load Uniform Load 
/1 to x-Axis II to y-Axis 
I 

31 If/d) 40 If/d) 50 

Load I I to 
x-Axis 

30 It) 

Load II to 
y-Axis 

Num Distance x (NeQative 
as shown here) 

Cards Axis 
Follow Option 

56 

Moment about 
z/-Axis 

Q I, q I 1 
Z Z X 
ltd) (f) 

~~~~i~f~~~~ii 31 Q, 

60 65 

Axis Option 4 is identical to Axis Option 3 except distances are in structure y-axis and 4 is input in 
column 65 of first card. 

See page 11 of this appendix for an example using the various axis options. 

The member Xl -axis goes from the "From" j oint to the ''To'' joint. The ''From'' and '~o" joints are determined 
by input of Table 3. 

TABLE 7. ITERATION CONTROL (t~o cards unless held from previous problem) 

(Frame 
Solutions 
1st Card) 

(Member 
Solutions 
2nd Card) 

I 
II 

I 
II 

Max 
Num 
Iter 

Max 
Num 
Iter 

Force Error Moment Error 

IS 40 

Force Error Moment Error 

IJ 21 40 

Monitor Joint Numbers 

51 55 10 70 75 

Monitor Member Numbers 

51 60 55 75 
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GENERAL PROGRAM NOTES 

The data cards must be stacked in proper order for the program to run. 

A consistent system of units of force (f) and distance (d) must be used for all input data, e.g., pounds 
and inches. 

All S-space words are understood to be integers 

All 10-space words are floating-point decimal numbers 

All numbers must be right justified. 

The problem number may contain alphanumeric characters. 

1- 4 
1+432~1 

3 2 1 E + 0 

Blank fields on data cards, except the first five columns, may be used as desired to aid in coding problems. 
Information in these fields is ignored by the program. 

TABLE 1. PROGRAM CONTROL DATA 

Two cards are required in Table 1 for all problems. 

Data are accumulated in Tables 2 through 7 until the corresponding Hold Option is left blank in Table 1. 

The maximum number of cards accumulated in Table SA is SO plus the number of stiffness types. 

The maximum number of cards accumulated in Table 6A is 7S plus the number of load types. 

Type 1 problems start the iterative solution with zero displacements. 

Type 2 problems use the displacements from the previous problem in the first iteration. 

TABLE 2. FRAME GEOMETRY DATA 

The first card gives the total number of joints in the frame, which-must not exceed 20. 

The reference jOint, its coordinates, and the joint location tolerance are given only if the Hold Option 
for Table 2 is not exercised. 

Joints are numbered from 1 to the total number of joints. A joint number may not be deleted in a series 
until the Hold Option is not used. However, the joint may be structurally deleted by removing all 
members intersecting at the joint. 
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The reference joint may be any joint and it may have any coordinates, except that it and all other jOints 
must have coordinates less than 1.OE50. 

The maximum difference in joint numbers, for joints that are connected by members, is 5. 

The second and succeeding cards in Table 2 specify the location of all additional joints in the frame at 
least once. If the Hold Option is used, only the new jOints must be specified. 

All offsets must be ''From'' a previously located joint "To" another joint. The "To" joint may be a pre­
vioully defined joint. This allows the user to check the locations of the joints. If the error in 
the location of the joint is within the joint location tolerance, then the solution continues j other­
wise, the solution terminates with an appropriate diagnostic. 

The jOint location tolerance should allow for normal round-off error. If offsets are input to the ne.arest 
O.l-incb, then a joint location tolerance of 0.3-inch usually will be sufficient for a moderate-sized 
frame. 

The repetition of the "To" joint allows the user to locate up to seven joints with one card, if the offsets 
between each new ''To'' joint are the same as between the "From" joint and the first l'To" joint. 

It is DOt necessary for offsets to be given at locations where members are. However, the location of all 
joints must be specified at least once. 

·TABLE 3. MEMBER TYPE LOCATION 

The first card in Table 3 sives the total number of stiffness types and the total number of load types. 

Stiffness and load types (other than zero) are numbered from one to their total number. The total number 
of stiffness types must not exceed 25. 'the total number of load types must not exceed 25. 

The total number of members in the frame must not exceed 40. 

Type zero stiffness is used to delete a previously defined stiffness. Type zero load is used to indicate 
no load on a member. The restrictions on length, orientation, etc., outlined below, do not apply to 
members with type zero stiffness and type zero load. 

In order for two members to have the same stiffness type, they must have the same length, the same angular 
orientation in the frame, and the same stiffness properties with respect to their ''From'' and ''To'' 
joints. 

In order for two members to have the same load type, they must have the same length, the same angular 
orientation in the frame, and the same loading wi th respect to their ''From'' and ''To'' joints. 

.... ..... 
00 
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The member coordinate axes are defined by the "From" and "To" joints specified. The member x'-axis starts 
at the "From" joint and goes to the "To" joint. The member y'-axis and z'-axis are located from the 
member x'-axis by the right-hand rule. 

All members in the frame must be assigned a stiffness type and a load type. This assignment is not accumu­
lative for a member in the frame, i.e., the last values of stiffness type and load type specified 
replace the previous values. Thus, stiffness and load types for a member must be specified on the 
same card. 

Up to ten members with the same stiffness and load type may be located with a single card if the "From" 
joint of each new member is the "To" joint of the previous one. 

TABLE 4A. JOINT LOADS AND SUPPORTS (LINEAR RESTRAINTS) 

All joint loads and linear supports (restraints) are specified with respect to the structure axes. 

Joint loads and restraints are accumulated in Table 4A. 

Structure supports may be input as joint restraints (linearly elastic springs). Complete fixity of a joint 
may be achieved by putting in very large spring values. No round-off errors are encountered when 
extremely large values are used unless large values are input and then subtracted away. 

Complete freedom of joint movements is obtained by not specifying any restraints at a joint. 

A displacement may be enforced by specifying a very large restraint and a corresponding force equal to the 
desired displacement times the large restraint. 

TABLE 4B. NONLINEAR JOINT SUPPORTS 

The latest curve numbers, including zero (which deletes any old curve number), replace the old curve numbers 
at a joint. Curves may have any number from I to 20. 

A joint may have both linear supports (Table 4A) and nonlinear supports (Table 4B). 

Curves may be specified in both structure and member directions. If curves are specified in member direc­
tions, then the stiffness type of the member which the curves are referenced to must be given. 

The Q and W multipliers input in Table 4B are multiplied times the Q-W curves input in Table 4C to 
obtain the final Q-W values at a joint. 

The ratio of the final Q values to the final W values should not be many orders of magnitude larger than 
the stiffness data for the members of the frame, if the supports are specified in member directions. 
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TABLE 4C. NONLINEAR SUPPORT CURVES 

The Q-W curves do not have to be input in the order of the curve numbers. 

The Q-W curves must be input such that the final W values will be in ascending algebraic order. 

Normal Q-W curves will have opposite signs for displacement and force. 

Symmetrical C*Anti-Symmetrical*) curves may be input by specifying only the positive displacement branch 
including the 0,0 point. 

Q Q 

w w 

*Anti-Symmetrical Curve* Input Curve 

TABLE SA. MEMBER STIFFNESS TYPES 

Stiffness types must be input in ascending order. If Table 5 is held from the previous problem, then the 
first new stiffness type in Table 5 (if any) must equal the number of stiffness types in the last 
problem plus one. 

Prismatic members with a single modulus of elasticity which do not have any elastic restraints may be input 
with one card. Other members require two or more cards. 

If more than one card is used to describe a member stiffness type, the prismatic stiffness properties must 
be left blank. 

If the nonlinear option is left blank, then the second and succeeding cards describe the variation in the 
linear stiffness properties of the members. This type of input is illustrated on page 15 of this 
appendix. 

If any of the member stiffness properties are nonlinear, the nonlinear option is set equal to 1 and the 
second card gives the cross-section numbers, q-w curve numbers, and q and w multipliers at the 
member's "From" and "To" joint. Then the cross-section properties, stress-strain curves, and q-w 
curves are defined in Tables 58, 5C, and 5D. 

I-' 
00 
o 
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The final q-w values used are the product of the q and w multipliers and the q-w curves input in 
Table SD. 

The latest multipliers, cross-section numbers, and curve numbers replace the old data, if any, at a joint. 

Cross-sections may have any number from 1 to 20, and q-w curves may have any number from 1 to 20. 

TABLE SB. CROSS-SECTION PROPERTIES 

Cross-sections do not have to be input in the order of their numbers. 

Cross-sections are defined as a series of up to 10 pieces. Each piece may be either a rectangle or a thin wall 
tube and have a unique stress-strain curve number up to 8. The final stress-strain values are the 
product of the stress and strain multipliers and the stress-strain curves input in Table SC. 

The centroidal distance input for the tube and the rectangle is the distance from the member x'-axis to the 
centroid of the pipe or rectangle. This distance is positive if in the direction of the member y/-axis. 
Linear interpolation along the length of the member between corresponding pieces is provided in the 
program; thus, the cross-section input at the two joints should have the same number of pieces and the 
pieces should be input in the same order. Interpolation between a rectangular piece and tubular piece is 
not allowed. 

All data input for a cross-section number replaces the previous data, if any, for that cross-section number. 

TABLE SC. STRESS-STRAIN CURVES 

Stress-strain curves are input similar to the Q-W curves of Table 4C. However, normally stress and strain 
values will have the same sign. 

Corresponding pieces in a cross-section at the two joints must have the same number of points on their stress­
strain curves. This allows linear interpolation along the length of the member. 

TABLE SD. NONLINEAR MEMBER SUPPORT CURVES 

Member support curves (q-w) are input similar to the Q-W curves of Table 4C. However, the final q 
values have the units of force per unit of distance. 

The q-w curves at both joints on a member must have the same number of points. This allows linear inter­
polation along the length of the member. 

t-' 
00 
t-' 



Page 14 of 16 

TABLE 6. MEMBER LOAD DATA 

Load types must be input in ascending order. If Table 6 is held from the previous problem, then the first 
new load type in Table 6 (if any) must equal the number of load types in the last problem plus one. 

If the Hold Option for Table 6 is set equal to 2 in Table 1, then Table 6 must have one card for each old 
load type, which has the load type and the percent (25 percent = 25.0) increase in absolute value of 
all loads described in that load type, plus whatever cards are needed to define any new load types. 

Load types with only uniform loads over their full length may be input with only one card. Other loadings 
require two or more cards. 

If more than one card is used to describe a member load type, the un,iform loads on the first card must be 
left blank. 

Variable, concentrated, and partial uniform loadings must be input in sections but need not be input con­
secutively, and sections may overlap. This format is illustrated on page 16 of this appendix. 

All sections, except concentrated loads, must have their "To" distance larger in absolute value than their 
"From" distance by more than the length of one discrete element. 

Concentrated loads may not be specified at a distance of 0.0. 

TABLE 7. ITERATION CONTROL 

The maximum 
time. 
is set 

number of iterations for the frame and member solutions should be specified 
Normally, convergence will have been reached in five or ten iterations. An 
in the program. 

to save computer 
upper limit of 20 

The allowable equilibrium errors may be set by the following procedure until the user develops his own spe­
cial requirements. Select as a force and a moment that would have a negligible effect on the frame if 
applied at any point in the frame. These may be used as the joint equilibrium errors. (For example, 
the designer may know the value of his loads to the nearest O.l-kip. Then a reasonable joint force 
error would be O.Ol-kip, and a reasonable moment error would be O.Ol-kip times the length of a typical 
member.) The errors permitted in the member solution should be 0.1 times the corresponding joint errors 
to allow for round-off. 

Monitor joints and members should be specified to study the iteration process, particularly if the solution 
fails to converge. The numbers of the monitor members are the ones assigned by the program in the 
order in which the members are input in Table 3. 

,..... 
(Xl 
N 



L \,. 
,09 

Page 15 of 

Variable Linear Member Stiffness Properties 

From To I A sx' Sy' Sl' 

0.0 2.0 3.0 6.0 8.0 

* 5.0 2.0 3.0 6.0 4.0 

5.0 4 4.0 

* 10.0 0.0 

• .0 16.0 

• .0 26.0 

26.0 4.0 4.0 

* 31.0 5.0 5.0 

31.0 5.0 5.0 

* 36.5 8.0 7.0 

* - Two Cords for Sections with Linearly Varying Stiffness 

• - One Cord for Sections with Constant Stiffness 

Notes: Sections must be input in order. 

A new section must be started when a change in the 
variation of any of the stiffness properties occurs. 

There is no restriction on the length of a section except 
it must exceed the length of one of the discrete elements. 

"From" and "To" joints are set by input in Table 3. 

Axis Option 2 is used for the rare case where the 
member restraints oct porallel to tha structure axes 
rather than the member axes. 

lei 

c:: 
.2 
Q. 
0 
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'M 
<t 
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00 
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Variable Member Loading 

"To" Joint 

x 

Axis Option I Axis Option 2 
From To Qr',qDl Q,..,q,.., Qr,Qz'x' From To Ox,qu' o"q,.' Qr,qz'.' From To 

0.0 10.0 -5.0 0.0 10.0 3.0 -4.0 0.0 8.0 

10.0 3.0 -5.0 10.0 5.4 -2.2 8.0 

20.0 3.0 -10.0 20.0 8.4 -6.2 16.0 

24.15 24.15 8.0 12.0 -6.0 24.15 24.15 -0.8 14.4 -6.0 19.32 19.32 

20.0 -10.0 20.0 6.0 -8.0 16.0 

30.0 0.0 30.0 0.0 0.0 24.0 

o - One Card for (A:)r\centrated Loads 

• - One Card for Sections with Uniform Loads 

* - Two Cards for Sections with Linearly Varying Loads 

Notes: 

14.4 

Axis Option 3 

Q.,q., Q"q,. 
5.0 -5.0 

9.0 -2.75 

14.0 -7.7'5 

-0.8 14.4 

10.0 -10.0 

0.0 0.0 
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14.4 
14----19.32 ft. ---...-.r 

1 
14.52 ft. 

1 
10.0 

Axis Option 4 

Qz,qz'.' From To Q.,q., Q"q,. Qz,qz'.' 
0.0 6.0 5.0 -5.0 

6.0 9.0 -2.75 

12.0 14.0 -7.75 

-6.0 14.52 14.52 -0.8 14.4 -6.0 

12.0 10.0 -10.0 

18.0 0.0 0.0 

There is No Restriction on the Length of a Section Except that it Must Exceed the Length of One of the Discrete Elements. 

"From" and "To" Joints Set by Input in Table 3. 

Sections Need Not be Input in Order. 

Concentrated Loads May Not be Input at a Distance of 0.0. 
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FLOW DIAGRAM FOR FRAME 51 

Dimension variably dimensioned 
parameters 

I Dimension COMMON BLOCKS 
.-------------~ 

Set constants corresponding to 
dimensioned storage 

Calculate additional constants 
for dimensioned storage 

CALL FRAMSI 

Program dimensions may be easily changed as 
indicated above. See the program listing and 
the notation. 

187 

Need be changed only 
in this routine 

Change in all routines 
in which common 
blocks appear 

Change to match 
above changes 

Main subroutine 
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FLOW DIAGRAM FOR SUBROUTINE FRAMS1 
I 

[READ run identification, 
run identification 

print program andi 
Subroutine FRAMS1 

I 1010 is the main routine 

IREAD NPROB and problem iden ti fica tion'1 
of, and is called by 

I 
program FRAME 51 

No (NPROB =, CEASE; 
Yes 

( I 
1 Terminate run") 

IREAD Table 1 (program control data) 
I 
I 

IPRINT run identification, NPROB, 
identification and Table 1 

problem, 

I 
No Holding data on first Yes 

( problem of run 1 9800 

.., READ and PRINT cards a1pha-

CALL JTCORD - READ and echo PRINT 
numerically until first five 

Table 2 (frame geometry data) com-
columns of card are not blank 

pute and print joint coordinates 
No I 

I CEASE car~' 
CALL MEMLOC - READ and echo PRINT Table 3 
(member type location) compute and print (Terminate run) 
member numbers, lengths, offsets, and cosines 

I No 1 Yes 
Independent problem 

CALL JNTDAT - READ and echo PRINT Table 4 
(joint loads and restraints) accumulate data 
and print accumulated data - Set equilibrium 
errors equal to net joint loads 

I NOTE: 

CALL RDMST - READ and echo PRINT Table 5 If fata 1 error is 

(member stiffness data) 
found in routines 
JTCORD thru ITCONT 

I program prints an 
CALL RDMLD - READ and echo PRINT Table 6 error message, goes 
(member load data) convert distances and to 9800 above and 
loads to member coordinates seaI'ches for an in-

I dependent problem. 

CALL ITCONT - READ and echo PRINT Table 7 
(iterative control data) 

I 



I 
INITF = ol 

I 5100 
( CONTINUE") 

1 
INITF ,- NITF + 11 

.-l -
Rewind 
Tapes 1 

and 2 

--

NITF is numbe 
frame iterati 

Frame solutio 
here 

Member dis pIa 
are stored on 
1 and 2 

r of 
ons 
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n starts 

cements 
Tapes 

Do for each m ember DO for JJ = 1, NM) 
( 

I 
I CALL FORMST - Form member 6x6 

I tangent stiffness matrix for 

I use in frame solution 

I ] 
Yes 

N00NITF > 1/ I 
I ~ 

I CALL FORMLD - Form member 6xl 
incremental fixed-end-force 

I matrix for use in frame solution 

I 1 
I 

""-----lCONTINUE) 

-
Rewind 
Tape 1 

Yes ,(ITYPE 2~ 

Yes 
/ l 
"NITF > I" 

ITYPE 2 hoI 
placements fr 
vious problem 

No 

ds dis­
om pre-

Iset joint disPlacementsr 
equal to zero 

J 
I 

CALL GRIP2A - Solve frame equilibrium 
equations for increments of joint 
displacements 

I 
-- DO for I -~ 1, NJT) Do for each memb er 

I 
Compute total joint displacements 
DXX(I), DYY(I), DZZ(I) 

I 
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l 
'---- 6500 

(-- DO for I Do for each joint 

I Compute joint reactions 
I RXX(I), RYY(I), RZZ(I) 

l ----
".- DO 
f 
I 
I 
I 
l 

ERXX(I) 
ERYY(I) 
ERZZ(I) 

. ---

6600 

RXX (I) + QXX (I) 
RYY(I) + QYY(I) 
RZZ (1) + QZZ (I) 

Do for each joint 

NOTE: Sum joint loads 
and reactions. When the 
member-end-forces are 
subtracted away, these 
become the joint equi­
librium errors . 

Do for each member 

CALL MEMSOL - Find member-end-forces 
corresponding to displacements from frame 
solution, by nonlinear member solution. 
Finish computation for joint equilibrium 
errors by subtracting member-end-forces 
from joint equilibrium errors calculated above. 

7500 

Compute number of joints not 
in equilibrium NJTNC 

Yes No 
----~~N~J~TN~C~~O~--~ 

PRINT "All joints converged 
at end of frame iteration 
NITFII 

PRINT "NJTNC joints not 
converged at end of 
frame iteration NITF" 

Yes 

MNITF is the maximum 
number of frame 
iterations allowed. 



Search for 
independent 
problem 

Yes 

( GO to 9800J 

No 

PRINT Table 8 (joint Dis­
placements and Reactions) 

CALL PRINT9 - PRI NT I 
Table 9 (Member Results) 

PRINT Table 10 (Joint 
Equilibrium Errors) 

NJNC > 0 or NMNC > 0 
No 

191 

NMNC is the num­
ber of members 
not closed 

Next iteration 

GO to 1010 Return for 
next problem 
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SUBROUTINE FORMST Subroutine FORMST 

Yes (NITF 
I called by FRAMSl 

> 1 ITYPE = 
2>-ll 

or 

For each Read DO for I = 1. MPZ) 
Tape 2 Member 

I station 

DX, DY, 
Displacements 

IDX(I) - DY (I) - DZ(I) = 0.0") 
DZ J 

'" ,-----iDO for I - 1.MP2) Do for each station , 
1 , 

\ 

'- ERX(I) - ERY (I) = ERZ (I) = 0 I Zero s ta tion 
I equilibrium errors 

( 
No "INLOPT i' Yes 

1 r NCDST -
0' Yes 

./ 1 Call NLSS -

Discretize Call DISCST -
Da..scretize member q-w curves 

prismatic Discretize linear to station values of resistive 

member stiff- stiffness data, 
spring force and tangent 

ness data F, AE F,AE,SX,SY,SZ spring stiffness 

\ J 
2500 

Y 
Store member-end- l 
restraints STI - ST6 

SX(1) - 1.OE + 99 
SY(l) = l.OE + 99 

Set end restraints 

SZ(1) = l.OE + 99 
equal to large value 

SX(MPl) = l.OE + 99 
to enforce unit 

SY (MP1) = l.OE + 99 
increments of end-

SZ (MPl) = loOE + 99 
displacement 

I 
Zero pinned end 
rotational 
restraints 

I 
~ - DO for six member-end-displacementsJ 

I 
I 

Set appropriate equilibrium error equal 
to 1.OE + 99 to enforce unit increment 
of member-end-displacement 

T 
II Call GRIP2A - Solve member for J] 
unit increment of end-displacement 

I 

I[call MEMENI - Find incremental 
end-forces on member 

I 
'- - - - - - - - - - - CONTINUE 

I 
( RETURN) 



SUBROUTINE DISCST 

I ,-- DO for I - I MP2 ) 

I 
I SX(I) - SY(I) - SZ(I) - 0.0 ,- F(I) =: AE(I) ~ 0.0 

SQX (1) SQY(I) 
= SQZ(I) cc 0.0 

ICOUNT - 0 
NC52T = NC5lT - 1 + NCDST 

II = NC5lT - 1 

1050 

II - II + 1 
XL = XlS(II) 
XR :::: XRS(II) 
FLT :::: FL(II ) 
AELT = AEL(II) 
SXLT SXL(II) 
SYLT = SYL(Il) 
SZLT = SZL(II) 

Yes XR - 0.0/ No 

II = II + I Variable stiffness 
XR = :::: XRS (II) section, read data 
FRT == FL(II) from next card 
AERT = AEL (I I) images 
SXRT =: SXL(II) 
SYRT = SYL(II) 
SZRT SZL(II ) 

\. lllO 

Yes ICOUNT - 0 No 

III = 21 First section III Xl = TH of members Xl 
stiffness 
data 

Yes XR - ZL 
No 
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DISCST called by 
FORMST, FO 
MEMSOL 

Zero dis 
member s 
terms 

Read dat 
card ima 

FRT - FLT 
AERT =: AELT 
SXRT =: SXLT 
SYRT = SYLT 
SZRT :::: SZLT 

I 
- 12 + 1:1 
= TH - X2 

J 
I 

RMLD, 

cretized 
tiffness 

a from one 
ge 

Uniform 
stiffness 
section 

~I2 = MPI Last section ZI2 :::; XR7TH + 1:0- Interior 
section x2 ::::: 0.0 of members 12 ::::: ZI2 

stiffness X2 :::: XR - I2~'~TH + TH 
data J 

I 
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I 
INQ - 12 - III 

CALL LlNSTF - Distribute 
FII stations 11 to 12 

CALL LINSTF - Distributell 
AE stations 11 to 12 

Yes 
SXLT = 0.0 and SXRT = O.O~ 

( 
CALL LINLD - Distribute 
SX Stations 11 to 12 

I 
Yes 

SYLT = 0.0 and SYRT - O.O~ 

CALL LINLD - Distribute 
SY Stations 11 to 12 

Yes 
~SZLT - 0.0 and SZRT - O.O~ 

CALL LINLD - Distribute 
SZ stations 11 to 12 

1330 
(CONTINUE) 

Return for 
next section rX2L = X21 
of data 

Yes < II < NC52T >--") 
No 

( 9900 
(CONTINUE) 

(RETURN) 

No 

No 

No 

Distribute bending 
stiffness 

Distribute axial 
stiffness 

Distribute axial 
restraints 

Distribute lateral 
restraints 

Distribute 
rotational 
restraints 



SUBROUTINE LINSTF 

Firs 
of m 
stif 
vari 

Line 
of s 

I Yes 
<XL 

( 
t section IX2L - 0.0 
embers STT2 = 1.0 
fness ~ 
ation I No STR 
ar variation 
tiffness 

Compute slope of stiffnessj 
variation (OS) 

Compute effective stiffness of 
first element in section 
considering jump in stiffness 

r­
I 
I 
I 
I 
I 

IIlPl - II + 1 I 
IlPNQ = 11 + NQ 

I 
DO for I - IlPl, IlPNQ) 

1 
Compute stiffness at 
midpoint of remaining 
NQ elements 

I 1250 
'------ CONTINUE) 

l 
I 

0"-

STL 

1800 
( CONTINUE) 

I 
(RETURN) 

No 
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LINSTF called by 
DISCST 

Yes 
Uniform stiffness 

Compute effective stiffness 
of first element in section 
considering jump in 
stiffness 

[IlPl - II + 1 I 
llPNQ = 11 + NQ 

r- OO for I - IlPl, IlPNQ) 
I 
I 
I jset stiffness equal tol 
I uniform value 

I 
'-----

1350 
CONTINUE) 
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SUBROUTINE LINID 

slope Compute 
of linea 
variation 

lDQ - (QR - QL)/(XR - xL)] 
r 

DQ 
~Q2 = QR ~:J 
Q I = QR - DQ~'~X2 

Yes / ABS(QI + Q2) - I.OE-IO No >-) 
( 

Z - XL + (XI/3. 0 )~'< (2 • 0~'~Q2 + 
QI)/(QI + Q2) 

QI = 0.5~'~X2-J'(QI + Q2) 

IlCALL CONID-II 

"'" 
~QI - QL I 
Q2 = QL + DQ-,',XI 

Yes I 
<. ABS (QI + Q2) < 1.0E-IO ~N o 

r 
Z .- XL + (xI/3.0)''«2.0-J'Q2 + 

QI)/(QI + Q2) 
QI = 0.5~'<X2-J'(QI + Q2) 

~ CALL CONID II 

Yes ,@ 0>---] 
No 

I' 

r 
,- - -- DO for II = I, NQ) , 

r QI - Q2 I 
Q2 = QI + DQ>'."TH 

Yes I 
/ ABS (QI + Q2) < 1.0E-IO 1i) , 

I 
Z XX + (TH/3 .0)~'~(2 .0'\-Q2 + 

Q 1) I (Q I + Q2) 
QI = 0.5*TH~"(QI + Q2) 

, "1 1990 .. -------- CONTINUE) 

~ 
(RETURN) 

I 

LINID ca lled by 
DISCID, DISCST 

Compute concentrated 
load or restraint 
for element at right 
end of section QI, 
distance to line of 
action Z and call 
CONID to distribute 
to adjacent stations 

Same as above for 
element at left end 
of section 

Same as above for 
remaining NQ 
elements 

(XX is distance to 
left of element 
from the ''From'' 
joint) 



SUBROUTINE GRIP2A 

• h - i DO for J _~=--=L-.;;.----" , 
I 

: CALL FSUBl - To obtain 
stiffness matrix 
coefficients SU and 
load term F for Jth 

Icompute increments in 
displacements W by 
r e cur s ion E' q ua t.~i~o~n_---J 

I 
(RETURN) 

GRIP2A called by 
FRAMS1, FORMST, 
FORMLD, MEMSOL 

FSUBl calls FSUB21 to 
furnish SU and F for 
frame solution or 
FSUB22 to furnish SU 
and F for member 
solutions 

197 
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No 
Skip for every 
2nd and 3rd row 

SUBROUTINE FSUB21 

l300 
I JTN - (Jl4 - 1)13 + If 

J14 - 3~ JTN - 2 

( 

Yes 

FSUB21 is called by 
FSUBl 

Compute joint number for 
which equations are being 
formed 

) 
Form stiffness matrix 
three rows at a time SSL 

- ------ DO for I = 1, NM) , Each member 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No 
r Member intersects at jOint~ 

r 

''From'' joint 
at JTN 

Form member transformation 
matrix DC and its transpose 
DCT 

Yes JT2(l) = JTN 

Form SMM wh1ch adds to 
diagonal of structures 
stiffness matrix at JTN 

Form FMM which adds to 
structure load matrix 
at JTN 

2500 

Transform SMM to structure I 
coordinates SMS 

Transform FMM to structure I 
coordinates PHS 

FSS (1) = FSS (1) - FMS (1) 
FSS(2) "" FSS(2) - FMS(2) 
FSS(3) = FSS(3) - FMS(3) 

LS5Lil~l) -55L(1,1) + ~MS(l.l.llJ 
I SSLO ,3) - 58L(3,3) + 8SL(3 ,3) 1 

No 

"To" joint 
at JTN 

Form SMM which adds to 
diagonal of structures 
stiffness matrix at JTN 

From FMM which adds to 
structure load matrix 
at JTN 

Two calls to MATM33 

One call to MAna 1 

Add in (Subtract) FMS 
to structure load 
matrix FSS 

Add in 8MS to structure 
stiffness matrix SSL 
only symmetrical terms 
required for diagonal 
submatrix 
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Skip for submatrices 
to left of diagonal 

Yes / JTN > JTl (1) and JTN> JT2(1)>---- No 

''From'' . . [ 
No "To" joint ]01nt r JT2 (I) JTN ...... 

at JTN ~ at JTN 

Form SMM which Form SMM which 
goes to right of goes to rigLt pf 
diagonal in structure diagonal in structure 
stiffness matrix stiffness matrix 

) 
I" 

ITransform SMM to structure Two calls to 
coordinates SMS MATM33 

lSSL 1, lSTP) ;:: SMS (l1-U.I Place SMS in 
ISSL:~, lSlP + 2) - SMS(3,3)1 structure st iffness 

matrix SSL 

~----------. 
3500 

CONTINUE) 

Call JNTSPR - Find tangent stiffnesses 
,and resistive forces in joint springs 

Add joint loads and resistive spring I 
forces to structure load matrix 

Add linear and nonlinear spring stiff-I 
nesses to structure sti££n2ss matrix 

Shift structure stiffness 
matrix SSL 

4000 

Form one row of structure 
stiffness matrix SU4 from 
SSL and load FF from FSS 

No - 0.0>] Yes ~ SU4(l) Zero on diag 
displacement 

onal 

lSD4(1) ;:: 1.0
1 

undefined 
FF ;:: 1.OE+99 

) 
Y 4500 

(CONTINUE) 

(RETURN ) 
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Sk 
bu 
el 

Non 11 
stres 
curve 

Skip f 
all bu 
first 
elemen 

SUBROUTINE FAE 
I Subroutine F Yes 

I > 2 
No 

l 
called 

AE 
EMST, by EL 

ip for a 11 ELEMFO 
t first Compute number of rigjd 
ement 

elements and number of 
linear elements at ends 
of members 

) 

Yes 
"INLOPT l~ 

near Compute thrust and bending moments 
s-strain and incremental force-defo:rma t ion 
s matrix for element with linear 

stress-strain input 

I 
Multiply values by 10 for rigidl 
elements 

Yes No I 
I > 2/ (GO TO 4100) 

or 
t 

Compute section properties and stress-strain 

t curve at "From" j oint and di fferencp in these 
properties between "From tt and "To" j oi n t 

) 
I 

Determine if element is rigidl 
(IR = 1) or linear (IE = 1) 

I 
EP = DEL7A/TH 
CURl = TAUlITH 

Compute axial 

CUR2 = TAU2/TH 
strain and curvature 

I 
Izero thrust and bending 
and stiffness terms 

momentsl 

I 
r------- DO for J = 1,NCDAT For each piece in sectio n 

I 
I 
I 
I 
I 
I 
I 
I 

INPp 
( 

= 

I 
Icompute section properties and 
strain curve at mid-element 

stress-I 

No I Yes 
/Pipe piece) 

'\ 

11 CALL PIPE - Subdivide pipe 
piece into NPP equivalent 
rectangles 

) 

r 
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I 
- DO for I = 1,NPP For each piece in section 

I 
CALL FAEJR - Compute axial 
thrust Tl and bending moment 
~Ml and stiffness terms AEl, 
Ell, AEYI at locations of first 
discrete hinge in element (for 
one input rectangle) 

I 
Accumu la te Tl, BMl, AEl, Ell, AEYI ~ 

I 
CALL FAEJR - Compute axial 
thrus t T2 and bending moment 
BM2 and stiffness terms AE2, 
EI2, AEY2 at loca tions of first 
discrete hinge in element (for 
one input rectangle) 

I 
Accumulate T2, BM2, AE2, EI2, 

I 

1 T = 0.5(TI + T2) )1 

AE(I) = 0.5(AEl + AE2) 

I 
Compute incremental 
force-deformation 
matrix for element 

I 3900 ----- CONTINUE 

I 4000 --- CONTINUE) 

I 4100 
(CONTINUE) 

J 
(RETURN) 

AEY21 

A 
a 

verage thrust and 
xial stiffness 

• 



• 
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B 

+ 0 

y 

SUBROUTINE FAEJR 

(b) Strain diagram. (d) Stress 
diagram. 

Subroutine FAEJR 
called by FAE 

00(NN3) 

OO(N) 

00(1) 
'-"--"-...... 

(e) Subrectangles. 

(a) Input rectangle. SIGT(K) ..,c----o NPT 

EPST(K) 

2 

(c) Stress-strain diagram. 

Compute strain and y distance to top 
and bottom of input rectan le 

200 

Yes No 
EPB ~ EPl' 

Yes 

Positive curvature - reverse 
top and bottom (R = -1.0) 

For all points on 
stress-strain curve 

No 
EPB ~ EPST(K) >---_ 
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I 
I NNP '" NN1 + 1 I 

Yes I No 
/NNP>NPf~ 

For re , ------------- DO for K . NNP, NPf) • points 
I 
I Yes No 

maining 

r 

I "EPf > EPS T (K) >---"] I ( I , 400 ,- CONTINUE) I NN2 = K I 
.1 

I NN2 = NPf + 1 I 
r Compute number of I NN3 '::- NN2 - NN11 subrectang1es 

'I Zero thrust, bending 
andstiffne~s terms 

moment] 

Yes I No 

( 
/NN3' -0 1" 

~ 

I~~;culate 
whole 

properties I 
rectangle 

1calculate properties 
first subrectangle 

for I 
I 

Icalculate properties 
last subrectangle 

for l 
Yes I 

2~ No /NN3 .. 

Calculate properties 
for remaining sub-
rectangles 

4000 J 
Y 

,. - - - - - -I DO for ,. , 
N = 1, 'NN3) For each subrectangle 

I 
, I 
I 

I' CALL CURVE - Calculate slope 
I of stress-strain curve over 1 
I subrectangle E and stress at 
.1 its centroid SIC I 
I 
I 
I 

Compute and accumulate for all I 
I subrectangles. thrust T, bending 
I 
I mOtnent BM and stiffness terms 
I EA, EI, AEY I 
I 
I 5000 
I 

CONTINUE) '- - - - - - - --
I 

(RETURN) 
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SUBROUTINE FORMLD 

FORMLD 11 d 
I 

ca e 

No 2' Yes 
by FRAM51 

ITYPE = '/ l 
Store member-end-forces 

• from last problem as member-
end-loads QT1 - QT6 

.J 

Yes I No 
( 

NCDLT 0 

IDiscretize uniforml CALL DISCLD -
member loads . Discretize general 

l member loads 

3000 J 
I r-- DO for I = 2, MP1) 

For each element 
I 

I CALL ELEMFO - Find forces on 
end of element in element's 

I present position 

I I 
I Start computation for station 

equilibrium errors by adding 
I adjacent e1ement-end-forces 

I at stations 

l I 
"'---- CONTINUE) 3400 

I 
( --- DO for I = 2, M) 

I For each 

I Complete computation of interior 

I station equilibrium errors station 

I 
by adding in resistive 
spring forces and loads 

I I '""---- CONTINUE) 
3650 

I 
IRepeat above for end-stations I 

I 
Find increment of member-
end-loads QT1 - QT6 by 
adding on station equi 11 br i urn 
errors 

I 
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I 
CALL GRIP2A - Solve member 
for increments of member 
loads (station equi librium 
errors) 

I 
CALL MEMENI - Find 
incremental fixed-
end-forces on 
~ember 

f 
( RETURN) 
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QX 

QY 

Q2 

SUBROUTINE DISCLD 
DISCLD called by 

I FORMLD, MEMSOL 
, -- - -- DO for I - 1, MP2) 
• 
I 
I 
\ 
'--1QX(I) = QY(I) = QZ(I) = 0.0 I Zero di.screte 

INC62T - NC6lT - 1 + NCDLTI 
II = NC6lT - 1 

II = II + 1 
XL = XLL(II) 
XR = XRL(II) 
QXLT = QXL(II) 
QYLT = QYL(II) 
QZLT = QZl(II) 

Yes 
XR 0.0 No 

r 
II = II + 1 Variable load 
XR = XRL(II) section read 
QXRT = QXL(II) data from 
QYRT = QYL(II) next card image 
QZRT = QZL(II) 

l 1110 

Yes T No 
XL XR 

Concentrated 
loads call 

H CALL CONLD n CONLD to dis-
tribute to 
adjacent stations 

ICALI CONLD R 

nCALI CONLD I 

I 
II < NC62T.>-j 

r 
(RETURN] 

member station 
loads 

Read da. ta from 
one ca rd image 

QXRT = QXLT U 
QYRT = QYLT 1 
QZRT = QZLT s 

niform 
oad 
ection 

Distrib uted 
loads 

ICompute II, 12, NQ I 

IICALL LINLD - Distributel 
QX stations II to 12 

I~LL LINID - Distributel 
QY stations II to 12 

IICALL LINID - Distributel 
QZ stations II to 12 

J 
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SUBROUTINE MEMSOL 

I 
MEMSOL ca lIed 

No 1"' Yes 
by FRAM51, 

(INLOPr PRINT 9 
No ( 

~ 

:/ 

Yes 
rNCDST -- d.,... 

1 
Discretize CALL DIS CST -
prismatic Discretize linear Nonlinear stiffness 
member stiff- stiffness data F, data - discretized 
ness data F, AE AE, SX, SY, SZ for each iteration 

'" y 

IStore linear member-end- I 
restraints, STI - ST6 

\. 2500 r-Yes No 

( 
/NCDLT 0 

1 
IDiscretize uniform I CALL DISCLD -
member loads Discretize general 

l member loads 
) 

y 

IStore 
loads 

member-end-I 
QTI - QT6 

Yes 
2~ /NITF > I or ITYPE 

For eac Read .. - - - -~ DO for I I, MP2) Member , station Tape 2 I 

Displacements I 

DX, DY, I 

'-, DX (I) c DY(I) DZ (I) 0.0 
DL 

h 

Y 
Set equilibrium errors at end 
stations equal to increments 
of member-end-displacernents 
times I.OE+40 

3500 
No INLOPr c I "- Yes 

~ 
CALL NLSS - Discretize member q-w 

Linear stiffness curves to station values of resistive 
data, discretized spring force and tangent spring 
above stiffness 

I 
I Store nonlinear 
end-restraints, 

member- I 
STI - ST6 

) 
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I 
3505 

Set member-end-restraints equal to 
I.OE+40 to enforce increments of 
member-end-displacements 

I 
Iset equilibrium errors at interior 
stations equal to zero 

I 
,- - - - - - - - - - -~ DO for I "" 2, MPI 

For each I 
CALL ELEMFO - Find forces on element 

end of element in element's 
present position 

1 
Start computation for station equilibrium 
errors by adding adjacent element-end-
forces at stations 

I I 
,------------- CONTINUE) 

I 
,---- ---------100 for I 2, M ) For each 
I I 
I interior 
I Complete computation of station station 
I equilibrium errors by adding in 
I resistive spring forces and loads I 
I I I 3800 
\ 
'- - - - - - - - - - - - - -- CONTINUE) 

I 
Print displacements and station equilibrium 
errors at first interior stations away from 
"from" and "to" joints and at center 
station for monitor members 

I 
, .",.----------- DO for I =c I, MPI ) For all stations 
I 

I I No Yes I /Equilibrium errors > tolerance I ( I .1 
I "1 3825 
\ 

~- - - - - - - - - - - - - --1 CONTINUE ) 
J Yes No 

Member 
solution 

NITM(JJ) > MNITM>"--J 
Maximum number of 

converged member iterations r exceeded 
IICALL GRIP2A - Solve member for II 
linear increments of displacements 

I 
Iset c?n~rolsl I Increment member displacement I 
for w1r1ng I J 



Zero station equilibrium errors 
at member-end-stations 

CALL MEMEND - Calculate member-end­
forces in its current position 

CALL ADJTER - Transform member-end­
forces to structure coordinates and 
complete computation of a joint 
equilibrium errors 

Store member-end-forces as incremental 
fixed-end-forces to calculate 
incremental fixed end forces in next 
problem 

Next iteration 

Store member 
displacements 

209 
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No 

SUBROUTINE JTCORD 

PRINT Table Heading 

No 
NCD2 = 0 Yes 

= 1 Yes 

All new da a 

Holding data ,- - DO 1 MNJT 
~~~~~--~~~ 

Initialize all 
joint coordinates 

JTCORD called 
by FRAM5l 

No new data 

DY, TOL READ and PRINT NJT 

1240 

, - - - - - - - - - - - - DO for N2Ml 
~~~~~~~~~J 

For remaining cards in Table 

READ Jl, DX, (J2(II), II = 1,7) 

PRINT Jl, DX, DY, (J2(Il), II :0 1, NJNZ) 

, - - - - - - - - - - DO for I I = 1, NJNZ 

I 

I Joints 
I located 
I I previous ly 
I check for 
I error 
I 

No 

XT = 
YT 

X(J2Il) > 1.OE50 

ERX = ABS(X(J2II) - XT) 
ERY = ABS(Y(J2II) - YT) 

Yes 

NJNZ is number of 
joints specified on 
one card 

Compute temporary 
values of coordinates 

Joint not 
located 
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I 

I 
I 
I 
I 
I 
I 
I 

No ERX > TOL or ERY > TOL Yes 

I 
I 
I 
I 
I 
I 
I 

Average 
coordinates 

'-----------

4500 

9800 

Joint not located Yes 1. OE50 or Y (I) > 1. OE50 )---=-:;;;..;;;...--..... 

Print joint 
coordinates 
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SUBROUTINE MEMLOC 

PRINT table heading 

~ C-- DO for I = 1, MNST ) 

DXS(I) = DYS(I) ! 1.0*E50j 

1 

C-DXL(I) 

DO for I = 1, MNLT ) 

I 
= DYL(I) = 1.01*ESOI 

1 
Yes " KEEP3 1 ...... 

y 

No 
"\ 

Subroutine MEMLOC 
called by FRAMS1 

Set offsets for 
stiffness types 

Set offsets for 
load types 

! NM = 01 
NM is number 
of members 

J 
IREAD and PRINT NST NLT, MI Read first card in 

I 
I 

I 
---- DO for JJ = 1, N3M1 ) 

I 
lREAD J1, ISTT, LTT, (J2 (II) , 

I 

table 

For second and 
succeeding cards 

II = 1, 10)J of Table 3 

I 
I 

IPRINT J1, ISTT, LTT, (J2(II), II = 1, NJNZ~ NJNZ is number of 

I ( 
1 I 

t I 
I I 

No 

I 
00 for I - 1, NJNZ ) 

. I 
KEEP3 :: 1.) 

r-------
t 4400 ( 

No 

\.. CONTINUE) 
) 

4425 
I t 
I I 
I I 
I I 

INM = NM + 11 !IST(K) = ISTTI 

J11 (NM) = J1 
JT2(NM) = J2II 
IST(NM) = ISTT 
LT(NM) = LTT 

\. I I 
LL -----

LT(K) = LTT 

4900 
--- CONTINUE 

I 

members specified 
on one: card 

Yes 

I 
DO for K = 1, NM) 

I Yes 
/' "0 .. " Id member . /' 



,--------- DO for 1= 1, NM 

I 
I 

DX = X(J2I) - X(Jl) 
DY = Y(J2I) - Y(Jl) 
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For each member 

Compute offsets 

+ 
I 

No __ --'-_--::-, 
--- Yes = 0 >-------=:..;::.::-::---:------_ ISTT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No 
DXS(ISTT) > l.O*ESO 

ERX = ABS(DXS(ISTT) - DX) 
ERY = ABS (DYS (ISTT) - DY) 

Stiffness type 
repeated, check 
for similar 

ERX or ERY > TTOL 

No 

Average old and new 
offsets 

No 

ERX or ERY > TTOL 

old and new 

orientation 

Yes 

PRINT 

No ~_-,-----.:6l 00 
LTT ;;:: 0 

Yes 
DXL(LTT) > 1.O+ESO 

- DX) 
- DY) 

Yes 

Load type 
repeated, check 
for similar 
orientation 

L _____ _ 

Null member stiffness 

Yes 

Yes 

First time this 
stiffness type 
encountered in 
this problem. 

Null member loading 

First time this 
load type 
encountered in 
this problem. 

= DX 
= DY 
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.­
L_. 

.­
L_ 

DO for I = 1, NST 

Compute maximum difference 
in connected joint numbers 

9800 

PRINT member numbers, 
"From" and ''To'' joints, 
lengths and offsets 

9900 

For each stiffness 
type 

For each load type 



SUBROUTINE JNTDAT 
I 

No ITYPE 2' Yes 
/ 1 

( 
DO for I 

I I ERXX(I) 

Subroutine 
called by F 

1, NJT) 

QXX (I) Set equili 

JNTDAT 
RAM51 
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I ERYY(I) -- QYY(I) errors equ 
brium 
a1 to 
loads I ERZZ (I) QZZ (I) old joint 

l I 
1110 -- CONTINUE 

Yes 
1 

o )NO NCD4A 
I 

READ and accumulate joint 
loids and linear restraints. 

N o new data Echo PRINT data and PRINT 
accumulated data 

J 
I 

( 
NO( ITYPE c= 2)Yes 

"'\ 
DO for I 1, NJT) - DO for I 1, NJT 

( 
I I ERXX(I) QXX(I) ERXX(I) QXX (I) - ERXX (I) 

ERYY(I) QYY(I) I ERYY(I) QYY (I) - ERYY (I) 
ERZZ(I) QZZ(Z) I ERZZ(I) QZZ(I)-ERZZ(I) 

( 

l T 

I 
I 
I 
l -- CONTINUE --- CONTINUE) 3600 

l J 

Yes 
I 4865 

/ NCD4B := 0) N~ 

READ Q-W curve numbers and 
N o new data multipliers. Echo PRINT data 

and PRINT accumulated data 
J 

Yes 
I f.Rfl') 

(NCD4C '" O~ 

N o new data READ and echo ~ 
PRINT Q-W curves 

Table 4C 

7 

I 7500 

Check to see if all curves referenced 
in Table 4B are input in Table 4C 

I 
( RETURN 

Table 4A 

Table 4B 
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Yes 
No new data 

SUBROUTINE RDMST 

1, NST 

Stiffness type 
previously input 

Prismatic linear stiffness 
member (one card) 

Yes 

Subroutine RDMST 
called by FRAM5l 

Do for each 
stiffness type 

No 

READ and echo PRINT 
changes in non­
prismatic linear 
stiffness data 

READ and echo PRINT cross 
section, q-w curve numbers 
and q-w multipliers for 
members with nonlinear 
stiffness data 

,.----'----' 900 

READ and echo PRINT Table 58 cross section data 

7300 

READ and echo PRINT Table 5C 
stress-strain curves 

READ and echo PRINT Table 5D 
q-w 

Table 5A 
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SUBROUTINE RDMLD 
Subroutine RDMLD 

I 
t' No 

called by FRAM5l 
rKEEP6 

'" 
Do for all -- DO for JJ = 1, NLTL) 

r old load types 

I READ loads, type and "-

I percent increase in 

I loads echo PRINT da ta 

I 
I Increase a 11 loads by this 

percentage (p '"' percent 

I and q = old load) 

I p 
q = q (1+ 100) 

I 
\ ---- CONTINUE 

I 
I 

---- DO for JJ = 1, NLT) For each load type 

Yes Load type pre-~ 
viously defined 

( 

READ and PRINT firstl 
card of load da ta 

rNCDLT 
Yes > 0 "-

Uniform 
loads only Variable 

loads 

Ll 
IAXOPT -, 4J 2 3 

L, { { 
I 

INO chan~1 Convert uniform Convert uniform 
in loads loads to directions loads to directions 

of member axes and intensity of 
member axes 

) 

00 for II = 1, NCDLT) For each card 

I 
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I 
I~EAD and PRINT one card of non-I 
uniform load data 

Convert distances tol 
member coordinates 

2800 
Check for illegal datal 

Yes No (IAXOPr = 1) 
I 

r 
Yes ./ IAXOPr co 2 or '\.......N2.. 

concentrated load 1 
INO changel Convert distributed Convert distributed 
in loads and concentrated loads to directions 

loads to directions and intensity of 
of member axes member axes 

) 
2950 

(CONTINUE) 

4500 

'------- CONTINUE) 

"1 4900 
---------- CONTINUE 

INLTL ~ NLTI 

C RETURN) 
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GLOSSARY OF FORTRAN NOTATIONS 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



C-----~OT.TICN 

C 
fOR fRAME 51 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
r 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

A 
AE { { 
AEL! { 
AEL T 
AE,ll 
AETT2 

AEv 
AEv!>AEV2 

AEt. AE2 

ALBE 
AlS 
ANU ). AN21 ) 
APROa 

B 
!H • 
eeL( 
BES 
ell • ) 

8M 
al1L. aMk 

8MI. BM2 

8T I • ) 
COSCOS 
COSI 
COSI~I 

'cOST 
CUR 
CURl. CURl 

01 • { 
DA( ) 
DAE 
DBCL I 

DCI • 
DCL 
OCT! • { 
DCl. DCl 
DCIlI ). DCllI 
OCI::'I ). DC2S{ 
DO 
DOCL ( 

0015 
Oox 

OD~ 

14 JUL~ 1971 

CROSS-SECTIO~AL AHEA 
AREA TIMES MODULUS Of ELASTICIT~ 
VALUES Of AEI ) AT EDGES Of SE(TIONS 
VALUE Of AEI { AT LEfT {START{ Of SECTION 
VALUE OF AE ( { AT RIGHT (END) Of SECTION 
~ALuE Of AE ( { AT MIDDLE Of PART IAL 
ELEMENT ON RIGHT (END) Of SECTIO" 
SUMMATION Of A-E-Y fOR ALL SUBRECTANGLES 
AEY AT fIRST AND SECOND DISCRETE 
ROTATIONAL SPRINGS IN ELEMENT 
AEI ) AT fI-ST AND SECOND ROTATIONAL 
SPRINGS IN ELEMENT 
DCI-DC2 
DCI-DCl 
ALPHA-NUMERIC IDENTifIERS 
ALPHANUMERIC CHECK fOR DUMP Of TEMPOR.RY 
PRINT::. 
wIDTH or RECTANGLE OR 00 Of PIPE 
ELEMENT DEfORMATION-DISPLACEMENT MATRIX 
BI ( • ) AT LEfT OR fROM JOINT 
DC2-0C2 
wiDTH Of RECTANGLE OR 00 Of PIPE INPUT 
fDk X-SECT NUMBER 
~["DING MOMENT 
BENDING MOMENT AT LEfT ANO RIGHT ENDS Of 
ELEMENT 
BENOING MOME"TS AT fIRST AND SECOND 
RDT.TIONAL SPRINGS IN ELEMENT 
BENDING MDME~TS AT fIRST AND SECOND 
ROTATIONAL SPRING Ik ELEMENT STORED fOR 
ALL ELEMENT, 
TRANSPOSE Of B! • I 
COSI • CO::'IMI 
COsl~E Of ROTATION Of ME"BER AT STATID~ 
COSINE or kOT,TION Of ME~BER AT STA IMI 
COSI"E !IHET Al 
CIJRVATUR. 
CURVATURE AT fikST AkD ,ECOkO ROTATIONAL 
SPRINGS IN ELEME~T 
ELEME"T fvRCE-DEfORMATIOh I1ATRIX 
AREA Of SUB RECTANGLE 
AE Of 5UBRECTANGLE 
CHANG~ IN 81t • I BETwEEh fROM AND TO 
JOI~T; DIVIDED Py ~ 
~ATRI. Of DIRECTION COSI~ES 
011 • ) AT LEfT OR fROM .0INT 
TK.~SPOSE Of OCt • I 
DIRECTION COSINES 
DIRECTION CO~INES fOR lOAD TyPES 
OIRECTION COSINES fOR STiffNESS TYPES 
OEPTH Of sueRECTANGLE 
CHA~GE IN DI( • ) ~ET.EE~ fkOM A~D TO 
JOlkTS DiviDED BY M 
DISTANCES BETWEEt. MEMaE~ OUTPUT STATIONS 
DlffE~ENCE IN HORIZONTAL DISPLACEMENTS 
Of ENOS Of ELEMENT 
DlffEkENCE Ih ~ERTIC.L DISPLACEMENTS Of 
ENCS Of ELEI1ENT 

14JLI 
14JLl 
14JL 1 
14JLI 
14JLI 
14JLI 
14JLl 
14JLI 
14JlI 
14JLl 
14JLI 
14JLI 
14JLl 
14JLI 
14JLl 
14JLl 
14.)LI 
14JLI 
IIo')L I 
14')LI 
14JLI 
14.)LJ 
14.)LI 
14')LI 
14JlI 
I4JLI 
14JLI 
14JLI 
14JLI 
14JLJ 
hJLI 
14JLJ 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLl 
14JLI 
14JLI 
14JlI 
14JLI 
14JLl 
14.JLJ 
14JLl 
14JlI 
14JLI 
14JLI 
14JLl 
I4JLI 
14JLI 
14JLI 
14JLl 
14JU 
14JlI 
14JlI 
J"JLI 
14JLI 
14JLI 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

" C 
C 
C 
C 
C 
C 
C 
C 

DEL 
OEL TA 
DEP5L( 

01 I • 1 

DIS 

DMn 

OMS! 

OP 
Ov 

OS 
OS!. ) 
OSIGLI • 

DT 
OTE 
0"( ) 

DA. 01 
OX ( ). 01 ( I .Dl ( 
OALI ). en ( I 
0'51 ). OYS! ) 
0." .. OH ( !. 
UlZI I 
OXXfII.,H " ). 
D~yMJI • I.OllMJ( • 
DAyZI ) 

CYCL { I 

Oll. 022 
E 
EA 
EI 
Ell. EI2 

EM ( • ) 
EP 
EP~.EPT 
EPC! ) 
EPTT 
EP,L( • I 

EPS" 
E"sT ! I 

EPSTS, I 
ERkLN 
E"RI.fRRZ 

LE~(,T~ Of ~t:CTIO~ Of MEMBER LOADING 
AXIAL DEfOkMATlO>' IN ELEMENT 
CHANGE IN STAIN HE TEEN CORRESPONDING 
POINTS ON ,TRESS-STRAIN CvRVES .T fROM 
ANe TO JOINTS DIVIDED EY M 
DEPTH Of RECTANGLE OR THICK~ESS Of "IPf 
INPUT fOR X-,ECT NUMHERS 
DIST'NCE FNO~ THE fWOM JOINT TO OUTP~T 
STAnUN 
MATNI. Of MEMBER-ENO-DISPLACEMENTS 
IN MEMBER COORDINATES 
MATRix Of MEMBER-END-DISPLACEMENTS 
IN STRuCTuRE COORDINATES 
DEPTH Of ~ECTANGLE OR THICHKNESS Of PIPE 
SLOPE Of LINEAR VARIATION IN LOADING OR 
ELASTIC RESTRAINTS 
CHANGE IN fORCE BETWEEN CORRESPONDING 
POINTS ON MEMBER ~UPPORT CuRVE AT fROM 
ANC TO JOINfS DI~IDED BY M 
SLOPE Of LINEAR STiffNESS VARIATION 
MATRIX Dl • ) STORED fOR ALL STATIONS 
C~ANGE IN STRESS BETEEEN CORRESPONoING 
POINTS ON STRESS-STRAIN CURVE ,T fROM 
ANC TO JOINTS DIVIDED BY M 
THRUST ON ONE suaRECTANGLE 
ANGLE CUT OUT BY RADIAL SEGMENT Of PIPE 
CMANGE IN OISPL.CEME~T V'L~ES aET.EE~ 
CORRESPONOING POINTS ON MEMBER SLPPORT 
CURVES AT fROM AND TO JOINTS DIVIDED BY M 
• AND Y OffSETS 
MEMBER STATION OISPLACEMENTS 
, AND Y Off~ETS fOR LOAD T'PES 
X AND Y OffSETS fOk STIffNESS TYPES 
JOINT DISPLACEMENTS 

14JL 1 
14JLI 
14JLI 
14JLI 
14JLI 
14JLl 
14JLl 
l"JLI 
14JLI 
14JLI 
I4JLl 
14JLI 
14JLI 
14JLI 
l"JL 1 
14~LI 

14JLI 
14JLl 
14JLI 
14JLI 
14JLI 
l4~Ll 

14JLl 
14JLI 
I4Jll 
14JLI 
14JLl 
l4JLI 
l4JLI 
14JLI 
I.JLI 
14JLI 
14JLI 
l4JLI 
14JLI 

DisPLACEMENTS STORED rOR MONITOR JOI~TS 14JLI 
I l4JLI 
DISPL.CEMENTS AT ALL STATIONS (A.IAL. 14JLI 
LATER.L Oh kCTATIONAL) 14"LI 
CHANGE IN 'CL( ) ~ETwEEN f~CM ANC TO 14"Ll 
JOINTS DIVIDED BY ~ 14"LI 
kOTATIONS AT ENDS Of ELE~ENT 14"LI 
MOOULUS Of ELASTICITY 14"LI 
AE { I 14"1l 
MOIIENT OF INERTIA TIMES MODULUS OF ELAS 14"1l 
EI AT fiRST AND SECOND ROTATIDNAL SPRI~GS 14~LI 

IN ELEMENT 14~LI 
STRAIN MULTIPLIERS 14"LI 
A'IAL STRAIN 14"Ll 
STRAIN AT TDP ANO BGTTOM Of kECTANGLE 14JLI 
STRAIN AT CENT~OID Of SUBRECTANGLE 14JLI 
TEMPO~ARY VALUE Of STRAI~ 14JLl 
STk"IN VALUES AT F~OM OR LEfT "DINT 14JLI 
5TkAIN AT TO OR RIGHT JOINT 14"LI 
STRAIN VALUES fOR COMP~ETE STkESS-SThAIN 14JLI 
CuRVE AT MID-ELEMENT . 14JLI 
SYMMETTRICAL PORTION Of EPST, ) 14JLI 
ERROk IN LENGTH Of MEMBER 14JLI 
MAXIMUM VALUEO SPEClfED fOR ABSOLIJTE 14JLI 
VALUE Of fO~CE AND MOMENT JOINT EQULIBR1UMI4JLl 
ER"OR::' 14JLI 
ERROR IN JOI~T COORDINATES OR MEMBER 14JLl 

N 
N 
...... 



C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C , 
C 
C 

EHX C ), ERY C ), 
E~ll ) 
ERXXI j. ERVYI I. 
ERU( ) 
ERU.MJI • I 
E~YYMJI .I.ERZZMJI 
f I ) 
HMI I 
ff 
fLI I 
fLT 
fMMI I 
fMH I I ) 
fMMT ( I 

fMs( ) 

PIT I I 
fOMM I • I 
fOMMTI I 
fRT 
fsSI ) 
FTI I. FTTI 
fTTZ 

flSI 

fZM I 

fZS I 

H 

HCU 
HOc 
HPC 
HPOEll 
HPCEZ 
HPDE21 
HPOE)I 
HPR 
HPRCI 
HPI<CZ 
HPREZ 
riPRS 
HPI<SI 
HPRSZ 
HSQ 
lABA" 
lA~OPLI 
IA)!.OPSI 
IA~OPT 
IC 
ICOUNT 

IDJ 

IE 
IfAE 

OFFSETS I'oJLI 
STATION EQUILIBRIUM ERRORS I'oJLI 

I'oJL1 
JOINT EQuILI~RIUM ERRORS I'oJLI 

14Jll 
JOINT EQUILIBHIUM tRRORS AT I'oJLI 

.1 MONITOR JOINTS I'oJLI 
MOMENT Of INERTIA TIMES MODULUS Of ELAS 14JLI 
MEMBER LOADS (STATION EQULlBRIUM ERRORS I 14JL1 
COEffiCIENT IN LOAO MAT~IA 14JLI 
VALUES Of f I I AT EOGES Of SEcTIONS 14JLI 
VALUE Of fLI ) AT lEfT (STARTI Of SECTION I'oJLI 
MEMBER-END-fORCES IN MEMBER COORDINATES 14JLI 
INCREMENTAL MEMBER-END-fORCES fOR MEMBER 14JLI 
INCREMENTAL MEMBER-ENu-fORCES DUE TO 14JLI 
END STATION SPRINGS IN STRUCTURE DIRECT 14JLI 
MEMBER-fND-fORCES I~ STRUCTURE 14JLI 
COORDINATES 14JL I 
TEMPORARy fORC£ MATRIX I'oJLI 
MEMBER fIAEO-ENO-fORCES I'oJLI 
MEMBER fIAED-END-fORCES fOR ONE MEMBER 14JLI 
VALUE Of fl ) AT RIGHT IENDI OF SECTION I'oJL1 
STRUCTURE LOAD MATRIX 14JLI 
TEMPORARY fORCE MATRICES 14JLI 
VALUE Of fl I AT MIDDLE Of PARTIAL 14JLI 
ELEMENT ON IIIGHT lEND) Of SECTlO" 14JLI 
MEMBER-END-fORCES AT fROM JOINT IN 14JLI 
MEMBER COORDINATES I'oJLI 
MEMBER-END-fORCES AT fROM JOINT IN 14JLI 
STRUCTURE COORDINATES I'oJLI 
MEMBER-END-fORCES AT TO JOINT IN MEMBER 14JLI 
COOROI NATES 14JLI 
ME~BER-ENO-fORCES AT TO JOINT IN 14JLI 
STRUCTURE COOROIN.TEs 14JLI 
ONE HALf Of ELEMENTS LENGTH I'oJLI 
H·~·H 14JLI 
H/Z I'JLI 
H • DELTA 14JLI 
I/~PO I'oJLI 
HPO·HPD I'oJLI 
I/HPDEZ 1'Jl.1 
HPDEZI/HPO 14JLI 
H • R I'oJLI 
HPR·COSIMI I'JLI 
HPR·COSI I'oJLI 
HPR·HPR 14JLI 
,",PR·HPR - 5·5 14Jll 
HPR·SINIMI 14JLI 
HPR·sINI 14JLI 
H·~ 14JL I 
fATAL ERRO~ fLAG 14JLI 
AXIS OPTIONS fOR LOAD TYP£S 14JLI 
AX IS OPTIONS fOP. STIffNESS TYPES 14JlI 
TE"POflARY VALUE Of A~IS OPTION 14JLI 
BACK~AROS COUNTER 14JLI 
If EQUAL 0. fIRST SECTIOh Of MEMBER LINEARI4JLI 
STIffNESS DATA 14JLI 
MAXIMUM DiffERENCE IN JOINT NUMBERS I'oJLI 
CONNECTED BY MEMBERS I'oJLI 
If EQUAL TO I. ELEMENT IS LINEARLY ELASTICI4JLI 
If EQUAL TO 0. CALL TO SUBROUTINE fAE 14JLI 
IS OMITTED AND STORED VALUES USED fOR I'oJLI 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

IHe 
IHSPI 
IH~I 

IMC I I 
IM.;I I 
IMM ( I 
IMI 
IPC 

IP) 
IP3M 
IPlMI 
INLOP I ). !NlOPT 
IOFL 
10FOPI J. IOPOPT 
IP 
IPINL( I. IPINlT 
IPINRI ). INPINRT 
IPI 
IPB. IP9. IPIO 
I" 
I,,[(T ( • r 

.I~.;I ) 

IS~ ( ) 

ISS( " ISST! " 
ISSTT 
IsT( ). ISTT 
ISTJR( ) 

IsTP 
Is,M 
ITESI-IT'[ST4 
!TYPE 
II. IZ 
IIPNQ 
IIPI 
JJ 
JMI 
JNTL 
JPl 
JTh 
JT\ ( ). JTI T. J 10 
JI/ 
JT. ( )0 JZI. JZII 
JI. JI'o 
Jil 

KASTER 

KEEPZ-KEEP7 
KEKE 
KOJI ) 

KOffC 

KOFFQW 

THRUsT.MOMENTS AND STlff~ESS TERMS 
IBAND_IDTH Of EQ - IIIZ 
lHe • 1 
IHA - I 
If EQUAL 
If EQUAL 
If EQUAL 
I - I 

TO I. MEMBER DID NOT CLOSE 
TO I. MO~ITOR JOINT 
TO I. MONITOR MEMBER 

14JL I 
14JLl 
14JLI 
14JlI 
14.Al 
14.JLl 
14JLI 
14JLl 

CO~TROL TO PRINT PARTIAL MEMBER REsULT~ 
fOR THREE MEM~ERS ON ONE SHEET 

14JL I 
14JU 
14JlI 
14JLI 
14JlI 

I • 3 
1 • 3*'" 
I • 3·(M-II 
NO~lINEAR OPTION fOR MEM8ER STiffNESS 
10PQFt ) fOR LAST MEMBER 
MEMBE" OUTPUT OPTION 
NUMBEH Of EQUIVALENT RECTANGLE 
PI~ AT LEfT (fROMI JOINT OPTION 
PIN AT RIGHT (TO) JOINT OPTION 
I • I 
PRINT OPTIONS fOR TABLES B. 9. 10 
If EQUAL TO I. ELEMENT IS RIGID 

DATAI4Jll 
14JlI 
14JlI 
14JlI 
14JlI 
14JLI 
14JU 
14JlI 

If BLANK. pIECE IS RECTANGLE-If EQUAL TO 
I. PIECE IS PIPE 

14JU 
14JlI 
14JLI 

If EOUAI. TO I. JOINT SUPPORT CURVE IS 
SYMMETRICAL 
If EQUAL TO I. MEMBER SUPPORT CURVE IS 
SYMMETRICAL 
If EQUAL TO I. STRESS-STRAIN CURVE IS 
SYMMETRICAL 
STIffNESS TYPE 
STiffNESS TYPE Of MEMBER JOINT SPRING 
IS REHRENCEC TO 
3·JZI • I 
If EQUAL TO I. CURVE IS SYMMETRICAL 
ALPHANUMaEklC CONSTANTS 
PROBLEM TYPE 
fiRST AND LAST STATION INSIDE sECTIOh 
II • NQ 
1\ • I 
MEMBER NUMBER 
J - I 
ERROR fLAG fOR JOINT NUMBER TO LARGE 
J • l 
JOINT NUM~ER 
fROM JOIl<T 

TO ,'OINT 
EQUATI ON NUMBEII 
ABSOLUTE VALUE Of DiffERENCE IN JOINT 
NUMBE"S Of MEMBERS 
If EQUAL TO I. PRINT ASTERIC ~Y JOINT 
TO INDICATE OISPALCEMENT Off JOI~T 
SUPPORT CURVE 
HOLD OPTIONS fOR TABLES Z-7 
CHECK fOR INDEPENDENT ~HOBLEM 
If EQUAL TO I. JOINT HAS SUPPORT CURVE 
LI MIT EXCEEDED 
If EQUAL TO I. CURVE DISPLACEMENT OR 
STRAIN LIMIT EXCEEDED 
Ir EQUAL TO 1. MEMBER SUPPORT CURVE L!~]T 
ExCEEDED 

14JLI 
14JU 
14JLl 
14JLl 
14JLl 
14JL\ 
14JLl 
14JLl 
14JlI 
14JLl 
14JLl 
14JLl 
14JlI 
I'oJLl 
14JLl 
1'o.'LI 
14JLI 
14JLI 
14JlI 
14JlI 
14JlI 
14JLI 
I_JLl 
14JLl 
14JLl 
14JLl 
14JLI 
14JLI 
14JLI 
14JLl 
14JlI 
14JlI 
14JLI 
i4JlI 
14JLl 
14.1Ll 
!4JL I 
14JLI 

I~ 

N 
N 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
e 
c 
e 
c 

KorrSE 

KOMJ! • 

IIR,IIL 

LT! hLTT 
LI • 1.7 
L 71011 
L 7M2 
1.7143 
M 

MOJT 
MHB 
M"BI 
MJ! I 
ML 
101M ( I 
141011 
MNCS 
MNCS 
MNC6 
MNE 
MNITF 
M"'J5 
MN.JT 
"NLe 
MNL T 
MNM 
MNPCS 
MNG~M 

"NST 
MNSS 
MPI 
MPZ 
MP22 
MPZ21 
NAI I 
NAL I ) 
NA~ ( ),NAPT 
NC 
NCOAt I, NCOAT 

NceL ( ). NCOL T 
NCOS ( ), NCOST 
NCOl·Ne07 
NCRS, NCR6 
NCSI( ), NCS 

NCSIT. NCSlT 

NC61 ( I. NC6 

NC61T, NC6H 

NE 
NEPTS( • ), NEPT( 
NEG 

NFSUtI 

IF EQUAL TO I. sTRESS-STR.I~ cuR~E LIMIT 
EXCEEDED 
If EaUAL TO I, MONITOR JOINT HAS SuPPORT 
CURVE LIMIT EXCEEDED 
INTEGERS fOR CORRESPONOI~G POINTS ON 
OPPOSITE SIDES Of SY""ETRICAL STRESS­
STRAIN CURVE 
LOAD TYPE 
OI~ENsION LIMITS 
L 7 •• I 
L7 - 2 
L7 - 3 
NUMBER Of ELE"ENTS IN MEMBER 
MAXIMU" VALUE PERMITTED FOR IDJT 
MMIMU" VALUE PERMIT"fEO FOR IHB 
"HB • I 
MO'ITOR JOINT NUMBER 
CO~TRO~ fOR MULTIPLE LOAD OPTION 
MO~llOR MEM~ER NUMBER 
II • I 
MAXIMUM NUMBER Of CROSS SECTIONS 
MAXI"UM ~ALUE PERMITTED fOR NCS 
MAXI"U" VALUE PERMITTED FOR NC6 
MAXiMUM NUMBER Of ELEMENTS PER MEMBER 
MAXI"UM NUMBER Of FRAME ITERATIONS 
MAXIMUM NUMBER Of NONLINEAR JOINT CURVES 
MAXIMUM ~ALUE PERMITTED fOR NJT 
MAXiMUM VALUE PERMITTED fOR NLC 
MAXiMUM VALUE PERMITTEO FOR NLT 
MAXiMUM VALUE PERMITTEO FOR NM 
MAXIMUM NUMBER Of PIECES IN CROSS SECTION 
M.xIMUM NUMBER Of MEMBER SOIL SUPPORT 
CURVES 
MAXiMUM VALUE PERMITTED FOR NST 
MA~IHUM NUMBER Of STREsS-STRAIN CURVES 
M • I 
M • 2 
1M • l)/l 
MP2(' - I 
CROSS SECTIO~ AREA NUMBER 
AREA NUMBER AT fROM OR LEfT .JOINT 
AREA NUMBER AT TO OR RIG~T JOINT 
CUR~E NUMBER 
N~BER OF CARDS THAT fOLLOW DESCRIBING 
CROSS SECT 10~ 
NUMBER Of CARDS THAT fOLLOW fOR LOAD TyPE 
NUMBER Of CARDS THAT fOLLOW fOR STIf TYPE 
NUMBER Of CARDS IN TABLES 2-7 
NUMBER Of CARDS REAO IN TABLES 5 AND 6 
NUMBER Of CARDS IN TABLE 5A A90~E THE 
NUMBER Of STiff TYPES (VARIABLE STiff) 
fIRST AND LAST CARD NUMBER Of VARIABLE 
STiff DATA fOR MEMBER 
NUMBER Of CARDS IN TABLE 6 ABOvE THE 
NUMBER Of LOAOs TYPES (VARIABLE LOADS) 
FIRST AND LAST CARD NUMBER Of VARIABLE 
LOAD DATA fOR MEMBER 
NUMBER OF ELEMENTS WHICH ARE LIN-ELAS 
INTEGER VALUES Of STRAIN 
IF EQUAL TO I. NEGATIVE DISPLACEMENT OR 
STRAIN ON SYMMETRICAL CURVE 
SWITCH TO CHOOSE APPROPRIATE FSUB 

14JU 
14Jl! 
14JLI 
14JLI 
'4JLI 
14JLI 
14JI.I 
'4JLI 
14JLl 
14JLI 
14JLl 
14JI.I 
14JLI 
14JU 
I 4JL I 
14JI.I 
14JL I 
14JLI 
14JL1 
14JL1 
14JLI 
14JL1 
14JU 
14JI.I 
14JLI 
14JI.I 
14JLI 
14JI.I 
I4JLI 
14JLI 
IIoJL I 
IIoJL I 
14JI.I 
14JU 
14JLI 
14JL I 
14JI.I 
14.!\.1 
14JL I 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JL1 
14JLI 
14JLl 
14JI.I 
I4JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLl 
14JI.I 
14JLl 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

~d If 
NIT" ( 
NITMI 
NJ~C 

~JhZ 

NJT 
Nl,NL4 
NLE 
N\.>< 
HL T 
hL TL 
~M 

NMJ 
NMhC 
NNF 
NNI 

NN2 

NN3 
NN4 
NP 
NPP 

NP~OB 
NPJ. NPTT 
NPT ( ) 
NPTM I I 
NPl S I ) ,NPTST 
~Q 

NO'! ( • ), NOJT! 1 

NQM t • )., hQ,,"T f ) 

NR 
NRE 
NRR 
NSIG ( , I,Ns!T! 
NS~t , ). 
NSSL t 1. NSSL T 

NSSP! I. NSSRT 

NSt 
NStL 
Ns"P! I. NSYPC 

NSXLI 
NSlL! 
NSXI{( 
NSIRt 
N~JI 

). NSYl( h 
) 

I, NSYRC I, 
) 

, ), NWJT« ) 

NWH ( • ). NlifMT« 

NI. N2. NT 
NI 

NI23 
N2MI 

NUMBER OF fRA~E ITERATIOh 
NUMBEH or ME~BER ITE~ATION 
NUHSER OF MEMBER ITERATIONS MINUS ONE 
NUMbER Of JOINTS NOT CLOSED 
NUMBER Of NO~ ZERO JOI"TS ON OATA CAHQ l~ 
TABLES Z. 3 
NUMBER Of fR~ME JOINTS 
NUM~ER Of SIMULTANEOUS ECUATIONS 
NE AT LEn OR fROM JOINT 
N~ AT LEfT OR fROM JOINT 
NUMBEk Of LOAn TYPES 
NL T f OR LAST PROBLEM 
NUMBER Of fRAME MEMBERS 
NU~BER Of ~OhITOR JOINTS 
NUMBER or MEMBERS NOT CLOSED 
NNI • I 
NUMBER OF POINT ON STRESS-STRAIN cuRVE 
O~ OR JUST SELOW RECTANGLE 
NUMBER Of POINT ON STRESS-STRAIN CuRVE 
JUST ABOVE RECTANGLE 
NUMBER Of SUBRECTANGLES 
NN) - I 
NUMBER Of POINT 
NUMBER Of TI"ES fAEJR IS CALLED ( ONCE 
fOM RECTANGLE TEN TIMES FOR PIPE) 
ALPHANUMERIC PROBLEM NUMBER 
NUMBER Of POINTS ON CURVE 
NUMBER Of POINTS ON JOINT SuPPORT CURVE 
NUMBER Of POINTS ON MEMBER SUPPORT CURVE 
NUMBER OF POINTS ON STRESs-sTR.IN CURVE 
NUMBER Of ELEMENTS REMAINING IN SECTION 
INTEGER VALUEs Of fORcE ON JOINT 
SUPPORT CURVES 
INTEGER VALUEs Of fORCE ON MEMBER 
SuPPOkT CuR~ES 
NUMBER Of ELEMENTs REMAINING RIGID 
NE AT RIGHT OR TO JOINT 
NR AT RIGHT OR TO JOINT 
INTEGER VALUES Of STRESS ON INPUT CURVE 
NUMBER Of STRESS-STWAIN CURVE 
NUMBER Of STRESS-ST~AIN CURVE AT LEfT 
OR fROM .JOINT 
NUMBER Of STRESS-STRAIN CuRVE AT RIG~T 
OR TO JOINT 
NUMeER Of STiff TYPES 
NST fOR LAST PROBLeM 
NUMSER Of JOINT SUPPORT CuRVE IN MEMBER 
X-PRIME .NO Y-PRIME DIRECTIONS 
NUM~ER Of MEMBER SUPPORT CURVE AT fROM 
OR LEfT JOINT 
NUMBER Of MEMBER SUPPORT cUR~E AT TO OR 
RIGHT JOINT 
INTEGER VALUES Of DisPLACEMENT fOR JOINT 
SuPPORT CURVES 
INTEGER VALUES Of DI5P~ACEMENT fOR 
MEMBER SuPPORT CuR~ES 
SWITCHES TO INCREASE TAPE EffICIENCY 
STARTING INDEx TO TAKE ADVANTAGE Of 
SYMMETRY IN rORMING ELEMENT STIffNESS 
MATRI X 
CON1ROL WHICH CYCLES 1.2,3 
NCDl - I 

14Jll 
14.JlI 
14JLI 
14.'L I 
14.!Ll 
14JLl 
14.!L 1 
14JL I 
14JLI 
14JLl 
14JL I 
14JL I 
14.!L I 
14JL I 
14.!Li 
14JLI 
14JLl 
14JLI 
14JL I 
14JlI 
14JLI 
14JL I 
14JU 
14JLI 
14JLI 
14JLl 
14,IL I 
14JI.I 
14JLI 
14JLI 
14.JL I 
14JLI 
14JLI 
I".JLI 
14.!L! 
14.JLI 
14JLI 
14JLI 
14JLI 
14JLl 
14JL 1 
14.!Ll 
14JLl 
14.JL 1 
14.Jll 
14Jll 
hAl 
14JLl 
14JLl 
14JLl 
14JLI 
14JLI 
14JL I 
IltJLI 
14JLI 
14JLl 
14.!L1 
14JLI 
14JLI 
14JI.l 
14.!LI 
lIoJI.I 

.. 

N 
N 
W 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

"3MI 
PRAE( " PRAET 
PilAT 
PRINT 
PRlT 
PRf I " PRfT 
01 , 
O..lll.OJy,OJZ 

OM( I 
OMJ( I 
eO! I 
01 

OL, OR 

OXI I, OYI I, eZ( 
OXL ( I, on ( I, 
OZLI I 
QllLT,OYLT, 
QZLT 
QXRT. QYRT, 
QZRT 
QXX ( I. Q YY ( " 
OZZ I I 
QXllT. OYyT. QZZT 
or. 02 

R 

R 

RA 
T 
RMI , J, ROI 
RXXI I, RVY( It 
RZZ I I 
S 

SAl , I 

SCI 
SC2 
SEETI , ) 
SEE3( , I 
SE~ I , 

S[MS( , I 

~EZ 
stG 
SHiLl I , I 

IICD3 - I I"JLI 
PRISMATIC AEt I 1"..Ill 
PRISMATIC AREA 14JlI 
ALPHAIIU~ERIC COII$TAIIT 14JlI 
PRISMATIC MOMEIIT Of IIiERTlA I "..Ill 
PRISMATIC FI I I"JL I 
STATIOII VALUES fOR Sll.SY,SZ,OX,Qy,QZ I"JLI 
RESISTIYE SPRIIiG fORCES fOR NOIILINEAR I"JLl 
..I01llT SUPPORTS 14JLl 
fORCE MULTIPLIER fOR MEMeER SUPPORT CURVE I"JLI 
fORCE MULTIPLIER fOR ..IOI~T SUPPORT CURVE 14JLl 
COIICENTRATED STATION LOAD OR SPRING 14JLI 
CONCENTRATED LOAD OR SPRING BETWEEN 14JLI 
STAll OilS hJLl 
IIITEIiSITY Of LDAulliG OR RESTRAINT AT LEfT I"JLl 
(START, AIIO RIGHT IENOI Of SECTION 1 4..1L 1 
vALUES Of fORCE ON suPPORT CURvE OR 14..1Ll 
STRESS-STRAIN CURvE 14JLl 
fORCE VALUES fOR MEM8ER SUPPORT CURVE AT 14JLI 
LEfT OR fROM ..I0INT 14JLI 
LOADS 011 MEMBER EIIO STATIONS I INCREMEhTALI4JLI 
fOR INCREMENTAL fIKED-END-fORCE SOLUTION, 14JLI 
ZERO fOR MEMBER sTIffNEss MATRU 14JLI 
SDLUTlOIoiS AND TOTAL fOR EVALUATION Of 14JLl 
TOTAL EIiO-fORCES ON MEMBERI I"JLI 

I ~EMBER STATIOII LOADS 14JLI 
MEMBER LOADS AT EDGES Of SECTlONS 14JLI 

VALUES Of QxL ( I,OYL I 1.0ZlI " AT LEFT 
(STARTI Of SECTION 
VALUES Of QXLI I. QYLI I, QZll ) AT RIGHT 
IE~DI Of SECT 10101 
JOINT LO'DS 

TEMPORARy VALUES Of OAXI ), Qyyl I, QZZI 
IIiTENSITY Of LOADING OR RESTRAINTS _T 
BEGINNING AND END OF ELE~EIIT 
DifFEREIoiCE IN AxiAL DISPLACEMEIIT 8ETwEEli 
DisCRETE ROTATIOIIAL HINGES IN ELEMENT 
SWITCH I If EQUAL TO + I IIEGATIVE 
CURVATURE, If EOUAL TO - I POSITIVE CURVI 
MEAN RADIUS Of PIPE 
THICKI'<ESS Of PIPE 
RECURSION MULTIPLIERS 
JOIIoiT RE.CTIONS 

14JLl 
14JLl 
14JLl 
14JLI 
14JLl 
14JLI 
hJLI 

114JL I 
14JLl 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
j4JLI 
14JLI 
14JLI 
14JU 

DIffERENCE IN LATERAL OlsPLACEME"T BETwEENI4JLI 
DISCRETE ROTATIOIoiAL SPRINGS IN ELEMENT 14JLI 
STIfFNESS MATRIX USED fOR ~E~BER SPRINGS 14JLI 
It; STRUCTURE COORDINATES 14JLl 
S.COSI~l }4JLl 
5·'051 }4JLl 
ELEMENT STIFFI'<ESS M.TRI) 16 X 6) 14JLl 
3 x 3 PO~TlO'" OF SEET! • I 14JL I 
l x b MEM~ER STIffNESS MATRIX USED l~ l4JlI 
MEMBER SOLUTIONS· COMPOSED Of 3 x 3 SUB- I~JLI 
MATRICEs Of ELE~ENT STIFfNESS MAT~IX l4JLI 
l x 3 PORTIO~ OF SEM STOWED fOR ELEME'T l4JLI 
IPI .~ILE FaRMING SEM fOR STATIO~ 1 14JLI 
S*S l~Jll 
STRESS AT CEhTROID Of SUBREcTANGLE l4JLI 
STRESS VALUES FOR STHESS-STR~lN CURVE 14JLI 

C 
C 
C 
C 
C 
C 
C 
C 
C 
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C 
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C 
C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
c 
c 
c 
C 
C 

SIGR 
S HiT I 

SIGTSf 
Sih I 
51141141 
SlhSIN 
SI"T 
SJX.SJY,SJZ 

SJXY 

SLI I 
SMI I 
SMCI • 1 
SM.41 • I 

SMTI I 

SMS 

SOXI I. SQY( I. 
SlIll I 
SOXYZI 

SSL 

5S1 
SS2 
SH 
STA,STB 

STL, STR 

STTIo SH2 

STI-ST6 
SUI I, SU4 (I 
SXI I. 5'1 I. szt 
SXL! " SYLI ). 
SILl I 
SALT. SYLT. SZLT 

SXT.SYT 
SUI Jo SYVI Jo 
szz I I 
SUT, SYYT. SZZT 
SHZ! I 

TE 

TEMPI, TEMP,? 

AT LEfT OR fRO~ JOINT l4JLI 
STRESS AT RIGHT OR TO JOINT 14JLI 
STRESS VALUES fOR COMLETE STRESS-STRAI~ 14JLl 
CURVES AT ~ID-ELEMENT 14JLl 
SY~METRICAL PART Of SIGT I I 14JL I 
SIN Of ROTATIOIoi AT STATION I 14JLl 
SIN Of ROTATIOIoi AT STATION IMI 14JLl 
51"1 + SINIMI 14JLl 
SINEITHETAI 14JLl 
TANGENT SPRING STlffNESSES OF JOINT 14JLl 
SUPPORTS l4JLI 
OFf-DIAGONAL STIFfliESS TERM FOR JOIIiT l4JLl 
SPRING REfERENCED TO MEMBER COORDINATES 14JLl 
VECTOR OF STIFFNESS MATRIx l4JLI 
STRESS MULTIPLIERS FOR STRESS-STRAIN CURVEI4JLI 
MEMBER STlffliESS MATRICES 1101 COMPACT FORM 14JLI 
MEMBER STIFfliESS MATRIX 13X31 III MEMBER 14JLI 
COORDINATES 14JLI 
SINGLE MEMBERS STiffNESS MATRIX IN l4JLI 
COMPACT VECTOR FORM 14JLI 
MEMBER STIFFNESS MATRIX 13X) IN 14JLI 
STRUCTURE COORDINATES 14JLI 
RESISTIVE SPRING FORCES FOR NONLlloIEAR 14JLI 
STATIOII SPRlloIGS 14JLI 
RESiSTIVE sPRlloIG fORCES FOR ALL STATIONS 14JLl 
( AXIAL. LATERAL, OR ROTATIONALI 14JLI 
THREE ROwS OF STRUCTURE STlfFIiESS MATRIX 14JLl 
I DIAGONAL SUBMATRlx AIID THOSE TO RIGHTI 14JLl 
S.SINIMI 14JLl 
S.SI~I 14JLl 
STATION VALUE Of STIFFIIESS 14JLI 
STIFf~ESS IAE OR fl AT START AND END Of 14JLl 
ELEMENT OR PIECE Of ELEMENT 14JLI 
STifFNESS AT LEFT ISTARTI AND RIGHT IENDI 14JLI 
OF SECTION 14JLl 
STIFfNESS AT MID POINTS Of PARTIAL 14JLI 
ELEMENTS AT BEGINIoIING AND EIID Of 14JLI 
AOJACENT SECTIOIIS 14JLI 
RESTRAINTS AT ME~BER END STATIONS 14JLI 
COEff Of sTIFf MATRIX 10~E ROWI 14JLI 
LI~EAR MEMBER STATION RESTRAINTS l4JLI 
VALUES OF SXI I. SYI I, SZI I, AT EDGES 14JLI 
OF SECTIONS 14JLl 
VALUES Of SXLI )0 SYLt " SZLI I AT 14JLl 
LEfT (STARTI Of SECTION 14JLl 
VALUES Of SXLe I. s,LI I. SZL! ) AT l4JLl 
RIG~T IENDI Of SECTION l4JLl 
TEMPOWARY STORAGE VALUES fOR Sxt ). SYI ) 14JLI 
lll'<EAR JOINT RESTRAINTS 14JLl 

14JLl 
I. SYY( ,. SIZI 114JLl 
STATIONS A~IAL.14JLl 

TE~PORARY VALUES Of SXXI 
SPRI~G STiffNESS fOR ALL 
LATERAL. OR ROTATluNALI 
NEGATIVE or SLOPE OF CURVE 
RESISTIVE SPRING fORCE OR STRESS 
T~RUST 
DISCRETE ANGLE CHANGES AT fiRST AND 
SECOND DISCHETE ROTATIONAL SPRINGS IN 
ELEMENT 
ANGLE fROM TOP OF PIPE TO CENTEH Of 
AAD (AL SEGMENT 
TEMPOR_R, VALUES 

14JLl 
14Jll 
l4JLl 
14Jll 
14JLl 
l4JLI 
14JLl 
l4JLl 
14JL1 
l4JLl 
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C 
C 
C 
C 
C 
t: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TH 
THETA 

TL, TR 
H4( • I 

TOL 
TT 

TTM 
TTMH02 
nhEU 
HOL 
TTS! I 
Tit T2 

T3J 

UQx 1 I, UQy 1 
U(lxT, UQYT 
UI ( ). U21 
Ull. U2T 
V 
VL. 'Ill 
'IT 

VTM 
VTMH02 
VI ( J, VZ( 
'lIT. V2T 

'" , 
WJ 
"MI I 

liT! It WlT 1 I 
w.( I 

WWL« I 

1111 It 1121 .!T. wZT 
X ( It Y ( 
XL 
XLL ( 
XLS( 
XR 
XRL 
XRS( , 
Xl. YT 
XX 

XI. XZ 

XZL 
Y 

YB. YT 
YC 

ELEMENT LENGTH 
ANGLE AXIALLY DEFORMABLE BAR IN ELEMtNT 
~AK~S wiTH MEMBER X-PRIME AXIS 
THRUST AT LEFT AND RIGHT ENDS OF ELEMENT 
TEMPORARy MATRix TO STO~E PORTIONS OF 
ELEMENT STIFFNESS MATRIX UUE TO INITIAL 
fORCES (INITIAL STRESS MATRIX) 
JOINT LOCATION TOLERANCE 
AXIAL THRUST IN AxlALY DEFORMABLE CENTER 
BAR IN ELEME"T 
n*HPDE31 
TTM·.,OZ 
TANITHElAl 
Z*TOL 
THRUST IN ELE~ENT STORED FOR ALL ELE~ENTS 
THRUST AT fiRST AND SECOND DISCRETE 
ROTATIONAL SPRINGS IN ELEMENT 
TEMPORARY MATRIX USED TO OBTAIN TRIPLE 
PRODUCT 
UNIFORM MEMBER LOAD~ 
TEMPORARy VALUES OF UQX( I. Uay( 
AXIAL fORCES ON ENDS Of ELEMENT 
AXIAL FORCES ON ENOS OF ELEMENT 
SHEAR 
SHEAR AT LEfT AND RIGHT ENDS Or ELEMENT 
SHEAR fORCE IN AXIALLY DEFORMABLE CENTER 
eAR IN ELEMENT 
VT·HPDE3I 
VTM·MOZ 
SHEAR fORCES ON ENOS OF ELEMENT 
SHEAR FORCE ON ENDS OF ELEMENT 
VECTOR OF DISPLACEMENT I"CREMENTS FROM 
SUSROUTINt GRIP2. 

14JLI 
14..11.1 
14JLI 
14..1LI 
14..1L! 
14..1Ll 
14..1Ll 
14..1U 
14JLl 
14..1L I 
14JLI 
14..1Ll 
14..1LI 
14JLI 
14..1LI 
14..11.1 
14..1LI 
14JLI 
14JLI 
14..1U 
14..1Ll 
14JLI 
I 4.J1.. I 
14..1Ll 
14JLl 
14JLI 
14..1LI 
14JLl 
14JLI 
14JLI 
14JLI 
14JLI 
14JLI 
14..1LI DiSPLACEMENT OR STRESS 

DISPLACEMENT MULTIPLIER FOR 
CURVES 

MEMBER SUPPORTI4..1LI 

DISPLACEMENT MULTIPLIER FOR JOINT SUPPORT 
CURVES 
TEMPORARY ulSPLACEMENt M~TRICES 
VALUES OF OISPLACE~ENT 0" SUPPORT CURVE 
OR STRESS-STRAIN CURvE 
DISPLACEMENT VALUES fOR MEMBER SUPPORT 
CURVE AT FRO" OR LEFT ..I0INT 
MOMENTS ON ENOS or ELEMENT 
BENDING MOMENTS ON ENDS OF ELEMENT 
JOINT COORDI~ATES 
DISTANCE TO LEfT (START) OF SECTION 
DIStANCE TO LEFt (START) OF LOAO SECT ION 
DISTANCE TO LEFT (STARTl OF STIFF SECTION 
DISTANCE TO ~IGHI (END) OF SECTION 
DISTANCE TO RIGHT lEND) Of LOAD SECTION 
DISTANCE TO RIGHT (END) OF STIFF SECTION 
lEMPORARY JOINT COOROINATES 
DISTANCE TO STATION ON LEFT Of 
CONCENTRATED LOAD FROM ThE fROM JOINT 
LENGTH OF PARTIAL ELEMENTS AT ENOS OF 
SEcTIONS 
X2 FROM LAST SECTION 
DISTANCE fROM CENTROID OF SUSRECTANGLE 
TO MEMBERS X-PRIME AxiS 
Y OISTANCE TO BOTTOM AND TOP OF REcTANGLE 
DiSTANCE FROM CENTROID or PIPE to MEMSER 

14..1LI 
14.J1..1 
14..1LI 
14JLl 
14..1LI 
14..1LI 
14..1LI 
14..1Ll 
14..1LI 
lit..lL I 
lit..lL I 
14..1Ll 
14 ..ILl 
14JLI 
14JLl 
I 4..1L I 
14JLI 
14Jt..1 
14JL I 
14JLI 
14JL I 
14JL I 
14JL I 
14JLI 
14JLI 
14JLi 
14JLI 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

YCL ( I 
Y1 ( • ) 
yTT 
YYI I 
wI., wTt 
l 

ZI 
ZIP 
Zl h ZI2 
ZL 
ZLL( 
ZLSI 
ZL2 
Zt..l 
lMUL 

Z2 

X-PRIME HIS 14JL I 
14JLI y( • I AT LlfT OR FROM JOINT 

CE~TRQIDAL DISTANCE INPUT FOR 
TE~PORARY Y DISTANCE 
Y DISTANCE FOR SU~RECTlNGt..E 

x-SECT NUM 14JLI 
14JLI 
14JLI 
14JLI TEMPORARY DISPLACEMENT HATRIC~S 

DiSTANCE TO CONCENTRATED LOAD fROM 5TATIO"I"~L1 
ON LEFT 
FLOATING POI~T I 
fLOATING POI~T IP 
fLOATING POINT II AND 12 
MEMBEi<S LENGTH 
LE~GTH OF MEMBERS BY LOAC TYPE 
LE~GTH OF MEMBERS BY STifF TYPE 
lL·lL 
ZL2·ZL 
RATIO OF LENGTH TO MID-ELEMENT TO MtMeERS 
TOTAL LENGTH 
DISTANCE FROM STATION ON LEFT TO THE 
CONCENTRATED LOAD OR SPRING 

1"~L1 
14JLl 
14JLI 
I4JL I 
14JL I 
14JLI 
14JL I 
14JL I 
14JLI 
14JLI 
14JLI 
14JLl 
14~Ll 

N 
N 
I..n 
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APPENDIX H 

FORTRAN LISTING OF PROGRAM FRAME 51 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



OVERLAY IfRAME51.o.0) OVERLAY 
COMMENT - OMIT THE PREVIOUS CARD UNLESS THE CDC OVERLAY SYSTEM IS uSED OIlERLAY 

PROGRAM fRAMESI IINPUT = 500.0UTPUT = 500.TAPEI = 300.TAPEc 300)04F[1 
COMMENT - THIS ORIIIER ONLY DIHEN510NS ~R06RAM c4AP~ 
COMMENT - TO CHANGE DIHENSIONS CHANGE ONLY THIS DRillER AND DIMENSIONED 24Apn 
COMMENT - COHMON BLOCKS IN APPROPRIATE SUBROUTINES 24AP" 
COHHENT - VARIABLE NAMES DO NOT CHANGE IN OIHENSIONEO COMHON BLOCKS 24APO 
COMMENT - •••••••••• DIMENSION GUIOE •••••••••• 
COHHENT - RMILJ.L&) ROIL6) WeL6) SL(L31 •••••••••• 
COM~ENT - SUtL4) •••••••••• 
COMMENT - COMMON BLOCKIIMNJT) BLOCK2eMNST) eLOCK3IMNLT) •••••••••• 
COMMf.NT - COMHON ~lOCK4IMNM) BLOCK5eMN(5) RLOCK6CMNC61 •••••••••• 
COMMENT - COMMON ~LOCK7ILll BLOCKSIMNJS) BLOCK9IMNPCS) ......... . 
COMMENT - COMMON BLOCIOIL51 BLOCI2eMNCS.MNPCS' BLOCI3eMNSS) •••••••••• 
COMMENT - COMMON BLOCI4IMNQ"HI BLOCl6IHN.lT) ......... . 
COMMENT - •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

O!HEliSION RHU7.126). ROUc6). We'126), 5LII7I. SUUII) 24HYI 
COH"ON /BLOCKll ~I 20). V( 20). 1l~~1 20). eYVI 201. 13fEO 

2 QlZl 20),' S~~( 201. SvYl cO). SZZ I 201. D~~I 20), 13fEO 
3 OYVI ZOI. OZZI 201. RXXI 20). RYVI 20lt Rlli 20), 13fEO 4 ERXX I 20'* ERYV I 201. ERZZI 201. QH.l1 20lt WM.l1 201. OSAGO 
5 liSXXI 2010 NSYV I cOl. NSZII 201. 11'1.11 201, NS'PI 201. 20HY! 
6 liSyPI 201. ISTJRI 201 20HYI 

COMMON /6LOCK21 D~SI Z51. OvSI 251. ILSI 2510 OCI51 251. 26JAO 
c OC2S1 251. PRfl 251. PRAEI Z51. NCDSI 251. IAXOP51 2510 26JAG 
3 IOPOPI ZSI, IPINLI 25), IPINRI 25). NC51 ( 25!. INLOPI lSI, 110CO 

'" NAL I lS). NSXLI 251. N5YL I Z5!, NSZL I 25), /<jARI 25!. 110CO 
5 NSXRI lSI. NSYRI lSI. N5ZRI 2S!, QMI Z51, IliMI 251 170CO 
CO~HON I~LOCK3/ D~LI 251. DILl 251. ILLI 251. DCIL ( lSI. Z6.1AO 

2 DC2L I Z51. UO~I 251. UGH 251. NCOL I 25" r AXOPL I Z51. Z"'.IAG 
J NC61 ( 251 26JAC 

COMMON leLOCK41 JTII 401, JT2 I 4010 1ST! 4010 Lli 4010 Z6JAO 
2 fOMMI 40.61. SMCI 40,211. NITMI 4G). 1141'11 4010 IHCI 40) OIJLI 

COHMON IBLOCK51 XLSI SOl. XR51 501. FLI 50lt AELI 50) , 26.1AO 
2 SXLI 50), SYLI 501. SILl 50) 26.1AO 

COMMON IBLOCK6/ XLLI 751. xRLI 751. aXLI 75" QYLI 75). Z6.1AO 
c DILl 75) Z6JAO 

COMMON IBLOCK7I f I 421. AE I 42). SXI 4cl. SYI 42), 04JEO 
2 SZI 4ZI. D~I 4ZIo (lH 4ZI. Yll 421. f"'IX ( 42) t 04.Jf0 
3 DYI 421. OZI 4ZI, E~~I 4210 ERy! 42). EI<II 42). 04.1EO 
4 SQ~I 4ZI. SQY I 421, S<.il I 42" UII 4Z). 1111 421. 04.1€ 0 
5 III I 4ZI. U21 4ZI. V21 42). _21 42" ~S(3,3. 42'), Z9JAI 
b SHISI 4ZI. BMZSI4c). TTS! 421 Z9JAl 

COHMO" /BLOCIIA/ NPH Zoit lSJI ZO), NIlJI ZOolll,N • .I1 20.111. OI!AGO 
2 NQ.lTCIII. NII.lTi II I OI!AGO 

COHMON IBLOCKq/ BCLIlGI. DBCLIIOI. DCLI10h DDCLIIOIt ll.lUI 
l YCLII0). OYCLOGI. NSSL(JOlt N5SR (JOlt SIGLIIO.lI) • IIJUI 
J EPSL 110.11 I .OSIGLIIG,I }I.OEP5l 110.11 I .ISST 00) IIJUI 

COMHON /BLOCIO/ SSLI3.1S1 09.1UI 
COMMON IBLOCIII 5EET16.61 16API 
COHMON IBlOCI21 NAI20l, NCOAIZGI, BHZo.lGh 01120,101, IqOCO 

2 YI (20010), NSSIZO,lOit 514 120.101. EMI20.101. lRE~TlcO.IOI I7MYI 
COMMON I~LOCI31 NPTSI 081. ISS ( oe I. NSIGI08.111,NEPSCOS.III. OSNOO 

2 NSrT 1111. NEPT III) 240CO 
COMHON IBLOCI41 NPTMI 201. lSi'll 201. NQM!20.11). N_MI20.III, Z40CO 

2 NGMl 1111, NW~T III1 240CO 
COMMON IBLOCISI EPSTIZII. ~IGT!211. EP5TSIUlt SIGTSIlII 05NOO 
CO~MON I~LOCI61 ERXXMJIS.20!.ERyyM.lIS,ZOl.fRZZHJI5.(0). 07API 

Z D~XM.l15,201.0YYMJC5.Z01.01IH.lIS.20l.KOMJ!S.20).KO.lIZOI 07API 
COMMON /BLKII KEEP2. KEEP3. KEEP4A.KEEP5A.KEEP6. KEEP7. 26JAO 

Z ITYPE. NeDZ. NCOl. NCD4A. "c.o5.A. NCD6. NCD7. 26JAO 

14HAN. IFORM. NH, NJT. ~~T. NLT. lOl. 26JAO 
• M. HPI. MP2, 15TT, LTT. ITyPEL.IOJ. IcfEO 
5 ~STL. 1~8. IP9. IPl~. KEcP4B,KEEP4C.NCD4B. OSAGO 
6 NCD4C, K[EP5~.KEEP5C.KEEPSD'~CD5B. NCOSC. NC05D CSAGO 

COMMON /BLK21 XL.~w.XI.XZ.Il.12.NO.H.lH.HSO.HCU.X2L 26.1AO 
CO>lMON IBV.)I MN.lT .MNST .MNL T .MNM.MNC5.MNC6.MD.lT .MNJ5.HN£.HNCS. II JUI 

C >I~PCS.M~55.MN~wM llJul 
COMHON IMLK41 5TI.5T2.5T3.5T4.5T5.5T6 26.1AO 
COMHO~ IHLKSI NFSUB.NITf.NI.~2 16A~1 
COMHON I~LKbl QTI.QT2.0TJ.QT4.0T5,QT6 04)lO 
COMMON IBLK71 INLop~.lrAE.KOfFJ.KOffQW.KOff5£ 01API 
COMMON ISLK~I NLTL l~fEI 
COMMON I Rl I i'lL. i'lL. JI OIlAPO 
COHMON 111CI MNITf.ERRI,ERR!.~NITM.lRI.ER2.MMIS,.MJ(5) 'lAPI 
COMMON I.ARNI NJNC.NMNC OIJLI 

~NJT 20 06APO 
MHM 40 06APO 
~N~T c5 06APO 
HNLT 25 06AP~ 

MNC5 = 50 06APO 
~NC6 75 06APO 
MO.lT 5 Z4HYI 
HHB . ~ 3.MDJT' Z 26JA' 
MNE = 40 15API 
MN.lS = 20 09JUI 
~~C~ = cf' IIJUI 
~Nprs = IP llJUI 
~NSS = H IIJUI 
MNywM= 20 II.lUI 
LI = MNE • Z ISAPI 
LZ = 3·IHNE • I) ISA~1 
L 3 MHt! llfE 
L'" MHB • I liFE 
LS = 3.,HOJT • I) 09JUI 
L6 = 3.MNJT 16AP} 

IF IMNJT .LT. Lil L6 • J.LI 05API 
, L7 = J·LI • I 05API 

COMMENT· SueROUTINE FRAM51 IS THE HAIN SUBROUTINE Of PROGRAM fRAMES I 08JUI 
COHHENT - fkAMSI CALL~ PRIMARY INPUT. OUTPUT.ANO COMPUTATION SUBPOUTINES09JUI 
COMMENT - ANC PEKFCRMS SIMPLE INPUT. OUTPUT. AND COMPUTATIONAL FUNCTI0NSOQJUI 

C 
C 
C 
C 
C 

CALL fRAM51 ( RM. RO. w. SL. SUo LI. LZ. L). L4. L6. L7' JOJLO 
END 26.1A,' 

* •••••••• ~ ••••••••••••••••••••• **** ••••••••••••••••••••••••••••••••••• 
SU"'''OUTINE .......•.••.•...•.•...•••••••••...•.•••............•.................. 

SUB"OuTINE fRAM51 I 1'11'1. RO ••• 5L. SUo LI. Lc. L3. L4. Lb. L7) 30.lLO 
COMMlNT - SUdHuvTINE fHAM51 IS T~E MAIN SUBROUTINE Of PROGRAM fRAME5l Q8.1UI 
COMHENT - fHAM51 CALLS PRIMARY INPUT. OUTPUT.ANO COHPUTATION 5UBROuTINES09.1uI 
COHMENT - AND PERFORHS SIHPLE INPUT. OUTPUT. ANO COMPUTATIONAL fUNCTIONSOq.lUI 

DIMENSION RMILJ.L61. ROIL61. wIL~I. SLILJI. SUIL4) 08APO 
DIHENS10~ SMMTI211.fOMT(6) 2b.lAO 
01MENSION ~NI(40).AN21201.HPROBC21 2~.IAO 
CO~HON ISLOCKI/ AI 20). Y( 201. Q~~I 2~). OYY( ZO). 13fEO 

2 "Ill 20). SXXI 201, SYYI 20). SZZI ZOI. Oxxi 201. 13fEO 
3 OYVl20)' ['IZI 201. R~~I 201. Rnl ZOlt Rll(20). IJfEO 

EMXXI 20). ERYYI 201, E~ZZ( 20). QM.I! ZOl, WMJI 20). 08AGO 
~ NSXXI ZOI. NSYYI 20). NSZZ! 20). IHJI ZO!. N5XP( 20). 20MVI 
6 NSYP! 20). ISTJRI 201 20MYI 

COMMON IBLOCK2I OXSI 25lt OYSI 251. ILSI 25). DOSI 2510 26JAO 
2 OCZS! 25). PRf( Z51. PRAEI251. NCOSI2Sl. IAXOPSI2SIo 26JAO 



J 10POP ( 25,. 
4 NALe 25), 
5 NSXR( 25). 

COMMON l~lOCKll 
2 DC2l1 251. 
J NC!>1 ( 251 

IPINLI 251. 
NSXL I 25). 
NSYRI 25), 
DXl ( 251. 
UOXI 251. 

IPIN"I 251. 
NSYL 1 251. 
NSZR( 251. 
DYU 251, 
UOYI 251. 

HC511 251. 
NSZLI 25). 
OM(25), 
ZLL! 251, 
NCOU 251. 

COMMON /BlOCK"1 ...IT1 ( 40 I. ...IT 2 (401t ISle 40J. 
2 FOMM( "0.!>1. 5MCI 40.21). NITM( 40). 114141 40). 

COMMON IBlOCK51 XlSI SOl. XRSI 50), Fli 50), 
2 5Xli 501. SYl! 50), SIll 501 

COMMON IBlOCK61 Xlli 75). )(RlI 75), 
2 OZl I 751 

COMMON IBlOCK71 FI 421. AEI 4ZI. 
2 SZI 4Z1. OX( 421. OY(42). 
J DYI 4l" OIl 4ZIo ERxI 4ZIo 
4 SOX I 4ZI. SOY( 4ZI. Sill I 4Zl. 
5 WI( 421. U2( 4ZI. VZI 4ZI. 
6 eMIS( 421. BMlSI 421. TT51 4Z) 

OXL I 751t 

S. I 42" 
OZ I 421t 
ERYe "21t 
lill 4210 
11121 "21, 

INlOPI 25" 
NAR I 25" 
111M I ~5) 

DCILI 251. 
!UOPll 25)0 

lTi 4010 
IMCI 401 
AEL( SOlo 

OYll 7510 

SY I .. 2), 
011 42" 
ERI I 421t 
VII 421, 
ns n.l. 421. 

COMMON IBlOCI61 ERXXM...I15.20).ERYYM...I15.20,.ERZZM...I15.Z0). 
2 DXXM...I(5.~0).DYYMJI5.Z0).01IMJI5,20I,KOMJI5.20),KOJIZO) 

COMMON IBLKII KEEP2. KEEP3. KEEp4A.KEEP5A.KEEP6. KEEP7, 
l ITYPE, NCDl. NCOl. NC04A. HCD5A, NC06. NC07, 
J lABAN, IfORM. NM, NJT, N5T. NLT. TOL, 
" M. ",PI. MPl. 15TT, LTT. ITypEl.IOJ. 
5 HSTl. IP8. IP9. IPIO. KEEP4B.KEEP4C,NC04B, 
6 NC04C. KEEP5B.KEEP5C.~EEP5D'NCD5a. NC05C. NCOSD 

COMMON IBLK31 MNJT.MNST.MNLT,MNM.MNC5.MNC6.MD...IT.MNJ5.MNE,MNCS. 
2 MNPCS.MNSS.MNOWM 

COMMON IBlK51 NFSUB.NITf,NI.N2 
COMMON IBlK71 INlOPT.IFAE.KOFFJ.KOFfOw.KOffSE 
COMMON I RI I NL. ML, ...II 
COMMON IITCI MNITf.ERRI.ERRl,MNITM.ERI.ERl.MM(SI.MJI51 
COMMON IwARNI NJNC.NMNC 
COMMON INITI APROB. PRINT 

170CO 
170CO 
noco 
26JAO 
26...11.0 
26JAn 
26JAO 
OIJLI 
26JAO 
26JAO 
26JAO 
26JA~ 
O .. JEO 
o .. JEO 
O .. JEO 
O .. JEO 
2~JAI 

29...11.1 
07API 
07API 
26JAO 
26JAO 
26JAO 
12fEO 
05AGO 
05AGO 
IIJUI 
IlJUI 
04 ...lEO 
OlAPI 
ORAPO 
OUPI 
OlJLI 
16API 

I rORMAT I 5114 PROGRAM FRAME 51 - MASTER DECK -
2 2x.26HREVISION DATE = 24 JULY 711 

10 FORMAT I 5t! .80X 10111-----TRIM 
II fORMAl I 5111 .80X 10111-----TRII4 
12 fORMAl (20A4) 
Il fORMAT IA4.AI.A4.AI.A~.17A41 

14 FORMAT I A4.A"5.~.A2.llA") 

MATlOCK-HAYS,2 .. JLI 
2 .. .tL1 
26...11.0 
Z6JAO 
24JLI 
24...1LI 
2 .. JLI 

15 fORMAT 11/1. ION PROB ,11.5X,A4.A1,5x.A2.17A41 
16 FORMAT 1111. 17N PROB (CONTDI.I.5X,A4.AI,5x,A2,17A ... 1111 
50 fORMAT I 5114 SOLUTION ABANDONED IN SEARCH Of AN INDEPENDENT 

2 10H PROBLEM .111. 
3 4914 THE FOllOWiNG CARDS wERE DISCARDED IN SEARCh. 
4 III 

51 fORMAT (11.50H NO HOLD OPTIONS MAY BE EXERCISED ON fiRST PRO. 
2 15HBLEM Of RUN I 

100 fORMAT 151,1515,/.101.1115) 
101 fORMAT 181/" 3514 TABLE I - PROGRAM CONTROL DATA.I, 

2 1714 PROBLEM TYPE.15.III.l5X,12HINPUT TA~LES.II. 
3 101, 4514 TABLE HOLD DATA fROM NUMBER Of CARDS.I, 
4 101. 451' NUMBER LAST PROBLEM ADDED rOR THIS ,I, 
5 lOX. 451' II • YES.O • NO) PROBLEM .11. 
6 10X,5H 2.IOX,15,15X.15,1, IOX,5H 3,iOI,15.151 .15.1, 
7 IOX.5H 4A.IOI.15,15X.15,1, IOX.5H 4B.IOX.15.15X,15.1. 
8 IOX.5H 4C.IOI.I!;,15X.15,1t IOX.SH 5A.lOx,15.15X.15,1. 
9 10X.5H 5B.l01.15,151.15.1. IOX.5H 5C.I0l.IS.15X.15.1. 
I 10X.5H 5D.IOI.15.15X.15.1. IOX.5H 6.IOX,15,15X.15'1. 
2 10~"H 1.10A.I!;.ISX.lS./, 
3 25X. 13HOUTPUT TABLES.II. 

26.11.0 
26JAO 
26...1AO 
26...11.0 
26...11.0 
26JAr 
07fEO 
07fEO 
07AGO 
26.11.0 
30MRO 
26...11.0 
l6JAO 
l6JAO 
26...11.0 
26JAO 
26JAO 
26...11.0 
26...11.0 
C6A(Hl 
JOMRO 

4 10~. 2514 TABLE SUPPRESS OUTPUT.I. ISJlO 
5 101. 2SH NUMAER II = YES.o = "01011. 1314110 
6 10'.5H S.IOI.15.1.IOI.SH 9.IOX,15.1.IOX,5H 10.IOX.151 13HRO 

151 FOkMAT I 50H TABLE 8 - JOINT DISPLACEMENTS ANO REACTIONS • 10fEO 
2111.20X. 15HDISPlACEMENTS .16h 1014 REACTlONSoIlt . 10rEO 
3 5X. 39HJOINT OISPII) DISPIYI ROUTIONII,. JOMRO 
4 31HREACT IXI REACTlYI REACTIZI ,II ) lorn 

152 FORMAT IS.(d5.6EII.JI IOrEO 
153 FORMAT 15X.IH.,14.6EII.31 07API 
154 fORMAT 111.4714 • INDICATES JOINT SUPPORT Off o-w CURvE AT. 07API 

2 2014 END Of THIS PROBLEM) 07API 
ISS fOkMAT 1II130H ••••• fRAME ITERATION NO .15.6N ·····.11. 07API 

Z 5X. 4J~ MEMe HEMS MEMBER DISPLACEMENTS 07API 
3 Ill. 25H MEHeER EOULIBRIUM ERRORS. I, 16A~1 
4 5X, "6H NO ITER AXIAL LATERAL ROTATIONAL 07APl 
5 3X. 32H A'(IAL LATERAL ROTATIONAL) 07API 

162 fORMAT 4514 TABLE 10 - JOINT EOUlllBRIUM ERRORS .111. 25MRO 
2 40w JOINT ERHIXI ERRIY) ERRIZ).I, 2"APO 
3 4014 fORCE fORCE MOMEh T .111 z .. APO 

175 fORMAT (111.51,15. l7H JOINTS NOT CONVERGED AT END Of fRAME. 16API 
2 1014 ITERATION. 151 16API 

177 fORMAT 111145H ALL JOINTS CONVERGED AT END OF ITERATION.151 16API 
ltil FORMAT 111.1511 30H SUMMARY Of fRAME ITERATIONS .11.5X. 03SEO 

2 61HJOINT fRAME JOINT DISPLACEMENTS JOINT EOuL.03SEO 
3 13HIBRIUM ERRORS,I.5X, 035£0 
.. 61H NO ITER DISPIXI DISPIY) ROTATIONIZI ERRIII ER,OlSEO 
5 15HRIYI (RRIZI,III OlSEO 

182 fORMAl 151.,214,IX,6Ell.31 03SEO 
18l fOR"ATI51.1H •• 13.1 ... IX.6EII.31 07API 
184 fORMAT 111.48H • INDICATES JOiNT SUPPORT Off Q-III CURVE FOR. 07API 

2 ISH THAT ITERATION) 07API 
185 fORMAT (II. 8H •••• 15.l5M MEMBERS NOT CLOSED OT END Of SPECI. OIJLI 

2 32HFIED NUMSER Of MEMSER ITERATIONS.I. IIH OURING. OIJLI 
3 23N fRAME ITERATION NUMBER,15, "M ••• ) OIJLI 

777 fORMAT I .8M ••• SOLUTION DID NOT CLOSE - STUOY MONITOR. 02.JlI 
2 1014 DATA n. I Q2JlI 

COMMENT - SET CONTROL CO~STANTS 09.JUI 
OATA ITESTI,ITESTZ.ITEST3,ITEST4.PRINT 24JlI 

2 I "HCEAS,4H .114. lH • 4HRINT I 24Jl! 
ITYPFL c 0 07fEO 
NI ~ 2 2MMyo 
N2 z I 2MMyO 

COMMENT - READ RliN IO.PRINT PROGRAM 10 AND RUN 10 2 .. APO 
READ 12,1 ANIIII),II = 1.401 ~6JAO 
PIlINT 11 26JAr, 
PHINT I 26J'· 
PRI~T 12. IANIIIII. II .. I. 40 ) ?6J.n 

COMMElliT - REIURN HERE TO READ NEW PROBLEM 24AP" 
1010 READ 14. NPROB. IAN2111"1I .. 10 18 26...11.0 

COMMENT - If NPROd ~ CEASE. TERMINATE RUN 24APO 
If I NPRO~ III .EO. ITEST! ) GO TO 9900 24Jl I 

APRoe .. A1><21181 16API 
CUMMENT - INPUT AND ECHO PRINT PROGRAM CONTROL DATA (TABLE I) 24APO 

READ 100. ITYPE,KEEP2.KEEP3.KEEP4A,KEEP"S,KEEP4C.KEEP5A.KEEP58. 06AGO 
2 KEEP5C.KEEP5D.KEEP6.KEEP7,IPa.IP9,IPI0.NCO{.NCD3,NCD4A. 06AGO 
J NC04B.NCD4C.NCD5A.NCOSB,NCD5c.NCD5D.NC06.NCD7 06AGO 

1050 PRINT II 26JAO 
PRINT 12. IANIIIII. II .. I. "0 I 26.11.0 
PRINT 15. NPROB, IAN21111, II = 10181 26...11.0 
PRINT 101. IT~PE.KEEP2.NCD2.KEEP3.NCD3,KEEP4A.NCD4A.KEEP4B,NCD4S. 06AGO 

Z ~E£P4C.NC04C.KEEP5A.NC05 •• KE[P~B.NCO~B.K£EP5C.NCD5C.KEEP50. 06AGG 
1 NCD5D.KEEP6.NC06.KEEP7,NC07,IP8,IP9.IPI0 07AGO 

N 
W 
o 



COMMENT - CHECK fOR KEEP OPTION ON fiRST P~O~LEM Of RUN 24APO 
KEKE • K(EP2 , KEEP) , KEEP4A ' KEEP49 , KEEP4C , ObAGO 

~ KEEPSA , KEEPSB , ~EEP5C ' KEEP5D , KEEPb , KEEP7 ObAGO 
If ! ITYPEl .EQ. 0 .AND. KEKE .NE. 0 I GO TO 1200 07fEO 
GO TO 1300 07fEO 

1200 PRINT 51 07fEO 
COMMENT - A~CRT PROBLEM. SEARCH fOR INDEPENDENT PRO~LEM 24APO 

GO TO 9800 07fEO 
1300 COl<liNUE 09fEO 

COMMENT - lABAN = I INOICATES fATAL ERROR FOUND IN SUBROUTINE 24APO 
COMMENT - PROBLEM ABANDONED IN SEARCH Of AN INDEPENDENT PROBLEM 24APO 

lABAN = 0 2bJAO 
COMMENT - MAIN PROGRAM STARTS HERE 24APn 

PR I NT 11 21>JAO 
PRINT 16.NPROB.IAN21III.II=I.IBI 26JAO 

COMMENT - SUBROUTINE JTCORO INPUTS JOINT GEOMETRY OAT A ITABLE 2) 24APO 
COMMENT - CHECKS fOR BAD DATA. COMPUTES JOINT COOROINATES.ECHO PRINTS 24APO 
COMMENT - DATA AND PRINTS COMPUTED JOINT COORDINATES 24APn 
COMMENT - REPLACE THE OVERLAy CARD BY THE NONOYER CARD UNLESS THE CDC OVERLAY 
COMMENT - OVERLAY SYSTEM IS uSED OVERLAY 

CALL OVERLAYI6HJTCORD.I.OI OYERLAY 
C CALL JTCORo N!)NOYE 1'1 

If I lABAN .EO. I I GO TO 9800 2bJAO 
PRINT II 26JAn 
PRINT 16.NPROB.IAN21111.11-1.IBI 26JAO 

COMMENT - SUBROUTINE MEMLOC INPUTS LOCATION Of STiffNESS AND LOAD l4APO 
COMMENT - TYPES IN fRAME ITABLE 3).CHECKS fOR BAD OATA.COMPUTES MEMBER l4APO 
COMMENT - NUMBERS.LENGTHS OffSETS AND DIRECTION COSINES.ECHO PRINTS DATAl4APO 
COMMENT - AND PRINTS COMPUTED MEMBER NUMBERS.LENGTHS AND OffSETS 24APO 
COMMENT - REPLACE THE OVERLAy CARD BY THE NONOYER CARD UNLESS THE CDC OVERLAY 
CO~MENT - OVERLAY SYSTf~ IS USED OYERLAY 

CALL OVERLAY(6HMEMLOC.l.OI OVERLAY 
C CALL MEMLOC NONOVER 

If I IABA~ .EO. 11 GO TO 9~00 26JAO 
PRINT 11 26JAC 
PRINT Ib,NPROB.IAN21III.II=I,IB) 26JAO 

COMMENT - SUBROUTINE JNTDAT INPUTS JOINT LOADS AND RESTRAINTS 24APO 
COMMENT - IT4BLE 41.CHECKS fOR BAD DATA. ACCUMULATES JOINT LOAOS AND l4APO 
COMMENT - RESTRAINTS. ECHO PRINTS DATA AND PRINTS ACCUMULATED DATA 24APO 
COMMENT - EOUILIBRIUM ERRORS ARE SET EOUAL TO NET JOINT LOADS 09JUI 
COMMENT - RE~LACE THE OVERLAY CARD BY THE NONOVER CARD UNLESS THE CDC OVERLAY 
COMMENT - OVERLAY SYSTEM IS USED OYERLAY 

CALL OVERLAYI6HJNTDAT.3.01 OYERLAY 
C CALL JNTDAT NONOVER 

If I lABAN .[0. II GO TO 9BOO 26JAO 
PRINT II 26JAO 
PRINT II>,NPROB,IANZIIII.II-I.181 26JAO 

COMMENT - SUB~OUTINE RDMST INPUTS MEMBE~ STifFNESS OATA (TABLE 51, 24APO 
COMMENT - CHECKS fOR RAD DATA AND ECHO PRINTS DATA 09JUI 
CO~MENT - REPLACE THE OVERLAY CARD BY THE NONOVER CARD UNLESS THE CDC OYERLAY 
COMMENT - OVERLAY SYSTEM IS USED OYERLAY 

CALL OVERLAYC5HRDMST.4.0) OVERLAY 
C CALL ~DM$ T NONOVER 

If ( lABAN .EO. II GO TO 9800 26JAO 
PRI~T 11 26JAO 
PRINT Ib,NPROB,IAN2111),II=I.181 26JAO 

COMMENT - SUBROUTINE RDMLD INPUTS MEMBER LOAO DATA ,TABLE 61 CHEC~S 24APO 
CO~MENT - fOR ~AD DATA, CONVERTS LOAOS AND DISTANCES TO MEMBER 24APO 
COMMENT - COORDINATES AND ECHO PRINTS DATA 24APn 
COMMENT - REPLACE THE OVERLAY CARD BY THE NONOVER CARO UNLESS THE CDC OVERLAY 
COMMENT - OVERLAY SYSTEM IS USED OYERLAY 

CALL OVERLAYISHRoMLO,5.01 OVERLAY 

C CALL RDMLO 
If ( IAdAh, .EO, II GO TO 9800 

Pf<INT II 
PRINT Ib.NPROB.IAN21111.11=1.18) 

COMMENT - SUBROUTINE ITCONT INPUTS ITERATION CONTROL'OATA. CHECKS fOR 
COMMENT - 8AO DATA ANO ECHO PRINTS DATA 
COMMENT - REPLACE THE OVERLAY CARD BY THE NONOVER CARD UNLE~S THE CDC 
COMMENT - OVE~LAY SYSTEM IS USED 

C 

SIOO 

CALL uVERLAYlbHITCONT.b,OI 
CALL ITCONT 

If ( lABAN .EO. II GO TO 9800 
ITYPEL I TYPE 
I'll n° • 0 

CONTINUE 
IfAE 
NT " 
1'12 = 
NI = 
NlTf 

RE"INU NI 
RE"INO Nl 

= 1 
N2 
I'll 
NT 
= NlTf • I 

COMMENT - fORM HEMBER STiffNESS MATRICE~ AND MEMBER fl~Eo-END-fORCE 
COMMENT - MATRICES . 

00 S8f~TTJ~ is#i~~) 
LTT • LTlJJ) 

COMMENT - SKIP fOR NULL MEMBER 
If (ISTT .EO. 01 GO TO 5750 

COMMENT - SUBROuTINE fORMST CALCULATES MEMBER 16 ~ 61 STiffNESS MATRIX 
COMMENT - AND TAKING ADYANTAGE Of SYMETRY STORES IN COMPACT vECTOR 
COMMENT - SHMTII • I. 211 

5S00 CALL fORMST I RM. 1'10. w. SL. SUo SMMT, LI. L3. L4. L6 I 

5SIO 
5700 

DO 5510 1 - l.lI 
SHC I JJ .11 • SMMTlIl 

CONTiNUE 
IF fNITf .GT. I) GO TO 5750 

COMMENT - SUBROUTINE fORMLD CALCULATES MEMBER INCREMENTAL fIXEO-ENO­
COMMENT - fORCE MATRIX ON fiRST ITERATION Of EAC~ PROBLEM 

CALL FORMLD t 1'111. RO. W. SL. SUo fOMT. Lh L3. L4. L6. JJ) 

5710 
00 5710 I c 1.6 

fOMMtJJ.I) = fOMTII) 
GO TO 5800 

- SET fiXED END-fORCE-MATRIX TO NULL MATRIX fOR NULL LOAOING 
00 5780 I. 1.6 

fOMMIJJ.11 • 0.0 

COMMENT 
5750 
5780 
5800 CONTINUE 

REo["D NI 
COMMENT - DUMP Of STIFfNESS MATRIX AND LOAD YECTOR.TO ACTIYATE.SET LAST 
COMMENT· fiVE COLUMNS IN PROBLEM NUMBER CARD EQUAL TO PRINT 

If IAPROB ,NE. PRINT) GO TO 77777 
DO 5900 JJ ~ I.NM 

ISfT = IST(JJ) 
LTT • LT (JJ) 

IF (ISH .EQ. 0) GO TO 5900 
PRINT 99 • I~MCI JJ .11 • I = 1.21) 
PRINT 99. IfOMMtJJ.I). I = I,bl 

5900 CONTINUE 
99 fO~MAr I I .7EI1.31 

77777 COhTINUE 
COMMENT - START SOLUTION Of fRAME JOINT EQUILIBRIUM EOUATIONS 
COMMENT - SET CONTROL CONSTANTS FOR fRAME SOLUTION 

IHB c 3*IDJ , 2 

NONOVER 
2bJAO 
2bJAn 
2bJAO 
09JUI 
09JUI 
OVERLAY 
OVEI<LAY 
OVERLAY 
NONOVER 
I~API 

09f[0 
2b"YO 
2bMyn 
29JAI 
2MMyn 
27MYO 
27My~ 
?bMYQ 
27"YO 
04JEO 
24APO 
24APO 
26JAO 
2bJAO 
2bJAO 
?4APC 
06'PO 
16JUI 
16JUI 
IbJu! 
08APO 
21MYO 
21MYO 
26JM 
26MYO 
I7JUI 
17JUI 
12SEO 
2bJAO 
UfEO 
26JAO 
24APC 
26JAO 
IlfEO 
26JAO 
27MYO 
09JUI 
10JUI 
16API 
26JAO 
2bJAn 
26JAO 
26JAO 
lifEO 
IlfEO 
26JAO 
26JAO 
16API 
24APO 
24APO 
26JAO 



NL = 3*NJT 
"L = I 
~fSUR 2 ZI 

If 'I TVPE .Eo. Zl 60 TO 6300 
If 'NITf .GT. I) GO TO 6300 

OSAPO 
Z9"YO 
08APO 
Z9 .. VO 
06Jto 

CO .... ENT - lE~O JOINT OISPLACE"ENT UNLESS NOLDIN6 fROM • P~E~IOUS 
CO .... ENT - OR A P~E~IOUS ITERATION 

1")0 6Z50 I = I.NJT 
DXx.'it'l;Q.O 
nYY III ~ 0.0 

6Z50 Dll I [l • O. C 

PROBLE"09JU I 
09JUI 
Z9MYO 
Z"JL I 
Z"JL I 
Z"JL I 

6300 CONTINUr 
CO .... EN' • CAlL G~IP?8 fOR SOLUTION Of f~A .. r JOINT EoUILIBRIU" EoUATlONS 
CO .... EN' • G~lpZ~ 50L~l5 80TH f~'''E JOINT loUILIBRIU" EOUATIONS AND 
CO .... ENT • "E"BER EoUILIB~lu" EoUATIONS - GRIPZB CALLS fSUBI WHICH CALLS 
CO .... ENT • fSUBII TO SET UP F~A"£ EoUATIONS OR fSUBIZ TO SET uP "f"SfR 
CO .... ENT - EoUATIONS 

CALL GRIP2A ( RM. RO. w. SL. SU, Ll. L4. Lb, J~B I 

CO .... ENT - ADD ON INCRE"ENTS Of JOINT DISPLACE"ENTS 

6~00 

J = 0 
DO 6500 I· I. NJT 

J = J • I 
DXX 'll = on, Il • WI J) 
J = J • I 
DVV I Il = on' II ... f J) 
J = J • I 
DZZIIl = DUIIl ' "IJ) 

CONTINUE 
NMJ • 0 
Korr J = 0 

CO .... ENT - SOLVE fO~ JOINT ~EACTIONS 

DO 6bOO I' IoNJT 
CO .... ENT - SUBROUTINE JNTSP~ CALCULATES THE RESISTI~E SP~ING fORcr AND 
CO .... ENT - THE SPRING STiffNESS fO~ THE JOINT SP~INGS 

CALL JNTSPR' SJX. SJV. SJl. SJ'Y' OJ" oJV. oJl. I 1 
RXXIII • - SXXII)*DXXII) • OJ' 
~VVtl) • - SYVIl)*OYVIll • OJV 
Rll ([) = - Sll ([) .Oll ([ I • UJl 
KOJ <II = KOff J 

If ([ .. JIll .E". 0) GO TO bbOO 
NMJ :: NMJ • 1 
KO"JIN"J.NITfl = KOFfJ 

6bOO CONTINUE 
CO .... ENT - CO .. PUTE fOR EACM JOINT' TNE SUM Of APPLIED "UINT LOAD 
CO .... ENT - AND THE REACTION - WHEN THE APPROPRIATE ME"BER END fOkcrs A~E 
CO .... ENT - SUBTRACTED fROM THIS SUM THE ~ESULT IS THE JOINT EQUILIBRIU" 
CO""ENT - E~ROR~ 

7Z50 

DO 7Z5r I = I.NJT 
E~ .'fl) = oXXII) • RXXIP 

If IABSIQXXIIlI .GE. I.OE.30) E~XXfl) 
ERYVII) • unlll • RYVIII 

If IABSIoYVII)) .GE. I.OE'3a) E~YVIll 
E~ll Ill. Oll Ill' ~zz I II 

If IABSlOlltl)) .GE. I.OE'30) ERZltl) 
CONT UojUE 

PRINT 155. NITf 
CO .... ENT - SlA~TNONLlNEAR "E .. BER SOLuT ION 

IfAr = 0 
N .. NC = 0 

DO 7500 JJ. I.N" 
i"'Ct..i.ji c u 
NITM • ..).)) • 0 

0.0 

0.0 

0.0 

Z9"H 
?UPC 
""APC 
ZUPC 
Z"APC 
"loApr 
oaAPO 
"9JUI 
16API 
ZSJAO 
06"~0 
Z9"VO 
06"~0 

Z9"VO 
0f."~0 
Z9 .. VO 
06 .. 110 
OUPI 
07API 
Z"APO 
l'fEO 
09JUI 
09JUI 
zl"n 
IIAGO 
II AGO 
IUGO 
07API 
07API 
07AP I 
OUPI 
07API 
ZUPC 
Z"APO 
<"APC 
ZIoAPC 
ZOM~O 
ZO"RO 
OSSEO 
ZO .. ~O 
OSSEO 
16AFI 
OSSEO 
16API 
OZOCO 
OIJUI 
Z9JAI 
OIJLI 
03JEO 
(I!.)t. ! 
OOfEO 

CD .... ENT - CALL SUBRouTINE "["SOL fOR ITI:R'TI~E SOLUTION Of "["AlR TO 
CO .... ENT • fl~D "E"BER-END-fORCES fOR JOINT EQULIBRIU" CHEC" IN F~A"E 
CO .... ENT - SOLUTION 

CALL M~MSOL ( JJ.RM.RO,W.SL.SU'Ll.LJ.L~.L6) 
If II"CIJJ) .EQ. I) N .. NC = N .. NC • ! 

7500 CD~TI~UE 
N"J = 0 

CO .... EN' . ~.vE JOIN' OI~PLACEMENTS A~O ~QUILIB~IUM ERkORS fWOH '~I~ 

CO .... EN' • ITE~"ION fOR "ONITO~ JOINT' 
DO 7700 I = I.NJT 
If II"J([) .EC. 0> GO TO 7700 

NMJ :- NMJ • i 
[RXXM.J(NMJ.~lTr) 

EkYVM"'N"J.NITfl 
EHlZ"J'N"J.NITfl 
OXX,.. .... fN"'J.NIlF"I 
;Y''',JfNM,J.NITF I 
llU"",N .. J.NITFI 

7700 CON Il~Uf 
8000 CONTINUt 

: fwXX1l1 
= E~VV I II 
= E~ll" I 

uxXClJ 
DUll 1 

Ullll 1 

OlJlJI 
OIJUI 
OIJUI 
ZONOO 
OIJLl 
03J~ 0 
J 3<;f n 

"'"'Ju1 
OqJUI 
o lSEO 
o '~t 0 
03SH 
OlSfO 
0"10 
03S~ 0 
03SEn 
03SEC 
03SEO 
OlSE 0 

13,",~' 

COH"ENT • CO .. PuTE Nu .. BEk Of JOINTS NOT CLOSED --- S~IP C"fCKS 
CO .... ENT - ING TO SPECifiED DISPLACEMENTS 

NJNC = 0 

COR~ESPOND09JUI 
09JUI 
03JL I 

z 
2 

SMO 
8~00 

DO 8700 I' I.NJT 
:F IABS'ER"IIII .GT. 

(,0 'C SbOO 
ERRI .AND. ABSCoXXII)) .LT. 1.0E.]01 

If IAB5'E~YYIII~ .(,T. ER~1 .AND. ABSIOYVIJI) .LT. I.OE.301 
GO TO 8600 

If IABSIERllCI)) .GT. EkRZ .AND. ABSI(llll), .LT. I.OE.301 
GO TO 8600 

GO TO 8700 
NJNC = NJ .. C • I 

CONT INUE 
IF 'NJNC .£I.l. 01 GO '0 <1900 

PI;nNT 175. NJNC .NlTF 
If , NITf .tQ ... NlTfI GO TO ~9,0 
If INMNC .GT. 01 GO TC 8950 

CO .... EN' • ~ETUHN fO~ NE.T f~A"E ITERATION 
6u Tu ~IOO 

8~OO u~INT 177, '~lT~ 

S9'>. CO~' P • .I" 
IF I~MNC .GT. 01 P~ INT IS,>. N .. NC. NlTf 

CO .... ENT - P~INT ~U .... ARV Of F~A .. r ITTERATIONS 
PRINT IBI 

NMJ : 0 
I(ASTt.~ :: 0 

pO & iii.., 0 I = J.N,JT 
I F I IMJ I[ 1 • t fl. 0 I GO TO 8960 

NMJ = NMJ • I 
nO ~~~5 J' 1'''ITf 
If 'KO"J'N .. J.J) .EO. II GO TO 895Z 

PRINT 182. 1.,J.OXXMJ(NMJ.J).OYYMJCNM,J.J).OZZM,JCNMJ.,JI. 
~ [kJJ~,JCNMJ.J). [RYYM,J(NM,J.J). E~ZlHJfNM,J.,J' 

GO '" b95., 
'ASTEH = I . 

PW[NT 183. 1.,J.OXXM,JINM,J.,Jl.O'fYMJ(NM,J.,J).OZZM,JeNH,J.,JJ. 
~~XX",JtNMJ.,JI. ERYYMJ(NMJ.J', fRZZM,J(NM,J.,J) 
CO~ T INUE 
CO~ 'INUE 
IF '~ASH' .EY. II PRINT 18" 

CO~~£~T ~ P~!Nl TA~lE K IF HFQUESTEO 
It liPS .Fo. I) GO TO 8970 

IIJEO 
OSSEO 
OSS~O 
OSSEO 
OSSEO 
05~EO 
OSSEO 
OZOCO 
03JL I 
IIJEo 
03JL I 
08JLl 
OIJUI 
OIJLl 
09JUI 
16API 
IbA~1 

03SEo 
OIJLl 
Z8NOO 
035£0 
03SEO 
07API 
0>5£0 
03S~ 0 
OlSEO 
035£0 
07API 
03SEO 
03S~O 
07API 
07API 
03SEO 
0351:0 
OlSEO 
03SE 0 
07API 
Z"APC 
13 .. RO 

N 
W 
N 



PIHNT II 
PRINT lo.NPHOB.IAN21111.11=1.181 

IF INJNC .GT. 0 .OR. NMNC .GT. 01 PRINT 777 
PIo/INT I!;I 

~ASTER = 0 
DO 89bS I" I.NJT 
If I~OJIII .EQ. II GO TO 89b2 

PRINT IS2. I. DXXIII. DYYIII. DllIII. RXXIII. RYYIII. RllIII 
GO TO 89b5 

89b2 ~ASTER ,. I 
PRINT IS3. I. DXXIII. DYYII). DllIII. RXXIII. RYYIII. RllIII 

89b5 CONTINUE 
If I~ASTER .EO. II PRINT IS. 

8970 CONTINUE 
COMMENT - PRINT TABLE 9 If REQUESTED 

If IIP9 .EO. I) GO TO 8980 
REwiND NI . 
REWIND N2 

NT = NI 
NI = N2 
N2 S NT 

COMMENT - SUBROUTINE PRINT9 OUTPUTS MEMBER RESULTS 
CALL PRINT9 IAN2.NPROB.RM.RO.W.SL.SU.LI.L3.L4.Lbl 

89BO CONTINUE 
COMMENT .- PRINT TABLE 10 IJOINT EQUILlBHIUM ERRORSI If REOUESTED 

If IIPIO .EO. II GO TO 8990 
PRINT II 
PRINT Ib.NPROB.IAN21111.11=1.181 

If INJNC .GT. 0 .OR. NMNC .GT. 0) PRINT 777 
PRINT lo~ 
DO 898S I S I.NJT 

8985 PRINT IS2. I. ERXXIII. ERYYIII. ERllIII 
8990 CONTINUE 

If INMNC .GT. 0 .OR. NJNC .GT. 01 GO TO 9800 
COMMENT - RETURN fOR NEW PROBLEM 

9000 GO TO 1010 
COMMENT - SOLUTION ABANDONED - SEARCH fOR INDEPENDENT PROBLEM BEGINS 
COMMENT - HERE 

9800 PRINT SO 
9810 READ IJ.NPROB.AN21191.AN21201.IAN21111.11=1.181 

If INPRORIII .NE. ITEST2 .OR. NPRO&121 .NE. ITEST31 
2 GO TO 9840 

PRINT Il.NPROB.AN21191.AN21201.IAN21111.11-1.181 
GO TO 98}0 

9840 If INPROB I 11 .EO. ITESTII GO TO 9900 
READ 100. ITYPE.~EEP2.~EEP3.~EEP4A'~EEP4B.~EEP4C.~EEP5A.~E[P5B. 

2 ~EEP5C.~EEPSD.~EEPb.~EEF7.IP8.IP9.IPIO.NCD2.NCD1.NCD4A. 
3 NCD4B.NCD4C.NCDSA.NCD5B.NCD5C.NCDSD.NCDb.NCD7 

~E~E = ~EEP2 • ~EEP3 • ~EEP4A • ~EEP4B • ~EEP4C • 
2 ~EEPSA • ~EEP5B • ~EEP5C • ~EEP5D • ~EEPb • ~EEP7 

If I~E~E .EO. 0 .AND. ITYPE .LE. 21 GO TO 1050 
PRINT 12.NPROB.IAN21111. II = 1.18) 
PR:NT 100. ITYPE.~EEP2.~EEPl.~EEP4A'~EEP4B.~EEP4C.~EEPSA.~EEP58. 

2 ~EEPSC'~EEP5D.~EEPb.~EEP7.IP8.IP9.IPIO.NCD2.NCD3.NCD4A' 
3 NCD4B.NCD4C.NCDSA.NCDSB.NCDSC.NCDSD.NCDb.NCD7 

GO TO 9810 
9900 CONTINUE 

RETURN 
END 

10fEO 
2bJAO 
02JLI 
10fEO 
07API 
10fEO 
07API 
10fEO 
07API 
07API 
10fEO 
07API 
07API 
13MRO 
IbNOO 
IbNOO 
30NOO 
30NOO 
18NOO 
18NOO 
18NOO 
09JUI 
23NOO 
IbNOO 
24APC 
25MRO 
25MRn 
2bJAO 
02JL I 
IbAPI 
2}MRO 
21MRB 
IJMRO 
OJJLI 
24AP~ 

2bJ 40 
24APC 
24APC 
2bJAn 
24JL1 
24JLI 
24JL1 
24JL1 
26JAO 
24JL1 
ObA.GO 
ObAGO 
ObAGO 
ObAGO 
06AGO 
09fEO 
24JL1 
ObAGO 
OUGO 
ObAGO 
2bJAO 
2bJAO 
2bJAO 
14DEO 

C 
C 
C 

.......................................................•.............. 
SUBROUTINE 

•••••••••••••••••••••••••• 0 ••• 0 •••••••••••••••••••• 0 •••••••••••••••••• 

SU8ROU11~E rORMST ( RM, RO. W. SL' ~U, SMMT. ll. lJ. l4. L6 ) 
COMMENT - SUBROUT!NE fORMST CALCULATES MEMBER Ib X bl STiffNESS MATR!X 
COMMENT - AND TA~ING ADVANTAGE Of SYMETRY STORES IN COMPACT VlCTOR 
COMMENT - SMMTII = I. 211 
COMMENT - MEM8ER b X b STiffNESS MATRiX STORED AS 21 X I VECTOP SM~T AS 
COMMENT - SHOWN ~ELOW 
COMMENT - I 5 R 
COMMENT - 2 7 Y 
COMMENT - 3 A 12 M 
COMMENT - 4 9 13 Ib M 
COMMENT - S In 14 17 19 
COMMENT - b II IS 18 20 

OIMENSION fMMlfbl. SMMTI211 

L 

C 

E 
21 

DIMENSION RMIL3.Lb). RO(Lbl. w(Lbl. SLIL31. SUIL41 
COMMON /BLOC~2/ DXS( 2S). DYSI 2S). lLS( 251. 

2 DC2S1 2S). PRf I 25). PRAE I 251. NCDS I 25" 
3 10POPI 2SIo IPINLC 2SI. IPINRI 2S" NCSI( 2SI. 
4 NALI 251. NSXLI 251. NSYL( 25). NSlL( 251. 
!> NSxR1251. NSYR(25). NSlRI 25). QM(25). 

COMMON /8LOC~5/ XLSI SOl. XRSI 501. fL( 50). 
2 SXLI SOl. SYL( SOl. SlLI SOl 

COMMON /BLOC~7/ fl 421. AE( 421. 
2 SZI 42), QXI 421. QYe 421. 
3 DY1421. UZC 42" ERX(42). 
~ SOXI 421. SUYI 42). SQlI 421. 
S w11421. U21 42). V2( 4210 
o 8MISI 421. BM2S1 421. TTS( 421 

5X I 4210 
Oll 42). 
ERYe 421. 
Uj( 4210 
W2( 42). 

IlCISI 2SI. 
IAXOPS I 2SI. 
INLOP I 2SI. 
NARI 2SI. 
WMf 2S1 
AELI SOl. 

SYI 4210 
OX ( 4210 
ERl I 421. 
VI I 421. 
D~(1.3. 4210 

COMMON /BL~I/ ~EEP2. ~EEP3. ~EEP4A.~EEPSA.~EEPo. ~EEP7. 
2 ITYPE. NCD2. NCD3. NCD4A. NCD5A. NCD6. NCD7. 
1 lABAN. IFORM. NM. NJT. NST. NLT. TOL. 
4 M. MPI. MP2. ISTT. LTT. ITYPEL.IDJ. 
S ~STL. IP8. IP9. IPIO. KEEP4B.~EEP4C.NCD4B. 
o NCD4C. KEEPSb.~EEP5C.~EEPSD.NCD5B. NCD5C. NCD5D 

COMMON /BLK2/ XL.XR.XI.X2.11.12.NQ.H.TH.HSQ.HCU.X2L 
COMMON /BL~3/ MNJT.MNST.MNLT.MNM.MNCS.MNCb.MDJT.MNJS.MNE.MNCS. 

2 MNPCS.MNSS.MNQwM 
COMMON /dLK4/ STI.ST2.ST3.ST4.STS.STb 
COMMON /8L~S/ NfSUB.NITf.NI.N2 
COMMON /BL~b/ QTI.OT2.0T3.QT4.0TS.QTb 
COMMON /8L~7/ INLOPT .lfAE.~Off J.~OffQ, .• ~OffSE 
COMMON / RI / NL. ML. JI 

COMMENT - SET TEMPORARY CONTROL CONSTANoS fOR STiff TYPE ISTT 
IPINLT = IPINL(ISTTI 
IPINRT • IPI"'R(ISTTI 
ZL = ZLSIISTTI 
PHfT = PRf ( ISTT I 
PRAET = PRAE ClS.TT 1 
NCDST = NCDSIISTTI 
"'CSIT = NC5111STTI 
INLOPT = INLOPIISTTI 

COMMENT - COMPUTE CONSTANTS fOR MEM8ER SOLUTIONS fOR STiffNESS VALUES 
TI< = ?LlM 
f'1 .: 0.5-11-1 
HSU .: H-H 
HCU = HSQ'H 
NL. = 3'MP I 
Ml ;II: 1 
Nfsua - 22 

If.INITf .GT. II GO TO 1200 
If IITYPE .EQ. 21 GO TO 1200 

08APO 
II>JUI 
IbJUI 
IbJUI 
21Jul 
21JUI 
21JUI 
21JU! 
21JIJI 
21JUI 
21JUI 
21JUI 
ISJEO 
08APO 
2bJAO 
2bJAO 
170CO 
170CO 
170CO 
2bJAO 
2bJAO 
04JEO 
94JEB 
04JEO 
04JEO 
29JAI 
29JAI 
2bJAO 
2bJAO 
2bJAO 
12fEO 
OSAGO 
OSAGO 
2bJAO 
IIJUI 
lIJUI 
2bJAO 
04JEO 
04JEO 
07API 
O~APO 

13MYO 
2bJAO 
2bJAO 
2bJAO 
2bJAO 
2bJAO 
26JAO 
2bJAO 
OINOO 
13MYO 
26JAO 
2bJAO 
2bJAO 
2bJAO 
2bMYO 
07MYl 
07MYl 
07MYl 
07MYl 

N 
W 
W 



COMMENT - ZERO MEMBER DISPLACEMENTS 
00 IISO I" I.MP2 

Oxlll .. 0.0 
ove II .. 0.0 

1150 DIll) .. G.o 
GO TO 1300 

COMMENT - READ MEMBER DISPLACEMENTS 
1200 READ INI) II0xll). Dlll', DlcIII. I .. I.HPZI 
IlOO CONTINUE 

COMMENT - lERO MEMBER INCREMENTAL LOADS 
DO 1800 I" "MP2 

ERxII) • 0.0 
ERlI" .. 0.0 

1800 ERlIII .. 0.0 
I. IINLOPT .EO. II GO TO 2400 
I. INCDST .EO. 0) GO TO 2100 

COMMENT - SU8ROUTINE DlsCST olSCRETIZES MEMBER LINEAR STI.fNESS DATA 
COMMENT - •• AE. Sx. Sl. Sl 

CALL OISCST I NC5IT, NCDST, lL, LI I 
GO TO 2S0C 

2100 CONTINUE 
COMMENT - PRISMATIC MEM8ER WITH CONSTANT • AND AE 

00 2200 I" I.MP2 
Sxlll .. 0.0 
Sllll .. 0.0 
Slll) " 0.0 
soxe II .. 0.0 
SOytll .. 0.0 
sOll1l E 0.0 
AE II I .. PIIAET 
.111 • PR'T 

Z200 CONTINUE 
AECII .. 0.0 
AEIMPZI .. 0.0 
fill .. 0.0 
fIMPZ) .. 0.0 

GO TO 2500 
Z400 CONTINUE 

COMMENT - ~usROUTINE NLSS DISCRETllES DISTRIBUTED MEMSER 0 - w CURVES 
COMMENT - TO STATION VALUES or RESISTIVE SPRING fORCES SO •• SOY, SOl 
COMMENT - AND SPRING STlf'NESS S)(. Sy, Sl 

CALL NLSSILII 
2500 CONTINUE 

COMMENT - STORE MEMBER END RESTRAINTS sTI - ST6 
STi .. S)(llI 
STZ .. SHII 
ST3 .. SZII' 
ST4 .. S)('MPI' 
STS • SY'MPI' 
STtt .. SllMPIl 

COMMENT - IERO MEMBER-END-LOADS 
OU .. 0.0 
OT2 ,. 0.0 
OT3 .. 0.0 
OT4 .. 0.0 
OTS .. 0.0 
OT6 .. 0.0 

COMMENT - SET MEMBER END RESTRAINTS TO I.OE40 .OR 51)( MEMBER SOLUTIONS 
s)(UI .. I.OE40 
SY H' • 1, OE~O 
Sllll .. I. OE40 
SXlMPl1 .. I.OE40 

If>JUI 
07MYI 
Z4JLI 
Z4JLI 
Z4.JLI 
07MY! 
16JUI 
07MYI 
07MYI 
27MYO 
27MYO 
Z4JLI 
ZltJLI 
24JLI 
OINDO 
27MYO 
16.1111 
16.IUI 
Ilf£O 
27MYO 
Z7MYO 
16.1111 
27MYO 
Z4JLI 
ZltJLI 
Z4JLI 
Z4JLI 
Z4JLI 
Z4JLI 
27MlO 
27MYO 
27MlO 
Z4JLI 
2ltJLI 
24JLI 
24JLI 
OINOO 
27My!! 
I6JUI 
16JUI 
16JUI 
05"[1 
UNDO 
13MYO 
26JAO 
26JAO 
26JAO 
Z6JAO 
26JAO 
26JAO 
16JUI 
24JLI 
Z4JLI 
24JLI 
2ltJLI 
2ltJL) 
ZltJLI 
13MYO 
24JLI 
Z<oJLI 
24JLI 
24JLI 

COMMENT - ZERO 
If" ( 
IFI 

COMMENT - UN IT 

~VUIPI' • 1.0tltO c<oJLI 
,>lIMPI' • 1.0EltO 2ltJLI 
PH'NEO END NOTATION Rt;ST~AI"TS Il"YO 
IPINL T .EO. II SZ<1I & 0.0 Z6JAO 
IPINRT .EO. II Sl(MPII = 0.0 .?f-JAO 
INCREMENT Of OISP fOR flNST COLUMN or STiff .. ATRI. 16JUI 
EWXIII • 1.0EltO 27"YO 

COMMENT - CALL GRIP2A TO SOLVE MEMBER fOR UNIT INCREME"T or 0lSPLACEMENTI6JUI 
CALL GRIPZA I RM.RO, •• SL,SU.L3'L4.L6.~1 21MYO 

ERX 0) " 0.0 27MYO 
COMMENT - CALL MEMENI TO fiND INCREMENTAL END-fORCES WHICH AilE STI •• NESSI6JUI 
COMMENT - TERMS IN ONE COLUMN Of STI,'NESS MATklX 16JUI 

CALL MEMENI I w •• MMI.Lf> I 15JEO 
00 3350 KK. 1.6 Z7"vO 

l350 SMMT (I(K' • fMMllKKI Z7MvO 
COMMt;NT - SET MULTIPLE LOAD OPTION fOR REMAINING SOLUTIONS I~JUI 

ML • -I Z7MVO 
COMMENT - UNIT INCREMENT O. DISP fOk SECONO COLUMN Of STIff MATRIX If-Jul 

(RYO. = 1.0EltO 27"'" 
CALL GRIP2A , RM.RO.w.SL,S ... L3.LIt.L6.S1 27MYO 

ERYIlI • 0.0 Z1MYO 
CALL MEMENI I .,fMMI,L6 I 15JEO 

00 3450 KK. 2,6 Z7MlO 
3lt50 SMMT liCK. 51 .. fMMIIKKI 27MYO 

I. tlPINLT .LE. 01 GO TO 3500 07MYl 
COMMENT - ZERO STI.fNESS fOR PINNEO CONNECTIONS 07Mvi 

SMMT I 31 0.0 ZltJLI 
SMMT! 81 .. 0.0 ZltJLI 
SMMTCIZI • 0.0 ZltJLI 
SM"'TCI31 • 0.0 21t.JLI 
SMMT!141 • 0.0 24JU 
SMMTClSI & 0.0 cltJLI 

GO TO 3575 07MYI 
COMMENT - UNIT INCIIEMENT O' DISP fOR THIRD COLUMN Of STI •• MATRIX 16JUI 

3500 ERllII • 1.0[40 27MYD 
CALL GRIP2A I RM.RO ••• SL,SU.L3.LIt,L6.51 27MYO 

t~lll I • 0.0 27MYO 
CALL MEMENI I ... MMhL6 • 15JEO 

3550 
{)() 3550 ~K. 3.6 Z7MvO 

SM'HIKK. 91" fMMII~~1 27MYO 
COMMEIIT - UN I T 

3575 
INCIIEMENT O' OISP fOR fOURT~ COLUMN Of STiff MATRIX If-JUI 
ERxI"'PII .. I.OE40 27AGO 

CALL GRIPZA e RM.RO •• ,SL.SU.Ll.LIt,L6.5' 27MYO 
t,.J, ("'PI' :Ie 0.0 27f14YO 

CALL MEMENI I •• n!MI.L6 I 15JEO 
00 }6S0 ~ •• It.tt 27MYO 

Jf>'>O SMMTtKK. IZ' • FMMIIKKI 27MlO 
COMMENT· uNIT INCREMENT OF OISP 'OR 'I'T~ COLUMN O. STiff MATRix I~JUI 

ERY(HPII • 1.0[40 27MYO 
CALL GRIPZA 1 RM.RO,W,SL.SU,LJ,LIt.L6.5' 27MYO 

~"Y! .. PII • 0.0 Z7MYO 
CALL MEMENI I .,fMMI.L6 I 15JEO 

tJO 3750 Ko( a 5 ttt 27MYO 
3750 SMMTIKo( • 1<01 .. fMMIIK~' 27MYO 

If (IPINRT .LE. 01 GO TO 3800 27AGO 
COMMENl - lERO STifFNESS fOR PINNEO CONNECTIONS 07Mll 

SMMT I 6, • 0.0 Z4JLI 
SMMTClII " 0.0 ZltJLI 
SMMTCl5 •• 0.0 2ltJLI 
SMMT 1181 a 0.0 2ltJLI 
SMMTC201 • 0.0 2ltJLI 
SMMTtZII • 0.0 Z4JLI 



GO TO 9900 
COMMENT - UNIT INCREMENT 

3800 ERllMPl1 
CALL GRIP2A 

ERllMPIl 
CALL M[MENI 

SMMT(211 
9VOO CONT1NUt 

>!ETURN 
END 

Of oISP fOR SIXTH COLUMN Of STiff MATRIX 
I.OE49 
RM.RO.w.SL.Su.l3.L4.L6.~) 

0.0 
ilhfMMI.L6 
fMM1(6) 

07MYI 
16JUI 
07MYI' 
27MYO 
27MYO 
15JEO 
27AGO 
26JAO 
26JAO 
26JAO 

C 
C 
C 
C 
C 

** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SURROUTi"E 

••••••••••••••••••••••••••••••••••••••••••• ** ••••••••••••••••••••••••• 

SUBIlOUTINE DISCST e NC5lT. NCoST. ZL. L1) 
COMMENT - SUBROUTINE DrsCST DISCIlETIZES MEMBER LINEAR STIffNESS DATA 
COMMENT - f. AE. SX. SY. SZ 
COMMENT - NONLINEAR SPRING RESISTIVE fORCES SOX. SO~. SOZ ARE ZEROED 

COMMON IBLoCKSI xLse 501. xRse 501. fLC SO). AELI SO). 
2 5xLI 5010 SYLI 5&1. SlLl 50) 

COMMON IBLOCK71 fe 42). AEI 42). 
2 SZC 421. OX( 421. OYI 42" 
3 DYI 421. DZI 421. ERXI 421. 
4 S(a I 421. SOY! .... 210 Sill I 42). 
5 Iii', .... Z). U21 42). V21 .... 2,. 
6 BMISI .... 2). 8M2S! .... 2). TTSI .... 2) 

Sx ( .... ZI. 
OZI 42" 
ERYI .... 21. 
UII 4ZI. 
112 ( .... 2). 

SYI .... 2" 
OX I 4Z), 
ERlI .... Z). 
VI I 4Z1. 
DS(J.J. 42). 

COMMON 18LKII KEEP2. KEEP3. KEEP .... A.KEEP5A.KEEP6, KEEP7. 
2 !TyPE. NCD2. NCD3. NC.o4A. NCD5A. NCD6. NCD7. 
3 lABAN. IfOIlM. NM. NJT. NST. NL T. TOL. 
4 M. MPh MP2. ISH. LTT. iTYPEL.IDJ. 
5 NSTL. IP8. IP9. IPIO. KEEP .... 8.KEEP .... C.NCO .... 8. 
6 NCD4C. KEEP58.KEEP5C.KEEP5o.NC058. NCoSC. NCo5D 

COMMON IBLK21 XL.XR.XI.X2.II.12.NO.H.TH.HSO.HCU.X2L 
COMMENT - ZERO MEHBEIl STiffNESS DATA 

10ZO 

DO 1020 I '" I,MP2 
SXlIl ; 0.0 
SYCII " 0.0 
SZIII " 0.0 
f(l) " 0.0 
AEIII " 0.0 
SOxUI 0.0 
SOYIiI " 0.0 
SOl III '" 0,0 

CONTINUE 
lCOUNT 0 
NCS2T " NC51T - I • NCD"T 

COMMENT - II GOES fROM NCSIT TO NCS2T 
II " NCSlT - I 

1050 II '" II • I 
COMME~T - READ DATA fROM ONE CARD IMAGE (STIffNESS AT LEn Of SECTION) 

XL ,. )(LSIll) 
)(1< ; xRS(1I1 
fLT = fL(Il) 
AELT '" AEL(ll) 
SXLT ,. SXLClI) 
SYLT " SVLIlll 
SlL T " SlL I II ) 

If (XI< .NE. 0.0) GO TO 1100 
COMMENT - VARIABLE STiffNESS SECTIQN READ ONE CAkD IMAGE 1ST Iff NESS AT 
COMMENT - RIG~' Of SECTION) 

11-11'1 

IlfEO 
16JUI 
16.11.11 
16JUI 
26JAO 
26JAO 
O .... JEO 
04JEO 
04.1EO 
04JEO 
29JAI 
29JAI 
26JAO 
26JAO 
26JAO 
12fEO 
05AGO 
05AGO 
26JAO 
13MV" 
26JAO 
26JAO 
26JAU 
26JAO 
26JAO 
26JAO 
2 .... JLI 
Z .... JLI 
24JLl 
26JAO 
26JAn 
26JAO 
UMYO 
26JAO 
Z6JA~ 
13MYO 
26JAO 
26JAO 
26JAO 
2bJAO 
26JAO 
26JAO 
26JAO 
26JAO 
13MYO 
13MYO 
26JAO 

XR = XRS( II) 
fRT = fL111l 
AERT HUll) 
S)(I<T = SXL ( II) 
SYI<T = :"YLCII) 
Sll<T ,. SZUII) 

GO TO 1110 
COMMENT 
COMMENT 

1100 

- UNifORM ~TlffNESS SECTION SET STlffNtSS ON HIGHT EQUAL TO 
- STiffNESS ON LEfT 

fRT fL T 
AEI<T AELT 
SxRT SXL T 
SYI<T ,. SVLT 
SlRT " SZLT 

IIro 
COMMENT 

CONT INUE 
If IICOUNT .NE. 0 I GO TO 121Q 

- fiRST SECTION Of MEMBERS STIffNESS DATA 
ICOUNT = I 

1210 

1250 

II " 2 
)(1 Tii 

GO TO 1250 
CONTINUE . 

II " IZ • I 
XI = TH - )(2 

CONTINUE 
If (A~ .NE. lLI GO TO 1260 

COMMENT - LAST SECTION Of MEMBERS STiffNESS DATA 
12 " MPI 

1260 

X2 c 0.0 
GO TO 1270 . 

ll2 " X~/TM • 1.0 
12 • 712 
)(2 ,. XR - 12*TH • Tii 

127Q NO • 12 - II 
COMMENT - SUBMouTINE LINSTf DISTRIBUTE~ f '~D AE 

CALL LINSTf ( fLT. fRT. f. fTT2. LI I 
CALL LINSTf (AELT. AERT. AE. AETT2. LI 

COMMENT - SueRIlUTlhE LINLD oISTRI&UTE5 S)(,SV,Sl. OA,OY, AND OZ 
If IS)(LT .EIl. 0.0 .AND. 5)(RT .EIl. 0.0) GO TO 1280 

CALL LINLO ( SALT. SxRT, Sx. LI I 
12 .. 0 If ,>Vc T .EIl. 0.0 .AND. SYRT .1'.:0. 0.01 GO TO 1290 

CALL LINLD I SVLT. SYRT. sy, LI , 
If ('ilLY .EO. 0.0 .AND, SlRT .Ea, 0.0) GO TO 1330 

CALL L1NLO I SILT. ~l"T. Sl. LI I 
1330 co .. TINUE 

X2L ; ~2 

COMMENT -
9000 
9900 

~ETU"N fOR IMAGE Of NEXT DATA CARD If II LESS THAN NC52T 
If jll .LT. NCS2Tl GO TO 1050 
COlli r INUE 

RETURN 
END 

26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
I3MYO 
I3MYO 
26JA~ 

26JAO 
26JAO 
26JAO 
2f>JAO 
26JAr 
26JAO 
I3M<O 
2f.JA' 
26JAt 
26JAf 
26JAO 
IlMYO 
26JAO 
26JAO 
26JAO 
26JAO 
I3Mn 
UJAO 
26JAO 
26JAO 
26JAO 
26 JAr 
26JAO 
26JAf 
13M> 0 

IIfEO 
lIfEO 
13MYO 
lIMVO 
11ft 
IIMyO 
IlfEO 
IIMYO 
lIfEC 
26JA' 
26JAC 
13Myr. 
l6JAO 
26JAO 
26JAO 
26JAO 

C 
C 
C 
C 
C 

................•......•.•....•••......•.••••••••••.•.•••••••...••.... 
SUBRouTINE ...........•............••••.••••............•..•••••••••••••••..••••• 

SUB~OuTINE LINSTf (STL,STR.ST.STT2.LII 
COMMENT - SUBROUTINE LINSTlff D1SCkESTIlES LINEAH VARIATIONS IN LINEAR 
COMMENT - STlfNES!> PRuPERTlES f ( I AND AE ( I 

DIMEN~IO" SIILI) 
COMMOh IhL~21 XL.XR.XI,X2.11.12.NQ.H.TH.HSC.iiCU.X2L 

If I XL .NE. 0.0 ) GO TO 1150 

IIfEO 
14JLI 
I .... JLI 
IIfEO 
26JAO 
26JAO 



COMMENT· FIRST SECTION OF MEM~ER 
XZL = 0.0 

1150 
SHZ " 1.0 

CONTINUE 
IF I STR .EO. STL I GO TO 1310 

COMMENT· LINEAR STIFFNESS SECTION 
COMMENT· CALCULATE SLOPE OF LINEAR STIFFNESS VARIATION 

COMMENT 
COMMENT 
COMMENT 

OS " ISTR • STLI'IXR-XL) 
• FIRST ELEMENT ITM LONG) OF SECTION 
• COMPUTE EFFECTIVE STIFFNESS OF ELtMENT CONSIDERING 
- START OF SECTION 

STA ~ STL 
STB • STL • OS*xI 
STTI • O.S*(STA • STBI 
STIIII • ITH*STTI*STTZ);IXZL*STTI • xI*STTZ) 

IF INQ .EO. 0 ) GO TO IZSO 
UPI ,. 11 • I 
llPNO = 1l • NQ 

COMMENT - REMAINING NO ELEMENTS 
COMMENT • COMPUTE STIFFNESS AT MID POINT OF ELEMENT 

1210 
1250 

00 1210 I ,. IIPI, IIPNQ 
STA " STB 
STa .. STA • OS*TH 
STII) • O.S*ISTA • ST8) 

CONTINUE 
STA .. ST8 
ST8 ,. STR 
STTZ • O.S*\STA • ST8) 

GO TO 11100 
- UNIFORM STIFFNESS SECTION 
- FIRST ELEMENT ITH LONG) OF SECTION 

JUMP AT 

1290 
COMMENT 
COMMENT 
COMMENT 
COMMENT 

• COMPUTE EFFECTIvE 
- START OF SECTION 

STIFFNESS OF ELEMENr CONSIOERING JUMP AT 

1310 5TH ,. STL 
STili) • ITH*STTI*STTZ)'IXZL*STTI • XI*STT21 

IF INQ -EO. 0 ) GO TO 1360 
IIPI • 1l • 1 
llPNO = 11 • NO 

COMMENT - REMAINING NO ELEMENTS "AVE CONSTANT STIFFNESS 
00 1350 I "IIPI. IIPNQ 

1350 
1360 
11100 

STill .. STL 
STT2 ,. STL 

CONTINUE 
RETURN 
ENO 

13MYO 
26JAO 
26JAO 
26J"O 
26JAO 
13MYO 
13Myn 
26J"0 
13MYO 
15MYO 
15MYO 
26.JAn 
26.JAO 
26JAO 
26JAO 
26JAO 
26JAn 
26JAn 
13MYO 
15MyO 
26.1.0 
26JAO 
26JA~ 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
IlMYO 
IlMYO 
ISMYO 
ISMYO 
26JAII 
26JAO 
26JAO 
26JAO 
26JAn 
ISMyn 
26J_O 
26JAO 
26JAO 
26JAn 
26.JAO 
26.JAn 

C 
C 
C 
C 
C 

....•.•••••........••.••........•.••...••••.•••.••.••.........•....••• 
sUIlROUTiNE ••••.••.•.•••••..•............•..•.•.•••..•••.•...•..............••... 

SUBROUTINE L INLO I (,IL. OR. Q.L1) 
COMMENT - SU8ROUTINE LINLD OISTRIBUTES SX. Sv. SZ. OX. QY •• NO OZ 

DIMENSION OILI' 
COMMON 'BL~2' XL.XR.XI.X2.11.12.NQ,H.T".HSQ.HCU.X2L 

COMMENT ~COMPUTE SLOPE OF LINEAR VARIATION 
DO • lOR· QLI;IXR - XLI 

COMMENT - COMPUTE CONCENT~ATEO LOAD OR RESTRAINT fOR ELEMENT AT RIGHT 
COMMENT - ENO OF SECTION QI. DISTANCE TO LINE OF ACTION Z AND CALL 
COMHENT - CONLD TO DISTRIBUTE TO AO.JACENT STATIONS 

02 " Qt< 
01 • QR - OQ*Xl 

IF 1 ABS 101 • Q2) .LE. I.OE-IO I GO TO 1005 

llFEO 
15MYO 
UFEO 
26JAO 
ISI<YO 
26.JAO 
ISMYO 
151<vO 
ISMyD 
26JAQ 
26.JAO 
26JAD 

IF I 
CALL 

COMMENT - SAME 
1005 

IF 

Z • XR • X2 • IX2,3.0'*(2.0*02 • 01,,101 • 021 
QI = D.S*X2*IOI • 02) 
AIlSIOJ) .LE. I.OE-IO I GO TO 1005 

CONLO I 01. z. O. LI I 
AS ABOYE FOR ELEMENT AT LEFT ENO OF SECTION 
01 • Ol 
QZ = Ql • l.lU*(1. 
AB~ IQI • (,121 .lE. I.OE-IO I GO TO 1009 
Z • XL • IXI'3.01*(2.0-02 • QI"IOI • Q21 
01 = O.S-XI*(QI • OZI 

IF ABSIQI) .LE. I.OE-IO I GO TO 1009 
CALL CONLO I 01. Z. Q. LI I 

1009 If NO .EO. 0 ) GO TO 2000 
1020 JlX .. XL • X I 

COMMENT • SAME AS AIIOVE FOR REMAINING NO ELEMENTS 

1990 
2000 

00 1990 II ,. I.NO 

IF 

01 z 02 
02 '" 01 • DO-TH 
ABSIOI • o~, .LE. I.OE-IOI GO TO 1990 
Z • XX • IT~/3.0l*12.0*02 • 011/101 • 021 
XX " xx • TH 
QI " O.S*T"-IOI • 021 

CALL CONLO I QI. Z.· O. LI I 
CONTINUE 
COhTlNUE 

RETURN 
END 

26JAO 
Z6JAO 
26.JAO 
lIFEO 
ISMYO 
Z6.JAO 
26JAO 
26.JAO 
Z6JAO 
26.JAO 
26JAO 
llFEO 
26JAO 
26.JAO 
15MYO 
26.JAO 
Z6.JA·' 
26.JAe 
llMYO 
26.100 
26JAO 
26JAO 
IIFEO 
26JAn 
26JAO 
Z6.JAO 
Z6.JA~ 

C 
C 
C 
C 
C 

....•..........................•.....................•......•......... 
suR~OuTl~E ..............•................................................•.....• 

SUBROUTINE CONLO t (,II. z. 00. Lil 
COHMENT - SUBROUTINE CONLO DISTRI8UTES CONCENTRATED VALUE OF LOAOS. 
COMMENT - SPRING. STIFFNESSES. AND RESISTIVE SPRING FORCES TO AOJACENT 
COMMENT· STATIONS I ANO IPI 

DIMENSION OOILIl 
COI<I<ON ;BL~2' XL.XR.xI.X2.II.12,NO.H.TH.HSO.HCU.X2L 

ZI "Z'T~ • 1.0 

WElURN 
rNO 

I • 11 
ZZ • Z - I*TH • T~ 
IPI • 1 • I 
OOCII • 0011) • OI-ITH - ZZI,T" 
001lP11 = OOIIPII • OI*Zz'T~ 

UFEO 
OIJLI 
DIAl 
OIJLI 
IIFEO 
26.JAO 
26JAO 
26.JAO 
09.JUI 
26JAo 
09JUI 
09JUI 
Z6.J"0 
26.JAO 

C 
C 
C 
C 
C 

•...........••.••.........................•......•..............•.•... 
..•....•.....••...•.......•.......................................•••• 

sueROUTlhE MEMENt (W.FMMI.L6) 
COMMENT - HEMENI COMPUTES THE INCREMENTAL MEMBER-END FORCES FOR FINDING 
COMMENT - INCRE~ENTAL FIXED-ENO-fORCES ANO TANGENT STIFFNESS MATRIX 

DIMENSION .IL6) 
OI~ENSIOh SEE3(3.3). WT131. 
COMMON 'BLOCX2' OXS( 251. 

2 OC2&1251. PRrI2S). 
3 10POPt lSI. lPINLI 251. 
.. N.U! 2'5" "'SXll ?SI. 
S NSXRt 25). NSYRt 251. 

COMMON ,aLOCK1' FI 42). 

.. 
fMMTI31. FMMI(6).SAC3.3) 
DYSC 25.. ZLSt 25). OCIS( 2510 
PRAEI 25). NCOSI 25). IAXOPS( 251. 
IPINRI ZSI. MeSIC 251. INLOPC ZSI. 
NSYL( 251. NSZLI 251. NAR( 2S). 
NSZRI 251, QMI 251. WM( 251 
AEI 4ZIo S~I 4210 SYC 4210 

ISJEO 
12JYl 
12JYl 
ISJEO 
19SEO 
26.JAO 
26JAO 
I lOCO 
110CO 
1 lOCO 
04Jf.0 

tv 
W 
0' 



2 SZI 42)' OX( 4Z), 
3 OY( 4210 Ol( 4Z). 
4 SQXI 4ZI, say( 421. 
5 WI14ZI, UZl 4Z). 
6 BMISl 4Z). BMZ5l 4Z). 

COMMON IBLOCII' SEET(6.61 

Oy( 42). 
ERX( 4Z), 
SQl( 421t 
~2( 421. 
TTSl 42) 

Ql( 42), 
ERY! 42). 
Ull 4ZIo 
W21 4Z). 

DX I 4210 
ERZt 4e). 
'II! 421, 
0513.3. 42). 

COMMON IBlKII KEEPZ. KEEP3, KEEP4A.KEEP5A,KEEP6. KEEP7. 
Z ITYPE, NCD2, NC03. NCD4A. NC05A. NCD6, NC01. 
3 lABAN, IFORM, NM. NJT. NST. NLT. TOL. 
4 M, MPI, MPZ. ISTT. LTT. ITYPEL.IDJ. 
5 NSTL. IPB. IP9. IPIO. KEEP4B.KEEP4C.NCD4B. 
6 NC04C, KEEP5B,KEEP5C.KEEP50.NC05B. NC05C. NC050 

COMMON IBlKZ, XL.XR.XI,XZ.II,12.Na.H.TH.Hsa.HCU.x2L 
COMMON 'BLK4' STI.STZ.ST3.ST4.ST5.ST6 
COMMON 'BLK6' OTI.OTZ.OT3,OT4.0T5.0T6 
COMMON 'BlK11 INLOPT.IFAE,KOFFJ.KOFFOW.KOFFSE 

IAXOPT = IAXOPSIISTTI 
COMMENT - COMPuTE INCREMENTAL ELEMENT~ENO-FORCES ON ELEMENT NUMBER 2 
COMMENT - FORM ELEMENT STIFFNESS MATRix 

CALL ELEMST (Z) 
00 100 I = 103 

WHII C Will 
00 100 J = 1,3 

SEE3(I.J) = SEET(I.J) 
100 CONTINUE 

COMMENT - MULTIPLY ELEME~T STifFNESS M~TRlx TIMES INCREMENTS OF MEMBER 
COMMENT - DISPLACEMENTS AT MEMBERS END 

ISO 

CAll MATM31 ISEE3. WT, FMMTI 
00 150 I = 103 

FMMIIII = FMMTIII 
CONTINUE 
00 ZOO I = 103 

IP3 ~ I • 3 
WHYI '" WIlP31 

00 200 J = 1.3 
JP3 '" J • 3 
SEE3II.JI = SEETII.J~J) 

200 CONTINUE 
COMMENT - MVLTIPlY ELEMENT STIFFNESS MATRix TIMES INCREMENTS OF MEMBER 
COMMENT - DISPLACEMENTS AT fIRST STATION INSIDE MEMBERS END 

CAll MATM31 ISEEJ.wT.fMMTI 
DO 250 I = 103 

FMMIII) = fMMIII) • fMMTIII 
250 CONTINUE 

COMMENT - COMPUTE INCREMENTAL ELEMENT-EHO-fORCES ON ELEMENT NUMBER MPI 
COMMENT - FORM ELEMENT STIFFNESS MATRIX 

CAll ELEMSTIMPII 
aD 600 I = 103 

IP3MI = I • 34 (M - II 
IIITIII = wIIP3MII 
IPJ = I • J 

00 600 J = ioJ 
SEE3II.JI = SEETIIPJ.JI 

600 CONTINUE 
COMMENT - MULTIPLY ELEMENT STIFFNESS MATKlx TIMES INCREMENTS Of MEMBER 
COMMENT - DISPLACEMENTS AT MEMBERS END 

650 

CALL MATM31 ISEE3. wT. fMMTI 
00 650 I = 103 

IP3 = I • J 
FHMIIlP31 = fMHTlII 

CONTINUE 
DO 100 I = 103 

04JEO 
04JEO 
04JEO 
29JAI 
29JAI 
JOJEO 
26JAO 
26JAn 
26JAO 
lefEO 
05AGO 
05AGO 
26JAO 
04JEO 
04JEO 
07API 
29SEO 
leJYl 
12JYl 
15JEO 
lSJEO 
15JEO 
15JEO 
15JEO 
ISJEO 
12JYl 
12JYl 
15JEO 
ISJEO 
ISJEO 
15JEO 
15JEO 
15JEO 
15Jt:0 
15JEO 
15JEO 
15JEO 
15JEO 
leJYl 
leJYl 
15JEO 
15JEO 
lSJEO 
15JE~ 
IZJYI 
12JYI 
lSJEO 
ISJEO 
ISJEO 
ISJEO 
15 .. E6 
ISJEO 
ISJEO 
ISJEO 
12JYI 
12JYl 
ISJEQ 
lSJEO 
ISJEO 
ISJEO 
ISJEO 
15JEO 

IP3 '" I • 3 
IP3M = I • 3-14 
.. HII : "IIP3MI 

00 700 J; 1t3 
JP3 = J • 3 
SEE3!1.JI = SEETlIP3.JP31 

700 CONTINUE 
COMMENT - MULTIPLY ELEME~T STiffNEss MATRI, TIMES INCRE~ENTS Of MEMBER 
COMMENT - DisPLACEMENTS AT fiRST STATION INSIDE MEMBERS END 

CALL HA TM31 (SEE3. Wft I'MMT I 

750 
COMMENT 
COMMENT 

DO 750 I 103 
IP3 '" I • 3 
fMMI(IP31 = fMMI(IP3) • fMMTIII 

CONTINUE 
- ADD ON INCREMENTAL END-LOADS AND INCREMENTAL SPRING fORCES AT 
- ENC STATIONS 

fMMI t31 = fMMI131 • 
F"M1161 '" FHMI (6) • 

IF (IAXOPT .fQ. el GO TO 
FMMIIII FMMIIII' 
FMMI (2) • I'HHIIZI • 
fHMI (4) • FMMI141 • 
I'MHI(5) C FHHIISI • 

GO TO 900 

ST3*W(31 - QT3 
5T6*WT (3) - QT6 
800 
STl*lIIlll - Oll 
STZ*1II121 - OTe 
ST4*WIII) - aT4 
STS*WT Ie) - OT5 

COMMENT - MEMBER SPRINGS IN STRUCTURE DIRECTIONS 
BOO CAll SANGLE ISA.ST4.5T51 

900 

CALL MATM31 lSA,IfT,fMMT) 

CAll 
CAll 

fMMII4) • FM"'ll4) • FMMTIl) - OT4 
fMMIIS) = fHMIIS) • FMMTIZ) _ OT5 
-TlII'1II1I1 
_Hel = 111(2) 
WTIl) = 0.0 

SANGLE ISA.STI,STZI 
MATM31ISA.wT.I'MJoIT) 

fMMIIl' fMMIIII' fMMTII) - QTI 
fMM1(2) '" FMHI121 • fMMTI21 - QT2 

CONTINUE 
RETURN 
END 

ISJEO 
15JEO 
15JEO 
ISJEO 
15JEO 
ISJEO 
15.)EO 
12JYI 
12JYl 
15JEO 
15JEO 
ISJEn 
15JEO 
15JEO 
12JYl 
12JYI 
13MYl 
13MYJ 
OSSEO 
13MVI 
13HYl 
13MYl 
13MYl 
OSSEO 
12JYI 
OSSEO 
OSSEO 
13MYl 
13MYI 
05SEO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
I~MYI 

IJMYl 
05SEQ 
ISJ~ll 
15JE~ 

C 
C 
C 
C 
C 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• **** ••••••• 
SUFIROUTI"IE ...................................................................... 

SUBROUTINE GRIP2A ( RM. RO. w. SL' SU. L3. L4, l6. 14 I 
COMMENT - GRIP2A SOLVES BOTH fRAME JOINT EQuilIBRIUM EQUATIONS AND 
COMMENT - MEMBER EQUILIBRIUM EOUATIONS - GRIP28 C~llS FSUBI WHICH CALLS 
COMMENT - fSUBl1 TO SET uP fRAME EaUATION~ OR fSUBIZ TO SET uP MEMBER 
COMMENT - EQUATIONS 
C S $ S I I I I 
C--------RMIM.Nl) • ROINLI 
C HI. IS ORDER 

I I $ REYISION DATE' 
• WINLI •. SlIM) • SUIM'll 

C •• * Nl MUST BE GREATER THAN 2 

07 APR 70 
DIMENSION 

C M I~ HAlf-wiDTH t J & 2*M • I I, WHERE J IS THE bAND WIDTH 
C *** M ~UST BE GREATER THAN I 
C HMi RECURSION MULTIPLIERS 
C f CON~TANT TERM fOR THE I-TH ROw 
C "i' SOLUT! ON 'lECTOR 

UI~ENSION RM(L3.L61. ROIL6). WIL61. SLILJ). SUIL41 
COMMON IRII NL. ML. JI 

JI : I 
MI " M - I 

ISMYO 
?4APC 
24APC 
24APC 
24APC 
OAlf 

GUIDE 
G6APO 
06APO 
06APO 
06APO 
06APO 
06APO 
06APO 
OIlAPO 
20JA9 
IlJlB 
IIJlS 



MP • Mol llJle 
NLMI • i'lL - ll.JLS 
NLMM • i'lL - M ll.JLe 
Il • 25.JLe 
12 • 1 25.JL8 
IJ • I 25.JLS 

C····················································· ......................... . 
C _. .. CALCULATE RECURSION MUL T1PL IERS • 

C····················································· ......................... . . _.' . SL I 11 .. 0.0 . - - . 07APO 

CALL rSU81 I SUo r • M. L4 08APO 
If I ML I 210. 100. 100 lI.JLI 

100 RMIM.II • -1.0 I SUIMPI 25.JLI 
00 150 I. I • MI 25.1LI 

lB. MP - I 25JLI 
RMII+181 • SUllolI 25JL@ 

ISO CO,"TINUE 25.JLI 
RO Cl I • 5U I I I 06APO 

210 "Ill • RMIM.II • I -f I llJL~ 
DO 1000 J. 2 • i'lL llJL8 

Jl • J - 1 07APO 
If I JoGT.M I JI. Ml 06APO 
DO 250 I. 1. Jl nAPO 

18 • Jl • 2 - I 07APO 
SL ClBI • 5L 118-11 07APO 

250 CONTlt.lUE 07APO 
stili. SUllI 07APO 
Jl • J llJLP. 

CALL fSU81 I SUo f • M. L4 I 08APO 
Jl • J - 1 07APO 

If J.GT,M I JI. MI 06APO 
If ML I 750. 290. 290 11.IL1 

290 IX • J , MI 25.IL1 
If IX - i'lL - I I 299 • 295 • 292 2SJl.1 

292 IJ • 13 0 I 25JL! 
295 Il • Il - I 25.1L! 

12 • 12 , I 25.IL! 
299 II • IX 0 1Z 25J1.1 

IE • 13 07APO 
00 300 = 12 • M 25JLI 

RMCI.II1 • SUllo" 2S.JLP 
II • II - I 25JLe 

300 CONTINUE 11 JLP 
ROIJI • S~III 06APO 

00 400 L. I • Jl O~APO 
TEMP. RMIM.J-LI • RMIM-LoJI 06APO 

IfCC.JoM-LI.LE.NLI RMIL.MoJ-Ll' RMIL.MoJ-LI 0 SLILI • TEMP ObAPO 
LXX • I OUPO 

If I IE.GT.I I LXX. IE 07APO 
If I I EoGT.1 I IE • IE - 07APO 

LXX • LXX L 07APO 
00 350 I. LXX. M 06APO 

R~II.J'M-II • RMlIoJ,M-1I 0 RMII-L.JoM-11 • TEMP 06APO 
350 CO,"T INUE 06_P O 
400 CONTINUE II.JLe 

If I J.GT.M R"IM.JI. RMIM.JI 0 SLIMI • R~IM • .J-MI • SLIIO O~_PO 
R"IM • .JI .. -1.0 I RMIM • .JI IIJLe 

C COMPUTE PRELIMINARY VALUE fOR WIJI 25JLe 
750 ,,1.11 • 0.0 llJLe 

00 800 I. I • J I I! JLP 
wlJ' • wlJI 0 RIIIM-Io.JI • wlJ-1I llJLe 

800 CONTINUE ll.lLS 

If I J.GT.M) WIJ' = WIJ) • ROIJ-M) • ~IJ-M' 07APO 
"1.1) = RMIM.J' • I WIJ) - f ) ll.JLS 

1000 CO~TINUE IIJLP 
C···~·*···················*·············*············· ..••.•.•.................. 
C CALCULATE RECURSION EOU_TION 
c····················································· ..........•.......•.•..... 

C 
C 
C 
C 
C 

. K • 0 ll.JLe 
00 3000 L = I. NLMI 06APO 

J = i'lL - L 06_PO 
TEMP. wlJI 06APO 
WIJI • 0 06APO 
K = K • I llJLP 

00 2100 I = I. ~I 06APO 
WIJ) = wIJ) 0 RMIM-I.JolI • WIJol' O~APO 

If I I.Ea.K ) GO TO 2200 06APO 
2100 CO~TINuE II.JL" 
2200 If I J.LE.NLMM) OIJ) = WIJ) • ROI.JI • ~IJ.M' 06APO 

WIJ, • RMIM.J' • wlJ' 0 TEMP 06APO 
3000 CONT INUE IIJLP 

RETURN IIJLP 
END IIJLP 

.........•......................•..•••....•••....••...••.•..•......... 
SUIlROUTlNE ....•......••.......•......•.....•.•.•....•...•...•.•..•..•........... 

SUB~OUTINE fSU81 I SUo ff. M. L4 , 
COMMENT - fSU81 CALLS fSU82. fOR ~RAME SOL~TIONS AND fSUB22 fOR MEMBER 
COMMENT - SOLUTIONS 

26MYO 
12JY! 
12Jyl 
26MYO 
04JEO 
26MYO 
26MYO 
26Myn 
26MyO 

DIMENSION su IL4' 
COMMON IBLKSI NfSUB.,"ITf.NI.N2 

If INfSUB .rQ. 211 CALL fSU821 ISu. ff. L4. M, 
If INfSUB .EO. 22' CALL fSU822 ISu. ff. L41 

RETURN 
ENO 

C 
C 
C 
C 
C 

.•.......•....•.••.••..•.••.••.•.•.......••..•..•••.•••.......•....... 
SUA~ouT INE ...•.••••..........•.•...••......•••.•••••.•.••......•.•..•.....••.••. 

SUB~OOTlhE fSUB21 I SU4. ff. L4. IH8 , 
COMMENT - SUBROUTINE fSUB21 fURNISHES NIGHT SlOE Of 
COMMENT - MATRIX SU4 AND LOAO TERM ff TO GRIP2A fOR 
COMMENT - SU4 IS DNE RO~ Of STiffNESS MATRIX AND ff 
COMMENT - LOAD 

S'MMETRIC STiffNESS 
fRAME SOLUTI ON 
15 CORRESPONDING 

CO"ME"T - fS~B II fORMS SSL 13 ~OwS Of SU' AND fSS 13 LOADS, EYERY 
COMMEIH - CALL fROM Gk IP2A AND fU~"15HES S4 AND ff fOR EACH CALL 

THIRD 

ill"ENSION SU4,L41 
DIMENSION 5MHI3.3,.SMSI3.3,.OCI3.3,.OCTI3.3,.T3313.3'. 

l fMMI3,.fSSI9,.fMSI3' 
CO"MO" IHLOCKII XI 20'. 

2 alll 20'. 5~XI 20" 
3 OY'I 20'. Olll 201. 
4 ERAAI 20'. ERYYI 20'. 
S NSXXI 201. NSyrl 201. 
6 NSYPI 20'. ISTJRI 20' 

CO"MON IRLOCKll OASI 25'. 
l OC2S1 2~1. PR,125'. 
l 10POPI 251. IPINLI 251. 
~ "-'ALI CS). NSXL( 25). 
., NSARI 251. NSYRI 251t 

CO"MON I~LOCK31 OXLI 251. 

Y I 201t 
SlYl 201t 
RAX I 201t 
ERU I 201t 
NSlll 20'. 

OYSI 25'. 
~RAEI 2S). 
I~INP( 25,. 
N5't'L( 25). 
NSlR( 25'. 
OYL! 25'. 

20'. 
201t 
20' • 
201t 
20'. 

lLS I 251t 
"COSI 251t 
NCSII 2SI. 
"SlL I 25,. 
aMI 25'. 
lLL I 25'. 

QlYl 20'. 
oxx I 201t 
Rlli 201t 
~MJI 20'. 
NSXP I 20'. 

OCISI 251. 
IAXOPS I 25'. 
I"LOPI25,. 
NAR I 25'. 
WM( 25, 
DC IL I 251t 

29MY" 
2IMY~ 
21MYn 
21MYO 
21MYO 
21MYO 
21Myn 
21MYO 
21MYO 
21MYO 
13fEO 
l3fEO 
13fEO 
08AGO 
20MY! 
20My! 
26JAO 
26JAO 
170CO 
170CO 
i70CO 
26JAO 

N 
UJ 
CO 



2 Oe2L! 25). UOX! 25). uon 25)' NCOlI 25). UXOPL( 25). 
:J NC61 ( 25) 

COMMON /BlOCK4/ JTU 40" JTZI 40). 1ST! 40>- tTl 40>-
2 FOMMI 40.6). SMC! 40.21). NITMI _01. IMMI 40). IMC! 40) 

COMMON /~lOCIO/ SSL!3.181 
COMMON /BLKI/ KEEP2. KEEP3. KEEP4A.KEEPSA.KEEP6. KEEP7. 

2 ITYPE. NCD2. NCO]. NC04A. NCD5A. NC06. NCD7. 
3 IASAN. IfORM. NM. NJT. NST. "ILT. TOL. 
4 M. MPI. MPZ. ISTT. LTT. ITYPEL.IDJ. 
5 NSTL. IP8. IP9. IPIO. ~EEP4B.KEEP4C.NC04a. 
6 NC04C. KEEPSB.KEEPSC.KEEPSo.NCDsa. NCDSC. NCOSO 

COMMON /BLKS/ NfSUB.NITF.NI.NZ 
COMMON / RI / NL. ML. JI 
COMMON /NIT/ APROB. PRINT 

Nl~ = NL 
ML4 = ML 
Jl4 " JI 

If !J14 .NE. I) GO TO 1306 
COMMENT - SET CONSTANTS ON FIRST CALL FROM GRIPZA 

IHBPI " IHB • 1 

COMMENT 
1300 

COMMENT 

IH81 " IHB - I 
DCII.31 " 0.0 
DCI2.3) = 0.0 
OC(3.1I " 0.0 
OC13.2) " 0.0 
OCTllt3) 0.0 
OCTl2.3) " 0.0 
OCTl3.11 " 0.0 
OCT!3.2) " 0.0 
OC(3.31 " I.e 
OCT 1l.31 " 1.0 

- COMPUTE JOINT NUMBER FOR WHICH EQl)ATION~ ARE BEIN~ fORMED 
JTN " (J14 - 1);3 • I 

- SKIP fOR EvERY SECOND AND THIRD EQUAT!ON ICALL fROM GRIP2Al 
If (J14 .NE. 3*JTN - 21 GO TO 4000 

COMMENT - ZERO SSL ~ND FSS 

!400 

DO 1400 I " I. 3 
DO 1400 J = I.IHBPI 

SSL II .J) " 0.0 
FSSq) " 0.0 
fSS(2) " 0.0 
FSS(3) " 0.0 

COMMENT - DO FOR EACH MEMBER - ADO ITS STIFfNESS MATRIX AND lOAD MATRIX 
COMMENT - INTO STRUCTURE STIFfNESS MATRIX SSL AND LOAD MATRIX F5S 

00 3500 JJ" I.NM 
If I JT!IJJ) .NE. JTN .ANU. JT2(JJI .NE. JTN) (,0 TO 3500 

COMMENT - SKIP 
If I 

COMMENT - FORM 

ISH" 1ST IJJ) 
f OR NULL MEMHER 
15TT .EO. 0 ) GO TO 3500 
TRANSfORMATION MATRIX ANO ITS TRANSPosE 
OCII.I' OCISIISTT) 
OCII.Z' • OC2S(ISTT) 
0((2.11 " - ocn.z) 
OC(Z.2) ·OCII.lI 
OCTII.I) OCll.l) 
DCTIl.2) • OCI2.1) 
oeTI2,1) " OCII.2) 
OCTI2.2) = DC12.21 

If I JT21JJI .EO. JTN ) GO TO 2300 
COMMENT - fORM SMM FOR MEMBER WITM fROM JOINT AT JOINT JTN 

SMMI!.II 5MCIJJ,I) 
SMMII.2, c SMCIJJ.2) 

26JAO 
26JAO 
26JAO 
01Jll 
09JUI 
26JAO 
26JAO 
26JAO 
12FEO 
05AGO 
OSAGO 
07MY! 
08APO 
07MYl 
08APO 
08APO 
08APO 
26JAO 
21MYO 
26JAn 
26JAn 
24Jll 
24JL1 
24,Jll 
24Jl1 
24Jl1 
24Jl1 
24JLI 
24.JLI 
24,Jll 
24Jl1 
21MYO 
26,JAO 
2!MYO 
Z6JAO 
21MYO 
26JAO 
26J_O 
26JAO 
24Jll 
24Jl1 
Z4Jl1 
21MYO 
ZIMYO 
OZJEO 
07MY! 
02JEO 
21MYO 
29JAO 
21MYO 
26JAO 
26JAO 
26JAO 
?6JAO 
26JAO 
26JAO 
26JAO 
2t>JAO 
02JEO 
Z!MYO 
02JEO 
02JEO 

5MMII.3) 5MCIJJ.31 
SMMI2.1) SMC(JJ.Z! 
5MMI2.2) SMCIJJ.7! 
SMMI2.3) SMCIJJ.S) 
5MM(3.1) SMC(JJ.3, 
SMMI3.2) = SMCIJJ.81 
SMMI3.3) " 5MCIJJ.12' 

COMMENT - fORM fMM FOR MEMBER wiTH fROM JOINT AT JOINT JTN 
2250 FMMfll fOMMIJJ.!) 

FMM(2) FOMMIJJ.2, 
fMM(3) " FOMMIJJ.31 

(,0 TO lSOO 
2300 CONTi"lUE 

COMMENT - FORM SMM FOR MEMBER .ITH TO JOINT AT JOINT JTN 
SMM(I.I) SMc(JJ.I~' 
5MMII.2) SMr(JJ.171 
5MMII.3) SMCIJJ.ISI 
~MMI2.11 s SMCIJJ.17) 
SMMI2.2) SMCIJJ.191 
SMM 12.31 SMC I JJ.20 I 
SMMI3.1I c SMCIJJ.1S) 
SMM13.21 SMCIJJ.20) 
5MMO,31 SMCIJJ.21, 

COMMENT - FORM FMM fOR MEMBER WITH TO JOINT AT JOINT JTN 
2350 fMMII) fOMMIJJ.41 

FMMI?) = fOMMIJJ.S! 
FMM(3) " fOMMIJJ.61 

2500 CO~T1NUE 
COMMENT - TRANSfORM SMM AND fMM TO STRUCTURE COORDINATES SMS AND fMS 

CALL MATMl) I OCT. 5MM. T331 
CALL MATM33 I Tl3. DC. SMSI 

2550 CALL MATM31 I OCT. fMM, fM~1 
COMMfNT - ADO (SUBTRACT) IN fMS TO STRUCTURE LOAO MATRIX FSS 

fSSll1 = f5SII1 - fMSII) 
FSSI2) ~ FSS(21 - fMSI2, 
fSSll) • fSS(3) - fMSI3, 

COMMENT - ADD IN SMS TO OIAGONAL SUBMATRla Of SSL - SYMMETRICAL TERMS 
SSlll.!) • SSL(I.I) SHSII.I) 
SSL (1021 SSL (J .2) SMSII .ZI 
SSl(J.31 $ SSLI!>3) SMSII.31 
SSL12.21 SSLI2.2) SMSI2.2) 
SSLlz.3) SSL(Z.3) SMSI2.3) 
SSLI3.3) • SSLI3.3) SMSI3.3) 

COMMENT - SKIP FOR SMM wHICM ARE TO LEFT Of OlAGONAL 
If I JTN .GE. JT1 IJJI .ANO. JTN .GE. JT21JJI ) GO TO 3500 
IF ( JT ZIJJI .EO. JTN ) GO TO 2700 

COMMENT - fO~M SMM fOR MEMBER WITH FROM JOINT AT JOINT JTN 
5MMII.11 c SMCIJJ.41 
5MM'I.2) c SMCIJJ.5) 
SMMI1.3) " SMrIJJ.6) 
5MH12.11 • 5MCIJJ.9) 
5MMI2.2) SMCIJJ.IO) 
5MMI2.3) • SMCIJJ.II) 
~MMI3.1) " SMCIJJ.13) 
5MMI3.2) • SMCIJJ.I~) 

5MMI3.3) • SMCIJJ.IS) 
GO TO 3000 

COMMENT - FOQM qMM fOR MEMBER wiTH TO JOINT AT JOINT JTN 
2700 SMMII.I) SMCIJJ,4' 

5MMII,2) SMC(JJ.~' 
5MMII.3) = SMCIJJ.131 
SMMIZ.I' • SMCIJJ.S) 

02JEO 
02JEO 
02JEO 
29MVO 
29MYO 
29MYO 
29MVO 
21MYn 
20MYO 
20MYO 
20MVO 
26JAO 
27JAO 
21MYO 
29MVO 
29MYO 
29HYO 
29MYO 
29MYO 
29MYO 
29MYO 
29MYO 
29MYO 
21MYO 
21MYO 
21MYO 
21HYO 
26JAO 
21HH 
20MYO 
20MYO 
20MVO 
21HYO 
20MYO 
20lHO 
20HYO 
21MYO 
20MYO 
20HYO 
20MVO 
20MVO 
20MYO 
20MYO 
21MYO 
02JEO 
OZJEO 
21Hyn 
29MYO 
29MvO 
29HYO 
29MYO 
29MYO 
29HYO 
29MYO 
29MYO 
Z9MYO 
26JAO 
21MYO 
29MYO 
29MYO 
29MYO 
29MYO 



SM .. 'Z.C) 
SMMiz.3) 
5 .... 13011 
SM"f3.Z) 
SM"13.3) 

: SMCIJJo1G) 
S"CIJJd") 
S"CCJJ.61 
s"ctJJ. III 

z SMCIJJ.IS) 
3000 CONTINUE 

COM"ENT - T~'NSfORM 5 .... TO STRUCTURE COORDINATES S .. S 
CALL MATMJ3 , OCT. SMM. T33 I 
CALL .. AT"33 ( T33. DC. S .. S ) 

COMMENT - PLACE SMS IN SSL 
J21 = JTZ'JJ) - JTl(JJI 
JlI = IABS(JlII 
ISTP = J*Jll • I 
SSL'I.ISTP) 
SSL'hISTP • II 
SSLII.ISTP • l' 
SSLCl.1STP) 
SSL(2.ISTP • 11 
SSLIZ.ISTP • II 
SSL13.ISTPI 
SSLIJ.ISTP • Z) 
SSLI3.ISTP • II 

SMS lit 11 
SMS (1.21 
SM511.31 
S"SI2t11 
SIIS12.21 
SMS'2tJl 
SMSI3.1 J 
SMS 0,31 
S"SIJ.lI 

3500 CONTINUE 
COMMENT - CALL JNTSPR TO FINO SPRING RESISTIVE FORCES AND TANGENT STiff 
CO"MENT - NESSES - SPRING fORCES ARE ADDED INTO LOAD MATRll ONLY ON 
COMMENT - 'IRST ITERATION FROM A lERO DISPLACEMENT START 

CALL JNTSPR ISJa. SJY. SJZ. SJAY. QJA. QJV. QJ1. JTN) 
COMMENT - ADO IN JOINT LOADS 

3SS0 

If INITf .EQ. I .AND. ITYP£ .EO. II GO TO 3550 
OJX 0.0 
QJY c 0.0 
OJZ = 0.0 

CONTINUE 
'5511' * fSSl1' • ERAllJTNI • OJl 
'SS«21 c 'SSIZ) • ERYYIJTMI • OJY 
'SSell = 'SSell • ERZZCJTN) • QJ7 

COMMEMT - ADO 1M JOtMT RESTRAINTS 
SSLII.I) s SSL'I.II • Sl.IJTN) • SJl 
SSLII.l) s SSLII.z) • SJ.' 
SSLIZ.Z) = SSLel.Z) • SY'IJTM) • SJY 
SSLI3.3) c SSLI).31 • SllIJTM) • SJl 

C~NT - SHIfT SSL TO fACILITATE OBTAINING SU fROM ZMC AMO lRO RD. 
COt8IEMT - or SSL 

)600 

:HOO 

00 l600 I = 1.1~9 
SSLel.11 • SSLIZ. I • I) 

00 l700 I = 1.1M81 
SSLI3.11 = SSLIl.( • Z) 
SSLI2.t"BPII 0.0 
S5LI3.INAPII = 0.0 
SSLI3.IH81 • D,O 

COtooTlNll£ 
N123. JI~ - )-JTN • ) 
Ie • IHIlPI 

COIIMENT - fOR" SU fROM ROW (MU)1 Of SSL 

"lOO 
~"oo 
.... 50 

00 ~300 I = 1.IMePl 
S~CII = SSLIM.23.lt) 
IC = IC,- I 
" • fSSltoo12l1 
K • IHflPI 

If" 15U .. 1I0 .H£. e.ol 60 TO 4!>f!!) 
COMMEHT - ZERO ON DIAGONAL OF MATRII - DISPLACEMENT UMOEfIM~O - StT 
COM"EHT - OISPLACEII!£NT EQUAL TO I.~E~O 

29"YO 
29MYO 
29MYO 
29MYO 
29MYO 
l6JAn 
21Myn 
20MYO 
20MYO 
2114YO 
07MYl 
07MYI 
26JA' 
lOlHO 
20MYO 
lOMYO 
20"YO 
20"YO 
lO"YO 
20MYO 
lO"YO 
lO"YO 
l6JAO 
O1JUI 
OIJUI 

IJUI 
20MY! 
21"YO 
2~JLI 
j?~JLI 
2~JLI 

"~JLl 
2~JLI 
12AGO 
12AGO 
12AGO 
2114'0 
11 AGO 
ZIMVl 
lIA(;O 
IIAGO 
2111yn 
21"Yo 
27JA~ 
27JAO 
21JAO 
llJAO 
2"41 
j?"JLI 
2~JLl 

26JAO 
OSMWO 
27JAO 
llM10 
27JAO 
27JAO 
21JAO 
27JAO 
Al5OIRO 
05MI\0 
21M YO 
21M'O 

,U400 :: 1.0 05MI<0 
~~MO ff = 1.0£40 OSMI<O 
~SOO CO~TINU[ OSMRO 

If !APROa .NE. PRINTI GO TO 77777 07 .. Y I 
COMMENT - DUMP Of STRUCTURE STiffNESS AND LOAD MATRI~. TO ACTlvATl 
COMMENT - LAST fivE COLUMNS IN PROBLEM NUMBER CARD EQUAL TO P~INT 

PRINT 4778.I~U4III. I = I.IHHPII. FF 

sn OIJUI 
OIJUI 
07MYI 

"778 fORMAT III. 10EII.l) 07 .. Yl 
77777 CO~TINUE 07MY I 

C 
C 
C 
C 
C 

RfWR'l 26JAI 
END i!I>JAO 

...................................................................... 
SUi'<"OUI I'E ...................................... -............................... . 

SU~RDuTI~E fSUB22 (SU. ff. L~I 26 .. yO 
COMMEMT - fSuB22 fURNISHES THE RIGHT SlOE Of SYMMETRIC STIFfNESS MOTRII I .. JLI 
COMMENT - SU AND LOAD TERM ff TO uNIP2A fOR MEM8ER SOLUTIONS 14JLI 
COMM[NT - su IS ONE ROW Of STiffNESS MATRI~ ANO ff IS CORRESPONDING LOAOI~JLI 
COMMENT - FsuB22 fORMS SEM I 3 RO~S Of SU I AND fEM I 3 LOADS I EVERY I.JLI 
COMMENT - THIRD CALL fROM GRIP2A AND fURNISHES SU AND fF FOR EACH CALL I~JLI 

OI .. ENSION SUIL41 26MYO 
OIMENSION SEMSI3.31. 5E"C3.bl.fEHI31.SAC3.l1 27MYO 
COMMON IBLOCK2I O~SI 2SI. DYSI 2SIt ZLSI 25). DCISI 25). 26JAO 

1. OC2S1251. PRfl l51. PRAEI2SI. NCDSI2!:olt IUOPSI251. 26JAO 
J 10POP( iSh IPINLI lSI. IPINRI 251. NC51 I l5). INtOPI 2SIt 170CO 
~ NALI 2S)' NS~LI 2510 NS'fL I 251. NSZLI 2!:o1. NARI 25), 170CO 
'5 NSARI 151o MSYRI lSIo NS1RI 251. OMI 25" .. 141 25. 170CO 

COMMON 18LOCK71 f( "21. nE! 421. Ski 421. SYI ".". 04JEO 
Z Sll ~21. Okl "21. OY( "21. 011 421. OXI 4"'. O .. JEO 
3 OYI 4ll. 021 421. ERXI 421, ERYI 421. ERlC ~2)' O .. Jto 
4 sox, 4ll. SOYI "21. S~ll "21. UI( ~21. vi! .. 21. O~JEO 
S ~I\ 4ZI. Ull 4ll. V21 421. wZI ~21. ~~13.3. ~Z). Z9JAI 
6 8MIS' "Zlo BlIIlSI "ll. TlSI 421 ZIIJAI 

COMMON IrlLOCll1 SEET (6.6) 30JEO 
COMMON 18L~11 KEEPl. KEEP3. KEEP .. A.KEEPSA.KEEP6. KEEP7. 26JAO 

l IT'PE. Me02. NCOl. NCO .. A. NCOSA. MC06. NC07. 26JAe 
J lA8AN. !FORM. NM. NJTt "~r. NLT. TOL. 26JAO 

'" MPI. MP2. ISlT. LTl. iTYPEL.IOJ. IlfEO 
5 NSTL. IPS. Ip9. IP10. KEEP.B.KEEP~C.NCO~8. 05AGO 

NCO~C. K[[PS8.KEEP5C.KEEP~O.tooCOSd. NCOSC. NCOSD OSAGO 
18LKil .L •• R.II •• 2.II.I2.NO.".TH.H~Q.HCU •• 2L l6JAO 
I III I tiL. ML. JI 2"MYO 

IAIOPT = IAXOPSIISTTI 095£0 
COMMENT - I IS STATION ~U" -- IPI IS ELEMENT NUM -- Jl IS EOUATION NUM I~JLI 

I = IJI - 1113 • I 26MYv 
COMMENT - SKIP fOR EVEWY SECOND AND THIRD EOI'ATION 14JLl 

1600 
2100 

24000 

If IJI .N£. 3*1 - ?I GO TO ~ooo c6MYO 
If IML .~O. -II GO TO 2800 0714YI 
If (I .Hr. II GO TO 2100 26MYO 
00 16~O JJ = I. ) 26MyO 
00 1600 Kit c 1* J 26M YO 

SEMSIJJ.IUO = 0.8 2"'MYO 
CO~TINUE 26MYO 
CO"TINUE 26M'(0 
IF II .LT. MPIJ GO TO 2~OO lSS£~ 
00 2300 JJ" h6 lS5[O 
00 2JOO ""' .. 1.6 ISHO 

SEETlJJ.KIIII .. 0.0 ISSEO 
GO TO 2500 15Sl0 

IPI • 1 • I ISSl0 

N 
.po 
0 



COMMENT - CALL ELEMsT TO 08TAIN 6 X 6 ELEMENT STiffNESS MATRIX 
CALL ELEMsT IIPI) 

2500 CO~TINUE 
COMMENT - fORM THREE ROwS Of MEM8ER STiffNESS MATRIX sfM 

DO 2600 JJ = I. 3 
DO 2600 KK = I. 3 

sEMIJJ.KK) = sEETIJJ.KK) • sEMsIJJ.KKI 
5EMIJJ.KK • 3) = SEETIJJ.KK • 3) 
sEMsIJJ.KK) = sEETIJJ. 3. KK • 31 

2600 CO~TINUE 
COMMENT - ADD IN SPRING sJlffNEsSEs 

sEMI3.3) = sEMI3.3) • sZII) 
If II .EO. I .OR. I .EO. "PI) GO TO 2650 
If I IAXOPT .EC. 21 GO TO 2700 

2650 sEMII.I) • sEMII.I) • s~ll) 

sEMI2.2) = sEMI2.2) • 5'(1) 
GO TO 2800 

COMMENT - MEM8ER SPRINGS IN STRUCTURE DIRECTIONS 
2100 SXT = sXII) 

sYT = sY!l) 
CALL sANGLE IsA.sXT.s'T) 

sEMII.I) sEMII.II. sAII.I) 
sEMII.2) = sEMII.21 • 5AII.2) 
sEMI2.1) = sEMI2.1) • sAI2.1) 
sEMI2.2) • sEMI2.2) • sA12.21 

2800 fEM I 11 ~ E"H IJ 
fEM(2) = ERY!IJ 
fEMI31 = ERZII) 

DO 3600 K = 1.5 
3bOO sEMI2.K) = sEMI2. K • I) 

DO 3100 K. 1.4 
3700 sEMI3.KI sEMI3.K. 2) 

5EMI2.6) 0.0 
5["(3.6) :I: 0.0 
sEMI3.5) = 0.0 

4000 CONTINUE 
NI23 = JI - 3-1 • 3 

If IML .fOO. -I) GO TO 4300 
IC = 6 

COMMENT - fOkM SU fROM ONE ROw Of sEM 
DO 4200 JJ = I. b 

sUIJJ) = sEMINI23.lr) 
4200 IC = IC - I 
4300 ff = ff~IN1231 

RETuRN 
ENI) 

14JLl 
ISsEO 
15sEO 
14JLl 

26M'O 
26M'O 
26M'O 
26M'O 
26M'O 
26M'O 
14JLI 
26M'O 
07MYl 
OSSEO 
26M'O 
26M'O 
OSSEO 
14JLI 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
26M'O 
26M,O 
26M'O 
27JAO 
27JAO 
27JAO 
27JAO 
24JLI 
24JLI 
24JLI 
26M'O 
26M'O 
28M'O 
26M'O 
14JLl 
26M'O 
26M'O 
26MYO 
28MYO 
26M'O 
26"'0 

C 
C 
C 
C 
C 

••••••••••••••••••••••••••••••••••••• 0 •••••••••••••••••••••••••••••••• 

sU~ROUTINE 
•••••••••••••••••••••••••••• 0 •••••••••• 0 •••••••••••••••••••••••••••••• 

5U8ROUTINE ELEMsT II) 21M'O 
CO .... ENT - su8MOUTINE ELEMsT fORMS TI1E ELEMENT 6 X 6 STIffNESS MATMlx I3JUI 

DIMENSION 816.61. 8TI6.6). 016.6). TM16.61 21M,O 
COMMON IBLOCK71 f I 42). AE I 42" sXI 42" sY( 42) t 04JfO 

2 ,Z I 421. OXI 42). OY( 421. OZ I 421. nx I 421. 04JfO 
3 D'I 421. DZI 42). ERXI 42). ER'(42). ERZ1421. 04JfO 

" sOXI 42). 50'1 42). SOZ I 421. UI I 42,. VI I 421. 04JfO 
5 wll 42,. U21 42). V2 I 421t '-12 ( 42). OS{3.3. 42). 29JAI 
6 BMls I 42). 8M2s1 421. TTsI 421 29JAI 

COMMON IHLOCIII sEETI6.6) 21M'O 

COHMON /8LK2/ XL.XR,Xl,X2.11.12.NQ,H,TH,HSQ,HCU,X2L 
COMMON 18LK71 INLOPT.lfAE.KOffJ.KOffOw.KOffsE 

IMI = I - I 
COMMENT - COMPUTE ELEMENT DEfORMATIONS 

DDX Ox I IJ - OX I 1M II 
DO' = 0'(1) - D'IIMII 
DZI = DZ!lMIJ 
DZ2 = DlIII 
COslMI • COsIDZI) 
COS I COsIDZ21 
slNIMI • sINIDZI) 
slNI = siNIOl21 
COS COS COsl. COslMI 
SINslN siNI. slNIMI 
R = DDX • H-II.O - O.S-COsCOs) 
5 2 DO' - O.S-H-sINsIN 
HPR = H • R 
HPD = (HPR-HPR • 5·5)··0.5 
DELTA = HPD - H 
THETA = ATANIs/HPRI 
TAUI 2 THETA - Dli 
TAU2 • DZ2 - THETA 

COMMENT - COMPUTE fOR CONVENIENCE 
HPRsl HPR-sINIMI 
HPRs2 I1PR-sINI 
HPRCI HPR-COsl~1 
HPRC2 HPR-Cosi 
SCI • s-COsIMI 
SC2 s-COsl 
551 s-siNIMI 
552 • s-slNI 
HPDE 11 = I.O/HPD 
HPDE21 • HPDEII-HPDEII 
H02 = O.S-H 

COMMENT - fORM THE TRANSPOSE Of THE ELEMENT DEfORMATION-DISPLACEMENT 
COMMENT MATRIX 

~OO 

8TII.I) -HPR-HPDEII 
8TI2.1) -s-HPDEII 
8T13.11 H02-HPDEII-IHPRsl - sCII 
aT14.11 • - 8TII.II 
8l1S. II = - 8T12.1J 
~TI6.1) = H02-HPDEII-IHPRs2 - sC21 
STII.2) = S-HPDE21 
~TI2.2) = -Hp~oHPDE21 
8TI3.2) = -1.0 -1102 oHPDE21-1I1PRCI • 551) 
HTI4.2) = -8TII.21 
8TIS.21 = -8TI2.21 
BT16.21 = -H02-HPDE21-IHPRC2 • 5521 
8TII.31 = 8TI4.2) 
BT12.31 = 8T15.21 
BT13.31 = 1102-HPDE21-IHPRCI • 551) 
ST14.31 = 8TII.2) 
ST15.31 = 8T12.21 
BT16.31 = 1.0 - 8TI6.2) 

If IlfAE .EO. II GO TO 700 
DO 500 J = 1.3 
DO 500 K = 1.3 

DIJ.KI = DsIJ.K.I) 
TT = TTsIIJ 
BMI = 8MI5 I IJ 
BM2 = 8"25 I IJ 

GO TO 800 

26JAO 
07API 
21M,O 
13JUI 
21M,O 
21M'O 
21M,O 
21M,O 
21M'O 
21M'O 
21M'O 
21"'0 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M,O 
21M'O 
13Jul 
21M,O 
21M'O 
21M'O 
21M'O 
21M'il 
21M,O 
21M'O 
21M,o 
21M'O 
21M'O 
21M'O 
13JUI 
13JUI 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M,O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
21M'O 
29JAI 
29JAI 
29JAI 
29JAI 
29JAI 
29JAI 
29JAI 
07MYl 



COMMENT - CALL rAE TO FINO INTERNAL 
COMMENT - ELEMENT rORCE-OErORMATION 

FORCES IN ELEMENT TT. VM1. 8MZ ANO 
MATRIX 0 

llJUI 
13JUI 
07MYI 
07MYl 

100 CALL rAE 10ELTA. TAUI. TAUZ. I. O. TT. 8141. 8MZ I 
eo 0 CONTI !ojuE 

COMMENT - FO~M rlRST PART OF TRIPLE PROOUCT 
CALL MATMPy IBT.6.3.0.3.TM, 

COMMENT - rORM THE ELEMENT OEFORMATION-OISPLACEMENT MATRIX 
00 850 II • 1.3 
00 850 J. 106 

850 81~.JI • 8TIJ.KI 
COM"ENT - COMPLETE THE TRIPLE PRODUCT 

CALL MATMPY ITM.6.3.8.6.SEETI 
COMMENT - COMPUTE rOR CONVENIENCE 

HPOE3I " HPOEZI-HPOEII 
S£Z • S-S 
HPR£Z • HP~HPR 
TTM • TT-HPOElI 
TTMMOZ • TTM-HOZ 
HPOEZ • HPO*HPO 

COMMENT - COMPUTE THE PORTION or THE INITIAL STRESS MATRIX DUE TO 

i! 

TMII.II TTM-SEZ 
TMII.ZI -TTM-S-HPH 
TMII.31 • -TTMHOZ -S'ISSI • HPRC11 
TMII.41 "-TMII.II 
TMII.sI • -TMII.ll 
TMII.61 • -TTMHOZ *S-ISSZ • HPRCZI 
TMIZ.ZI • TTM-HPREZ 
TMIZ.31 • TTM*HOZ*HPR-ISSI. HPRCII 
TMIZ.41 TMII.SI 
TMll.SI -TMIZ.ZI 
TM12.61 TTMHOZ *HPR'ISS2 • HPRCZI 
TMI3.ll TTMHOZ 'IHOZ-ISSI • HPRCII'*Z 

HPOEZ*ISSI • H~Clll 
• -TMIl.ll 
• -TMIZ.31 

llJUI 
21MyO 
llJUI 
21MyO 
2114'10 
21MYO 
lJJUI 
2114'10 
12JUI 
21MyO 
21MyO 
21"YO 
21"'1· 
2114'10 
21MYO 

THRUSTllJUI 
2114'10 
21MYO 
2IMYl\ 
2114'10 
21"'10 
2111'10 
21MYO 
21"\,0 
21MyO 
lIM\'O 
21MYO 
21MYO 
ZIM\'O 
21"YO TMIl.41 

TMIl.SI 
TMI].61 
TM14.41 
TMI4.SI 
TM14.61 
TMIS.SI 
TMIS.61 
TMC6.61 

TTMHOZ * HOZ*ISSI • HPRC11*ISS2 • HPRCZI 
TMlhll 

21M\'0 
21MYO 
21M\'0 

2 
NI • n 

TMlhZI 
.. -TMII.61 
• TMIZ.ZI 
• -TMIZ.61 

TTIlHOZ *CHOZ-cSS2 • HPRCZI-*Z 
HPOEZ*CSSZ • HP~CZII 

COMMENT - AOO ON TO ELEMENT STIrFNESS MATH1X 
DO 998 ~. 1.6 

998 

NI • NI • 1 
DO 998 J • NI. 6 

SEETIK.JI • SEETIK.JI • TMCK.JI 
SEETIJ.KI • SfETCK.JI 

COMINUE 
VT .. 18M2 - 8MII/~PO 
VTM • VT*HPOE31 
VTMHOZ • VTM*M02 
HPRS • HPR£2 - Sf2 

21"\'0 
21M\'0 
2111YO 
21"YO 
21M\,0 
21MyO 
21M,0 
llJ') I 
21MyO 
21"YO 
21MYO 
21M\,0 
ZIM\,O 
ZI"YO 
21M\'0 
2114'10 
21M\'0 
21M\'0 

COMMENT - COMPuTE THE PORTION OF THE IN1TI~L 
TMII.II • -VTM4HPR*S*Z.0 

STRESS MATRix DUE TO SHEAR 13JUI 

TMII.21 VTM*HPRS 
TMII.31 VTMMOZ*IHPRS*COSIMI 
flU I .... ; • -rlo!U.il 
TMII.SI • -TMII.ZI 
TMCI.61 VTMH02*IHPRS*COSI 

21MYO 
ZIMYO 
2111\'0 
l!ll!YO 
21M\'0 
21MYO 

TMI2.ZI • -TMII.11 
TMIZ.31 VTHHOZ*I-HPRS-SIN1MI • S·HPR·COSIMI·Z.O. 
TMIZ.41 • TMII.5' 
TMIZ.SI • -TMIZ.ZI 
TMIZ.61 VTMHOZ*I-HPRS*SINI' S'HPR*COSI '2.01 
TMI3.3' • -VTMHOZ*IHPOEZ*IHPR'SINIMI - S'COSIM11 • 

Z H*"PRS'SINIM1'COSIMI' H 'HPR*S'ISIN1MI"Z - COSIM1"Z II 
TMC3.41 • -TMll.31 
TM13.51 • -TMIZ.31 
TM13.61 • -VTMHOZ*HOZ*IHPRS*ISINIM1*COSI • COSIMI'SIN11 

Z S*HPR*ISINIM1*5INI - COSIM1*COSII*Z.01 
TM14.41 TMII.11 
TM14.51 TM(I.ZI 
11414.61 • -TMII.61 
TMIS.51 " TMIZ.ZI 
TMIS.61 • -TMCZ.61 
1MC6.61 • -VTMHOZ*IHPOE2*IHPR*SINI - S-COSI 

Z H-HPRS-SINI -COSI • H *HPR'S*ISINI --2 - COSI --Z II 
NI • 0 

COMMENT • ADO ON TO ELEMENT STIrFNESS MATRIx 
00 999 !(. 106 

NI .. Nl • 1 
00 999 J • Nit 6 

SEETIK.JI • SEETCK.JI • TMIK.JI 
SEETIJ,~I • SEETIK.JI 

999 CO'" I NUE 
RETURN 
ENO 

ZIMYO 
21MYO 
ZIMYO 
2lMYO 
ZIMYO 
2lMYO 
2lMYO 
ZIHYO 
21MYO 
2lMYO 
ZIMYO 
ZIMyO 
21MYO 
2114'10 
2lMYO 
2114'10 
UIIYO 
ZIMYO 
21MyO 
13JUI 
ZIMYO 
ZIMYO 
ZIMYO 
21MYO 
2111YO 
ZlMyo 
ZIMyq 
21MYO 

C 
C 
C 
C 
C 

••..............................................................•..... 
SUBROUTINE •....•.•..•...........••......................................•••..... 

SUBROuTINE ELEMFO IOXI.OYl.Dll.0XZ.OY2.0l2.I.UIT.VlT.WIT.UZT,VZT. 
1. WZlI 

COMMENT - SUBROUTINE ELEMfO EVALUATES THE ENO-FORCES ON A DISCRETE 
COMMENT - ELEMNT. GIVfN THE ELEMENT-ENO-OISPLACEMENTS 

OIMfNSION 016.61 
COMMON /BLOCK7/ fl 421. AEI 4ZI. 

Z Sl( 421. OX! 4ZI. OYI 4ZIt 
1 OYC 421t Oll 4Z" ERXI 4ZI. 
4 SOXC 421, SOYI 4ZI, SOZI 4ZI,. 
5 ~IC 421. U2( 4ZI. VZI 4ZI. 
6 8MIS( 4ZI, BII2S1 4ZI. TTSI 4Z1 

SXI 4ZIt 
OZI 4ZIt 
ERY( 421, 
UII 4210 
IIIZI 4ZIo 

COMMON /BLKZ/ XL.XA.XI,XZ,Il,IZ.NO.H.TH.HSO,HCU,X2L 
COMMENT • COMPUTE THE ELEMENT DEFORMATIONS 

OOX • OXZ - OXI 
OOY • OYZ - on 
COSIMI • COSIOlll 
COSI' • COSCOZi!1 
SININI = SINIOll1 
SINI • SINIOl21 
COSCOS .. COSI • COSIMI 
5fNSIN .. SINI • SINIMI 
R • DOX • H-Il.0 - o.S·COSCDSI 
5 • OOY - o.S·H*SINSIN 
DELTA. IIH • RI*IH • RI • S-SI.-O.S • " 
TTHETA • S/IH • RI 
THETA. ~TANITTHETAI 

TAUI .. THErA· Oll 
TAU2" DlZ - THETA 
SINT • S/IH • OELTAI 

SYI 4ZI. 
OXI 4ZI. 
ERZI 421. 
VII 4Z', 
0513.3, 421. 

21MYO 
ZI"YO 
17.1111 
17JUI 
01NOO 
04JEO 
ZIM'(O 
21MyO 
OltJEO 
29JAI 
Z9JAl 
ZIMYO 
13JUI 
ZIMYO 
21MYO 
ZIMYO 
i1IMY8 
21MYO 
21MYO 
21MYO 
ZIMYD 
21MYO 
ZlMYO 
ZIMYG 
21MYD 
21MYO 
ZIMYO 
ZIMYO 
ZIMYO 



COST = IH • RI/IH • DELTAI 
COMMENT - CALL fAE TO COMPUTE THE INTERNAL fORCES IN THE ELEMENT 

CALL fAE I DELTA. TAUI. TAU2. I. D. TT. 8MI. 8M2 I 
VT 18M2 - 8MII /IH • DELTAI 
U2T TT-COST • VT-SINT 
V2T TT-SINT VT-COST 
UIT -U2T 
ViT -V2T 
WIT -8MI' 0.5-1- UIT-SINIMI. VIT-COSIMII-H 
W2T 8M2' 0.5-1- un-SINI vn-cosl I-H 

COMMENT - STORE fOR USE BY ELEMST 
00 2100 J ~ 1.3 
00 2100 K = 1.3 

2100 DSIJ.K.!) = I>lJ •• \) 
TTS II I =TT 

ENO 

BMISI!) ,. 8MI 
BM2s I!) ,. BM2 
RETURN 

21MYO 
13JUI 
OINOO 
21MYO 
21MYO 
21MYO 
21M yo 
23MYO 
23MYO 
23MYO 
13JUI 
29JAI 
29JAI 
29JlI 
29JA) 
29JAI 
29JAI 
23MYO 
23MYO 

C 
C 
C 
C 
C 

...............................................•........•..•.•.•.••.•• 
SUBROUTINE ...................................................................... 

SUBROUTINE MATMPYIA.MI.NI.B.N2.CI 
COMMENT - SUBROUTINE MATMPY MULTIPLIES A NIXMI MATRIX A TIMES A NIXN2 
COMMENT - MATRIX 8 TO YIELD THE MIXN2 MATRiX C 

DIMENSION 016.61. BI6.61. C16.61 
DO 25 I = I.M I 
DO 25 J = IoH2 
CII.JI = 0 
DO 25 < = I 'NI 

25 CII.JI= AII.KI-BIK.JI • CII.JI 
II RETURN 

END 

07MYI 
13JUI 
13JUI 
07My! 
07MY! 
07My! 
07My! 
07MYI 
07MYI 
07MY! 
07MY! 

C 
C 
C 
C 
C 

...................................................................... 
SUBROUTINE ...................................................................... 

SUBROUTINE fAE 10ELTA. TAUI. TAU2. I. o. TT. BMI. 8M21 
COMMENT - SUBROUTINE fAE COMPUTES THE AVERAGE AXIAL THRUST AND THE 
COMMENT - BENOING MOMENTS AT THE TWO OISCRETE HINGES IN AN ELEMENT. AND 
COMMENT - ALSO THE INCREMENTAL fORCE-DEfORMATION MATRix fOR AN ELEMENT 
COMMENT - fOR LINEAR STRESS-STRAIN CURVES IINLOPT = 01 THE EQUATIONS Of 
COMMENT - fRAME 21 ARE USED fOR NONLINEAR STRESS-STRAIN CURVES 
COMMENT - IINLOPT = II A NUMERICAL INTEGRATION IS DONE 

DIMENSION 016.61 
COMMON /BLOCK2/ DXSI 251. DYSI 251. 

2 DC2S 1 2510 PRf 1 251. PRAE 1 251. 
3 10POPI 2510 IPINLI 251. IPINRI 2510 
• NALI 251. NSXLI 251. NSYL! 251. 
5 NSXRI 251. NSYRI 251. NSZR! 251. 

COMMON /BLOCK7/ fl 421. AE1421. 
2 SZ I 42). QX I 4210 OY I 4210 
3 DYI 421. DZ I 421. ERXI 421. 
4 SQ~I 42), SOY( 42), SOZ(42), 
5 WII 42). U21 421. V2( 421. 
6 8MIS1421. BM2S( 421. TTSI421 

ZLSI 251. 
NCDS I 251. 
NC5112SI. 
N5lL I 251. 
OMI 251. 
SXI 4210 
QZ I .,2). 
ERY I 421. 
UI ( 42'. 
W21 421. 

COMMON /BLOCK9/ BCLIIOI. DdCLIIOI. DCLIIOI. 
2 YCLIIOI. DYCLIIOI. NSSLIIOI. NSSHIIOI. 
J EPSLIIO.III.DSIGLIIO.III.DEPSLIIO.III.ISSTIIOI 

OCISI 251. 
IAxOPS I 251. 
It<LOPI251. 
NARI 251. 
WMI 2S1 
SYI 421. 
DXI 42). 
ERZI 421. 
VII 421. 
0513.3. 421. 

DDCL II 0 10 
SIGLIIOolII. 

02NOO 
02JLI 
02JLI 
02JLI 
02JLI 
02Jll 
02JLI 
02NOO 
26JlO 
26JAO 
170CO 
170CO 
170CO 
04JEO 
04JEO 
04JEO 
04JEO 
29JOI 
29JAI 
llJUI 
llJUI 
IIJUI 

COMMON /BLOCI2/ NA1201. NCDAI201. 
2 YI120.10). NSSI20.10). SMI20.10). 

COMMON /8LOCI3/ NPTSI 08). 1551 081. 

BI120.IOI. 01120.101. 
EMI20.10). IRECTI20.10) 
NSIGI08.III.NEPSI08.11). 

190CO 
17MYl 
05NOO 
240CO 2 NSITIII). NEPTIII) 

COMMON /SLOCI5/ EPST(21). SIGTI21,. EPSTSIII). SIGTSIII) 
COMMON /BLKI/ KEEP2. KEEP3. KEEP4A.KEEP5A.KEEP&. KEEP7. 

05NOO 
26JAO 
26JAO 
26JAO 
12fEO 
05AGO 
05AGO 
26JAO 
07API 
21DEO 
02JLl 

2 ITYPE. NCD2. NCD3. NCD4A. NCD5A. NC06. NC07. 
l lABAN. IfORM. NM. NJT. NST. NLT. TOL. 
., M. MPI. MP2. ISTT. LTT. ITYPEL.IDJ. 
5 NSTL. IP8. IP9. IPIO. KEEP4B.KEEP4C.NCD4B. 
6 NC04C. KEEP5B.KEEP5C.KEEPSO.NCDSB. NCOSC. NCD5D 

COMMON /BLK2/ XL.XR.XI.X2.11.12.NO.H.TH.HSO.HCU.X2L 
COMMON /8LK7/ INLOPT.lfAE.KOffJ.KOffO •• KOffSE 

If II .GT. 21 GO TO 1500 
COMMENT 
COMMENT 
COMMENT 

- SKIP fON ALL BUT fiRST ELEMENT 
- COMPUTE NUMBER Of RIGID ELEMENTS AND NUMBER Of LINEAR 
- AT ENDS Of MEMBERS 

1500 

NR • - IPINLIISTTI/IO 
NE a - IPINLIISTTI - 10-NR 
NLiI=I·1jR 
NLE a NLR • NE 
NR = - IPINRIISTTI/IO 
NE = - IPINRIISTT) - 10-NR 
NRR = MP2 - NR 
NRE a NRR - NE 

CONTINUE 
If IINLOPT .EQ. 11 GO TO 2100 

ELEMENTS02JL I 
02JLI 
22oEO 
22oEO 
220EO 
220Eo 
22oEO 
22DEO 
08JAI 
22oEO 
210EO 

COMMENT - COMPUTE THRUST AND BENDING MOMENTS AND INCREMENTAL fORCE 
COMMENT - DEfORMATION MATRIX fOR ELEMENT IIITH l.INEAR STRESS-STRAIN 

011.1) AEII)/TH 

02NOO 
02JLI 

CURVE02JL I 
02~00 
02NOO 
02NOO 
24JLI 
24JLI 
24JLI 
24JLI 
24JLI 
24JLI 
02NOO 
02NOO 
02NOO 
210EO 
02JL I 
21DEO 
210EO 
21DEO 
21OEO 
210EO 
210EO 
02NOO 
02NOO 
05NOO 
02JL I 

012.2) • fll)/H 
013.31 ,. 012.21 
011.2) 0.0 
011.3) 0.0 
012.11 = 0.0 
0(2.3) • 0.0 
013011 0.0 
013.2) 0.0 
BMI fill-TAUI/H 
8M2 • fll)-TAU2/H 
TT • AEII)-OELTA/TH 

If II .GT. NLR .ANO. I .LT. NRR).GO TO 4100 
COMMENT - MULTIPLY VALUES BY 10 fOR RIGID ELEMENT 

~MI = BMI-IO.O 

2100 

COMMENT 
COMMENT 
COMMENT 
COMMENT 

8M2 = BM2"10.0 
TT = TT-IO.O 
UII.I) 011.1)-10.0 
012.2) 012.2)-10.0 
013.3) 013.3)-10.0 

GO TO 4100 
CONTINUE 
If II .GT. 21 GO TO 2500 

- SKIP fOR ALL BUT fiRST ELEMENT 
- COMPUTE SECTION PRoPERTIES AND STRESS-STRAIN CURVE AT 
- fROM JOINT AND DiffERENCE IN THESE PROPERTIES BETWEEt< 
- TO JOINTS 

NALT = NALIISTTI 
NART = NA~(ISTT) 
NCOAT = NCDAINALT) 

DO 2200 J = I.NCDAT 
BCLIJ) = 81INALT.JI 
DBCLlJ) = IBIINART.J) - BClIJII/M 

MEMBERS 02JL I 
fROM AND02JL I 

02JLI 
05NOO 
OSNOO 
05NOO 
05NOO 
05NOO 
05NOO 



2180 
l200 
2500 

cOMMENT -
COMMENT -

DCLCJI = DltNALT,JI 
DDCLCJI = CDlCNART,JI - DCLlJII/'4 
YCLCJI • YIINALT,JI 
D~CLCJI • CYICNARJ,JI - YCLIJII/M 
NSSLCJI = NSSCNALT,JI 
NSSRCJI • NSSCNART,JI 
NSSLT = NSSLCJI 
NSSRT = NSSR CJI 
NPTST s NPTSINSSLTI 
ISSTIJI = ISSCNSSLTI 

00 2180 k • I,NPTST 
SIGLIJ,KI • NSIGINSSLT,KI*SM INALT,JI 
SIGR = NSIGINSSRT.KI*S'4INART.JI 
EPSLI~,KI = NEPSINSSLT,KI*EMINALT,JI 
EP5R = NEPSINSSRT,KI*EMINART,JI 
DSIGLIJ,KI • CSIGLIJ,KI - SIGAI/M 
DEPSLCJ,KI • CEPSLCJ.KI - EPSRI/M 

CONTINUE 
CONTINuE 
COhTINUE 
(I~ = II FOR RIGID ELEMENT 
(IE = II FOR LINEAR ELEMENT 

III = 0 
IE = 0 

IF II .LE. NLRI IR = 
IF Cl .LE. NLEI IE 
IF (J .GE. NRNI IR 
IF Cl .GE. NREI IE 

lMllL = I - 2 
ZMuL = ZMUL • 0.5 

COMMENT - COMPUTE DEFORMATIONS IN ELEMENT 
EP '" DELTAnH 
CURl. TAUI"H 
CUR2 = TAU2/H 

COMMENT - ZERO ELEMENT T~RUST. BENDING MOMENTS, ANO STIFFNESS TERMS 
~MI • 0.0 
11M2 = 0.0 
Tl = 0.0 
Tl = 0.0 
Ell 0.0 
Ell = 0.0 
6EI z 0.0 
AE2 = 0.0 
AEYl = 0.0 
AEl2 = 0.0 
Dll.31 = 0.0 
013.ll • 0.0 

00 4000 J. I, NCDAT 
COMMENT - COMPUTE SECTION PROPERTIES AND STRESS-STRAIN CURvE AT 
COMMENT - HID-ELEMENT 

2600 

B = BCLIJI • ZMUL·DBCLIJI 
DP = DCLI~I • ZMUL·DDCLCJI 
Y • YCL(JI • ZMUL*DYCLIJI 
NSSLT = NSSLIJI 
NPTST = NPTSINSSLTI 

00 2600 K = I,NPTST 
EPSTS(K) • EP5LIJ.KI • ZMUL*DEPSLIJ.KI 
SIGTSIK) = SIGLIJ.KI • lMUL*OSIGLIJ.KI 

IF Clssr (J) .EO. II GO TO 2650 
00 2610 K = I. NPTST 

EPSiiKi tPSTS(~j 
SIGTlk) = SIGT5IK) 

OSNOO 
07Ml1 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
l4NOO 
OSNDO 
OSNOO 
OSNOO 
30NOO 
l4NOO 
2"NOO 
150£0 
OSNOO 
ISOEO 
OSNOO 
OSNOO 
OSNOO 
02JLI 
02JLI 
110EO 
22DEO 
IIDEO 
220EO 
llDEO 
22DEo 
OSNOO 
OSNOO 
02JLl 
OSHOO 
OSNDO 
OSNOO 
02JLI 
02JLI 
OlJLI 
03JLI 
03JLI 
02JLI 
02JLI 
02JLI 
02JLI 
02JLI 
02JLI 
24JLl 
24JLI 
OSNOO 
02JLI 
02JLI 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
OSNOO 
;)SNC~ 

OSNOO 

2610 COhTINUE 
ISSTT • 0 
NPT '" NPTST 

GO TO 2700 
2650 EPSTINPTSTI = EPSTSIII 

SIGTINPTSTI = 5IGTSIII 
00 2675 K. 2,NPT5T 

KR • K • NPTST - I 
KL • KR - l·CK - II 
EPSTIKRI • EPSTSIKI 
EPSTIKLI • -EPSTSIKI 
SIGTIKRI = SIGTSCKI 

2675 SIGTIKLI • -SIGTSIK) 
NPT • l.tNPTST) - I 
ISSTT • I 

2700 CONTINUE 
COMMENT - SUBDIVIDE PIPE PIECE INTO TEN EQUIVALENT RECTANGLES. ITWENT~ 
COMMENT - EQUAL RADIAL SEGMENTS wITH SEGMENTS IN OPPOSITE SIDES OF Y 
COMMENT - AXIS COMBINEOI 

NPP • I 
IF IIRECTCNALT.JI .EO. II NPP • 10 

COMMENT - 00 FOR EACH RECTANGLE IN PIECE 
DO 3900 IP • I.NPP 
IF CNPP .EO. (0) CALL PIPE (a,DP,Y,IP,NPPI 

COMMENT - CALL FAEJR TO COMPUTE AXIAL THRUST, BENDING MOMENT AND 
COMMENT - STIFFNESS TERMS FOR ONE RECTANGLE AT LOCATION OF FIRST 
COMMENT - DISCRETE SPRING IN ELEMENT 

CALL FAEJR IJ,8M,EA,EI,AEy,ISSTT,NPT,Y.B,DP,EP,CURI,IR,IE) 
COMMENT - ACCUMULATE VALUES FOR ALL REcTANGLES 

81'11 = aMI • 8M 
Ell = Ell • EI 
AEYI = AEYI • AEY 
AEl • AU • EA 
II • TI • T 

COMMENT - CALL FAEJR TO COMPUTE AXIAL THRUST, 8ENDING MOMENT AND 
COMMENT - STIFFNESS TERMS FOR ONE RECTANGLE AT LOCATION OF SECOND 
cOMMENT - OISCRETE SPRING IN ELEMENT 

CALL fAEJR IT.BM,EA,EI,AEY,ISSTT.NPT,y.a,DP,EP,CURl.IR,IE) 
COMMENT - ACCUMULATE VALUES FOR ALL REcTANGLES 

BMl • 8M2 • aM 

3900 
4000 

COMMENT 

E12 • EI2 • E I 
AEYZ • AEY2 • AEY 
AE2 • AE2 • EA 
Tl = Tl • T 

CONT INUE 
CONTlNUE 

- COMPUTE AVERAGE THRUST AND AxiAL STIFFNESS FOR ELEMENT 
TT s O.S*,TI • Tli 

AEIII = O.S.'AEI • AEll 
COMMENT - COMPUTE INCREMENTAL FORCE DEFORMATION MATRIX FOR ELEMENT 

Olli II AEIII/TH 

4100 

O(l. II • EI1IH 
013, 3) = EIl/H 
OIl. l) • - AEYI/TH 
OIl. II = 011. l) 
OIl, 31 • - AEYl/TH 
DC3. II = OIl. 31 

COhTlNUE 
RETURN 
END 

16NOO 
UNOO 
OSNoa 
OSNoa 
OSNOO 
OSHOO 
OSNoa 
OSHoa 
OSHOO 
OSHOO 
OSHoa 
OSNOO 
OSNoa 
O<;Noa 
OSHOO 
OSHOO 
02JU 
02JLI 
02JLI 
17Ml1 
17MYl 
02JLl 
17M 11 
17M 11 
02JLI 
02JLl 
OlJLl 
02JLI 
OlJLI 
OSHoa 
OlJLl 
02JLl 
OlJU 
OlJLl 
02JLl 
OlJLI 
OlJLI 
OlJLI 
OlJLI 
OSNOO 
OlJU 
02Jll 
nlJLI 
02JLI 
17MYl 
llMRI 
02JLI 
03JLI 
OlJlI 
OlJU 
OlJLI 
OlJLl 
OlJLl 
02JU 
02JLI 
02JLI 
02JL1 
02NOO 
OlNOO 
OlNOO 

c 
C .•.•••..•••••••..••.............................•...••.•.............. 



SUBROUT INE C 
C 
C 

..•......•.•..........•............•...•....•..•....•..•...•.......... 
SUBROUTINE PIPE IB.DP.y.IP.NPPI 

COMMENT 
COMMENT 
COMMENT 
COMMENT 

- SUBROUTINE PIPE IS CALLED NPP TIMES BY SUBROUTINE fAEJR fOR 
THIN wALLED PIPE PIECES- EACH TIME SUBROUTINE PIPE fURNISHES 
T~E DEPTH AND THE WIDTH Of A RECTANGLE WHICH IS EQUiVALENT TO 
TWO EQUAL RADIAL SEGMENTS Of THE PIPE PIECE 

I7MYI 
I .. JLl 
1 .. .JLl 
I .. .JL 1 
I .. .JL 1 
I7MYI 
19MYl 
17MYI 
I1MVI 
17MYI 
11M¥! 
17MVI 
I7MYl 
1711YI 
20MYl 
17MVI 
I7MYl 
17M¥! 

10 

If lIP .NE. 11 GO TO 10 

RETURN 
END 

RA = 0.5-'B - OPI 
T = OP 
YC = Y 
DTE " ACOSI-I.OI/NPP 
ZIP " IP 
ZIP" ZIP - O.S 
TE.. DTE-ZIP 
DP " RA*SIHITEI-DTE 
B = 2,-TlSINITEI 
V " YC' RA*COSITEI 

C 
C 
C 
C 
C 

...................................................................... 
SU~"OUTI"IE ...................................................................... 

SUBROUTINE fAE..iR IT,8M.EA,EI,AET,ISSTT,NPT,V,8,DP.EP,CUR,IR,IEI 
COMMENT - SUBROUTINE fAE.JR SUBDIVIDES THE INPUT RECTANGLES INTO 
COMMENT - SUB-RECTANGLES EACH Of WHICH HAS A LINEAR STRESS-ST~AIN 
COMMENT - CURVE OYER IT. fOR THE NUMERICAL INTEGRATION Of THE 
COMMENT - STRESS- STRAIN CURVE TO fIND AAIAL THRUST T. BENDING MOMENT 
cOMMENT - AAIAL STIff HESS EA, 8ENDING STiffNESS fl. AND AAIAL BENDING 
COMMENT - STiffNESS AEY 

OIMEN~IOH oAI2ZI.DI1221.VY(22I,EPCIZZI 
COMMON /BLOCIS/ EPSTI211. SIGTI211. [PSTSIIII. SIGTSIIII 
COMMON /SLK7/ INLOPT.lfAE,KOff.J,KOffQw.KOffSE 

COMMENT - COMPUTE STRAIN AND Y DISTANCES fOR TOP AND 80TTOM Of INPUT 
cOMMENT - RECTANGLE 

VB " Y - O.S-DP 
YT = YI! • 01' 
EPB = EP - VB-CUR 
EPT • EP - YT-CUR 
R '2 1.0 

If IEP8 .LE. EPTI GO TO 100 
COMMENT - REvEHSE fOR POSITIV[ CURVATURE 

ET = EPH 
EPB " EPT 
EPT " ET 
rTT " YT 
YT " YB 
YH " YTT 
" = -l.n 

100 CONTINUE 

OJ.JUI 
02JLI 
02.JLI 
02JLi 

M.02.Jll 
02JLI 
02.JLI 
12NOO 
02NOO 
07API 
02.JLl 
02.JLI 
I4NOO 
14NOO 
14NOO 
14NO' 
10NOO 
02NOO 
o2JLI 
02NOO 
O;>NOO 
02NOO 
17NOo 
17!'<On 
17NOO 
10"100 
02NOO 

COMMENT - fl~O flMST POI~T 
DO 200 K = I.NPT 

ON STRESS-STRAIN CURVE ON OR SELO- RECTANGLE 02.JLI 
02NOO 
07MY! 
02NOO 
02NOO 
02NOO 
02NOO 
02NOO 
02"100 

zoo 
300 

If IEP~ .GE. EPSTIKII GO TO 200 
NNI.K-I 

GO TO 300 
CONTINUE 

NNI 
CONTINUE 

NNP 

NPT 

NNI • I 

If INNP .GT. NPTI GO TO 410 
COMMENT - fINO fiRST POINT ABOVE RECT~NGLE 

00 400 K = NNp. NPT 

400 
410 
SOO 

If (EPT .GT. EPST IKII GO TO 400 
NN2 " K 

GO TO 500 
CONTINUE 

NN2 = NPT • I 
CONTINUE 

COIIMENT - COMPUTE NUMBER Of SUBRECTANGLES 
NNJ " NN2 - NNI 

COMMENT - NPTT POIHTS USED TO ENTER STRESS STRAIN CURVE 
NPH = NPT 

COMMENT - SYMMETRICAL CURVE USE ONLY POSITIVE SRANCH 
If IISSTT .EO. II NPTT " INPT • 11/2 

COMMENT - ZERO THRUST,8ENDING MOMENT AND STiffNESS TERMS 
T • 11.11 
BM • 0.0 
EA * 0.0 
AEY , -.0 
EI • 0.0 

If (NN) ,"IE. II GO TO 1200 
COMMENT - CALCULATE PROPERTIES fOR ~HOLE RECTANGLE 

DAIlI • S*Op 
01111 " 1/12*S*OP*.J 
HIli .. Y 
EPCIII • Q.S*IEP8 • EPTJ 

GO TO 4000 
COMMENT - CALCULATE pROPERTIES fOR fiRST RECTANGLE 

1200 DO = -R*IEPST(NNPI - EPSI/CUR 
DAIiI = S*OO 
01111· 1/12-8*DO**J 
YV(II = YS • O.S*OO*R 
EPCIII " (EPB • EPSTINNPII*O.S 
YTT , YB • DD*R 

COMMENT - CALCULATE PROPERTIES FOR LAST SUBRECTANGLE 
DO =-R*IEPT - EPSTINN2 - III/CUR 
OA INN)I " Il-DD 
OIINN)1 c 1/12-8*00**) 
YYINN)I , VT - O.S-OO*R 
EPCINN)I = IEPT • EPSTINNZ - 111*0.5 

If INN3 .fO. 21 GO TO 4000 
NN4 = NN) - I 
~ = NNI 

COMMENT - CALCULATE P~OpERIIES fOR REMAINING SUSRECTANGLES 
00 3000 N = 2.NN4 

)000 
4000 

COMMENT • 

COMMENY -
COIIMENT • 

COMIo!ENT -

K .. f( • 1 
00 =-R*IEPSTIK • 11 • EPST(KII/CUR 
DA(N' " a.oo 
OIINI = 1/12*8-00*-) 
YY(N) .. YTr • O.S*OO*R 
EPC(NI = O.S*(EPSTIK • II • EPSTIKIJ 
YTT :; VTT • OO*R 

CONTINUE 
CONTINUE 

00 fOR EACH SUMRECTANGLE 
00 SOOO N = I.NN) 
EPT = EPCIf''' 

ZERO STRAIN USED TO ENTER CURVE WIT~ fOR RIGIO OR LINEAR 
ELEMENT 
If IIR .Ea. I .OR. IE .Ea. II [PT 0.0 
CALL CURVE TO f[ND NEGATIVE Of ~LOpE Of STRESS-STRAIN CURVE 

02"100 
02JLI 
02NOO 
07MYI 
02NOO 
02NOO 
OeNOO 
02NOO 
02NOO 
02JLI 
12NOo 
02JLi 
lZNOO 
02.JLI 
12NOO 
02JL I 
O).IUI 
O)JUI 
O)JUI 
O).JUI 
O).JUI 
O).JUI 
02.JLI 
12"100 
12NOO 
12NOn 
OJ.JUI 
12NO~ 
02JLI 
ONLI 
16Non 
12"100 
12"100 
12"100 
12NOo 
02.JLI 
[2NOO 
12NOO 
12NOO 
12NOO 
12NOO 
12NOO 
12N00 
12NO" 
02JLi 
12NOO 
12NOo 
12NOO 
12NOO 
12"100 
12NOO 
[9NOO 
17NOO 
12NOO 
12NOO 
02JLI 
07MYl 
1I0EO 
02JLl 
02Jll 
220EO 
02.Jll 



COMMENT --ACOMPUTE AND ACCUMULATE T.BM.EA.AE.AEY 
COMNENT - AND STRESS AT CENTEROIO OF SUSRECTANGLE SIGMA 

CALL CURVE ISIGTS.EPST5.EPT. NPTT.1SSTT.SIG.S2.KOffSEI 
E • -52 

COMMENT - E : 10-E FOR RIGID ELEMENT 
IF IIR.EO. liE. 10.-E 
IF IIR .EO. I .01'1. IE .EO. II SIG' SIG • E-EPCIN' 

OT • SIG-OAIN' 
OAE • E-OA INI 
EA • EA • OAE 
EI • EI • E-IOIINI • OAINI-YYIN'--21 
AEY = AEY • OAE-YYIN) 
T = T • OT 
BN = BM • DIINI-E-CUW - OT-YYINI 

5000 CONTINUE 
RflURN 
END 

OZJLl 
02JLI 
12NOO 
12NOn 
02JLI 
07Myt 
210EO 
12NOO 
12NOn 
03JUI 
l2NOO 
03JUI 
12,,"or 
IZNOO 
l2NOn 
02MO 
OZ"OO 

C 
C 
C 
C 
C 

...••••••••.•....•••••...................•...••....•••••••.••••.....•. 
SUAROUTiNE ...................................................................... 

5U~ROUT1NE NLSSIL1) 
CONNE .. T - SU~ROUTINE NLSS 015CRETIZES OISTRIBUTEO ME"~ER 0 - W CURVES 
COMNENT - TO STATION VALUES Of RESISTIVE SPRING FORCES Sox. SQY. SOZ 
COMNENT - AND SPRING STiffNESS S~. SY. Sl 

01"EN510N OCll.31.0CTI3.31.WTI31 •• TT(3).fTI3).fTTI31 5 
CO"MO" IBLOCK21 OXSI 251. OYSI 25). ZLSI 25" DCI I 251t 

Z OC2S1 25" PRFe 25" PRAEe 251. "CDSI 2510 luOPSI 251. 
3 10POPI 25'. IPINLI 251. IPINRI 25'. NCSII 251. INLOpe 25). 
.. NAL e 251. NSXL e 251. NSYL I 251. NSZl I 251. NARI 251. 
S NSlCRI 25" NSYRI 25" NSZRI Z51t QIII 251. .MI 251 

COMMON IBLOCK7I f( "ZI. AEC .. 21. SXI "ZI. SY( ,,21t 
2 Sll ,,21t OXC "21t OYC "ZI. Oll,,2,. DXI "21. 
3 Dye "21. OZI "2). ERXI "ZI. ERYI "21. ERZI "21. 
" SOXI _21. SOYI -21. 50ZC-"ZI. UIC ,,2). VII _2/. 
5 WII ,,21t U21 421t V2C "ZIo W21 _21. "'513.3 ... 21. 
6 BMISI 421. BM2S1 ,,21. TTSI "21 

COHHON IBLKII KEEP2. KEEP3. KEEP"A.KEEPSA.KEEP6. KEEP1. 
2 ITYPE. NC02. NC03. NCO"A. "COSA. NC06' NC07. 
3 lABAN. IfORM. HM. N.JT. NST. NL To TOL. 
4 M. MPI. MP2. ISTT. LTT. ITYPEL.IOJ. 
5 "STL. IPS. IP9. IPIO. KEEP"B.KEEP"C.NCO"B. 
6 NCO"C. KEEP5~.KEEPSC.KEEP50'''C05ij. NC05C. NCO~o 

IAAOPT " IAAOPSIISTTI 
If IIAAOPT .EO. II GO TO 2100 

COMMENT - TRANSfORM MEMBER OISP TO STRuCT COORD fOR IAXOPT 
OCIJ,ll • 0.0 
DC12.31 • 0.0 
oCIl.II " 0.0 
OCIJ.21 " 0.0 
OCT 11.31 0.0 
OCTll.31 " 0.0 
OCTO.II " 0.0 
OCTl3.cl • 0.0 
OCI3.]1 " 1.0 
OClt).)1 " 1.0 
OCII.II " OCISIISTTI 
OCII.21 • OC2SIIST11 
OCI2.1I " - OClIo21 
OCI2.cl " OCII.II 
OCTII.II .DCII.II 

2 

260CO 
16JUI 
16.JUI 
16JUI 
cOfEl 
26JAO 
26JAO 
170CO 
I'I'OCO 
11'0CO 
O ... .JEO 
O".IEO 
O"JEO 
0".1 f. 0 
29.JAI 
29.JAI 
26.JAO 
26JA~ 
26JAO 
12FE~ 
05AGO 
05AGO 
20fEi 
20fEi 
20fEI 
2"JLI 
2".JU 
2".11.1 
2".11.1 
2"JLI 
2 ... .11.1 
2 ... .11.1 
2".1lI 
2".11. I 
24.1L I 
26.JAO 

26.JAO 
26.JAO 
26JAO 

OCTII.21 & OC12.11 
OCTe2.11 " OCII.21 
OCTIZ.2) " OCIZ.21 
.T(31 • 0.0 
FIIJI • 0.0 

DO 1300 I" I.MPI 
COMMENT - F ANO AE USEO AS TEMP STOR fOR Ot AND OY ONLY IN THIS SUB 

f II I • ox II I 
AE II/ '" OY II I 
~T( II • OlC I II 
WTlZI " OY(" 

CALL MATH31 10CT._T •• TTI 
OAIII = WTT(lI 

1300 
2100 

COMMEIH 

OYeIl • _TTl21 
CO"TINUE 
COIHINUE 

- AXIAL RESTRAINTS 
DO 2200 I. I.MP2 

SuX([1 " 0.0 
SAIII " 0.0 2200 

IF INSALIISHI .EO, 01 GO TO 2300 
CALL NLSS.JR (SlC.OX.SO~.LI.NSlCLIISTTI.NSAR(ISTTI.QMIISTTI. 

2 WM(lSHII 
2300 CONTINUE 

COMMENT - LATERAL RESTRAINTS 
DU 3200 I" I.MP2 

3200 
SOYCII " 0.0 
SHII .. 0.0 

If INSYLIISTTI .EO. 01 GO TO 3300 
CALL NLSS.JR ISy.Oy.SOy.LI.NSYLIISTTI.NSYRelsTTI.OMIISTTI. 

2 WMIISHII 
3300 CO"TINUE 

COMMENT - ROTATIONAL RESTRAINTS 
00 "200 I. I.MP2 

SOlell " 0.0 
"200 Sl III • 0.0 

If INSlL I ISH I .EO. 01 GO TO "300 
CALL "LSS.JR ISZ.OZ.SOZ.ll.NSZLIISTTI.NSZRIISTT).OMIISTTI. 

2 IOMII>TTII 
,,300 CONTI"uE 

IF IIAXOPT .EO. II GO TO 5"00 
DO 5100 I" I.MPI 

COMME"T - RETURN Ox AND OY TO MEMBER COORD 
I)X II) " f I I I 
DVlIl " AEIII 

COMMENT - TNA"SfORM SOA AND SOY TO MEMBER COORD 
flUI " SU~1I1 
fl(21 • SQY III 

CAll MATM31 10C.FT.FTTI 

5100 COhTlNUE 
5"o0 COl.TlNIJE 

RETURN 
EI.e 

sox If) fTTlll 
SOYIII " fTTl21 

Z6JAO 
Z6.JAO 
Z6.JAO 
Z"JLI 
2 ... JLI 
ZOfEl 
20fEl 
20fEI 
ZOFEI 
20FEI 
ZOfEl 
20fEi 
20fEi 
ZOfEI 
20fEI 
20fEI 
Il.JUI 
260CO 
05fEl 
260CO 
260CO 
OlfEl 
OIFEI 
260CO 
llJUI 
260CO 
OSHI 
260CO 
260CO 
OlfEl 
OIHI 
260CO 
13JUI 
260CO 
OSHI 
260CO 
26OCO 
OlfEI 
OlfEl 
260CO 
20fEi 
20FEI 
20FEI 
20fEl 
20FEl 
20FEI 
20FEI 
20fEI 
2"FEl 
20FEI 
20Fn 
20fEi 
lOHI 
260CO 
260CO 

C 
C 
C 

...•............•............••..•••••...•••••..••••.••..•.••......... 
SUAROUT!NE ...............................••.....••••••..••.••••.•.•..•.......... 

c 
sueROUTINE NLSSJ~ ISXYZ,OXYZ.SOXY1.Ll.NSL.NSR.OMT.WMTI 

COMMENT • sueNOUTI~E NLSSJR fURNISHES THE OISCRETllfO VALUES Of 

. " 

OlrEl 
13JUI 



COMMENT - RESISTI~E SPRING FORCE AND TANGENT SPRING STIFFNESS TO NLSS 13JUI 
COMMENT - FON AXIAL LATERAL AND ROTATIONAL SPRINGS 13JUI 

DIMENSION SXYICLI), OXYICLI). SOXYlCLII OlfEI 
DIMENSiON O~LCII).WWL(II).DQO(II),Dwwelll,OO!III,Wwell) OlfEI 
COMMON IBLOCI41 NPTMC lOI. ISMI 20). NOMI20.111, NwHI20.11). 240CO 

l N~M T (11) • NWMTlll) 240CO 
COMMON IBL~II KEEPZ. KEEP). KEEP4A.KEEP5A.KEEP6. KEEP7. l6JAO 

C ITYPE. NCDZ. NCO), NCD4A. NCD5A, NCD6. NCD7. Z6JAO 
3 lABAN. IfORM, NM. NJT. NST. NLh TOL. 26.JAO 
4 M. MPI. MPZ. ISTlo LTl. ITYPEL.IDJ, IZfEO 
5 NSTL, IPS. IP9. IPIO, IIEEP4B.KEEP4C,NC04B. OSAGO 
o NCD4C, ~EEPSB,KEEPSC.KEEPSD,~CDSB. NCDSC, NCDSD OSAGO 

COMMON leLK21 XL.XR.XI,X2,11,ll,NO.H.-H,HSO.HCU.X2L l6JAO 
COMMON 18LK71 INlOPT,lFAE.KOffJ.KOFFu~.KOFFSE 07API 

COMMENT - DO FOR EACH ELEMENT 14JLI 
DO 2600 I. 2.MPI OlfEI 

COMMENT - SKIP fOR ALL BUT FIRST ELEMENT 13JUI 
IF II .GT. Z) GO TO 1900 OIFEI 

ISYM = ISMINSL) OIFEI 
NPT " NPTMINSL) OIFEI 

DO 16ggLl j) = I,~~~1Im.J)*QMT mH 
wwLIJ) NWMCNSL • .J)*WMT OlfEI 
DOOCJ) "INOMCNSR.J)*OMT - OOLC.J))/M OlFEI 
DWWC.J) INWMCNSR,J)*WMT - WWLI.J))/M OlFEI 

1000 CO"TINUE OIFEl 
1900 CONT INUE OIFEI 

COMMENT - COMPUTE CONCENTRATED 0-111 CUR,E AT MID-ELEMENT BY INPERPOLATIONI3.JUI 
COMMENT - WITH RESPECT TO FORCE AND DISPLACEMENT AND MULTIPLYING FORCE 13.JUI 
COMMENT - VALUES 01 TH I).JUI 

llOO 
COMMENT 
COMMENT 

IMUL " I - 2 OIFEl 
LMUL " IMUL • 0.5 OlfEI 

DO ZIOO J = IoNPT OlfEI 
001..11 " OOLC.JI • ZMUL*OOOI.J) OIFEI 
001..11 " OOI.JI-TH OIFEI 
WwI.J) " WWLC.JI • ZMUL*OWWI.JI OIFEI 

- COMPUTE DISPLACEMENT AT MID-ELEMENT AS AVERAGE OF AD.JACENT 13JUl 
- STATION (NODAL POINTI OISPAlCEMENTS 13JUI 

wJ : D.S-COXYl!l - II .oxY211)1 OIFEI 
COMMENT - CALL CURVE TO FIND RESIS1TIVE FORCE AND TANGENT STIFFNESS 13.JUl 

CALL CURVE (OQ.ww.WJ.NPT.ISYM,O.J.SZ.KOFFOWI DIFEI 
L : IMUL*TH 19HO 

COMMENT - CALL CONLO TO DISTRIBUTE FORCE TO AO.JACENT STATIONS l).JUl 
e,LL CONLD cO.J,Z.SQXYl,Ll) OIFEl 

COMMENT - CALL CONLO TO OlSTRISUTE STifFNESS TO ADJACENT STATIONS 13JUI 

C 
C 
C 
e 
C 

l600 
CALL CONLO ISZ.Z.SXYZ.LlI OlFEI 

CONTINUE OlfEI 
RETURN OlFU 
END OlFEI 

•••••••••••••••••••••••••••••••••••••••••••••••••••••• 9 ••••••••••••••• 

.................•.............................................•...... 
,UH~OUTINE MEMEND I fMM. Lol 

COMMENT - MEMEND ~VALuATES THE, TOTAL FORCES ON THE ENOS OF THE MEMeERS 
OSSEO 
13.JUI 
OSSEO 
26.100 
20JAO 
l70CO 
l70CO 
170CO 

DIMENSION FMMlol.SAI3.)I,WTI31.FTI31 
COMt40N I'lLOCK2I OXSC l5)' DYSI l5)O 

2 OCZSI 251. PRFI l5), P~Af( ZS), 
) IOPO~C l51. IPINLI l5), IPIN"I 251. 
4 NALI lSI. NSXLI ZS), NSTLe 251. 
5 NSXRC 251, NSY~I lSI. NSZRI l51. 

ZLSI 25), 
NCDS I l51. 
NCSII (5), 
NSZL I lSI, 
OMI Z51, 

oels! 251. 
lAxOPS I 251. 
INLope 25). 
NAR I lSI, 
WMI ZS) 

.. 

COMMON IBLOCK71 FI 4l). AEI 421, SXI 421. SYI 4ll. 04.JEO 
l SZI 4Z). aXI 42), aYI 4ll. OZt 4l" OXI 421, 04.JEO 
3 OYI 421, DZI 421, ERXC 4ll. ERye 4ll. ERZI 4ZI, 04JEO 
4 SQXI 4ll, SOl'I 4l" sazl 4ll. Ull 421. VII 4ll, 04.JEO 
5 wll 4ZI. UlC 4Z). Vll 4l), WZI 4ll. 0513.). 4ll, 19JAl 
6 BMISI 4ll. BMlSI 42), TTSt 411 19.JAI 

COMMON ISLK11 KEEP2. KEEP), KEEP4A.KEEPSA,KEEP6. KEEP7. l6JAO 
Z ITYPE. NCOl. NC03, NCD4A. NCOSA, NC06. NCD7. Z6.JAO 
3 lABAN. IFORM. NM, NJT. NST. NLT. TOL. Z6JAO 
4 M, MPI, MPZ. lSTT. LTT. ITYPEL.IOJ. IlFEO 
5 NSTL. IP8. IP9, IP10, KEEP4B,KEEP4C,NCD4B, OSAGO 
6 NC04C, KEEPSB,KEEPSC.KEEP50.NcDse, NC05C, NCDSO 05AGO 

COMMON IPLK41 ST1,ST2.ST3.ST4,ST5,ST6 Z6.JAO 
COMMON 18LK6/ OTI.OTZ,OT3,OT4,OTs,QT6 04.JEO 
COMMON IBLK71 INLOPT,IFAE.KOFF.J.KOFFOw,KOFFSE 07API 

lAXOPT .. IAXOPSIISTT) 09SEO 
DXI " OX!II 10MYI 
on .. OYlU 10MYI 
Dll .. OZ III 10MYI 
OXZ .. ox (2) 10MYl 
OTZ .. OY(2) 10MYl 
022 OZll) 10MYl 
I • 2 l6MyO 

COMMENT - CALL 
CALL 

ELEMFO TO FIND THE FORCES ON ELEMENT NUMBER 2 l).JUl 
ELEMFD IOXI.OYI,DZI.OXl,OYZ,022,I.UIT.VIT,wlT.U2T,VlT.26MYO 

2 WZTI l6MYD 
IF CINLOPT .EO. 01 SOxC1I • -ST1-DXI lOFEl 

FMMIII " UIT - SOX!ll - OTI lOFEl 
IF CINLOPT .EO. 01 SOYIII : -STl*QYl lOFEI 

FMMIl) " VIT - SOYtl) - OTl 20F~1 
IF IINLOPT .EO, 01 SOZtl1 .. -ST3*021 20FEI 

FMMI31 " WIT - SOZlll - OT3 lOFEI 
OU DXli'1 10MYl 
OYl OYC"I I OMY 1 
OIl OllM) lOMYl 
OXl OX IMPI) 10MYl 
DYZ OYIMP1) 10MYI 
Oll " DZ(MPII 10MYI 

COMMENT - CALL 
CALL 

I • MPI Z6MyO 
ELEMFO TO FINO THE FORCES ON ELEMENT NUMBER MPI 13.JUI 

ELEMFO IDX1.OYI.OII,OXl.DYl,DZl.l,ulT,V1T.wlT,u2T.VlT, Z6HYO 
2 wZll 

COMMENT - ADD ON THE LOADS ON THE, END-STAT'IONS AND 
COMMENT - FORCES ON THE END-STATIONS 

2f,MYO 
THE RESISTIVE SPRING I)JUI 

13JUI 
ZOFEl 
lOFO 
20FEl 
ZOFEl 
ZOFn 
lOFE! 

IF tiNLOPT .EO. 0) SOXIMPll -ST4*OX2 
FMM(41 ~ UlT -SOX(MP1I - OT4 

IF IINLOPT .EO. 0) SOYIMP1' -STS*OY2 
FMHIS) • VlT -SOYIMP1) - OTS 

IF tlNLOPT .EO. 01 SOZIMPJI -ST6.Dll 
FMMI61 ~ WlT - SOZIMP1) - OT6 

RETu~N 
ENll 

26Myn 
26Myn 

C 
C 
C 
C 
C 

•••••••••••••••• 0 •••••••••••••• ** ••••••••••••••••••••••••••••••••••••• 
SURiJOUT INE 

•••••••••••••••••• * ••••••••••• ~ ••••••••••••••••••••••••••••••••••••••• 

SUBROUTINE fO~MLD t PM. RO. w. SL, SUo FOMT. LI. L), L4, L6, J.JI 
COMMENT - SUeROUTINE FORMLC CALCULATES MEMBER INCREMENTAL FIxED-END­
COMMENT - FORCE MATRIX O~ FIRST ITERATION OF EACH PROBLEM 

DIMENSION RMIL),L6'. ROlLo). WCLel, SLIL)), 5UIL4) 
UIMEN~ION FO~Tlo),wT(3).FTt3).SA(),3) 

14JUO 
17JUl 
j 7JUl 
08APO 
19SEO 



COMMON /BLOCK2/ 
2 OC2S! 25). 
l 10POP I 25" 
4 NAL I 25). 
5 NSxRI 25). 

COMMON /BLOCKl/ 
2 OCc:L ( 251. 
l NC611 25) 

OXSI 25lt 
PPf I 25lt 
IPINL I 25" 
NSXLC is'' 
NSYR I 251. 
OXL I 251, 
UOX! 25)' 

OYs ( 25lt 
PRAE ( 25). 
IPINR! 25lt 
NSYLI25), 
N5ZR! 251, 
DYL ( 251. 
UOY! 25" 

ZLs I 251. 
NCOS! 251. 
NCSll 251, 
NSZL 1 251. 
aMI 251, 
ZLl! 251. 
NCDL 1 25). 

COMMON IBLOCK4/ 4TII 40). 4T21 401. ISTI 40). 
i! fllMMI ... 0.610 SMCI 40.21" NITMI "'01. IMM( ,,0). 

COMMON /BLOCKS/ xLSI SOh XRS! 501. FLI SOh 
2 5XLI 501. SYLI 50). SlLI 50) 

COMMON /BLOCK6/ XLLI 15). Xi'lL ( 75). 
2 Olll 751 

COMMON /BLOCK1/ FI 42), Afl ... 2). 
2 SZI 42,. (lXI "2/0 OYI ... 2" 
l 011 ... 2" OZI ,,2). fRX! "21, 
... S~XI 421. SOYI 42), SOZI "2), 
5 1111 "21, U21,,2,. Y21 ... 2). 
b SMISI "21. BM2S1 ... 21. TTSI 42) 

aXLI 751. 

Sxt "2). 
OZI "'21. 
ERYI "2). 
UlI 421. 
ilCI 421. 

DCISI 25), 
IA'OPS I 251, 
INLIlP I 251. 
NAIH 25). 
"M( 251 
DelLI 251. 
IAxOPL I 2Slt 

LTI "'0). 
IItCI "0) 
AEL I 50), 

QYL! 15), 

SY I 421t 
OXI 421, 
ERZC 421. 
VII "2). 
OS(3.3. "21. 

COMMON 16LKII KfEP2. KEEP3, KEEP ... A,KEEPSA.KEEP6. KEEP1. 
2 ITyPE, NC02, NC03. NCO"A. NC05A. NC06. NC07. 
3 lABAN. IFORM. NM. N4T. NST. NLT. TaL. 
" M. MPI. MP2. ISTT. LTT, lTYPEL.IOJ. 
5 NSTL. IPS. IP9. lPIO. KEEP"'B.KEEP"'C.NC04B. 
b NCO"'C. KEEP5B.KEEP5C.KEEP50.NCOSB. NC05C. NCOSO 

COMMON /BLK21 XL.XR.XI.x2.11.12.NO,H.TH.H5Q.HCU.X2L 
COMMON IBLKll MNJT.MNST.MNLT.MNM.MNC5.MNCb.MDJT.MNJS.MNE.MNCS. 

2 MNPCS,MNSS.MNCIIM 
COMMON leLK ... / STI.ST2.STl,ST".ST5.ST6 
COMMON IBLK61 OTI.OT2.0Tl.OT .... OT5.0T6 
COMMON /BLK71 INLOPT.IFAE.KOffJ.KOffall.KOfFSE 
COMMON I HI I NL. NL, JI 

If IITYPE .EO. I) GO TO 2400 
COMHENT - STORE EXISTING MEMBER-ENDFORCES AS MEMSER-END-LOADS 

0T1 FOMN IJJ,) 1 

2"00 

OT2 FOMMIJJ.2) 
OTl FOMMIJJ.3, 
aT" fOMMIJJ,'" 
QT5 fOMMIJJ.5) 
OT6 • fOMMIJJ.6) 

CONTiNUE 
If ILTT .GT. 0) GO TO 2500 

COMMENT - ZERO LOADS FO~ LQAD TYPE ZERO' NOTE' fIXEO-ENO-FO~CE-MATRIX 
COMMENT - CALCULATED fOR HEMSER .ITH NO LOADS fO~ P~EST~ESSING OR 
COMMENT - TEMPERATURE EffECTS AND CASE WHERE LOADS ARE ~EMO~EO 

2450 

2500 
COMMENT -
COHMENT -

00 2"5~ I' I.MPI 
OX(f) 0.0 
ioIy(U 0.0 
Qzll' 0.0 

GO TO 3000 
CONTINUE 
SET TEMPOHARy CONTROL cONSTANTS fOR LOAD TyPE WHICH 15 
~A~ING ITS fIXED-END-fORCf MATklX fORMED 

UOX T = UQXlL TT, 
uQYT = uQYlLTT) 
NCOLT = NCOLILTTI 
NCblT = NCbllLTTl 

IF INCDL T .NE. OJ GO TO 2900 
COMMENT - DISCRETIZE UNIfOkM MtMH~~ LO'O~ 

DO 2800 I 2.14 
axel) = OOX1'lH 

26JAO 
264AO 
170CO 
110CO 
110CO 
26JAO 
26JAO 
26.1AO 
2l>JAO 
OIJLl 
26JAO 
26JAO 
26JAO 
26JAO 
04JEO 
O"JEO 
O ... JEO 
OltJEO 
29JAl 
29JAI 
26JAO 
26JAO 
2t>JAO 
12fEO 
05AGO 
05AGO 
264AO 
I1JUl 
llJUI 
26.160 
O"'JEO 
01API 
OSAPO 
O"JvO 
17JUI 
O"JUO 
O"'JUO 
O"JuO 
o ... JUO 
O"JVO 
O"JUO 
30MYl 
30MYl 
17JUI 
17JUI 
17JUI 
JOMY] 
2"JLI 
2"JLI 
24JLI 
30Myl 
lOHY! 
IbMYO 
16MYO 
26JAO 
26J60 
26J60 
26JAO 
lOMYI 
!6t4Yi! 
26.160 
26JAO 

.. 

2800 
aYlII = UayyoTH 
01111 = 0.0 
aXIl) • O.S'UOXT'TH 
01(1) c 0.5'UQYToTH 
QZIlI • 0.0 
QX!MPII = 0.50 0axT'TH 
aYIMPl1 = o.souQYT'TH 
az IMPli = 0.0 
aXtMP21 = 0.0 
0Y(MP2) = 0.0 
OZIHP21 • 0.0 

GO TO lOOO 
COMMENT - NONUNIFORM LOADS 
COMMENT - SUBROUTINE DISCLO OISCRETIZES GENERAL MEMBER LOADS Q,. QY, az 

2900 CALL OISCLD I NC61h NCOLT. ZL. LI ) 
3000 CONTINUE 

COMMENT - DO fOR EACH ELEMENT 
DO 3400 I. 2.MPI 

1141 • I • I 
COMMENT - SUBROUTINE ELEMfO EVALUATES THE END-fORCES ON A DISCRETE 
COMMENT - ELEMNT. GIVEN THE ELEMENT-END-DISPLACEMENTS 

CALL ELEMfO IDxIIMII.OYIIMII.OZIIMII.DXIII.OYIII,OZIII.I. 
2 UIT.vIT.WIT.U2T,vlT.WZT) 

C()MMENT - START COMPUTATION fOR STATION EaUILIBRIUM ERRORS BY ADDING 
COMMENT - ADJACENT ELEMEhT-ENO-fORCES AT STATIONS 

ERX IIMII • ERX 11M]) • un 
ERY(IM]) = ERytlMII • VIT 
ERZIIM]) = ERZClMII • WIT 
ERX(II ERXIII. U2T 
ERY II) = ERYel! • V21 
ERZII) • ERIII) • "2T 

COhTlNUE 3400 
COMMENT 
COMMENT 

- COMPLETE CALCULATIONS BY ADDING IN LOADS AND SPRING fORCES 
- 00 fOR EACH INTERIOR STATION 

00 3800 I c 2.14 
If IINLOPT .EQ. 0) SaZII) = -SZIII'OZIII 

ERZIl) = aZ11l - ERZII) + saZl1I 
If IIAXOPT .Ea. 2) GO TO 3650 
IF IINLOPT .EO. 01 SOX(I) _SXII"OXII' 

ERX I I) " QX III - ERx I I) + sox ( I) 
IF IINLOPT .EO. 01 SQy(l) = -SYII)'Oy(ll 

ERfll) " OVlII - ERYlIl + SU1i!) 
GO TO ltlOO 

l~50 CO~TINUE 

COMMENT - TRANSfO~M SPRING fORCES AND STlfFNESStS If SPECifiED IN 
COMMENT - STRUCTURE DIRECTIONS 

CALL 

SXT x Sx II' 
S1T " SY!I) 

SANGLE ISA,SXT.SYTI 
"TIll = f'\XI[) 
WTl2) = DYIII 
ilT 1)1 = 0.0 

CALL MATM3! ISA •• T , fTI 
If tlNLOPT -EO. OJ SQX(l1 " -fllll 

ERXII) " OXIll - ERXII) • SQXIII 
IF IINLOPT .lll. 0) saYII) " - nl21 

ERY I I I " QY II I - ERY 111 • sIn I I I 
3800 CONTINUE 

COMMENT - 00 fOR END STATIONS 
''- nt-~LorT .E.Q. 0) saZf!: ~ ..... ST:!·DZn' 

(wZ II I = az III - ERIII I • SCZ III 
IF CINLOPT .EO. 01 SOZ(MPII " -ST6'DZIMPI) 

• 

26JAO 
26JAO 
2"'JLI 
2"JLI 
Z ... JLI 
2"JLI 
Z ... JLI 
Z ... JLI 
2 .. JLI 
2"JLl 
2"JLI 
26JAO 
16MYO 
16MYO 
IIfEO 
26JAO 
17JUI 
28M YO 
28MYO 
17JUI 
I7JUI 
281410 
2SMYO 
17JUI 
17JUI 
28MYO 
2111410 
2814YG 
28"10 
Z8HYO 
28MYO 
28MYO 
l1JUI 
I7JUI 
28MYO 
20fEI 
20fEI 
OSSEO 
20fEI 
20fEl 
20FEI 
20fEi 
OSSEO 
OSSEO 
I1JUI 
17JUI 
OSSEO 
OSSEO 
OSSEO 
10MY! 
10MYI 
10MYI 
OSSEO 
20fEi 
20fEi 
20FEI 
20fEI 
034EO 
11JUI 
lOfEl 
20fEi 
20FEI 



ERZIMPlJ = OZIMPIl - ERZIMPI) 'SOZIMPlJ 
If (\A~OPT .EO. 2) GO TO 3900 
If IINlOPT .EO. 0) SO~lll = -STlo~~llJ 

ER~II) = OAII) - ER~II) • SQAII) 
IF IINlOPT .EO. 0) SOYlll = -ST2°DVllJ 

ERVllJ = OVlI) - ERY I lJ .SOY( lJ 
IF IINlOPT .EO. 0) SO~IMPlJ = -ST4oD~IHPIl 

ERAI~Pll = OAIMPIJ - ERHMPlJ .SOAIMPlJ 
IF IINlOPT .EO. 0) SQYIMPI) = -STsoDYIMPI) 

ERYIMPlJ = OYIMPIJ - ERYIMPll .SOYIMPIJ 
GO TO 4100 

3900 CONTINUE 
COMMENT - TRANSFO~M sPRI~G FORCES AND STlfFNESSES IF SPECIFIED IN 
COMMENT - STRUCTU~E DIRECTIONS 

CAll SANGlE ISA.STI.ST2) 
"TIlJ • D~llJ 
"T (2) = DYiII 
"T (3) = 0.0 

CAll MATM31 ISA.~T.FT) 

IF IINlOPl .EO. 0) SOAII) = -FlII) 
ER~ II) = Q~ I I) - ER~ 1\) • SOX 1\) 

IF IINlOPT .EO. 0) SOYII) = _FT(2) 
ERYII) • YYII) - ERYII) • SaYII) 

CAll SANGlE ISA.ST4.STS) 
"TIll • D~ IMP lJ 
"T(2) • OYlMPIl 

CAll MAT~31 ISA.~T.Fl) 
IF IINlOPT .EO. 0) SO~IMPI) = -FlIIJ 

ER~IMPI) = O~IMPll - ERAIMPI) • SQKIMPll 
IF IINlOPT .EO. 0) SOYIMPll = -Fl(2) 

ERy(MPI) = \lY IMPI) - ERYlMPIJ • SOY IMPII 
4100 CONTINUE 

OTI OTI' ER~II) 
OT2 QT2' ERYII) 
OT3 OT3' ERZII) 
OT4 QT4' ER~IMPI) 
QTS OT5. lRYIMPI) 
OT6 OT6. ERZIMPI) 

COMMENT - CAll GRIP2A FOR SOLUTION OF MEM8ER INCREMENTAL lOADS ISTATION 
COMMENT - EOuillBRluM ERRORS) 

CALL GRIP2A I RM.RO.~.Sl.Su.l3.l4.l6.5) 
COMMENT - CAll MEMENI FOR CACUlATION OF INCREMENTAL FI~ED-END-FORCES 

CAll MEMENI I ".FOMT.l6 ) 
9~00 CONTINUE 

RETURN 
END 

C 

20FEI 
\7SEO 
20FEI 
20FEI 
20FEI 
20HI 
20FE! 
20FEI 
20FE! 
20FEI 
17SEO 
17SEO 
17JUI 
17JUI 
\7SEO 
17SEO 
10MYI 
10MYI 
I1SEO 
20HI 
20FEI 
20FEI 
20FEI 
17SEO 
17SEO 
10MYI 
17SEO 
20HI 
20FEI 
20FEI 
20FEI 
04FEI 
04JUO 
04JUO 
04JUO 
04JUO 
04JUO 
04JUO 
17JUI 
17Jul 
10MYI 
17JUI 
14SEO 
26JA,' 
26JAC 
26JAO 

C •••••••••••••••••••• 0 ••••••••••••••••••••••••••••••••••••••••••••••••• 

C SURROuTINE 
C ••••••• 00 ••••••• 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C 
suBROUTI~E DISClD I NC6IT. NCDLT. il. L! ) IIFEO 
COMMON IBlOCK61 ~lL! 75) • ARL! 7510 OXll 75' • aYL! 75) • 26JAn 

2 I.IlL! 75) 26JAn 
COMMON IBlOCK 71 f I 42) • AE I 42) • SAl 42) • SYI 421. 21Myo 

C 5Z1 42), (J.lt( 42" OYI 42) • OZI 42J. n~1 42) • 04JEO 
3 lIYI 42) , Oll 42) • [iotA ( 421, E~YI "2) , EkZ I 42), O~JEO 
4 51.1AI 42' • SOYI 421, SUZ( 42), UII 42) • VII 42) • 04JEO 
5 WII 42) , U21 42', V21 42} • .21 42), DS(),), 42), 29JAI 
b tlMISI "2) , BM2S1 42), TTSI ~21 29JAI 

COMMON IBlKII KEEP2. KEEPJ. KEEP4A.KEEP5A.KEEP6. KEEP7. 26JAO 
2 HyPE. NCD2. NCD3. NCD4A. NCDSA. "CD6. NCD7. 26JAO 

• 

3 lABAN. IFORM. NM. NJT. NST. NlT. TOl. 
~ M. MPI. MP2. ISTT. lTT. ITYPEl.IDJ. 
S NSTl. IPS. IP9. IPIO. KEEP4B.KEEP4C.NCD4B. 
6 NCD4C. KEEPSB.KEEP5C.KEEPSD.NCDSB. NCD5C. NCO 50 

COMMON IBlK21 ~l.~R.~I.A2.11.12.NO.H.TH.HSO.HCU'~2l 
COMMENT - ZERO MEMBER lOAD DATA 

DO 1020 I I.MP2 

1020 

COMMENT - II 
1050 

OHI) 0.0 
OYill • 0.0 
OZII) = 0.0 
NC62T = NC61T - I • NCDlT 
11 = NC"'H - I 

GOES F~OM NC61T TO NC62T 
11=11·1 

COMMENT - READ DATA FROM ONE CARD IMAGE IlOADS AT lEFT OF SECTION) 
~l • XllI1I1 
AR = ~RLlII) 
O~l T O~L!II ) 
OYl T = OYL!II) 
OZLY c OZl I III 

IF I~R .NE. 0.01 GO TO 1100 
COMMENT 
COMMENT 

- VARIABLE lOADING SECTION READ ONE CARD IMAGE IlOADS AT 

1100 

IllO 

- RIGHT OF SECTION) 
II '" 
~R • 
Q~RT 

OYRT 
OZIH 

GO TO 1110 

II • I 
XRlIIlI 
O~U II) 

c QYUII I 
OZl I II I 

OART O~lT 
OYRT • OYlT 
OZRT = IIZLT 

CONTINUE 
IF I ~l .NE. ~R) GO TO 2100 

COMMENT - COt,CENTRATED lOADS CAll CONlD 
COMMENT - lOADS TO ADJACENT STATIONS 

TO DISTRIBUTE CONCENTRATED 

2100 

CAll CONlD I O~lT. ~l. O~. II 
CAll CONlD I OYlT. ~l. OY. II 
CAll CONlD OllT. ~l. OZ. II 

GO TO 2200 
CONTINUE 

ZII = ~l/TH • 2.0 
II = ~II 
~I = IloTH - ~l - TH 
ZI2 = ~~/TH • 1.0 
12 = 1I2 
X2 = X~ - 12°TH . TH 
"j0 = 12 - II 

COMMENT - DISTRIBUTION lOADS CAll L1NlD TO DISTRIBUTE lOADS 
COMMENT - 11 TO 12 

IF IOXLT .EQ. 0.0 .AND. OXIIY .EO. 0.0) GO TO 2150 
CAll llNlD I O~lT. O~RT. O~. II ) 

2150 IF 10YLY .[<.1. 0.0 .AND. OYRT .EO. 0.0) GO TO 2160 
CAll llNlD I OYl T. OyIIT. Oy. II ) 

2160 IF IOzLT • EO. 0.0 .AND. OZRT .~Q • 0.0) GO TO 2200 
CALL llNlD I OllT. OZRT. OZ. Ll ) 

2200 CONTINUE 
9000 IF III .LT. NC62TI GO TO 1050 
9~00 CONTiNUE 

R(lUk" 
E"D 

C 

STATIONS 

26JAO 
12FEO 
OSAGO 
05AGO 
26JAO 
15MYO 
26JAO 
24JLl 
24JlI 
24JlI 
26JAO 
26JAO 
15MYO 
26JAn 
15MYO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
15Myo 
15MyO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAn 
26JAO 
15Myo 
15MYO 
llFEO 
llFEO 
llFEO 
26JAr, 
26JAO 
26JAO 
26JAO 
26JAn 
26JAil 
26JAO 
26JAn 
26JAn 
15MYO 
ISMYO 
llMYO 
llFEO 
llMYO 
lIFEO 
11 "YO 
llFEO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAn 



C 
C 
C 
C 

...................................................................... 
SUB~OUjl"lE ...................................................................... 

SUBROUTINE MATM33 I AA. BB. CC I 
C THIS SUBROUTINE MULTIPLIES A 3X3 MATRIX .AA. TIMES A 
C 3X3 MATRIX .BB. TO PROOUCE A 3X3 MATRIX .CC 

DIMENSION AAI3,31.BBI3.31.CCI3.31 
DO 25 I = 1.3 
DO 25 J = 1.3 

CC".JI = 0.0 
DO 25 K = 1.3 

CC((.JI AAII.KI-BBIK.JI· CC((.JI 
25 CO"TINUE 

RETURN 
END 

26JAO 
26JAn 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26J.n 
2"JAo 
26JA') 

C 
C 
C 
C 
C 

...................................................................... 
SUB~OUTINE ...................................................................... 

SUBROUTI~E MATM31 I AA, B. C I 
C THIS SU8ROUTINE MULTIPLIES A 3X3 MATRIX .AA, TIMES A 
C 3XI MATRIX .B. TO PRODUCE A 3XI MATRIX .C 

DIMENSION AAI3.31.BI31.CI31 
DO 25 I = 1.3 

CIII s 0.0 
DO 25 K = 1.3 

CIII =AAII.KI-BIKI • CIII 
25 CONTINUE 

RETURN 
END 

26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAn 
2"J.0 
26JAn 

C 
C 
C 
C 
C 

...................................................................... 
SUflIlOUTJ~E ...................................................................... 

SU~ROUTI~E JNTSPR ISJX. SJY, SJl. SJXY, CJX. QJY. CJl. JTNI 
AND TANGENT COMMENT - JNTSPR CALCULATES THE RESISTIVE SPRING fORCES 

COMMENT - STiffNESS Of ALL JOINT SPRINGS 
DIMENSION CCIIII. OWIIII 
COMMON IBLOCKI/ XI 201. 

2 QZl( 201. SXX1201. 
3 DYYI 201. Dlli 201, 
4 ERXXI 2010 ERYYl 201. 
5 N~XXI 201. NSH1201. 
& NSYPI 2010 ISTJRI 201 

COMMON /8LOCK2/ DXSI 251. 
2 DC2S1 251. PRf I 251. 
3 10POPI 251. IPINLI 251. 
4 NALI 251. NSXLI251. 
5 NS Xk I 25 I • NS YR I 2510 
COMMO~ IBLOCK~/ NPTI 201. 

2 NQJTiIIJ. NWJTClll 

Y I 20" 
SHI 201. 
RXXI 201. 
Ellll1201. 
HSZZ I 201. 

OYSI 251. 
PRAE I 251. 
IPINR I 25,. 
NSYLI 2SI, 
NslR I 251. 
ISJI 201. 

CXXI 
Slll 
RHI 
I.IMJI 
IMJI 

201. 
201. 
201. 
201. 
201. 

CH I 20" 
~XXI 201. 
~lZI 201. 
.MJ I 201. 
NSXP I 201. 

ZLSI 251. DCISI 251. 
NCDS I 25,. I AXOPS I 251. 
NC511 25" INLOPI 2510 
NSZLI 251. NAill 251. 
QMI 251. oHI 251 
NCJI 20.1I1.NWJI 200lP. 

COMMON 18LK11 INLOPT.lfAE,KOffJ.KOffCW.KOffSE 
If I~SXX IJTNI .EQ. 01 GO TO )!>IO 

COMMENT - X - CURVE 
NC = NSXX IJTNI 
NPTT = NPreNCI 

DO 3505 I I. NPTT 
QCIII = UMJIJTNI-NCJINC.II 

20MYi 
IJJUI 
13JUI 
IIAGO 
13fEO 
13fEO 
)3fEO 
08AGO 
20MYl 
20MYl 
26J.0 
26JAO 
110CO 
170CO 
170CO 
08AGo 
OAAfiO 
07API 
I !AGO 
13JUI 
IIAGO 
IIAGO 
11 AGO 
llAGO 
I!AGO 

.. 

3505 WOIII = WMJIJTNI-NWJINC.II 
oj = OXX IJT~I 

CALL CURVE IQQ. WW. WJ. NPTT. ISYM. QJX. SJX, ~OffJI 
GO TO 3511 

3510 CONTINUE 
QJX = 0.0 
SJX = 0.0 

3511 If INSH IJTNI .EII. 01 GO TO 3520 
COMMENT - Y - CURVE 

HC = NSH IJTNI 
NPTf = NPreNCI 
ISYM s ISJINCI 

DO 3515 I = I. NPTT 
QCIII = IIMJIJTNI-NCJINC.II 

3515 WWIII • WMJIJTNI-NWJINC.II 
WJ = DH IJTNI 

CALL CUllvE ICC. WW. wJ. NPTT. ISYM, CJY, SJY, KOffJI 
GO TO 3521 

3520 CO~TINUE 
I/JY • 0.0 
SJY z; 0.0 

3511 If INSZZIJTHI .EC. 01 GO TO 3530 
COMMENT - 1 - CURVE 

NC s NSll I JTNI 
NPTf • NPT INC I 
ISY" s ISJINCI 

00 3525 I. I. ~PTT 
CCIII = CMJIJTNI-NIIJINC.II 

3525 WWIII • WMJIJTNI-NWJINC.II 
WJ = Dll IJT~ I 

CALL CUIlVE 11111. WW. wJ, NPTT. ISYM. CJl, SJl, KOffJI 
GO TO 3531 

3530 CONTINUE 
CJl • 0.0 
SJl • 0.0 

3531 CONTINUE 
If INSXPIJTNI .EQ. 01 GO TO 3110 

COMMENT - x-PIlIME CURVE 
NC = NSXPIJTNI 
NPTT • NPT INC I 
ISYM = ISJINCI 

uO 3105 I = I.NPTT 
CIIIII s IIHJIJTNI-NQJINC.II 

3705 WWIII = WMJIJTNI-NWJINC.II 
ISTT = ISTJRIJTNI 
WJ = DCISIISTTI-OXXIJTNI • DC2SIISTT,-DYYIJTN, 

CALL CURVE ICC. WW. WJ. NPTT, ISYM, CJT. SJT. KOffJI 
IIJX CJX. UJT-DCISIISTTI 
QJY = CJY • CJT-DC2SIISTTI 
SJX = SJX • SJT-DCISIISTTI--2 
SJY = SJY • SJT-DC2SIISTTI--2 
SJXY = SJT-DCISIISTTI-DC2SIISTTI 

GO TO 3711 
3710 CO~TINUl 

SJXY = 0.0 
3711 If INSYPIJTNI .EC. 01 GO TO 3810 

COMMENT - y-PRIME CURVE 
NC = NSYPIJTNI 
NPTT = NPT INCI 
ISYM = ISJI~CI 

DO 3805 I = I.NPTT 
QUill = C~JIJTNI-NCJINC.II 

• 

11 AGO 
IIAGO 
I !AGO 
08AGO 
II AGO 
24.JLI 
24.JLI 
08AGO 
13Jul 
llAGO 
llA-GO 
IIAGO 
llAGo 
IIAGO 
IUGO 
llAGO 
llAGO 
08AGO 
IIAGO 
24JLI 
24JL1 
08AGO 
13JUI 
IIAGO 
I !AGO 
IIAGO 
lIAGn 
11AGO 
IIAGO 
I!AGo 
11AGO 
OBAGD 
IIAG~ 
24JLI 
24JL1 
08AGO 
20MYl 
lJJUI 
20MYI 
20MYl 
20MYl 
20MYl 
20MYI 
20MYl 
20MYl 
20MYI 
20MYl 
20MYI 
20MYl 
20MYI 
ZOMYI 
20"Yl 
20MYI 
20MYl 
20MYI 
20MYl 
13.JUI 
20MYI 
20MYl 
20MYI 
20MYI 
20MYl 

N 
VI 
o 



3H05 W~(I) = ~MJ(JTN).N~J(NC.I) 
ISrT = ISTJR(JTN) 
~J = -DC2S(ISTT).OXX(JTN) • DCISIlSTT)·OVY(JTN) 

CAll CURVE (00. ~~. ~J. NPTT. ISYM. OJT. SJT. KOFFJ) 
QJX OJX - OJT.DC2S(ISTT) 
aJY = OJY • OJT.DCIS(ISTT) 
SJX = SJX • SJT·OC2S(ISTT)··2 
SJY = SJY • SJT.DCIS(ISTT)··2 
SJXY = SJXY - SJT.DCIS(ISTT)·DC2S(ISTT) 

3810 CONTINUE 
RETURN 
END 

20MY[ 
20My[ 
20MY[ 
20MY[ 
20MYI 
20MY I 
20MYI 
20MYI 
20MYI 
20MY[ 
llAGO 
IUGO 

c 
C 
C 
C 
C 

........................................................... ~ ......... . 
SURROUTI"IE ....................................................................... 

SUBRoutiNE CURVE (QO. ~~. ~J. NPT. ISYM. OJ. 52. KOFFC) llAGO 
13JUI 

OJI3JUI 
13JUI 
13Jul 
13JUI 

COMMENT - SU8ROUTINE CURVE INTERPOLATES ALONG A STRESS-STRAIN OR 
COMMENT - SUPPORT CURVE (MEMSER OR JOINT) TO FIND THE STRESS OR FORCE 
COMMENT - CORRESPONDING TO THE STRAIN OR DISPLACEMENT ~J AND ThE 
COMMENT - NfGATIVE OF THE SLOPE Of THE CURVE 52 BET~EEN ADJACE~T POINTS 
COMMENT - ON THE CURVE - IF ~J IS OFF-CU~VE. KOFFC IS SET EOUAl TO I 
COMMENT - IF _J IS EXACTLY ON A POINT. THE SLOPE OF THE SEGMENT TO THE 
COMMENT - RIGHT (INCREASING DEFORMATION)) IS USED 

C 
C 
C 
C 
C 

2100 

2200 

3040 

3045 
3050 
3055 

4300 

DIMENSION OQ(II). ~~(II) 

NEG = 0 
IF (lsYM .EU. I .AND. ~J .IT. 0.0) GO TO 2100 
&0 TO 2200 
wJ .... rlJ 

NEG = I 
CO,,"TINlIE 
DO 3040 NP = 2.NPT 
IF (~J - ~~INP)) 3045.3055.3040 
CO"TINUE 

NP = NPT 
GO TO 3050 
IF (.J - w~(I)) 3050.3055.3055 

I(OFFC = I 
NP = NP - I 
52 = - (OQ(NP • II - OO(NP) )/(~~(NP • II - ~~(NP)) 

OJ = OO(NP) - S2.(~J - ~~(NP)) 
IF (NEG .EO. 0) GO TO 4300 

OJ -OJ 
wJ -oJ 

CQhTINUE 
~TURN 

END 

13JUI 
13JUI 
llAGO 
llAGO 
llAGO 
IUGn 
llAGn 
llAGO 
llAG" 
llAGO 
I!AGO 
I !AGO 
llAGO 
llAG" 
llAGO 
llAG" 
llAGO 
llAGO 
11 AGO 
llAGO 
llAr,O 
IIAGu 
llAGo 
llAG" 
I!AGO 

...................................................................... 
SUA~oulINE ...................................................................... 

SUBROUTINE SANGLE (SA.SXT.SYT) 
DIMENSION SA(J.3) 

COMMENT - SA~GlE COMPurES rHE STifFNESS 
cOMMENr - srRUCTURE DIRECTIONS 

MATRIX FOH MEMBER SPRINGS IN 

OSSEO 
OSSEO 
13JUI 
IJJUI 
26JAO 
26JAO 
170CO 
170CO 
170CO 

COMMO~ 18l0CK21 DXS( 2S). 
2 OC2S( 25). PRF( 25). 
J 10PO~( 25). IPINLI 25). 
4 NAl ( 25). NS Xl ( 25). 
~ NSXR( 25). NSYR( 25). 

DYS( 25), 
PRAEI 2S). 
IPINR( 2S). 
NSYl ( 25). 
NSIR ( 25), 

ZlS( 25). 
NCDS ( 25). 
NCSI( 25). 
NSILI 25). 
OM( 25), 

DCIS ( 25), 
IAXOPS( 2S). 
INlOP( 25). 
NAR( 25). 
~M( 25) 

C 
C 
C 
C 
C 

• 

COMMON IBlKII KEEP2. KEEP3. ~EEP4A,KEEP5A,KEEP6. KEEP7. 
2 ITYPE. NC02. NC03, NC04A, NC05A. NCD6, NC07. 
3 lABAN. IFORM. NM. NJT. loST. NLT. TOl. 
4 M. MPI. MP2. ISTT. lTT. ITYPEl.IOJ. 
5 NSTl. IP8. IP9. IPIO. KEEP4B.KEEP4C.NC04B. 
6 NCD4C. KEEP5B.KEEP5C.KEEP5D'''C05B, NC05C. NCD5D 

RETURN 
END 

AlS = OCIS(ISTT) •• 2 
BES = OC2S(ISTT)··2 
AlBE = OCIS(ISTT).OC2S(ISTT) 
SAII.I) AlS.SXT' BES.SYT 
SA!I,2) AlBE·( -SXT • SYT) 
SA(2,1) SAII,2) 
SA(2.2) ~ BES.SXT • AlS·SYT 
SAIl,3) a 0.0 
SA(2,3) 0.0 
SA(3,1I • 0.0 
SA(3.2) • 0.0 
SA(3,3) = 0.0 

26JAO 
26JAO 
26JAO 
12FEO 
05AGO 
05AGO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
OSSEO 
24JLl 
24JlI 
24JLl 
24JlI 
24JlI 
OSSEO 
OSSEO 

...................................................................... 
SUHROUTI"IE ...................................................................... 

SUBROUTINE MEMSOl I JJ,RM,RO,~'Sl.SU'll,l3.l4.l6) 20NOO 
COMMENT - SUBROUTINE MEMSOl DOES THE ITERATIVE NONLINEAR MEMBER SOlUTION09JUI 
COMMENT - THIS SOLUTION IS REQUIRED TO FIND THE MEMBER-END-FORCES FOR 09JUI 
COMMENT - THE JOINT EOUILIBRIUM CHECK AND FOR HIE FINAL MEMBER SOLUTiON 09JUI 

DIMENSION RM(l3.l6), RO(l6), ~(l6), Sl(l3). SU(l4) 08APO 
DIMENSIO" DC(3.3). 01414(3), SA(3.3), OMS(3). FMM(6), FMT(3) 03JEO 
COMMON IBlOCKII X( 20), Y( 20). QXX( 20). QYY( 20), 13FEO 

2 Oll( 20). SXX( 20), SYY( 20), SZZ( 20), OXX( 20), 13FEO 
3 DYY( 20), Oll( 20), RXX( 20), RYY( 20). RIll 20), 13FEO 
4 ERXX( 20). ERyy( 20). ERII( 20). OMJ( 20), WMJI 20), 08AGO 
5 NSXX( 20). NSYY( 20). NSII( 20), IMJ( 20). NSXP( 20). 20MYI 
6 NSYP( 20), ISTJR( 20) 20MYI 

COMMO" IBlOCK21 OXS( 25). OYS( 25), IlS( 25). OCIS( 25). 26JAO 
2 OC2S( 25), PRF( 25). PRAE! 25), NCOS( 25). IAXOPSI 25), 26JAO 
3 10POP( 25). IPINLI 25), IPINR( 25)' NC511 25). INlOP( 25), 170CO 
4 NAl( 25), NSXl( 25). NSYl( 25), NSZl( 25). NAR( 25), 170CO 
5 NSXR! 25). NSYR( 25). NSIR( 25). OMI 25), WM( 25) 170CO 

COMMON IAlOCKJI OXl( 25), OYl( 25). lll( 25), OCIl( 25), 26JAO 
2 OC2l( 25), UOX( 25), UOY( 25), NCOl( 25), IAXOPl( 25). 26JAO 
3 NC61C 25) 26JAO 

COMMON IBlOCK41 JTI( 40), JT2( 40), IST( 40), LTC 40). 26JAO 
2 FOMM! 40,6)' SMCI 40.21). NITM( 40), 11414(40), IMeI 40) OIJLl 

COMMON IBlOCK51 XlS( 50). XRS( 50), Fl( 50). AEl( 50), 26JAO 
2 SXl( 50), SYl( 50), SZl( 50) 26JAO 

COMMON IBlOCK61 XlLl 75). xRLI 75). OXLI 75). OYLI 75), 26JAO 
2 Oll( 75) 26JAO 

COMMON IBlOCK71 F( 42), AE( 42), SX( 42), SY( 42). 04JEO 
2 SL( .. 2), OX( 42), an 42), Ol( 42)' OX( 42). 04JEO 
3 DY( 42), Ol( 42), ERX! 42), ERY( 42), ERI( 42), 04JEO 
4 saxe 42), save 42), SOl! 42). UI( 42). VI( 42), 04JEO 
5 WI( 42), U2( 42), V2( 42), ~2( 42), 05(3.3, 42), 29JAI 
6 BMIS( 42" BM2S( 42), flS( 42) 29JAI 

COMMON IBlKII ~EEP2, KEEPJ, ~EEP4A.~EEP5A,KEEP6. KEEP7. 26JAO 
2 IrYPE, NC02, NCOJ, NC04A, NC05A, NC06. NC07. 26JAO 
3 lABAN. IFORM. NM, NJr, NST, NlT, rOl, 26JAO 
4 M. MPI, MP2, ISTT. lTT, ITYPEl.IOJ, 12FEO 
5 NSTl, IP8, IP9. IPIO, KEEP4B.KEEP4C.NC04B, 05AGO 



6 NC04C. KEEP5B.KEEPSC.KEEP5D.NCOSB. NC05C. NCOSO 
COMMON 18LKZI XL.XR.XI,XZ.ll.lZ,NO.H,TH.HSQ.HCU.XZL 
COMMON leLKJI MNJT.MNST.MNLT.MNM,MNCS.MNC6.MOJT.MNJS.MNE.MNCS. 

z MNPCS.MNSS.MNO~M 
COMMON 18LK41 STI,STZ.ST3.ST4.ST5.ST6 
COMMON IBLKSI NfSUB.NITF.NI.NZ 
COMMON IBLK61 QTl.QTZ.OT3.QT4.0TS.QT6 
COMMON 19LK71 INLOPT.IFAE,KOFFJ.KOffOw,KOffSE 
COMMON I RI I NL. ML. JI 
COMMON IITCI MNITf.ERRI.ERRZ,MNITM.ERI,ERZ,MMIS"MJIS' 
COMMON INITI APR09.PRINT 

51 fORMAT I/.SX.ZIS.I.ISH fROM JOINT.ZX.6EII.3.1. 
Z ISH CENTERLINE.ZX.6EII.3.1. 
3 IS.. TO JOINT .zx.6EIl.3' 

52 fORMAT I I.IIH MEMBER.I5. 26H CONVERGEO AfT!R ITERATI0h.15. 
2 III 

53 fORMAT III.IIH MEMRER,I5. 30M NOT CONVERGED AfTER IT!RATION. 
2 1'5.11) 

S4 fORMAT 1 
l 

46H •• LIMIT Of MEMBERS Q-W CURVE EXCEEDED ON. 

5S fORMU I 
Z 

COMMENT - SET 

If I 

Z4H PRECEEOIN6 ITERATION '0) 
44H 00 LIMIT Of MEM8ERS STRESS-STRAIN CURVE. 
3lH EXCEEDED ON PRECEEDING ITERATION) 

TEMPORARy CONTROL CONSTANTS 
MPZ2 • MPz/2 
I STT • ISTlJJI 
LIT " LlIJJI 
ISTT .EO. 0 ) 60 TO 9900 
IAXOPT $ lAXOPSllSTTI 
IPINLT " IPINLIISTTI 
IPINRT " IPINRIISTTI 
ZL .. ZLSIISTTI 
PRfT • PRfusnl 
PRAET " PRAEIISTTI 
NCDST • NeDSIISTTl 
NCSIT • HCSIIISTT) 
INLOPT • INLOPIISTTI 
TH = lL/M 
He O.S-Tt"f 
"SO = HOH 
HCl! = HSQ"H 
NL '" 3'MPI 
ML • I 
'lfSU" • ZZ 

If IINLOPT .F.Q. II GO TO 2500 
If INCOST .EQ, 0) GO TO ZIOO 

COMMENT - NQhPRISHATIC MEMBER DISCRETIZE MEMBER STIffNESS DATA 
CALL OISCST INCSIT.NCOST.ZL.Ll, 

GO TO 2400 
2100 cONTINUE 

COMMENT - PRISMATIC MEMBER OISCAETIZE MEM~ER STiffNESS DATA 
00 2300 I I.MP2 

SXIII = 0.0 
,VIII = 0.0 
Sllll = 0.0 
SOXIl' " 0.0 
SClTIl) = 0.0 
S\lZII) '" 0.0 
AE( 11 = PRAET 

Z300 fill " PAfT 
AEiU 0.0 
F()' = 0.0 
A(IMPZ) = 0.0 

,,, 

05AGO 
211JAO 
llJUI 
llJ1I1 
26JAO 
04JEO 
04JEO 
07API 
OflAPO 
07API 
OIJUI 
OSSEO 
OSSEO 
O'5sfO 
10M\'I 
10M'(1 
10M\'I 
10MYI 
OUPI 
OUPI 
OUPI 
OUPI 
16MYO 
10MYI 
16MRO 
16MRO 
13MAO 
OSsfO 
13MRO 
13M110 
13MRO 
UMIIO 
13MAO 
13MRO 
UMAO 
10"YI 
UMRO 
13MRO 
13MRO 
l3HRO 
OSJEO 
I3MR" 
03JEO 
I3NOO 
13NOO 
16MYO 
IlNOO 
24fEI 
IOMYI 
16MYO 
13M110 
Z4JL I 
24JLI 
Z4JLI 
24JL) 
24JL I 
24JLI 
I3MRO 
I3HR O 
?4Jll 
24JL I 
24JLl 

.. 

fIMP;!! = 0.0 
2400 cO~TINUE 

COMMENT· STORE MEMBfR - END· RESTRAINTS ILINEAR SPRINGS' 
STI = SXO) 
sTZ '" 5Y1U 
ST3", SZII' 
5T4·SXIMP)) 
STS 5YIMPII 
ST6 • Sz IMPI' 

2500 CONTINUE 
If INITMIJJ) .EQ. MNITM + II GO TO 2700 

COMMENT - SKIP fOR FINAL MEMBER SOLUTION 
COMMfNT - SET UP MEMBERS TRANSfORMATION MATAIX DC 

OCII.3) • 0.0 
DeI2.3) • 0.0 
DCI3.1I • 0.0 
OC13.21 • 0.0 
DC 13.3) a 1.0 
0<:11011 '" OCISIISTT) 
OCII.2) • OCZSI15TT) 
OCI2.1) • -OCII.2) 
0<;12.2) • ocn.1I 

2700 CONTINUE 
If ILTT .NE. 0 I GO TO 2750 

COMMENT - ZEAO MEMBEA LOADS fOR LOAD TyPE ZERO 
DO 2720 I a I.MP2 

QXllI • 0.0 
QYIII " 0.0 

2720 QZI!) • 0.0 
GO TO 3000 

COMMENT - SET CONTROL CONSTANTS 
2750 UQXT • UQXILTT) 

UQH • UQYILTl) 
NeOLT • NCDLILTT) 
NC61T • NC611LTTI 

If INCOLT .Nf. 01 GO TO 2900 
COMMENT - UNifORMLy LOAOEO MEMBER DISeRETIZE MEMBER LOADS 

DO 2800 1" 2.M 
QlIO' • UQxT"TH 
OY III '" UQyY-TM 

Z800 QlII) • 0.0 
QX III = 0 .s-uon' TH 
QY(I) O.S'UOYT·TH 
Qlll) 0.0 
OXIMPI) O.S'UQXT·TH 
QYIMPI) " 0.5'UQYT-T" 
QZIMPII 0.0 
QXIMP21 " 0.0 
QYIMPZI 0.0 
Ql(MP21 0.0 

GO TO 3000 
COMMENT - DISCRETIZE GENERAL MEMBER LOADS 

2900 C.LL DISCLD I NC6IT. NCOLT. ZL • LI , 
3000 COhTINUE 

COMMENT - STORE MEMBER-fND-LOAOs QTI -QT6 
QT! • QXIl! 
OTZ QYII) 
OTJ OZI)) 
QT4 " QlI IMPII 
aTS = QY(MP II 
OT6 QZIHPII 

If INITf .GT. II GO TO 3080 

• 

24JLl 
24HI 
OlJL1 
13MRO 
I3MRO 
13MAO 
I3MRO 
13MRO 
13HRO 
10MYI 
Z8NOO 
OIJLI 
I 6tH 0 
24JLI 
24JLl 
24JLI 
24JLl 
13MRO 
13MAO 
13MRO 
llMRO 
llMRO 
13MRO 
13MRO 
16MYO 
17HRO 
24JLI 
Z4JLI 
Z4JLI 
l3"RO 
16MYO 
llMRO 
13MRO 
13MRO 
13MRO 
13MRO 
16MYO 
l3"RO 
13MRO 
13MRO 
13MpO 
24JLI 
24JLI 
24Jll 
24JLl 
24JLl 
24JLI 
Z4JLI 
24JLI 
24JLI 
13MRO 
16MYO 
13MRO 
13MRO 
16MTO 
13MRO 
13HRO 
13HRO 
13MRO 
13HRO 
I3MRO 
03JfO 

N 
Vi 
N 



If IITVPE .EO. Z) GO TO 3080 
If INITMIJJI .EO. HNITI' • II GO TO 30BO 

COHMENT - SKIP fOR fiNAL MEMBER SOLUTION 
DO 3050 I" I.MPZ 

OXII) " 0.0 
on" 0.0 

3050 DZIl) 0.0 
GO TO 3100 

3080 READ INI) (IOXII),OYIII,DZIIII. '" hMP21 
3100 CONTINUE 

If (NITMIJJI .EO. MNITM • II GO TO 3300 
COMMENT - SKIP fOR fiNAL MEHRER SOLUTION 
COMMENT - SET MEMBER-END-DISPLACEMENTS IN STRUCTURE COORDINATES OMS 
COMMENT - E~uAL TO STRUCTURE JOINT DISPLACEMENTS AT fROM JOINT 

..III " JTl<JJ) 
OMSIII " OXXIJIII 
01015(2) " OYYIJIII 
01015(31 " OZZIJIII 

COMMENT - TRANSfORM OMS TO OMM AT fROM JOINT 
CALL MATM31 10C.OMS,OMM) 

COMMENT - SET MEMBER END-LOADS TO I.OE,O TIMES OHM AT fROM JOINT 
ERXIl) " 10101101(1) - oxOllol.OE40 

3120 
3150 

COMMENT 

ERYIl) " 10MMIZI - OYlI)I"I.OE40 
If ()PINLT .EO. 11 GO TO 31Z0 

ERZII) " IOMMI31 - OZIII)"I.OE40 
GO TO 3150 

ERZnl ' 0.0 
CONTINUE 

- REPE6T AeOVE fO~ TO JOINT 
JZI .. JTZIJJI 
DMSlll " DXXIJZIl 
OMSIZ) .. OVYIJZI) 

CALL 
OMSl31 E OZZIJ21) 

M_TM31 10C.OMS.OMM) 

3CCO 
3250 
3300 
3500 

COMMENT 
COMMENT 
COMMENT 

ERXIMPII IOMM 11 I - OXIMPlIl*I.0E40 
ERYIMPI) (OMMIZ) - OYIMPIII*I.0E40 

If IIPINRT .EO. 11 GO TO 3Z20 
ERZIMPI) E IOMMI31 - DZIMPIII*I.OE40 

GO TO 3ZS0 
ERZI04PII .. 0.0 

CONT INUE 
CONTINUE 
CO,," TlNUE 

- START ITERATIVE SOLUTION fOR MEMBER DISPLACEMENTS CONSISTENT 
- WITH APPLIED LOADS AND IMPOSED DISPLACEMENTS fROM fR_ME 
- SOLUTION 

If IINLOPT .EO. 0) GO TO 3505 
KDffOW " 0 

CALL NLSS Ill) 
COMMENT - STORE MEMBER - END - RESTRAINTS CNONLINEAR SPRINGSI 

STI .. SXIP 
ST2 SYIP 
STJ • SZIP 
ST" SXIMPI) 
ST5 SlIMPI) 
ST6 SZCMPI) 

3505 CONTINuE 
COMMENT - SET ME04SER END RESTRAINTS EQUAL TO I.OE,O fOR MEM~ER SOLUTION 

S~t11 • I.OE40 
Sf( 11 = 1001:.40 
SZ! II • I. OE40 
SXCMPI) • 1.0E40 

03JEO 
05DEO 
OIJLI 
03JEO 
24JLI 
c4JLI 
24JLI 
03JEO 
03JEO 
03JEO 
ceNOO 
OIJLl 
16MY~ 

16MVO 
08APO 
OIlAPO 
08APO 
OBAPO 
16MTO 
13MRO 
16MYO 
03JEO 
03JEO 
16HRO 
03JEO 
16MR~ 
03JEO 
16MRn 
16MYO 
08APO 
08APO 
OBAPO 
08APO 
13MRO 
03JEO 
03JEO 
16MRO 
03JEO 
16MRO 
03JEO 
16MRn 
OOfEO 
OOHO 
OIJLI 
(II JLI 
OIJLl 
05HI 
OlAPI 
05FEI 
OIJLl 
13MHO 
13MRO 
13MRO 
13MRn 
13"RO 
13""0 
05FEI 
28NOO 
24JLI 
24JLI 
24JLI 
24JLI 

. , 

SYCMPII ~ 1.0[40 
SZIMPII • I.OE40 

COMMENT - ZERO PINNEO END ROTATIONAL RESTRAINTS 
If IIPINLT .EO. II SHU = 0.0 
If IIPINRT .EO. II SIIMPI) = 0.0 

COMMENT - IERO INTERIOR STATION EOuILI8RIUM ERRORS 
00 3510 I '" 2.M 

ERXII) = 0.0 
ERVIU z 0.0 

3510 ERlc11 z 0.0 
NITMIJJI = NITMIJJI • I 
NITMI '" NITMIJJI - I 
KOffSE = 0 

COMMENT - 00 FOR EAC" ELEMENT 
DO 3600 I '" c.MPI 

1M I '" I - I 
COMMENT - COMPUTE fORCES ON ENOS Of DISCRETE ELEMENT 

• 

CALL ELEMfO 10XIIMII,OVIIMI),OZ(IMll.Dx(II.OYIII,DZII),I. 
2 UIT,VIT,vIT,U2T.v2T.v2TI 

IF INITMIJJ' .NE. MNITM • Z) GO TO 3S30 
UIIIJ • UIT 
Villi • VIT 
WII!) wIT 
UZ III UZT 
VCII) ,. VZT 
WZ!l1 wZT 

GO TO 3600 
3530 CONTINUE 

COMMENT - COMPUTE PARTIAl EOUILIBRIUM ERRORS BY SUMMING fORCES ON 
COMMENT - A~JACENT ELEMENTS 

If II .EO. Z .AND. IPINLT .EO, II ERZIII .. WIT 
IF II .EO. Z) GO TO 3550 

ERXIlMll " ERxlIMiI • un 
ERYIIMI) ,. ERYIIMI' , VIT 
ERIIIMI' " ERZIIMI) • VIT 

IF ( I .EO. MPI .ANO. IPINRT .EQ. I) ERICMPII ,. IIZT 
If II .EO. MPI' GO TO 3600 

3550 ERx II' • ERx (II U2T 
ERVII) '" ERYliI • VZT 
ERlII) = ERlII) • wcT 

3600 CONTINUE 
If (NITMIJJ' .EU. MNITM • 21 GO TO 4300 

COMMENT - SKIP FOR FINAL MEMBER SOLUTION 
COMMENT - 00 fOR E6CH INTERioR STATION 

DO 3BOO I" Z.M 
COMMENT - ADD STATIONS LOADS AND STATION RESISTIVE SPRING fORCES TO 
COMMENT - COMPLETE COMPUTATION OF EOUILIBRIUM ERRORS 

If C1NLOPT .EO. 01 SOXIII = -SXCI).OXIII 
ERx (I) = ex I II - ERx (I' • SUx III 

If IINLOPT .EO. 0) SOYIII = -SYII'*OYIII 
ERYII) • CYII) - ERYII) , SOY(11 

If IlNLOPT .EO. 0) SOZIII : -SZIII"0I(11 
ERZII) = eZII, - fRZII) • SOIII) 

3800 CONTI~UE 
If IlNLOPT .EO. 0) SOZO) = -SHII-OZ(J) 
If IIPINLT .EO. II ERZII) • OZII' -ERZIII • SQZII' 
If (lNLOPT .EO, 0) SOZIMPll = -SZIMPll*DZCMPIl 
If (iPIN~T .EO, 11 ERl(MPll = OZIMPII -ERIIMPll ' sOZ(MPI) 
IF INITMI .EQ. 0) GO TO 3815 
IF IIMM(JJ) .EQ, 0) GO TO 38\5 

COMMENT - P~INT DISPLACEMENTS A~D EQuiLIBRIUM ERHORS AT fiRST INTERIOR 
COHME~T - ST6TIONS AND CENTER STATION FOR MONITOR MEMBERS 

Z4.1Ll 
24JLl 
16MYO 
13MRO 
13MRO 
OIJLI 
05SEO 
Z4JlI 
Z4JlI 
Z4JlI 
OOFEO 
10MYI 
07API 
OIJLl 
03JEO 
Z8MYO 
OIJLI 
Z8MYO 
Z8MYO 
28NOO 
28NOO 
zaNoa 
Z8NOO 
Z8NOO 
Z8NOO 
zeNOO 
OZOEO 
2eNOo 
OIJLI 
OIJL1 
Z9AGO 
03JEO 
ZBMYO 
28MYO 
28MYO 
Z9AGO 
03JEO 
ZIlMYO 
Z8MYO 
Z8MYO 
03.1EO 
28NOO 
OIJLI 
OIJLI 
28MYO 
OIJLI 
OIJLI 
ZOFEI 
ZOFEI 
ZOfEI 
ZOFEI 
ZOFEI 
20fEI 
03JEO 
ZOfEI 
20fEi 
20fEl 
20FEI 
03SEO 
03SEO 
OIJLI 
OIJLI 

N 
\.J1 
W 



PRINT 51. JJ. NITMI, OXll'. DYIZI. OZIZ'. ERX(Z'. ERY(ZI. 
Z 
3 

COHMEt;T 
CUMMEt;T 
COMMENT 

ERZIZI. OXIMPl21.0YIMP2ll.DZCMPZ21.ERXIMPZZJ.ERYIMPlZI. 
ERZIMPllI,OXIMI.OYIMI.OZIMI.ERXIMI.ERYIMI,ERZIM) 
If (KOffOW .EO. II PRINT 54 
If IKOfFSE .EO. II PRINT 55 
If CAPROa .NE. PRINT' GO TO 3815 

_ DUMP Of ALL STATION DISPLACEMENTS AND EQUILIBRIUM ERRORS. TO 
_ ACTIVATE SET LAST fiVE COLUMNS IN PROBLEM NUMBER CARD EQUAL 
- TO PRINT 

00 3805 1 = I.MP\ 
3805 PRINT 7717.DxIII,OY(I).DZIII,ERXIII,ERY(I).ERZII) 
7111 fORMAT (11X,bEII.31 
381S CONTINUE 

COMMENT - COMPARE EQULIBR\UM ERRORS WiTh SPEClfED TOLERANCES 

3825 

00 3825 I = I.MPI 
If IA8S(ERXllll .GT. ERIl 
If lABS (ERYllll .GT. ER II 
If IABSIERZII)I .GT. ER21 
CONTINUE 
GO TO 4200 

GO TO 3850 
GO TO 3850 
GO TO 3850 

3850 CONTI NIlE 
IF (NITMIJJ) .LE. MNITM) GO TO 3880 

COMMENT - If MAXIMUN NUMBER Of MEMBER ITERATIONS SET IMC = I AND STOP 
COMMENT - ITERATION PROCESS 

IMC(JJI = 1 
GO TO 4250 

COMMENT - SOLVE MEMBER fOR LINEAR INCREMENTS Of DiSPLACEMENT 
3BBO CALL GRIP2A I RM.RO,W,5L,SU,L3.LA,Lb.51 

COMMENT - INCREMENT HfMBER OISPLACEMENTS 
J = I 

00 3900 I I.MP\ 
OX 11 I OX III ... (J) 
J = J • I 
DYIII = OYIII • ~IJI 
J = J • I 
Olll) • DlIII • WIJI 
J = J • I 

3~OO CONTINUE 
COMMENT - ZERO EQUILI8RIUM ERRORS AT END STATIONS 

ERXIII • 0.0 

4200 

ERY II I = 0.0 
ERZIII • 0.0 
ERX IMPll 0.0 
ERYlMPII = 0.0 
ERlIMPll = 0.0 

GO 10 3500 
COhTIOjUE 

PRINT 52. JJ, NITMI 
GO 10 "300 

"250 PRINT 53. JJ. NITMI 
COMMENT - CALCULATE MEMB£R - END - FORCES 

4)00 CALL MEMENO 1 fMM.L61 
If INITMIJJ) .NE. KNITM • 21 GO TO 4350 

VIIZ. ~ f~MIII 
VII21 ~ fMMIZI 
wII21 = FIoIMe'3' 
U2IMPI' • FMM'AI 
V21MPII fM1oI(5) 
wZIMPI) • '1414(6) 

...... !O 4475 
4350 CONTINUE 

COMMENT - SUBTRACT MEMBER - END - fORCES FROM JOINT EQUILIBRIUM ERRORS 

03SEO 
O)OCO 
Z8NOO 
07API 
07API 
OIJUI 
OIJLI 
OIJLI 
OIJLI 
OIJUI 
OIJUI 
OIJUI 
030CO 
OIJUI 
llJEO 
IOJEO 
IOJEO 
10JEO 
IIJEO 
IIJH 
UJEO 
OIJLl 
OIJLI 
OIJLI 
OlJLI 
OIJLI 
O1JLI 
lOMY! 
OIJL! 
03JEO 
03JEO 
03JEO 
03JEO 
03JEO 
O)JEO 
OJJEO 
03JEO 
03JEO 
OIJLI 
2"JLI 
Z4JLI 
Z"'JLI 
24JLI 
24JLI 
Z4JLI 
lo"n 
IOJEO 
IOMY! 
lo"n 
10Hn 
OIJLI 
10M<I 
28Non 
lRNOO 
lANOO 
ZSNon 
28NOO 
2BNOO 
l8NOO 
l8"00 
2'BhOu 
OIJll 

COHHEt;T - TO COMPLETE COMPUTATION OF JOiNT EOUILIBRIUM ERRO~S 
CALL AOJTER 1 fMMIII.FMM(4).JTIIJJJ.JT2IJJI.OCISIISTTI. 

2 OCZS!ISTTII 
COMMENT - STORE MEMSEW - END - fORCES ., ME~BER INCREMENTAL fiXED -
COMMENT - END - fORCES TO CALCULATE INCREMENTAL fIXED - ENO- fOWCES 
COMMENT - IN NEXT PR08LEM 

00 4"00 I = 1>b 
4400 fOMMIJJ.II • fMMII) 
.... 75 CONTINUE 

COMMENT - STORE MEMBER DIsPLACEMENTS 

~\l00 

~R1TE IN2) IIOXIII.DYII).OlII)).I=I.MP2) 
CONTINUE 

RETURN 
END 

OIJLl 
04JEO 
04JEO 
OIJLI 
OIJl1 
OIJLI 
I .. SEO 
14SEn 
Z8Non 
OIJl1 
04JEO 
I7MRn 
13"Rn 
13Mltlf' 

C 
C 
C 
C 
C 

••• ** •• ** •• * ••••• ** •••••••••••• ** ••••••••••••••• *** ••••••••••••••••••• 
!>UF".,OU11,,[ 

•••••••• ******* •••••••••• *** ••••• **** ••• ** ••••••• ** ••••••••••••••••••• 

SUBROUTINE AOJTER IFIM. f2M. JI. J2. DCI. DC21 
COMMENT - SUBROUTINE ADJTER TRANSfORMS MEMBER-END-fORCES TO STRUCTURE 
COMMENT - COORDINAtES AND SUS TRACTS fROM APPROPRIATE JOI"T EOUILIBRIUM 
COMM(Nt - ERROR fOR FRAME 

DIMENSION fIM(3). F2M(3), f1S131. F2SI)) 
ulMENSION OCT13.31 
COMMOh /RLOCKI/ XI 201. 

l gZll 20). SXXI 201. 
3 OYYI 201. Dlli 201. 
4 EWXXI 201. ERYYI 201. 
S NSXX I 201. NSVY I 20). 
b NSVP, 201. ISTJRI 20) 

VI 20). 
SVYI 201. 
RXXI ZOI. 
ERlll 201, 
NSZZ I 20). 

QHI 
SZZI 
RYYI 
OMJI 
IMJI 

20) • 
20 .. 
2010 
201, 
20). 

COMMENT - fORM tRANSPOSE OF MEMBER TRANSFORMATION MATRIx 
OClIl.3) 0.0 
OCTl2.3) • 0.0 
OCTl3.1J 0.0 
DC! 13.21 0.0 
OClI3.31 1.0 
OCT 11.\ I DC! 
OCT 11.2 I -OC2 
00(201) OC2 
OC1I2.2, DC! 

OYYI 2010 
flXXI ZO). 
RZZI 20). 
~HJI 201. 
NS,PI 20). 

CUMMENT - TMANSfORM MEMBER-END-FORCES AT fROM JOINT TO STRUCTURE COORD 
CALL MATM)I (OCT.fIM,fl!» 

COMMENT - ACCUMULATE JOINT EQUILIBRIUM ERROR AT ME~BERS fROM JOINT 
lRXXIJII • ERXXIJII - FISIII 
ERyy IJIl • ERn IJIl - fl SIZ) 
c~lZ IJI) • E"'ZlIJI I - f I~ 131 

COMMENT - TWAN!>fOR" MEM~ER-END-fO~CES Al TO JOINT TO STRUCTURE COORD 
CALL MAT~31 WCT,f2M.F2,) 

CO"MENT - ACCUMUL_TE JOI~T EQUILIBRIUM LRROR AT "EMBERS TO JOINT 
ERXXIJ2) EI<XXIJZI - FZ5(1) 

RETUR~ 
END 

ERYYIJ21 E~YYIJZI - f75(2) 
ERZZIJZ) • ERZl'JZI - f2SIlI 

23HRO 
20MYO 
20MYO 
ZOMYO 
2IMRO 
2IMRO 
13fEO 
13fEO 
IlfEO 
OIlAGO 
ZOMYI 
ZOMyt 
20MYO 
24JLI 
24JLI 
Z4JLI 
24JLI 
2111RO 
21"Rn 
21MI<0 
ZIMRO 
ZIMRO 
ZOIlYO 
21MRO 
20Myn 
2311,,0 
23MWO 
23M~O 

20MYO 
23~RO 

~OMYO 

2)"R~ 
Z)to!RO 
23MRO 
2IMR~ 
21MRo 

C 
C 
C 
C 
C 

••••••••••••••••••••••••• * •••••••• **** ••• *** •••••••••••••••••••••••••• 
SUB"OUTlNE 

•••••••••••••••• **.* •••••••••••••••••••••••••• *** ••••••••••••••••••••• 

5li6ROUT INE p~ nH~ iAN2.NP~OS.iU.;.RO.iiih$i....,5U.ll ,l:),,;,., ... L6} 
COMMENT - SUBROUTINE PRI~T9 OUTPuTS MEMBER RESULTS 

.. • 

2JNCC 
09JUI 



OIM[~SION A~ZI201. NPROB(2) 24JLI 
COMMON /!:ILOCK2/ OXS! 25). DYS(25). ZLS(25), OCIS, 251, 26.1100 

2 DC2S1251. PRf! 25), PRAE! Z5), NCOS(25), IAXOPSt 2510 26.1100 
3 IOPOP! 25), IPINL! 25h IPINR! 2510 ~C51 (2S)' INLOP! 25), 170CO 
4 NALI 25), NS~l( 25), NSYL (251. NSlLC 25), NAR! 2SIt 170CO 
5 NSXR ( 25). NSYR I 25), NSZR (2SI, OM( 25lt WM' Z5) 170CO 

COMMON ISlOC~41 JTII "0), JTZ! "0), ISTe 40), lTl 401, 26.1100 
2 FOMM! 40.6), SMCI 40,21)' NIHil "Olt IMMI 401, IMCI "01 OIJlI 

COMMOIII 18l0CK71 f! 4Z), AEI 42" 5XI "21t SY( "Zit O .. JEO 
Z SZC .. 2) , 0'" I "Zit QY( "Zit OZC "21> OX, 4ZIo O"JEO 
J on "21t Dze ,,2/, ERA' .. Z>' ERY! "ZI, ERZ! "Zit O .. JEO 
" SO,l(1 .. 21, SOYI .. z), SOZI .. Zit Ull 421t YII 4ZIt 04JEO 
5 WI( 42" UZ( 4ZI, V21421t W2( "21t ,,513,3, .. 21t 29.1101 
b BMISI "2), 8M2S( 421t TTS! "21 29.1101 

COMMON IBlKl1 KEEP2, KEEP), KEEP"A,KEEPSA,KEEP6, KEEP1, 26.1100 
2 ITyPE. NC02, NCD3, NCD .. A, NCOSA, NC06, NCD7. 26.1100 
3 UBAN, IFORM. NM, ".IT, NST, NlT. TOL. z6JAO 
It M, MPI. MP2, ISTT. lTT, ITYPEl.IDJ, IZFEO 
5 NSTl, IPS. IP9, IPIO. KEEP4B,KEEP"C,NCO .. B. 0510 GO 
b NCO"C. KEEPSB.KEEP5C,KEEP5D.NC05B. NCOSC. NCOSO 05AGO 

COMMON ISlK21 Xl.AR.XI.X2.11.12,NO.H.TH.HSQ.HCU'~2l 26.1100 
COMMON IBlK51 NFSUB,NITF.NI.N2 10MYI 
COMMON IBlK71 INlOPT.IFAE,KOfFJ.KOfFOW.KOFFSE 07API 
COMMON IITCI MNITF.ERRI ,ERR2,M"ITM.ERI.ER2,MM(5) ,MJ(5) 01API 
COMMON IIIIARNI NJNC,NMNC 02JlI 

II FORMAT '5HI ,80X 10HT-----TRIM I 25MRO 
IE> FORMAT ( 17H PROB (CONTOI. ISX.A ... AIo5X.A2.I7A4.11 IBMYO 
51 FORMAT I 30H TABLE 9 - MEM8ER RESULTS ,I I 25MRO 
52 FORMAT I "OH TABLE 9 - MEM8ER RESUl TS (CONTO) .1 I lOMRO 
53 'ORMAT! S2H •• lTMIT O' MEMBERS O-~ CURvE EXCEEDED ON THIS.07API 

2 IIH PROBLEM ""I 01API 
S4 FORMAT .... H ,. liMIT or MEMBERS STRESS-STRAIN CURVE. 07APl 

2 2SH EXCEEDED ON THIS PR08LEMI 07API 
61 FORMAT 18H MEM8ER NUMBER.15,ISH STIFf TYPE.15. lOMRO 

2 ISH lOAD TYPE , IS I 30MRO 
11 FORMAT 14H lE"GTH • ,EII.3. 13" ALPHA. ,EII.l. lOMRO 

2 1311 BETA: .Ell.3 I lOMRO 
BI fORMAT ZOH GOES fROM JOINT. 15. 9H TO JOINT.15) ZSMRO 
91 fORMAT 36H OUTPUT DISTANCES ARE .ROM JOINT. 15. 25MRO 

2 25H AlO"'G THE MEMBER AXIS I 25HR~ 
99 FORMAT !11.50H """ MEMBER DID NOT CONVERGE AT [NO Of SPEC If. OIJll 

2 2BH lED NUMBER OF !TERAT IONS .. , I o 1 .Ill 
101 FORMAT I 49H All OUTPUT FOkCES AND OISPlACEMENTS ARE WITH. 2SMRO 

Z 30H RESPECT TO THE MEMBER 'liES .11. OIJl I 
3 26X. ISH DISPLACEMENTS. 21"" 7" FORCES.II, 2SMRO 
4 SOH OISTANCE AXIAL lATERAL ROTATIONAL' 25MRO 
5 30H AXIAL SHEAR MOMENT .1) 2514110 

III .ORMAT SX.7[11.3) 2514110 
201 FORMAT "6H All OUTPUT FORCES ARE ~ITH RESPECT TO THE. 25MIIO 

2 15M MEMBER uES • II • 15X. 25MRO 
3 10H AT JOINT. 15. 12X, 10H AT JOINT. T5.IItS)(, 2SMRO 
4 ISH AXIAL fORCE .EII.3.5~. ISH AXIAL fORCE .EII.3.25MRO 
5 It 5X. ISH SHEAI< = .EI1.3.S~. ISH SHE .. ? ~ .EIl.3.30~I/O 
6 I. 5X. ISH MOMENT = .[11.3,5X. ISH MOMeNT •• [11.3.29JAI 
1 III) 29JAI 

177 fORMAT (4SH SOLUTION 010 NOT CLOSE - STUCy MONITOR. 02Jll 
2 10,", DATA ••• I 02JlI 

DO 8000 .1.1 = I,NM 18NOO 
NITM 1.1.11 = MNTTM • I 23NOO 

CO~MENT - SUBROuTI"'E MEMSOl DOES THE ITEkATIVE NONlINEA" MEMSER SOlUTION09JUI 
COMMENT - THIS SOLUTION IS REQUIRED TO fiND THE MEHBEI/-END-fORCES FOR 09JUI 
COMMENT - THE JOINT EQUiliBRIUM CHECK AND FOk THE FINAL MEMBEH SOLUTION 09JUI 

. . 

CALL MEMSOL (JJ.RM.RO.W.SL.SU,Ll,lJ,L4.L61 
COMMENT - SKIP fOR COMPLETE OUTPUT 

IF I 10FOPIISTT) .EO. 0 I GO TO 1600 
IF I JJ .FO. I) GO TO 1500 

COMMENT - PRINT PARTIAL RESULTS FOR 3 MEMBERS ON I SHEET 
IF ( 10Pl .NE. I I GO TO 1500 
IPC = IPC • I 
IF IIPC .EQ. Itl GO TO 1500 
GO TO 2100 

1500 IPC = I 
1600 CONTINUE 

COMMENT - PRINT HEADINGS 
PRI"T II 
PRINT 16. NPROB. IAN2111l, II " I. IB) 

If I .1.1 .EQ. I I GO TO 1700 
PRINT 5Z 

GO TO 2100 
1100 PRINT 51 
2100 CO~TINUE 

IF CNJNC .GT. 0 .0R. NMNC .GT. 01 PRINT 777 
If IIMCIJJ) .EO. II PRINT 99 

2500 PRINT 61. JJ. ISTt. lTT 
PRINT 71. llSIISTTI. OCIS(ISTTI. OC2S(ISTT) 
P~INT 81. JTII .1.1 I JT21 .1.1 ) 

If I IOPOPI15TTI ~. I I GO TO 5100 
2800 PRINT 91. JTII .1.1 ) 
3100 PRINT 101 

COMMENT - PRINT COMPLETE MEMMER RESULTS 
DIS " 0.0 
T # -UIIZI 
V " V1I2) 
8M = -W1121 

PRINT III. OIS.OX(I).OY!I).OZ(II.T.V'~M 
DO 3800 I" 2.M 

IP I " I • I 
OIS DIS. TH 
T 0.S"CU2(II - UIIIPII) 
V " -0.5"''1201 - V!lIPIl) 
BM 0.S'(W2111 - WIIIPI)) 

PRTNT Ill. DIS.OXIII.OYIII.OlIII,T.V.~M 
3800 CONTINUE 

DIS = DIS' T,.. 
T = U2!~Pll 
V " -'12 CMPII 
aM = .2IMPII 

PRINT 111,DI5.DXCMPII.OYIMPI'.OlIMPII.T.V.8M 
GO TO 7100 

5100 CONTINUE 
COMMENT - PRINT PARTIAL MEMBER RESULTS 

TL Illl21 
Vl '11121 
BMl -.1121 
TR = U21MPII 
VR = -V2IMPII 
~~~ = W2IMPI) 

PRINT 20loJTi CJJ) .JT2!JJI .Tl. TR ,Yl ,YR,BML.BMR 
7100 CO~TINUE 

IOPL • 10PQPIISTT' 
If (I'OFrOw .EQ. II PRINT 53 
IF IKOFf~E .[0. II PAINT 54 

8000 CO~TI~UE 
RETURN 

• 

23NOO 
19MYO 
25MRO 
Z5MRO 
19MYO 
25MRO 
12JUl 
12JUI 
25MRO 
12JUI 
Z5MRO 
19MYO 
Z5MRn 
09JEO 
25MRO 
25MRn 
2SMRO 
25MRO 
25MRO 
02JlI 
OIJll 
30MRQ 
30HRO 
2SMRO 
25MRO 
2SMRO 
2SMRO 
19MYO 
30"YI 
JOMYI 
30MYI 
12.1,,1 
30MY) 
30MY1 
30My) 
JOMYI 
I7MRO 
17MRO 
I7MRO 
30MYI 
10HYI 
30MYI 
30MYI 
JOMYI 
30MYj 
JOMYI 
2SMRO 
Z5MRQ 
19MyO 
OIOEO 
OloEO 
OIOEO 
29.1 A 1 
29.1 A I 
29.1101 
JOMYI 
2SMRO 
25MIIO 
01APl 
07APl 
18NOO 
ZSMRO 



END 2SMRO 
C 
C 
C 
C 
C 

...................................................................... 
SUBROUT INE ...................................................................... 

OvERlAYIJTCORD.I.OI 
PROGRAM JTCORD 

COMMENT - REPLACE THE OVERLAY CARDS BY THE NONOVEk CARO UNLESS THE CDC 
COMMENT - OVERLAY SYSTEM IS USED 
C SUBROUTINE JTCORD 
COMMENT - SUBROUTINE JTCORD INPUTS JOINT GEOMETRY DATA ITABlE 21 
COMMENT - CHECKS fOR BAD DATA. COMPUTES JOINT COORDINATES.EC~O PRINTS 
COMMENT - OATA AND PRINTS COMPUTED JOINT COORDINATES 

DIMENSION J21 7 I 
COMMON IslOCKl1 ~I 201. 

2 azzi 201. SXXI 201. 
3 DYYI 201. DZZI 201. 
~ ERXXI 201. ERYYI 201. 
S NSXXI 201. NSYYI 201. 
6 NSYPI201. ISTJRI201 

YI 201. 
SYVI 201. 
HXX I 201. 
ERZZ I 201. 
NSZZI 201. 

QUI 
SZZI 
RYVI 
aMJI 
IMJI 

201. 
201. 
201. 
201. 
201. 

aYVI 2010 
QUI 2010 
RZZ I 201. 
WMJI 2010 
NSXP I 201. 

COMMON IBlKl1 KEEP2. KEEP3. KEEP~A.KEEPSA.KEEP6. KEEP7. 
2 I TYPE. NCD2. NCD3. NCD4Ao NCDSA. NCD6. NCD7. 
3 lABAN. IfORM. NM. NJT. NST. NLT. TOl. 
~ M. MPI. MP2. ISTT. LTT. ITYPEl.IDJ. 
5 NSTl. IPS. IP9. IPIO. KEEP~B.KEEP~C.NCD~B. 
6 NCD~C. KEEPSB.KEEPSC.KEEPSD.NCDSB. NCDSC. NCDSO 

COMMON IBlK31 MNJT.MNST.MNlT.MNM.MNCS.MNC6.MDJT.MNJS.MNE.MNCS. 
2 MNPCS.MNSS.MNa~M 

9 fO~MAT I 3S~ TA~LE 2 - fRAME GEOMETRY DATA .1/11 
10 fORMAT IIOX.IS.Sx.15.SX.2EIO.3.IOx.EIO.31 
II fORMAT I 32H NUMBER Of JOINTS IN fRAME •• IS.I. 

2 JOH REfERENCE JOINT IS JOINT .IS. SH AT • 
J S~ X •• E1Z_3.10H AND Y & .El0.3,1 .JX. 
~ 2SH JOINT TOLERANCE IS .EIO.3.111 

12 fORMAT IIOx.IS.SX.2EI0.J.SX.7IS1 
IJ fORMAT I IOX.IS.SX.2EII.3.SX.7IS1 
I~ fORMAT I 2SX. 23H INPUT Of JOINT OffSETS .11. 

2 lOX. 3SH fROM X-OffSET Y-OffSET .3~. 
3 3S~ TO TO TO TO TO TO TO .1. 
~ lOX. SHJOINT. 32X. SHJOINT ./1 

IS fORMAT I ~7X.71S1 
Ib fORMAT I 10X.ISI 
17 fORMAT 148H HOLDING DATA f~OM THE PREViOUS PROBLEM PLUS. 

fOllO,HNG • 1/ I 2 15H T~E 
18 fORMAT I JJH NUMBER Of JOINTS IN fRAME = • I~.IIII 

26HCOMPUTED JOINT COORDINATES. II. lOX. 19 fORMAT 31/1.IOx. 
2 

20 fORMAT 
21 fORMAT 
22 fORMA T 
23 fORMAT 
30 fOHMAT 
31 fORMAT 
SO fORMAT 

2 
60 fO~MA T I 

2 
70 fORMAT 

~ 
80 fORMAT 

2 

2S~JOINT X Y ./1 
~5H JOINT NUMBERS MUST BE POSITivE 

IOX.IS.2EII.JI 
laH JOINT NUMBERS. IS.12H NOT lOCATED 
10H NON" I 
40H NO DATA HELD OR HEAD IN TABll 2 I 
SOH NUMBER Of CARDS I~ TABLE 2 MAy NOT EUUAl 
4JH JOINT NUMBER ABOvE GREATER THAN NUM8lR. 
20H Of JOINTS'I~ fRAME I 
~JH NUMBER Of JOINT~ IN f~AME GREATER THAN. 
ISH STORAGE AllOWS I 
3S~ X AND Y OffSETS fOR JOINT. 17. 
iSH A~E 80TH ZERO: 
10H JOINT. IS. JOH HAS NOT PREViOUSLY BEEN SPEC. 
SHlnEDI 

OVERLAY 
OVERL4Y 
OVERLAY 
OVERLAY 
NONOvER 
24APO 
24APO 
2~Apr 

26JAO 
I3fEO 
UrEO 
I Jf£1f 
08AGO 
20My[ 
20MYI 
26JAO 
26JAO 
26JAO 
12fEO 
OSAGO 
OSAGO 
lIJUI 
lIJUI 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
JOMRO 
30MRO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
JOMRO 
26JAO 
26JAO 
26J AO 
29APO 
26JAO 
26JAO 
09MYO 
26JAO 
21\JAO 
26JAO 
26JAO 
26JAO 
2~JA(l 
26JAO 
26JAO 

.. 

90 fORMAT 
2 

32H ERROR IN lOCATION Of JOINT. 15. 
~OH E~CEEDS THE TOlE.ANCE SPECifiED ABOVE .I.~~. 

30H THE E~ROR IN X DIRECTION IS .EIO.3.1.~~. 
30H THE ERROR IN Y DIRECTION IS .EIO.31 

3 
~ 

PRINT <;) 
If INCD2 .Ea. II GO TO 6100 
If I NCD2 .lE. 0 .AND. KEEP2 .lE. 0 I GO TO B300 
IflNCD2 .NE. 01 GO TO IISO 

COMMENT - NO NE~ DATA 
PRINT 17 
PRINT 23 

GO TO 9BOO 
1150 CONTINUE 

JNTl = 0 
If IKEEP2 .Ea. II GO TO 1230 

COMMENT - All NEW DATA - SET COORDINATES EaUAl TO 1.01E50 
DO 1200 I • I.MNJT 

XIII", I.OIESO 
1200 YIII = 1.01E50 

COMMENT - READ fiRST CARD Of TABLE 2 
READ 10.NJT.JI.D~.DY.TOl 
PRINT II.NJT.JI.D~.DY.TDl 

If IJI .lE. 01 GO TO 8200 
COMMENT - COMPUTE COORDINATES Of REfERENCE JOINT 

If IJI .GT. NJT I GO TO 8S00 
X IJII '" D~ 
YIJII .. DY 

GO TO 1240 
COMMENT - HOLDING DATA 
COMMENT - READ fiRST CARD Of TABLE 2 

1230 READ 16.NJT 
PRINT 17 
PRINT 18.NJT 

1240 CONTINUE 
If INJT .GT. MNJTI GO TO 8600 

PRINT I~ 
N2MI • NCD2 - I 

COMMENT - DO fOR SECOND AND SUCCEEDING CARDS Of TABLE 2 
DO ~900 JJ = I.N2MI 

READ 12.JI.Dx .DY .IJ21111.11=1.71 
If IJI .GT. NJTl JNTl = I 

NJNZ = 0 
DO 1270 II = 1.7 
If IJ21111 .GT. NJTl JNTl = I 

Il70 If IJ21111 .NE. 01 NJNZ = NJNZ • I 
PRINT IJ.JIoDx .DY .IJ21111oll=I.NJNZI 

If IJI .lE. 0 .OR. J2111 .lE. 01 GO TO 8200 
COMMENT - CHECK If fROM JOINT HAS BEEN lOCATED 

1300 If IX IJII .GT. I.OESOI GO TO S800 
If I OX .Ea. 0.0 .AND. DY .Ea. 0.0 I GO TO 8700 
If IJNTL .Ea. II GO TO 8500 

COMMENT - DO fOR All JOI~T' SPEClflEO ON THIS CA~D 
00 4600 11= I.~JNZ 

COMMENT - cuMPUTE TEMPORARY VALUES Of COORDINATES 
3250 xT = XIJll + Ox 

YT = YIJll + DY 
J211 = J2 I III 

If IJ211 .lE. 01 GO TO 8200 
If (xIJ2111 .GT. 1.00E~01 GO TU 4000 

(I)HMENT - JO!NT p~EVI(l •. ISlY lO(ATEO ~OM~IITF DI~FFRFNrF RET~EFN Oln 
COMMENT lOCATION AND NE~ lOCATION ERX AND ERY- - -

ERX = ABSIXIJ21l1 - XT, 

26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
O<;)MYO 
26JAO 
26JAO 
2QAPO 
26JAO 
26JAO 
IlfEO 
26JAO 
26JAO 
26JAO 
29APO 
26JAO 
2~JlI 
2~JLl 
29APr, 
26JAO 
UJAO 
26JAO 
29APO 
26JAO 
26JAO 
26JAO 
26JAO 
29Apn 
2QAPn 
26JAO 
26JAO 
26JAn 
26JAO 
26JAO 
26JAO 
26JAO 
29APn 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
29APO 
26JAO 
26JAO 
26JAO 
29APO 
26JAO 
29APO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
?9APO 
29APO 
26JAO 



ERY = ABS(YIJ2111 - yT) 
If ( ERA .GT. TOl .OR. ,ERY .GT. TOl) GO TO H900 

COMMENT - AVERAGE OLD AND NEW COORDINATES 
X(J2111 = 0.SO(X(J2111 • XTI 
YIJ2II1 = 0.501YIJ2111 ITI 

GO TO 4500 
COMMENT - JOINT NOT PREVIOUSLY lOCATED 

10000 

4500 

4bOO 
4900 

XIJ2111 XT 
YIJ211) YT 

Co,TINUE 
JI = J211 

CONTINUE 
CO~TINUE 

GO TO 9800 
8100 PRINT 31 

GO TO 9700 
8Z00 PR INT 20 

GO TO 9700 
8300 PRINT 30 

GO TO 9700 
8500 PRINT SO 

GO TO 9700 
8bOO PRINT bO 

GO TO 9700 
8700 PRINT 70, JI 

GO TO 9700 
8800 PRINT 80.JI 

GO TO 9700 
8900 PRINT 90, JZII,ERX,ERY 
9700 lABAN = I 
9800 

GO TO 9900 
CONTINUE 

PtiINT 19 
COMMENT - PRINT JOINT COORDINATES AND CHECK fOR JOIHT NOT SPECifiED 

DO 9850 I = I,NJT 
If (XII) .GT. I.OE50 .OR. YIII .GT. I.OE501 GO TO 98100 

9830 PRINT ZI,I,XIII,YII) 
GO TO 9845 

9840 PRINT 2201 

9845 
9850 
9900 

lABAN = I 
CON T [NUE 
CONTINUE 
CO"TINUE 

RETURN 
END 

2bJAO 
2bJAO 
29APO 
2bJAO 
2bJAO 
ZbJAO 
29APO 
2bJAO 
2bJAO 
26JAO 
26JAO 
26JAO 
26JAO 
2t-JAO 
0914YO 
09MYO 
i!6JAn 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAn 
26JAO 
Z6JAO 
26JAO 
26JAO 
26JAO 
26JAn 
26JAO 
26JAO 
26JAO 
29APO 
26JAO 
26JAO 
26JAO 
26JAo 
26JAO 
26JAr. 
26JAO 
26JAn 
26JAr 
Z6JA:" 
26JA,' 

C 
C 
C 
C 
C 

...................................................................... 
SUBROUTINE ...............................................................•...... 

OtERlAYiMEMlOC,2,Ol OVERLAY 
PROGR.~ MEMlOC OVERLAY 

COMMENT - REPLACE THE OVERLAY CARDS BY THE NONOVER CA~D UNLESS THE CDC OVERLAY 
COMMENT - OVERlAI sySTEM IS USED OVERLAY 
C SuBROUTINE HEMlOC NONOVE" 
COM~ENT . SuBkDuTI~E MEHlOC INPUT, lOCATION Of STlrf~ESS AND lOAD 24APO 
COMMENT - TYPES IN FRAME ITABlE JI'CHEC~S fOR BAD DATA,COMPUTES MEMRER 24APO 
COMMENT - NUMBERS,lENGTHS OffSETS AND DIRECTION COSINES,ECHO PRINTS DATA24APO 
COMMENT - AND PRINTS COMPUTED MEMBE~ NUMBERS,lENGTH!; AN" OFFSETS 24APO 

DIMENSION J21 10 ) 26JAO 
COMMON IblOCKl/ XI 2010 112')10 UXXI lOlo Oyyl 20). UfEO 

2 QUI 201, SXXI20l, SYY1201. Slll ZO), DXXI20l, UfEO 

3 DYY( 201. 
" EkAXI 201, 
5 NSxXI ZOI, 
b NSYP( 201, 

COMMON ISlOCK2/ 
~ DCZ!; I 2!;), 
3 IOPOP I 251, 
4 NAl ( 25). 
5 NSxR I 251, 

COMMON I'lLOCKJI 
2 DC2l( 251, 
3 NC611 251 

Dlli 2010 
ERYY I 2010 
NSYY ( 2010 
ISTJR( 201 
DXSI 251. 
PRF ( 25" 
IPINl ( 251, 
N~XLI 2510 
NSYR(2SI, 
DXL( 251, 
UOX I 251, 

RXX I 2010 
ERZZ I 20), 
NSZZI 2010 

DYS I 25., 
PRAE I 25), 
IPINR( 25), 
NSYLI251, 
NSZR ( 2510 
DYl ( 251, 
UOY ( 251, 

RYYI 201, Rlll 2010 
OMJI 20) , .MJ' 20., 
IMJI 20) , NSXPI 20 " 

ZLSI 2~" DCIS( 2510 
NCDS I 25), I AXOPS ( 2S) • 
NC51(25), INLOP I 25) , 
NSZL ( 25., NAR( 251, 
OM( 25., WM( 251 
ZLL I 251, DCIl I 25). 
NCDl ( 2!;I, IAXOPLt 2510 

COMMON ISlOCK41 JTII 40), JT21 401, ISTI 401. LTI 40), 
2 fOMM( 40,61, SMC( 40,2U, NIT'" 4010 IMM( 40), IMCI 40) 

COMMON IBL~II KEEP2, KEEP3. ~EEP4A,KEEP5A,KEEP6, KEEP7, 
i! ITYPE, NCD2, NCD3, NCD4A, NCD5A, NCD6, NCD7. 
3 IABAH, IfORM, NM, NJT, NST, NlT, TOL, 
10 M, MPI, MP2, ISTT, LTT, ITYPEl,lOJ, 
5 NSTl, IP8. IP9, IPIO, KEEP4B,KEEP4C,NCD4B, 
6 NCD4C, KEEP5B,~EEP5C,KEEP5D'NCDSB, NCD5C. NCD5D 

COMMON l~lK31 MNJT,MNST,MNlT,MNM,MNC5,MNC6,MDJT,MNJS,MNE,MNCS, 
2 MNPCS,MNSS,MNQWM 

6 fORMAT (5X, 3115.IX). 2x. 215) 
7 fORMAT (5X. 3(15,IX), 2X, 215. 3EII.31 
8 fORMAT (111,IOx, 40H COMPUTEO MEMBER NUMBERS,lENGTHS,AND Off, 

2 Io~SETS,II.106H MEMBER fROM TO STiff lOAD LENGTH 
3 25H X-OffSET V-OffSET ,I. 
10 3SH HUM'! JOINT JOINT TYPE TyPE,ll1 

9 fORMAT (IoOH TABLE 3 - MEMBER LOCATION DATA 
10 fORMAT (IOX.15,5X,15,5x,151 
II fORMAT (40H NUMBER Of MEMBER STiffNESS TYPES 

i! 40H NUMBER Of MEMBER lOAD TYPES 
3 IoOH NUMBER Of ELEMENTS PER MEMBER = 

12 fORMAT ( 5x.15,5X,215,5X,101SI 
IJ fORMAT I 5X,I5,5x,215,5X,I0ISI 
110 fORMAT (25X, ZbH INPUT Of ME14BER LOCATIONS ,II, 

,///) 

=,15./, 
,15,/, 
,15,///) 

l3fEO 
08AGO 
ZOMYI 
20MYl 
26JAO 
26JAO 
170CO 
170CO 
170CO 
Z6JAO 
26JAO 
26JAO 
26JAO 
OIJLl 
26JAO 
26JAO 
26JAO 
12HO 
05AGO 
05AGO 
IIJUI 
llJUI 
JOMRO 
30MRO 
30MRO 
30MRO 
30MRO 
30MRO 
26JAO 
Z6JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 

2 SOH fROM STiff LOAD TO TO TO TO .26JAO 
3 30H TO TO TO TO TO TO, /0 
4 35H JOINT TYPE TYPE JOINT.III 

17 fORMAT (48H HOLDING DATA FROM THE PREViOUS PROBLEM PLUS, 
2 ISH THE fOllOWING, III 

18 fORMAT (11,47H COMPUTED MEMBER NUMBERS MAY NOT AGREE WIT~ , 
2 ZOH LAST PROBLEM ••• ) 

19 fORMAT (11,50H .00 COMPUTED MEMBER NUMBERS AGREE wiTH lAST PROBl, 
2 ICHfM I 

20 fORMAT 45H JOINT NUMBERS MUST BE POSITIVE 
23 fORMAT 10H NONE I 
25 fORMAT 32H MEMRER WITH STiffNESS TYPE ,IS. 9H AND LOAD, 

2 5H TYPE,I5,I,32H WAS SPECifiED AS GOING fROM, 
3 7H JOINT ,IS, 9H TO JOINT,I5,I,I1H PROGRAM DOES, 
4 36H NOT ALLOW T"IS ORIlER TO BE REVERSED I 

30 fOtiMAT 40H NO DATA HELD OR READ IN TABLE 3 I 
31 FOkMAT SOH NUMAER OF CARnS IN TABLE 3 MAY NOT EQUAL I 
50 fORMAT 43H JOINT NUMB~R ABOVE GREATER THAN NUMBER, 

2 lrH Of JOINTS IN fRAME I 

26JAO 
30MRO 
26JAO 
26JAO 
OIMYO 
OIMYO 
OIMYO 
OIMyO 
26JAO 
2bJAO 
26JAO 
26JAO 
Z6JAO 
26JAO 
26JAO 
09MYO 
26JAO 
26JAO 

61 fORMAT { SIH NUMBER Of STiffNESS TYPES GREATER THAN STORAGE,26JAO 
l 7" AllOWSI 

b2 fORMAT {46H NUMBER Of LOAD TYPES GREATER THAN STORAGE, 
2 7H AllOwS I 

b3 fORMAT SOH NUMBER OF 
71 fORMAT 46H STIffNESS 

2 A NUMBERS I 

ELEMENTS MUST BE BETWEEN" AND 100 
AND lOAD TfPES MuST BE POSiTIVE, 

26JAO 
26JAO 
26JAO 
09JUI 
26JAO 
26JAO 



72 fORMAT 51H STIffNESS OR LOAD TYPE ABOVE GREATER TI<AN TDTAL.26JAO 
Z SOH 

73 fORMAT I 51H 
NUMBER Of STiffNESS OR LOAD TYPES SPECIfiED ABOVEI 26JAO 

YOU CANNOT HOLD UP THE LOAD WITHOUT SOME STlff.26JAO 
- If STiff TYPE· 0 - LOAD TYPE MUST = 0 I 26JAO 
MAXIMUM BAND wIDTI< Of EQUATIONS ExCEEOED. /. 28NOO 

2 50HNESS 
74 fORMAT 45H 

2 45H 
91 fORMAT SOH 

RENUMBER JOINTS OR REDIMENSION DRIVER I 28NOn 
ERROR IN OffSETS fOR MEMBER Of STiffNESS TYPE. 26JAO 

2 15,/.471< THE X ANO Y OffSETS fOR THE MEMBER BETWEEN. 26JAO 
J 71< J01NTS.15. 5H AND .15./0 26JAO 
.. 49H 
S 46H fOR 
6 5JH 

DO NOT AGREE WiTH PREVIOUSLY DEflNEO OffSETS. 26JAO 
A MEMBER Of THIS TYPE. WITHIN THE ALLOWED./. 26JAO 
ERROR Of T<O TIMES THE JOINT LOCATION TOLERANC.26JAO 

7 JHO ?6JAO 
92 fORMAT I 45H ERROR IN QffSETS fOR MEMBER Of LOAD TyPE. 26JAO 

Z 15./.4711 THE X AND V OffSETS fOR THE MEMBER SETWEEh. 26JAO 
3 7H JOINTS. 15. SH AN~ ,15,/. 26JAO 
4 
5 
6 

49H 
46H 
51H 

DO NOT AGREE -,ITH PREVIOUSLY DEflNEO OffSETS. 26JAO 
fOR A MEMBER Of THIS TYPE. WITHIN THE ALLOwEO./. 26J,t0 

ERROR Of T.O TIMES THE JOINT LOCATION TOLERANC.26JAO 
7 IHEI 

COMMENT - PRINT 
PRINT 9 

TABLE HEAOING 

If (NCD3 .EO. II GO TO 8100 
IF INCDl .LE. 0 .ANO. KEEP) 

nOL = 2.0*TOL 
COMMENT - SET OFfSETS fOR STIFF TYPES 

DO 1100 I 2 I. MNST 
DXSIII ~ 1.01E50 

1100 OYSIII 1.01E50 
COMMENT - SET OffSETS fOR LOAD TyPES 

00 1110 I' 1. MNLT 

1110 

lIS0 
1160 

DXLell " 1.01E50 
OYLIII = 1.01E50 

If IKEEP3 .NE. II GO TO 1150 
PRINT )7 

GO TO 1160 
NM = 0 

CONTINUE 
If INCDl .NE. 01 Go TO 1180 

PRINT 23 
GO TO 6000 

Ileo JN~l " 0 
1250 COhTINUE 

COMMENT - READ FIRST CARD IN TABLE ) 
READ IO.NST.NLT.~ 

If I" .LE. 01 ~ = MNE 
PRINT II. NST.NLT.M 

"'PI"M'I 
HP2 ::- H • 2 

If INST .GT. MNST) GO TO 8610 
If INLT .GT. MNLTI GO TO e620 
IF I" .LT. 4) GO TO 86)0 
If 1M .GT. MNfl GO TO 86)0 

PRI"'T 14 
N3Ml • NCO) - I 

DO 4900 JJ • I.N3~' 

.LE. 0 I GO TO 8100 

COMHENT - READ ?NO AND SuCCEEDING CARDS IN TABLE ) 
READ Iz.JI.15TT.LTT.IJ2eII,.11 = 1.101 

If IJI .GT. NJTI JNTL = I 
N,JN7 :;:: 0 

DO 1270 II = 1.10 
IF eJ21111 .GT. NJT) JNTL = I 

26JAn 
UMYO 
26JA~ 

09MyO 
26JAO 
26JAO 
01MYO 
03APO 
24JLI 
24JLI 
OIMYO 
OlAPO 
24JL1 
24JLI 
lS"PO 
26JAO 
09JUI 
'09JUI 
lSAPo 
O)APO 
26J&~ 

O)APO 
26JM 
26JAO 
OIMYO 
26JAO 
I<;API 
26JAO 
26JAn 
Z6JAt'I 
26JAO 
26JAO 
09JUI 
09JUI 
26JAo 
26JAO 
26JAO 
OIMYO 
26JAO 
26JAO 
26JAO 
i:6.JAv 
26JAO 

.. 

If IJ2elll .NE. 01 NJNZ • NJNZ • I 
1270 COhTINUE 

COMMENT - PRINT 2ND ANO SUCCEEDING CARDS IN TABLE 3 
PRINT 13.JI.ISTT.LTT. 1.121111.11 I.NJNZ I 

If CJl .LE. 01 GO TO 8200 
If IJNTL .EO. II GO TO 8500 

IF IISTT .LT. 0 .OR. LTT .LT. 01 GO TO 8710 
If (ISTT .GT. NST .OR. LTT .GT. NLTI GO TO 8720 

If IISTT .EO. 0 .ANO. LTT .NE. 01 GO TO 8730 
COMMENT - NUMBER MEMBERS AND ASSIGN STiffNESS AND LOAD TYPES 
COMMENT - 00 fOR NUMBER Of MEMBERS SPECifiED ON ONE CARD 

DO 4500 II = I.NJNZ 
J21I " J2ClII 

If I J211 .LE. 01 GO TO 8200 
If (KEEP) .NE. II GO TO 4425 

COMMENT - 00 fOR EACH MEMBER 

"400 

00 4400 I( • I.NM 
IF (JI .EO. JTleK) .ANO. J2I1 .EO. JT2CK) 
IF IJI .EO. JT2eKI .AND. J211 .EO, JTICK) 
CONTINUE 
GO TO .. 425 

GO TO 4410 
GO TO 8250 

COMMENT - OLD MEMBER IPREVIOUSLY GIVEN STIff AND LOAD TYPE) 
4410 ISTIKI. ISH 

L TlK) " LTT 
GO TO 4450 

COMMENT - NE. MEMBER INCREASE NM 
4425 NM • NM • I 

JTIINMI • .II 
JT2IN~1 " J2I1 
ISTeN~1 • ISH 

"450 

4500 
4900 
6000 

LT(NM) ~ LTT 
CONTINUE 

JI .. J211 
CONTINUE 
CONTINUE 
CONTINUE 
00 6600 I' I.NM 

ISTT • ISTO) 
LTT • LTIII 
.121 • JT2111 
JI • JTlIII 

COMMENT - COMPUTE OffSETS 
ox = XIJ211 - XeJII 
DY • YIJ211 - YIJII 

IF IISTT .EO. 01 GO TO 6100 
IF WXSIISTTI .GT. I.OE501 GO TO 6050 

COMMENT - CHECK fOR TWO MEMBERS wiTH SoME STiffNESS TYPE BUT DiffERENT 
COMMENT - ORIENTATIONS 

60S0 

6100 

ERX • ABSIDXSIISTTI - OX I 
E~Y " A8SCDYSelSTTl - Dv I 

If (ERX .Gf. TTOL .OR. ERY .GT. TTOLI GO TO 8910 
DXSIISTTI = 0.50 IDXSCISTT) • OX) 
DYSIISTTI 0.5*IDr~IISTTI. DYI 

GO TO 6100 
CONTINUE 

DXSIISTTI = Ox 
DY,IISTT I • IW 

COhTI"lUE 
If { LTT .EQ. 01 GO TO 6300 
I' IDXLILTTI .GT. '.OE501 GO TO 6200 

CO"MEI"'. - CHECt\ fOR TwO "'E~8E"S .1 Hi S~M£ lOAD r,pe: 8,H OHTCH(NT 
COMMENT - ORIENT.TIONS 

.. 

30.PO 
30APO 
OIMYO 
26JAO 
30APO 
26JAO 
26JAO 
26JAO 
26JAO 
09JUI 
OIMVO 
26JM 
26JAO 
30APO 
06MyO 
OIMYO 
26JAO 
26JAO 
26JAO 
26JAe 
26JAO 
OIMYO 
26JAO 
26JAO 
26JAO 
OIMYO 
26JAO 
26JAO 
2~JAO 

26JAO 
26JAO 
26JAn 
26JA., 
26JAQ 
26JAO 
O)APO 
03APO 
O)APO 
03APO 
03APo 
°3AP O 
03APO 
O)APO 
03APO 
O)APO 
O)APO 
OIMYO 
OIMyo 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
03APO 
03APO 
26JAO 
26JAO 
O)APO 
03APO 
03APO 
CH~YC 
01MYO 



ERX • 'I'(DX~(~TTI • DXI 
ERY • 'BI(DY~(~TTI • DYI 

tp (E~X .'T. TTD~ .D~. !~Y .GT. TTO~I .0 TO 1'1, 
DX~(~TTI • ,,'.(DX~(~TTI • DXI 
DY~(~TTI • '.'.(DY~(~TTI • DYI 

GO TO 'III 
.1.. CONTrNUE 

DX~(~TTI • DX 
DY~ (~TTI • DY .J.. CONTINUE 

•••• CONTINU[ 
DO , ••• I • 1,NIT 

COMMENT • eOM'UTE ~!NGTHI '~O DI~ECTION COIINEI 'O~ ITl"NEII TY'II 
Z~I(ll • (DXI(ll*DXI(II • DYI(ll.DYI(II I ••••• 
DC1S(ll • DXI(ll/Z~I(ll 

,... DCZI(I) • DYI(llIZ~I(ll 
I' (N~T .[Q.' I .0 TD , ••• 
DO "" I • 1,N~T 

UJrMVfT .~~PUTI!~tN$T-HI '~D bU!CnON fOIlNU ;O~ ~olD nfln 
Z~~(l) • (DX~(ll.DX~(ll • DY~(ll.DY~(II I· •••• 
DC1~(ll • OX~CII/Z~~(ll 

"" DCZ~(ll • DY~(ll/Z~~(ll 
,... CONTINUE 

IDJT •• 
rDJ •• 

COMM!NT • COM'UT! H'~' I'~D NIDTH 0' '~'M! 
DO " •• I • 1,NM 

rDJT • I'll (JT1CII • JTICIII 
I' (IDJT .GT. IDJI IDJ. IDJT 

"" CONTINUE 
I' CIDJ .GT. MDJTI GO TO 1, •• 
GO TO 9811 

11 .. "liNT Jl 
GO TO nil 

UII '~I~T .. 
GO TO 91 .. 

III. '~INT I., IITT,JIII,Jl 
GO TO 91 .. 

nil '~INT II 
GO TO 91 .. 

IU' 'UNT II 
GO TO nil 

.. 1' 'UNT '1 
GO TO nil 

.... 'UNT U 
. GO TO nil 

1'1' P~J"T 'I 
GO TO nil 

IH' '~INT H 
GO TO ,,.. 

.U. 'UNT U 
GO 10 91 .. 

.n. '~INT n 
GO TO ,,.. .U. '~INT U 
;0 TD nil 

1'1' P~I~T 'l,IITT,Jl,Jll 
GO TO nil 

"" 'RINT ",~TT, Jl,Jll 
GO TD 91 •• 

nil UlaN. 1 
GO TO .. II 

'I', CONTINU[ 
PRINT e 

UJ" 
UJAI 
IU" 
IUAI 
UJAI .,,,. 
IS'" 
UJAI 
IUAI 
IS'" 
IS'" .U,. 
'IMY. 
IUAI 
UJU .,,,. 
UNol .,,,. 
.IMY. 
UJAI 
UJAI .U,. 
UNOI 
IUAI 
UJAI 
'IMY' 
IS'" 
I9JAI 
UJAI .,,,. 
IUAI 
UJAI 
"MY' 
"MY' 
UJU 
IUU 
UJAI 
IUAI 
UJAI 
IUAI 
UJAI 
UJAI 
IUAI 
IUU 
UJAI 
UJU 
''JUI 
''JUI 
IU" 
IUAI 
IUU 
IU" 
UJ" 
UJU 
UJ" 
IU" 
"M~' IUU 
"MU 
UJ" 
IU" Iun 
Iun 
UJ" 

COMMENT - PHINT MEMBER NUMBERS.fROM AND TO JOINTS.lENGTHS AND OffSETS 
DO 987S I = I.NM 

ISH = ISTII) 
If IISH .HI. 0) GO TO 9860 
PRINT 7. I. JTIII), JT211), ISTII), lTII), ZlSIISTTI, DXSIISTT), 

2 DYSIISTTI 
GO TO 987S 

9860 PRINT 6, It JTIIIlt JT2111, ISTII), LTIl) 
987S CONTINUE 

If IKEEP3 .EO. I ) GO TO 9880 
PRINT 18 

GO TO 9900 
9880 PRINT 19 
9900 CONTINUE 

RETURN 
END 

OIMYO 
26JAO 
2bJAO 
26JAO 
JOMRO 
JOMRO 
26JAO 
JOMRO 
2bJAn 
IIMYO 
OIMYO 
OIMYO 
OIMYO 
2bJAn 
26JAri 
26JA'. 

C 
C 
C 
C 
C 

.••..•..•...••.• ~ .................................................... . 
SUBROUTINE ............................ ~ ........................................ . 

OVERlAYIJNTDAT,J,O) 
PROGRAM JNTDAT 

COMMENT - REPLACE THE OVERLAY CARDS BY THE NONOVER CARD UNLESS THE CDC 
COMMENT - OVERLAY sySTEM IS USED 
C SUBROUTINE JNTDAT 
COMMENT - SUBROUTINE JNTDAT INPUT~ JOINT lOADS AND RESTRAINTS 
COMMENT - ITABlE 4) ,CHECKS fOR BAD DATA, ACCUMULATES JOINT lOADS AND 
COMMENT - RESTRAINTS,ECHO PRINTS DATA AND PRINTS ACCUMULATED DATA 
COMMENT - EQUIlIB~IUM ERRORS ARE SET EQUAL TO NET JOINT lOADS 

COMMON /BlOCKI/ XI 20), YI 20), OXXI 20), Oyyl 20), 
Z QZZI 20), SXXI 20), ~YYI 201, Slll 20). nxxi 201, 
J OYYI 201, DllI 201, RXXI 201, RYYI 201, RllI 201, 
4 ERXXI 20" ERYYI 201, ERllI 20), OMJI 201, wMJ( 20), 
S NSXX( 201, NSYY( 20), NSllI 201, IMJI 20), NSxPI 20), 
b NSYPI 20), ISTJRI 201 

COMMON /BlOCK8/ NPT( 201, ISJI 201, NOJI 20,11),NWJI 20,11" 
2 NOJTIIII, NWJTIIII 

COMMON /BlKI/ KEEP2, KEEPJ, KEEP4A,KEEPSA,KEEP6, KEEP7, 
2 ITYPE, NCD2. NCOJ. NC04A, NCDSA, NCD6. NCD7. 
J lABAN. IfORM. NM. NJT. NST. NU. TOl. 
4 M. MPI, MP2. ISTT. lTT. ITYPEl.IDJ. 
S hSTl. IP8, IP9. IPIO. KEEP4B.KEEP4C,NCD4B, 
6 NCD4C. KEEPSB.KEEPSC.~EEPSD.NCDSB. NCDSC, NCDSD 

COMMON /8lKJ/ MNJT.MNST.~NlT.MNM.MNCS.MNC6.MDJT.MNJS.MNE.MNCS. 
2 MNPC~.MNSS.MNOwM 

fORMAT ISX.J5H SAME AS INPUT fOR THIS PROBLEM) 
9 fORMAT I 49H TABLE 4A - JOINT lOAOS AND liNEAR RESTRAINTS.//I 

10 fORMAT 1//.4SH TABLE 4B - JOINT SUPPORT CURVE NUMBERS .//) 
II fORMAT 1//.40H TABLE 4C - JOINT ~UPPORT CURVES .//) 
12 fORMAT I SX.IS.bEIO.J) 
IJ fORMAT I SX.IS.bEII.J) 
14 fORMAT I 2Sx.20H INPUT Of JOINT DATA./) 
IS fORMAl (SX. 38HJOINT fORCEIXl fORCEIY) MOMENTIZ) • 

2 33H SPRINGIXI SPRING(Y) SPRINGll) .//) 
16 fORMAT ( /1.2SX.23~ ACCUMULATED JOINT DATA.//) 
17 fORMAT ( 48H HOlUING DATA fROM THE PREVIOUS PROBlF:M PLUS, 

2 ISH THE fOllOwiNG .//) 
20 fORMAT I 3SM JGINT NUMBERS MUST BE POSITIVE) 
2J fORMAT I 10H ~ONE) 
30 fO~MAT (ISH NO DATA 
J2 fORMAT ISX.I~.2EIO.J.IOX,SIS.IOX.ISI 

OVERLAY 
OVERLAY 
OVERLAY 
OVERLAY 
NONOVER 
24APo 
24APO 
24APO 
C9JUI 
IJfEO 
IJHO 
IJHO 
08AGO 
20MYI 
20MYl 
08AGO 
ORAGO' 
2bJAO 
2bJAO 
26JAO 
12Ho 
OS AGO 
OSAGO 
IIJUI 
II JU I 
ObHO 
OSAGO 
08AGO 
08AGO 
2bJAO 
2bJAO 
2bJAO 
26JAO 
26JAO 
2bJAO 
2bJAO 
2bJAO 
2bJAO 
26JAO 
02MYO 
20MYl 



33 fO~~AT (5X,IS,ZEII.3, 1X,5IS,IOX.ISI ZOMYI 
35 fORMAl 1 30H JOINT Q-MULT .,-MULT.IOX, 9HNSXX NSlY, 31MYI 

2 lOH NSZZ NSXP NSyP STiff til ZOMYI 
42 fORMAT ISX.3IS.5XtlI15.I,Z5XtlI151 OSAGO 
43 fORMAT 1/.5A.3IS .1. 6M Q.19x,III51 10AGO 
44 fORMAT I hH ",,19X.III5) IOAGO 
45 fORMAT 111,30H CU~VE NUMB SYMT II ; YES"I. OSAGO 

2 30H NU .. a PTS OPT 0 = NOlI 10AGO 
50 fOR'1l T 43H JOINT NUMBER ABovE GREATER PIAN NUMSER. Z6JAO 

Z 20H Of JOINTS IN fRAME I 26JA', 
60 fORMAT _OH NUMBER Of CARDS I" TABLE 4C MUST BE. OilAGO 

2 20M A MUL TlPLE Of hO I OSAGO 
10 fO~MAT SOH JOI~T CURVE NUMBE~ fa LARuE OR NO JOINT CURVE NUM, IIJUI 

2 ISHBER SPE.ClflED ) llJUI 
11 fORMAT SIH sTiff TYPE AilOVt NOT ONE Of MEMBER STIff TYPES.08JUI 

2 SIH STIff TyPE REQUIRED TO REfERE"CE JOINT SPRINGSI08JUI 
12 fORMAT 11M CURVE NUMBER. 15. 2SM NOT DEfiNED IN TABLE 4CI OilJUI 
13 fORMAT 4SM NUMSER Of POINTS ON CURVE MUST sE BET~EEN 2. IIJUI 

Z 1H AND II) IIJU) 
14 fORMAT 135M SYMMETRY OPTION MUST st I OR 01 llJUI 
75 fOWMAT (11M CURVE NUMBER. 15.2514 DOES NOT HAVE DISPLACEME. 2~JLl 

2 32HNTS IN ASCENDING ALGEBRAIC OROER.I. 914 ~"EN. 24JLl 
3 SOH INPUT VALUES ARE "ULTIPLIED ~Y DISPLACEMEhT MULTI. 24JLl 
4 14HPLIER AT JOINT! 24JLl 

76 fORMAT SOH If SYMMETRY OPTIO" = I. fiRST POINT ON CURVE. 24JLI 
Z 13HMUST BE 0 - 0 I 24JLI 

COHHENT - INPUT ToeLE 4A !86JA?~ 
PRINT q , "" 

If IITYPE .NE. 2) GO TO 1120 06HYO 
00 1110 I I.NJT 02MYO 

ERxxlII axxlII 06MYO 
,RyY!I) = OYYIll 06MYO 
ERIIII) = QZll11 06MYO 

1110 CONTINUE. OZ"YO 
1120 CO" T INUE 02~YO 

If 1 ~EEP4A .[0. 11 GO TO 1230 05AGO 
COM~ENl - lERO JOINT DATA 04MrO 

00 leOO I : I. MNJT 26JAO 
OXXII) 0.0 24JLI 
IlVYIII 0.0 24JLI 
011(1) 0.0 24JLI 
SX/\ III 0.0 24JI.I 
SYYIII • 0.0 ?4JLl 

1200 SZLII) 0.0 24JLI 
If I~C04A .NE. 0) GO TO 1240 OSAGO 

PRINT 30 02MYO 
.,0 TO 3000 02"YO 

COHMENT - HOLDING DATA 04MyO 
1230 PRINT 17 26Jon 

IF I'<CD4A .NE. 01 GO TO 1240 OSAGO 
P~INT 23 02HYO 

GO TO JOOO 06HYO 
1240 CO~TINUE 26JAO 

Pf<INT '" 26JAn 
P~INl IS 26JAO 

DO 2900 If; I. NC04A 26JAO 
COM~ENT - ~EAD AND PRINT ONE DATA CAf<O 04MYO 

READ 12. l.uxxT.urYT,QIIT.SXXT,SYYT.SIIT 26JAO 
PklNT 13. I.QXxT.QYYT.QZIT.SXXT.srvI.SIIT 26JAO 

If II .GT. NJTI (;0 TO 8500 2b"0" 
If I I .Lf. 0 ) GO fO 8200 26JAO 

COMMENT - ACCUMULATE DATA 04MYO 

.. 

2900 
3000 

QXXID 
'IYY( Il 
f1Zllll 
SXX I II 
SHill 
SZI\lI 

cOMINUE 
CO"TiNUE 

OXXII I 
Qyy II) 
OZZ II) 
SXX 1 II 
SYYIII 

= Sllll) 

• O:xx T 
• QYYT 

ilZlT 
SXXT 

• SHT 
• SlIT 

If IITYPE .NE. ZI GO TO 3800 

3600 

3800 

DO 3600 I. I.NJT 
ER&X \II IlXX III 
ERYlIII = OyYlI) 
ERZlII) • QIZII) 

CONTINUE 
GO TO ~OOO 
COhTINUE 
DO 3900 I • 

ERxx I II 
ERyy I II 
ERIIIII 

CO"TINUE 
CONTINUE 

I,NJT 
s OXXIII 
s QYYIl) 
= OZIIIl 

- ERHII) 
- ERYYIII 
- ERlZ (I) 

3900 
4000 

COMMENT 
COMMENT 

- PRINT ACCUMULATED JOINT DATA UNLESS IT IS THE SAME AS INPUT 

4&20 

- fO~ THIS PROaLEM 
If IKEEP4A .EIl. II GO TO 4820 
If (I,CD40 .EQ. 01 GO TO 4865 

PRINT 16 
PRINT 7 

GO TI) 4865 
CONT /NUE 

PRINT 16 
PRINT IS 

00 4860 I • I. NJT 
If ("xX( II .NE. 01 GO 
If Ion II) .NE. 0 I GO 
If (OZllll .NE. 01 GO 
If ISXXII) .NE. 01 GO 
If ISH I II .NE. 01 GO 
If (SlZllI .NE. 01 GO 
GO TO 48M 

TO 4850 
TO 4S50 
TO 4850 
TO 4850 
TO 4850 
TO 4850 

4~50 PRINT 13. I.QXXII1.Qyrlll,QIZIII.SXXIII.SVYIII.S1IIII 
486Q CO~TINUE. 
4S65 CONTINUE 

COMMENT - INPUT TA8LE ~8 
PRINT 10 

If I"EE~4~ .EO. II GO TO 523Q 
COMMENT - IERO CURVE NUH8ERS 

5200 

00 5200 I • I. ""JT 
NSXXII) 0.0 
"Snlll : 0.0 
"SZZOI : 0.0 
NSXPI[I : 0.0 
N$YPII) = 0.0 

If INCU48 .NE. 01 GO TO 5240 
P_ 1m 30 
GO TO 6000 

COHHENT - HOLDING DATA 
5230 P'HNT 11 

If INC048 .NE. 01 GO TO 5240 
PRINT <3 
GO TO 0000 

524Q CONTINuE 

26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
02MYO 
06MYO 
06MYO 
06HYO 
06MYO 
06MYO 
06HYO 
01MYO 
061<1YO 
06MYO 
06MYO 
06MYO 
06MYO 
06"ro 
02MYO 
04MYO 
04MYO 
05AGO 
OSAGO 
26J.O 
26JA~ 
01"YO 
Z6JAn 
26JA" 
23APn 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
Z6JAO 
Z6JAO 
26JAO 
26JAO 
05AGO 
080GO 
OSAGO 
08AGO 
OSAGO 
08AGO 
Z4JLI 
2"JLI 
24JLl 
24JLI 
Z4JLI 
OSAGO 
02MYO 
OSAGO 
04MYO 
OSAao 
08AGO 
02Hro 
OSAGO 
08AGO 

IV 
0' 
o 



PRINT 14 
Pill"lT 3, 

OC 5YOO II = I. NC048 
COMMENT - REAO ANO PRINT ONE OATA CARD 

ilEAO 3c.I.QMJfll,WMJfll.NSXXtll.NSYYIII.NSZLIII.NSXP(II. 
2 N~YPIII.ISTJRIII 

PRINT 33.I.QMJIII.wMJIII,NSXXIII.NSYYIII.NSZZ(II.NSXPIII. 
NSYPIII.ISTJRIII 

If II .GT. NJTI GO TO 8500 
If II .LE. 0 I GO TO 8200 
If INSXXIII .GT. MNJS .OR. NsXXll1 .LT. 01 GO 
If INSVYllI .GT. MNJS .OR. NSVY(!) .LT. 01 GO 
If INSlili) .GT. MNJS .OR. NSUO) .LT. 01 GO 
If lNSXPIII .GT. MNJS .OR. NSXPIiI .LT. 01 GO 
If INSYP<lI .GT. "NJS .OR. NSYPlll .LT. 01 GO 
If INSXPlll • N5¥PIlI .Ea. 01 GO TO 5800 

TO 8100 
TO 8700 
TO 11700 
TO 8700 
TO 8700 

5800 
5900 
MOO 

If 1l5TJRIII .LE. 0 .OR. ISTJR(!I .GT. NSTl GO TO 8710 
CONTINUE 
CONTINUE 
CO~TlNU[ 

COMMENT - PRINT ACCUMULATEO JOINT OATA UNLESS IT IS THE SAME AS INPUT 
COMMENT - fOR THIS pR08LEM 

6820 

If IKEEP48 .EO. II GO TO 6820 
If INCO~B .EQ. 01 GO TO 686S 

PRINT 11, 
PRINT 1 
GO TO 6865 

CONTINUE 
PRI"'T 16 
Pf<INT J, 

DO 686~ I = I.NJT 
If INSUI II .NE. 01 GO TO 
If INSYVlIl .NE. 01 GO TO 
If lNSHIIl .NE. 01 GO TO 
If IN5XP III .NE. 01 GO TO 
If IN5YPIIl .NE. 01 GO TO 
GO TO 6860 

6850 
6850 
6850 
68~0 
6850' 

~850 PRINT 33,I,QHJIII.WMJIII.NSXXIII.NSYYIII.NSZZIII,NSXPIII. 
c NS¥PIII.IsTJRIII 

6860 CO~TINUE 
6865 CONTINUE 

COMMENT - INPUT TABLE 4C 
PiHNT II 

If IKEEP4C .EO. II GO TO 1230 
COMMENT - INITI'LIlE NUMeE" Of POINTS ON CURvE 

00 1200 J = I.MNJS 
1200 "PI tJ) = -I 

If INCO~C .NE. 01 GO TO 1240 
p", INT 30 

GO TO 1500 
COMMENT - HOLDING DATA 

1230 ~R}rd 11 

12~O 

IF II,CD4C .NE. 01 GO TO 1240 
P~INT <3 

l10 Tu 1500 
CO~ T 1I,UE 

~C04C2 = NC04C/2 
If INC04CZ.2 .NE. NC04C) GO 10 d600 

00 1350 II. I.NCD4C2 
READ 42. NC.NPTT.ISJT.INOJTIII. 1 : 1.lll.INWJTl!l. 10 III 

26.1AO 
OSAGO 
08AGO 
04MYO 
20MYI 
20MY! 
20MY! 
ZOHn 
26JAO 
Z6JAO 
08JUI 
08JUI 
08JUI 
08.1UI 
08.1UI 
10.lUI 
08.1UI 
08JUI 
08AGO 
08AGO 
04MYO 
04HyO 
08AGO 
08AGO 
26JAO 
26JAO 
08AGO 
08AGO 
08AGO 
OSAGO 
08AGO 
08AGO 
08AGO 
08AGO 
21Mn 
21Mn 
08AGO 
ZOMYI 
lOMY! 
08AGO 
OIlAGO 
OIlAGO 
08AGO 
08AGO 
O'1.1UI 
09JUI 
09JUI 
08AGO 
OSAGO 
08AGO 
ORAGO 
oo,.GO 
OSAGO 
O .. AOO 
oeAer 
08AGe 
08AGO 
OSAGO 
08AGO 
08AGO 
08AGO 
08AGO 

.. 

7310 

00 7310 I: IoNPTT 
NQJINC.ll = NQ.lT(ll 
NWJINC.II • NwJTll1 

CONTINUE 
NPT INCI = NPH 
ISJ.NCI = ISJT 

PRINT 43. NC.NPTINCI.ISJINCI.IHO.lINC.II. I = I,NPTTI 
pRINT 44, INWJINC.II. I = I.NPTT) 

If IISJT .EO. 1 .AND. NOJT 111 .NE. 01 GO TO 8760 
If I ISJT .EO. I .AND. NWJT!II .NE. 0) GO TO 8760 
If INC .LT. 0 .OR. NC .GT. HNJSI GO TO 6100 
If INPTT .LT. 2 .OR. NPTT .GT. III GO TO 8730 
If IISJT .NE. 0 .AND. ISJT .NE. II GO TO 8740 

1350 CONTINUE 
7500 CONTINUE 

08AGO 
OSAGO 
08AGO 
08AGO 
08AGO 
08AGO 
08AGO 
08AGO 
24.1LI 
24JLI 
IIJUI 
IlJtJI 
IIJUI 
08AGO 
08AGO 

CO~MENT - CHECK FOR CURVE REFERENCED IN TABLE 4B BUT NOT IN TABLE 4C 
COMMENT· AND fOR DISPLACEMENT ~ALuES HOT IN ASCENOING ALGEBRAIC ORDER 

00 7700 I = I.NJT 

09JUI 
24JLI 
09JUI 

1505 
1510 

1515 
1520 

1525 
1530 

1535 
7540 

If (NSHIll .EO. 01 GO TO 7510 
NC = NSHIIl 

IF lNPlINCI .[0. -II GO TO 8720 
NPTT = NPT INCI 

00 7505 II = 2.NPTT 
If I OHJIII"IN • .IINC.TTI - NWJINC.TI - II .LE. 0.011 GO TO 
CONTINUE 
If INSYYtl1 .EQ. 01 GO TO 1520 

NC .. NSHIII 
IF INPTINel .EO. -II GO TO 8120 

NPTT .. NPTe He I 
DO 1515 II. 2.NPTT 
If I OHJIII"INWJINC.111 - NWJINC.II - II .LE. 0.011 GO TO 
CONTINUE 
If INS1ZII1 .EO. 01 GO To 7530 

NC = NSZZIII 
If INPTtNCI .EO. -il GO TO 8120 

NPTT = NPTINC) 
00 1525 II = 2.NPTT 
If « OHJIII-INW.I(NC.11I - NWJINC.II - II .LE. 0.01l GO TO 
CONT INUE 
If INSKPIIl .EO. 01 GO TO 1540 

NC NSXPIII 
If \!"PTlN~1 .EO. -11 GO TO 8120 

NPTT = NPT INC) 
00 7535 II = 2.NPTT 
IF I QMJIII-INMJINC.III - NWJINC.II - II .LE. 0.011 GO TO 
CONTINUE 
IF I NSYPIII .EO. 01 GO TO 1700 

NC • NS¥PIII 
If INPTINCl .EO. -I) GO TO 11.20 

NPTT = NPT INC I 
00 1545 II. 2.NPTT 
IF t QMJIlI-INilJINCoIll - NWJINC.II - II .LE. 0.011 GO TO 
COr.,TINUE 
COr.TINUE 
GO To 9900 

8200 ~~INT 20 
GO TO 9100 

8500 PRINT 50 
GO TO 9100 

8600 PRINT 60 
GO TO 9700 

8700 PRINT 10 

09JUI 
09JUI 
09JUI 
24JUI 
24JUI 

815024JUI 
c4JUI 
09JUI 
09JUI 
09.1UI 
24JU\ 
c4JUI 

815024.1U\ 
24JUI 
09JUI 
09JUI 
09JUI 
24JUI 
24JUI 

81SOZ4JUI 
Z4JUI 
09JUI 
09JUI 
09JUI 
24JUI 
24JU\ 

S15024JUI 
24JUI 
09JUI 
09JUI 
09JUI 
24.1UI 
4!4JUI 

815024JUI 
24JU\ 
09JUI 
OS AGO 
26JAO 
26JAO 
26JAO 
08AGO 
08AGO 
09JUI 
09JUI 



8710 

8720 

8730 

87"0 

8750 

eno 
9700 
9900 

GO TO 9700 
PRINT 71 

GO TO 9700 
PRINT 72.N( 

GO TO 9700 
PRINT 73 

GO TO 9700 
PRINT 7" 

GO TQ 9700 
P>!INT 75. NC 

GO 10 9700 
PRINT 76 

lA-:JAN 
CONTINUE 

RETURN 
ENO 

09JUI 
09JUI 
09JUI 
09JUI 
lIJul 
IIJUI 
IIJUI 
IlJUI 
2"JLI 
2"JLI 
2"JLI 
2"JLI 
26JAc 
26J.· 
26JA' 
26JAr 

C 
C 
C 
C 
C 

...................................................................... 
SU8ROUTI'<E ...................................................................... 

OvERLAYIRDMST.4.0) 
PROGRAM RDMST 

COMMENT - REPLACE THE OVERLAY CAROS BY THE NONOVER CARD UNLESS THE coe 
COMMENT - OVERLAY SYSTEM IS USED 
C SUBROUTINE ROMST 
COMMENT - SUBROUTINE ROMST INPUTS MEMBER STIffNESS DATA !TABLE 51. 
COMMENT - CHECKS fOR BAD DATA.CONVERTS INPUT OISTANCES TO MEMBER 
COMMENT - COOROINATES AND ECHO PRINTS DATA 

COMMON IBLOCK21 DXSI 25'. DYSI 251. 
2 DC2S! 251. PRfl 251. PRAE! 25), 
3 IOPOP! 251. IPINL( 25" IPINR! 251. 

NALI25'. NSXlI 25" NSYLI 251. 
5 NSXRI 25" NSYRI 25" NSZRI 25). 

COMMON IBLOCKSI XLS! SOlo XRSI salt 
2 SXLI 50). SYLI SOl. SZLI 50) 

COMMON IBLOCI21 NA(20). NCOA(20). 
2 YI120.10). N5SI20.IOI.SMI20.IOI. 

COMMON 16LOCI31 NPTSI 081. ISSI 08). 
2 NSIT(II). NEPTIII) 

COMMON IHLOCI41 NPTMI 201. IS"( 20). 
2 NOHTIIl). N.MT(II) 

lLSI ZS). 
NCOSI 251. 
NCSI12S). 
NSZL ( 25). 
OM( 25). 
fLl SO). 

DCIS1 25). 
I AlOPS I 25h 
INLOP I ZS). 
NARI 25). 
IIIMI 251 
AEL ( SO)' 

81(20.101. 01120.101. 
EHI20.IOI. IRECTIZO.10I 
NSIGI08.11).NEPS/OS·III. 

COMMON ISLKII KEEP2. KEEP3. KEEP"A.KEEP5A.KEEP6. KEEP7. 
2 IIYPE. NC02. NCD3. NCD"A. NCD5A. NCD6. NC07. 
3 lABAN. IfO~M. NM. "JT. NSr. NLT. TOLo 
" H. MPI. MP2. ISTT. LTT. ITYPEL.I0J. 
5 NSTL. IP8. IP9. IPI0' KEEP4B.KEEP"C.NCD"B. 
6 NCO"C. KEEPSB.KEEP5C.KEEPSD.NCD5B. NCDSC. NCOSD 

CUMMON IALK31 M~JT.MNST.MNLT.MNM.MNCS.MNCo.MDJT.MNJS.MNE.MNCS. 
Z MNPCS.MNSS.HNQ.H 

6 FORMAT 13/.4ZH TABLE 50 - SUPPORT CURVES FOR MEMeERS.I. 
7 fOIlMAl 131036H TABLE SC - STRESS 5TRAl~ CURVES./l 
8 FORMAT 13/.3SH TABLE SB - CPOSS SECTION DATA ./1 
"FORMAT I 40H TABLE SA - MEMtiER STIFFNESS DATA .111) 

12 fOPMAl I sx.I5.E10.3.10X.2EIO.). 615) 
13 fORMAl (5X.15. 3EI0.3.4lS.5X.2IS) 
I" FORMAT 111.4SH STIfF MOD OF PRISMATic PRIS~ATIC ~ON. 

2 lOH NUM8 AxiS OUTPuT PIN PIN. I. 
3 4SH TYPE ELAST I A 
.:.. JG<1 eROS OP! OPT fkOW 'P) '!I.f) 

15 FORMAT 1I0 .... 7EIO.3) 
16 FORMAl ( ';ix.fEll.)) 

OVERLAY 
OVERL_V 
OVERLAY 
OVERLAY 
NONOVER 
24APO 
2"APO 
24AP~ 
26JAO 
Z6JAO 
170CO 
170CO 
170CO 
26J_O 
26JAO 
190CO 
17MYI 
OSNOa 
240CO 
240CO 
240CO 
26JAn 
26JA·' 
26JAO 
IZ"EO 
OSAGO 
OSAGO 
llJUI 
IIJUl 
290CO 
10MYI 
IOMn 
190CO 
)OMRO 
30""0 
1700 
30 .. RO 
3011,,0 
30"RO 
26JAO 
26JAD 

.. 

17 fORMAT 
Z 

18 fORMAT 
l 
3 

19 fORMAT 
20 fORMAT 

2 IoSH 
3 SOH 
10 26H 

"8H HOLDING DATA FROM THE PREVIOUS PROBLEM PLus. 26JAO 
ISH THE fOLLOWING .11) 26JAO 

( 1.20H STIFf TYPE. Is.6H CONTD.S •• I. O"MYO 
) .... "7H FROM TO I OZMYO 

lOH SX sv SZ./) 02MYO 
110X.4IS.S .... 4IS.SX.2EI0.)) 190CO 
lIo15H STIfF TYPE. I5.6H CONT .1. 19OCO 

fROM JOINT TO JOINT .10 190CO 
NA NSX NSf NSZ NA NSX NSY NSZ. 190CO 

o • MULT W - MULT.I. SX.4IS.SX.4IS.SX.2ElI.)) 190CO 
23 fORMAT ( 
30 FORMAT I 
31 FORMAT ( 
32 FORHAT I 
33 fORMAT I 
)" FORMAT ( 
)5 fORMAT I 

IOH NONE I 26JA 0 
2SH NO DATA IN TABLE I )IMRO 
51H NUMBER OF CARDS TO FOLLOW MUST NOT BE NEGATIVE)O"APO 
3SH OUTPUT OPTION MUST BE 0 OR 1 I 04MYO 
"SH PIN OPTION MUST NOT BE GREATER THAN ONE I 110EO 
40H NON LINEAR OPTION MUST 8E 0 OR 1) 170CO 
"8" CROSS-SECTION NUMBER TOO LARGE OR NO CROSS-. IIJUI 

2 
"1 fORMAT 
42 fOkMAT 
") FORMAT 

2 
) 

44 FORMAT 
'oS "ORMAT 
"6 fORMAT 
51 fORMAT 
52 fORMAT 
53 FORHAT 
5" FORMAT 

2 
55 FORMAT 

Z 
56 FORMAT 

2 
) 

57 FORMAT 
l! 
3 

!:Ill fORMAl 
60 fORMAT 
65 fORHAl 
67 fOR"'U 

2 
61 fORMAT 

2 
71 FORMAT 
72 "ORMAT 

2 
73 FORMAT 
7" FORHAT 

2 
75 fOWMAT 

2 

ZSHSECTION NUMBER SPEClflEO 1 IIJUI 
III.JOH INPUT Of CROSS SECTIONS 190CO 
IS X.2 IS) 190CO 
I SlH CROSS NUMB WIDTH OR DEPTH OR Y-CENT RECT z O.I9HYI 

28H SIG-EP SIG-MULT EP-MULT'I.S~, IOHS~CT CRDS. 17MYl 
20H O-DIAM THICKNESS.IOX.12HPIPE=1 NUMB./) 17MYI 

15x.2IS) 
Ilox.3EI0.).2IS.ZEIO.)1 
115X.)EIO.3.ZIS.Sx.2EIO.)) 
(35M sTIFF DATA MUST START AT 0.0 
(40H STIFf DATA MUST STOP AT END OF MEMB) 

SOH sTiff SEOUENCE MUST BE LONGER THAN 1/1'4 -SPAN 
SOH STIFF DATA MUST BE SPECifiED CONTINUOUSLY.IE • 
3SH fROM OIST MUST EQUAL LAST TO OIST ) 
48H NO CARDS IN TABLE 5 BUT STIFF TYPES NOT ALL. 
IOH SPECIFIED) 
lo9H ALL CARDS SPECIfIED FOR TABLE 5 READ BUT ALL. 
26H STIFf TyPES NOT SPECIfIED.I. 
47H CHECK CARD COUNT AND NUMBER OF STIFF TYPES) 
4SH ALL STIFF TYPES SPECIfIED BUT ALL CAROS NOT. 

5H READ./o 
"7H CHECK CARD COUNT AND NUMBER Of STiff TYPES) 
3SH AXIS OPTION MUST EQUAL 1 OR 2 ) 
SOH NEGATIVE VALUES OF A I ARE NOT PERMITTED) 
"SH STiff TYPES MUST ~E IN ASCENOING ORDER ) 

190CO 
17MYi 
17MYl 
31MRO 
)IMRO 
)IMRO 
31MRO 
3lMRO 
Z9APO 
29APO 
29APO 
)OAPO 
30APO 
30APO 
)OAPO 
30APO 
)OAPO 
02MyO 
31MRO 

SOH IF 2ND CARD USED FOR STIFF TYPE. PRISMATIC I 
20H AND A MUST BE 0.0 I 

• 02MYO 
OZMYO 

SOH If NONLINEAR OPTION I. TABLE SB MUST HAVE • 230CO 
IOH'iOME DATA I 
"OH STIfF TYPES HUST NOT BE NEGATIVE ) 
"OH STIff TyPE GREATER THAN TOTAL NUMBER Of STIfF. 
20H TYPES SPECIFIED I 
47H NUMBER OF CARDS IN THIS TA8LE MUsT BE EVEN) 
"8H NON LINEAR OPTION MAY NOT BE I If NUMBER OF. 
25H CARCS THAT fOLLOWS IS 0 ) 
SOH TOO LARGE A NUM8~R fOR Q-w CURVE NUMBER :R 
24H CURVE NUMBER SPECIFIED) 

2JOCO 
31MRO 
JIMRO 
JIMRQ 
240CO 
llJUI 
llJUI 

70 FORMAT 
77 FO~MAT ( 

2 

31H AREA OPTION HuST BE I OR 0) 
50~ TOO LARGE A NUMBER "OR STRESS-STRAIN 
3SHMBER O~ NO CuR'JE NuMBER SPECIFIED I 

NO. llJul 
llJUI 
llJUI 

CURVE NU. IIJUI 
llJUI 
llJUl 
IIJUI 
llJUI 
l1.1Ul 

1e FORMAT 
i! 

79 Fu~Io!AT 

2 
80 FORMAT 

48H NUHHER Of PIECES OF CROSS SECTION TO LARGE. 
2SH OR NO PIECES SPECIFIED ) 
4BH NUM8ER OF POINTS ON CURVE HUST BE BETwEEN 2. 

7>< ANu 11 1 
lo0H SYMMETRY OPTION MUST BE I OR 0 llJUI 

N 
0\ 
N 



81 fOR~AT 

2 
82 fORMAT 
83 fORMA T 
84 fORHAT 
8S fORMAT 
86 fORMAT 
90 fORMAT 
92 fORMAT 

2 
3 

93 fORMAT 
95 fORMAT 

2 
3 
4 
S 

96 fORMAT 
2 
3 

97 fORMAT 
98 fORMAT 

991 fORMAT 
993 FORMAT 

2 
3 

994 FORMAT 
2 IS, 
3 

" 996 fORMAT 
2 

997 fORMAT 
2 
3 

PRINT 9 

111.30M CURVE NUMB SYMT (I = YES.,I. 230CO 
30H NUMS PTS OPT 0 = NO) I 230CO 

(Sx.3IS.5X.1115.1.25X.11151 240CO 
II.SX.3IS.h8H SIG.I7X.IIIS1 240CO 
(I. 8t< EPs.17x.1I151 240CO 
1I.5x.3IS.h8M O.17Xo) !lSI 240CO 
(I. SH 1II.17X.IIIS) 240C~ 
( 16H AREA NUMBER. IS. IOH NOT INPUT! II,)UI 
I 16H AREA NUMBER. 15. 16H AND AREA NUMBER. 15. IIJUI 

40H SHOULD HAYE THE SAME NUMBER Of PIECES .1.5X. IIJUI 
4SH SINCE THEY ARE SOTH ON MEMBERS OF 5TIFF TYPE,15 I II,)UI 
31H STRESS-STRAIN CURVE NUMBER,IS, 10H NOT INPUT) IIJUI 
32H STRESS-STRAIN CURVE NUM8ER5,IS. 4H AND.15. IIJUI 
38H SHOULD HAVE THE 5AME NUMBER OF POINTS.I.5X. II,)UI 
36H SINCE THEY ARE BOTH ON PIECE NUMBER,IS. II,)UI 
1614 OF AREA NUMBERS.15. 4H ANO,IS. 1.5X. II,)Ul 
3SH WHICH ARE ON MEMBERS OF STIFF TYPE .15 1 II,)UI 
13H PIECE NUMBER.15. ISH ON AREA NUMBER. 15. IIJUI 
4H ANO,IS, 24H WHICH ARE ON STIFf TYPE.IS.I,SX, II.JUI 

40M CANNOT BE BOTH A PIPE AND A RECTANGLE I IIJUI 
2414 MEMBER Q-W CURVE NUMBER.I5, 1014 NOT INPUT) II,)UI 

5H 98 I U,)UI 
28H MEMBER O-W CURVE NUMBER.15.IOH NOT INPUT) IIJUI 
29H MEMBER a-w CURVE NUM~ERS,15.4M AND.IS. IIJUI 
38H SHOULD HAVE THE SAME NUMBER OF POINTS,I,5X, IIJUI 
44H SINCE THEY ARE ON MEMBERS Of STiffNESS TYPE.15) IIJUI 
27H STRESS-STRAIN CURVE HUMBER,IS, 16M ACTING ON PIECE.24JLI 
10H Of AREA ,IS, IIH STiff TYPE, IS. 24JLI 
51H NOT INPUT WITH fINAL VALUES Of STRAIN IN ASCENOING.24JLI 
I~H ALGEtiRAIC OROER ) 24JLI 
49H IF SYMMETRY OPTION = I, fiRST POINT O~ rURYE, 24JLI 
21H MUST EOUAL 0 - ° ) 24JLI 
32H MEMBER SUPPORT CURVE NUMBER. IS, 9H ON STIFf. Z4JLI 

5H TYPE,15,1. 3SH NOT INPUT WITH FINAL VALUES Of. 24JLI 
43H DISPLACEMENTS IN ASCENDING ALGEBRAIC ORDER I 24JLI 

If (KEEPSA .EQ.O) NSTL = 0 
26JAO 
24APO 
04MYO 
26JAO 
26JAO 
29AP~ 

06MRI 
26JAC 
26JAn 
llfEl 
Z6JAO 
26JAO 
04MYO 
Z6JAO 
26')AO 
26JAO 
26JAO 
26JAO 
26JAq 
26JAO 
26JAn 
29APO 
04HYO 
101tY) 
04ltYO 
190CO 
26JAO 

COMMENT - FRAME MUST HAYE AT LEAST ONE STIFfNESS TYPE 
IF (NCDSA .LE. 0 .ANO. KEEPS •• LE. 0) GO TO 8300 
IF INCOSA .NE. 0) GO TO 1150 
If INST .NE. NSTL) GO TO 8550 

IlS0 

P>lINT 17 
PRINT 23 

NC"lS " 0 

GO TO 6100 
CONTINuE 
IF IKEEP5A .EO. II 

COMMENT - INITILIZE CONTROLS 

1200 

00 1200 1=1.ItNST 
NCS!{ 11 = -I 
'<COSIIl= - I 
NC5 = 0 

GO TO 1250 
1240 PRINT 17 
1250 CONrl~uE 

PRINT 14 
NCR5 :: 0 

GO TO 1240 
fOR ALL NE_ DATA 

COHMlNT - 00 fOR EACH STIFF TYPE 
00 S900 JJ = I,NST 

COMMENT - SKIP fOR STIfF TYPE PREVIOUSLY DEFINED 
IF INCOS(JJI .NE. - 11 GO TO 5900 
If (JJ .EQ. I) GO TO 1300 

.. 

If IJJ .EU. NSTL • I) GO TO 1300 
COMMENT - PRINT NE. HEADING FOR FIRST STIFF TYPE OF PROBLEM ANO AFTER 
COMMENT - EVERY NON PRISMATIC STIFF TYPE 

IF INCDS(JJ - 1) .GT. 01 PRINT 14 
1300 CONTINUE 

IF INCRS .EO. NC05A) GO TO 8560 
COMMENT - READ AND PRINT 1ST CARD fOR STIFF TYPE 

REAO 12, ISTT.E.PRIT,PRAT.INLOPT.NCDST,IAXOPT,IOPOPT.IPINLT. 
2 IPINRT 

PRINT 13.ISTT,E,PRIT.PRAT,INLOPT.NCDST,IAXOPT.IOPOPT,IPINLT. 
2 1i'INRT 

If IIAXOPT .LT. 1 .OR. IAXOPT .GT. 21 GO TO 8580 
IF INCOST .LT. 0) GO TO 8310 
If UOPOPT .LT. 0 .OR. 10POPT .GT. 1l GO TO 8320 
IF IIPINLT .GT. I) GO TO 8330 
If IIPINRT .GT. 1) GO TO 8330 
If IINLOPT .LT. 0 .01'. INLOPT .GT. 11 GO TO 8340 

NCRS z NCR5 + 1 
If (JJ .NE. ISTT) GO TO 8650 
If (ISTT .GT. NSTI GO TO 8720 
If IISTT .LT. 01 GO TO 8710 

COMMENT - MULTIPLY A AND I BY E 
PRfT = E-PRlT 
PRAET = E-PRAT 

IF INCOST .GT. 01 GO TO 2400 
If IINLOPT .[0. 1) GO TO 87,,0 

COMMENT - PRISMATIC MEMBER - NO CAROS fOLLOw 
If (PRfT .LE. 0.0 .OR. PRAET .LE. 0.0) GO TO 8660 

COMMENT - STORE TEMPORARy READ IN VALUES 
PRflISTTI " PRfT 
PRAEIISTTI = PRAfT 
NCOS!lSTT) = 0 
IAXOPSIISTT) " IAXOPT 
10POP(ISTTI • 10POPT 
IPINLIISTTI = IPINLT 
IPINRIISTT) IPINRT 
INLOPflSTTI • INLOPT 

GO TO 5900 
2400 CO~TINUE 

IF IPRFT .GT. 0.0 .OR. PRAET .GT. 0.01 GO TO 8670 
NCOSfISTTI " NCOST 
IAXOPSIISTTI = IAXOPT 
10POP(ISTTI 10POPT 
IPINLIISTTI = IPINLT 
IPINRIISTTI = IPINRT 
INLOPIISTTI • INLOPT 

If f1NLOPT .EQ. II GO TO 5100 
COMMENT - NON PRISMATIC MEHBER - NCDST CARDs FOLLO~ 
COMMENT - STORE TEMPORARy READ IN VALUES 

PRINT 18,ISTT 
COMMENT - 00 FOR EACH AODITIONAL DATA CARO fOR THIS STiff TYPE 

DO 4500 II: I.NCOST 
NCS = NCS • 1 

IF III .EO. II NC5111STTI ~ NCS 
IF INCRS .Ea. NCDSA) GO TO 8S60 

COMMENT - READ AND PRINT NON PRISMATIC STiffNESS VALUES 
READ IS, xLSINCSI.~RSINC5).FLINCS).AEL(NCSI.SXL(NCS).SYL(NC5). 

2 SZLfNCS) 
PRINT I6,XLS(NCS),X"lS(NC5).flINC~I,AEL(NCS).SXL(NCSI.SYlINCSI. 

2 SZLINC51 
NCw5 ~ NCRS • I 

IF IAfLINCS) .LE. 0.0 .OR. fL(NCSI .LE. 0.0) GO TO 8660 

24APO 
04MYO 
04MYO 
26JAO 
04MYO 
29APO 
04MYO 
170CO 
170CO 
170CO 
170CO 
30APO 
04MYO 
04MYO 
110EO 
110EO 
170CO 
29APp 
26JAO 
26JAO 
26JAO 
04HYO 
301041'10 
30MRO 
26JAO 
llJUI 
04HYO 
10APO 
04MYO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
070CO 
10MY! 
26JAO 
10APO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
070CO 
170CO 
04MYO 
04Hyo 
26JAO 
O"HVO 
26JAO 
26JAO 
26JAO 
29APO 
04MYO 
26JAO 
26JAO 
26')AO 
26JAO 
29APO 
04MVO 



COMMENT - MULTIPLY A AND I BY E 
FlINC51 = E-FlINCSI 
AElINC51 • E.AElINC51 

COMMENT - CHECK FOR BAD DATA 

3200 
3300 

4000 
4S00 

COMMENT 

T~ = 2lSCISTTI/M 
IF I II .Ea. 11 GO TO 3200 
IF IXl51NCSI .NE. XRSINC5 
IF IXlSINC51 .NE. 0.01 GO 
IF IXl51NC5 - 11 • TH .GE. 

- II I GO TO 8540 
TO 3300 
XRSINC51 I GO TO 8530 

GO TO 4000 
IF IXlSINC51 
IF IXR51NC51 
IF l'lSINC51 
CONTINuE 
CONTINuE 

.NE. 0.01 GO TO 8SI0 

.EO. 0.01 GO TO 4000 
• TH .GE. XRSINCSII GO TO 8530 

- CHEC~ FOR STIFF NOT STOPING AT ENO OF MEHHER 
ERRlN z ABS IZlSllSTTI - XRSINC511 

IF IERRlN .GT. O.I-THI GO TO 8520 
XR51NC51 = ZlSllSTTI 

GO TO S900 
5100 CONTINUE 

COMMENT - INPUT NONLINEAR SUPPORT CURVE AND CROSS-SECTION NUMBERS 
READ 19. NAl I ISTT I .hSXl I ISTT I.NSYl I ISTT I.NSZl I ISTT I .NARI ISTTI. 

S900 

2 N5XRIISTTI.NSYRIISTTI.NS1RIISTTI.aMCISTTI.IIIMIISTTI 
NCR5 • NCR5 • I 

PRINT ZO.ISTT.NAlIISTTI.NSXlIISTTI.NSYlIISTTI.NSZlIISTTI. 
2 NARIISTTI.NSXRIISTTI.NSYRllSTTI.NSZRIISTTI.aMIISTTI.~MIISTTI 

IF INAlClSTTI .lE. 0 .OR. NARCISTTI .lE. 01 GO TO 8350 
IF INAlllSTTI .GT. MNCS .OR. NARIISTTI .GT. MNCSI GO TO 8350 
IF INSXlClSTTI .IT. 0 .OR. NSXlClSTTI .GT. MNOIIIHI GO TO 81<0 
IF INSYlClSTTI .IT. 0 .OR. NSYlClSTTI .GT. MNOIIIHI GO TO 81'SO 
IF INSZlClSTTI .IT. 0 .OR. NSZlClSTTI .GT. MHOIIIMI GO TO 87S0 
IF INSXRClSTTI .LT. 0 .OR. NSXRIISTTI .GT. MNalllM1 GO TO 8750 
IF INSYHIISTTI .IT. 0 .OR. NSYRIISTTI .GT. MNO.MI GO TO 8150 
IF INSZRClSTTI .IT. 0 .OR. NSZRClSTTI .GT. M"OIlMI GO TO 87<0 
CO"T1NUE 
IF INCRS .IT. NCDSAI GO TO 8570 

6100 CONTINUE 
COMMENT - INPUT TA8lE SB 

PRI NT 6 

6170 

6Z00 

6220 

IF I"CDSB .GT. 0 .OR. KEEPSB .GT. 01 GO TO 6170 
IF C1NlOPT .EO. 11 GO TO 8610 

PRINT 30 
GO TO 6900 
CONTINUE 
IF INCDSA .NE. 01 GO TO 6200 

PRINT 17 
PRINT 23 

GO TO 6900 
IF (KEEP5M .EO. II GO TO 6250 
DO 6220 I = I.MNCS 

"'COA III = -I 
GO TO 6Z75 

6Z50 PRINT 17 
6Z75 P~INT 41 

PRINT 43 
6300 CONTINUE 

COMMENT - READ FI~ST CARD OF TABLE Sb 
READ 42. NAT.NCDAT 

NCOA(NATI = NCDAT 
r'4CPiS = rtCi45 ... i 

PRINT 44. NAT.NCDAINATI 

04MYO 
30MRO 
30MRO 
04MYO 
26JAO 
14APO 
14APO 
14APO 
20APO 
14APO 
14APO 
20APO 
14APO 
14APO 
26JAO 
04MYO 
26JAO 
23APO 
26JAO 
10My) 
170CO 
190CO 
190CO 
IqOCo 
260CO 
190CO 
190CO 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
10MYI 
30APO 
190CO 
260Cn 
10MYI 
02NOO 
02"00 
02NOO 
02NOO 
02NOO 
190CO 
190C" 
190cn 
230CO 
IIJUI 
IIJUI 
IIJUI 
12JUI 
IIJUI 
190Co 
19ucr 
130c~ 
IIJUI 
190CO 
07NOO 
Z:W(!' 
07NOO 

.. 

IF INAT .lE. 0 .OR. NAT .GT. MNCSI GO TO 8350 
IF INCDAT .lE. 0 .OR. NCDAT .GT. MNPCSI GO TO 8780 

COMME"'T - DO FOR REMAINDER OF CARDS 
DO 6~00 II • I.NCDAT 

READ loS. BIINAT.III.DIINAT.III.YIINAT.III.IRECTINAT.III.NSSINAT. 
2 III.SMINAT.III.EMINAT.III 

NCR5 = NCRS • I 
PRINT .6.BIINAT.III.DIINAT.III.YIINAT.III.IRECTINAT.III.NSSINAT. 

2 III.SMINAT.III.EMINAT.III 
IF IIRECTINAT.III .NE. I .AND. IRECTINAT.III .NE. 01 

2 GO TO 8760 
IF INSSINAT.III .lE. .OR. NS5INAT.1I1 .GT. HNSSI GO TO 8770 

6400 CONTINUE 
IF INCRS .IT. INCD5A • NCD5BII GO TO 6300 

6900 CONTINUE 
COMMENT - INPUT TABLE 5C 

PRINT 7 
IF INCD5C .GT. 0 .OR. ~EEPSC .GT. 01 GO TO 7200 

PRINT 30 
GO TO 7500 

7Z00 IF INCDSC .NE. 01 GO TO 7250 
PRINT 17 
PRINT 23 

GO TO 7S00 
72S0 IF I~EEPSC .Ea. II GO TO 7280 

DO 7270 I. I.MNSS 
7270 NPTSIII • -I 

GO TO 7300 
7280 PRINT )7 
7300 CONTINUE 

PRINT 61 
NCDSC2 • NCDSC/2 

IF INCDSCZ.2 .NE. NCD5C I GO TO 8730 
COMMENT - INPUT STRESS-STRAIN CURVE ON TIIO CARDS 

DO 73S0 II. I.NCDSC2 
READ 82. NC.NPTT.ISJT. INSITIII. I • 1.111. INEPT III. I 

DO 7310 I. I. NPTT 
NSIGINC.II • NSITIII 
NEPSINC.II • NEPTIII 

7310 CO"T INUE 
NPTS(NCI = NPTT 
ISSINCI • ISJT 

PHINT 83. NC.NPTSINCI.ISSINCI. CNSIGINC.II. I = I.NPTTI 
PRINT 84. INEPSINCoIIo I = IoNPTTI 

IF IISJT .Ea. I .AND. NSIT() I .NE. 01 GO TO 8996 
IF IISJT .Ea. I .AND. NEPTIII .NE. 01 GO TO 8996 
IF C1SJT .NE. I .AND. ISJT .NE. 01 GO TO 8800 
IF (NPTT .Ll. 2 .OR. NPTT .GT. 111 GO TO 8790 
IF INC .IT.O .OR. NC .GT. HNSSI GO TO 8770 

7350 CONTINUE 
7500 CONTINUE 

COMMENT - INPUT TA8lE ,0 
PR I NT , 

IF I"'CD50 .GT. 0 .OR. <EE~SD .GT. 01 GO TO 7700 
P~I"T )0 

GO TO 8000 
7700 IF (NCDSD .NE. 01 GO TO 77S0 

PRINT )7 
PRINT Z3 

GO TU 8000 
~?SO !F nc:EEP5-D ~£Q; !) GO TO 77@1J 

DO 7770 = I.HNQWM 

10 11 I 

IIJUI 
IIJUI 
IIJUI 
190CO 
17MYI 
17M81 
230CO 
17MYI 
I7M81 
IIJUI 
IIJUI 
IIJUI 
190Cn 
230CO 
190cn 
260Ct"1 
10MYI 
230CO 
230Cn 
230Co 
260CO 
230C" 
230Cr 
230CO 
IIJUI 
IIJUI 
IIJUI 
12JUI 
IIJUI 
230Cr 
230Cn 
230Cn 
260CO 
IIJUI 
260CO 
260CO 
260CO 
260CO 
260CO 
260CO 
260CO 
260CO 
260CO 
260CO 
Z4JlI 
24JlI 
IIJUI 
IIJUI 
IIJUI 
260Cn 
Z40CO 
260Cn 
10MYI 
260CO 
260CO 
Z60CO 
Z60CO 
260CO 
Z60CO 
Z60CO 
IIJUI 
IIJUI 



7770 

7780 
7800 

IIPIM (I) 
GO TO 1800 

PRINT 11 
CONTINUE 

PRINT 81 

-I 

NCU50? = NCOSO/2 
IF INC050Z'2 .NE. NCOSO I GO TO 8730 

COMMENT - INPUT MEMBER Q-W CURVE ON TWO CARDS 
DO 7850 II = I.NC0502 

llJUI 
llJUI 
IIJUI 
260CO 
260C~ 

260C" 
260CO 
I1JUI 

READ 82. NC.NPTT.ISJT. IIIQMTII). I = I.III.(NWMTIII. I ~ 1.11) 
00 7810 I = I.NPTT 

260CO 
260CO 
260CO 

7810 

NGH!NC.\) = NQMTlIl 
NWHINC.II = NWHTIII 

CO"TiNUE 
NPT'" (NCI = NPTT 
ISMINCI = \SJT 

260Cn 
260CO 
260C" 
260CO 

PRINT 85. NC.NPTH(NCI.ISMINCI. INQMINC.II. I • I.HPTTI 
PRINT 86. INWMINC.I). I • I.NPTT) 

260CO 
260CO 
260CO 

7850 
8000 

COMMENT 
COMMENT 

2 
80)0 

8040 
80<;0 
11100 

2 

COMMENT 

IF lISJT .EQ. I .ANO. NGMT II) .NE. 0) GO TO 8996 
IF IISJT .EG. I .ANO. NWMTII) .NE. 01 GO TO 8996 
IF IISJT .NE. I .ANO. ISJT .NE. 01 GO TO 8800 
IF (NPTT .LT. 2 .OR. NPTT .GT. III GO TO 8790 
IF INC .LT.o .OR. NC .GT. HNGWHI GO TO 8750 
CONTINUE 
CONTINUE 

- CHECK FOR INCOMPATI8LE UATA ON tROSS-SECTION ANO 
- CURVES ON SAME MEM8ER 

00 8100 I. I.NST 
ISH = ! 

IF IINLOP C1SoTTI .EQ. 0) GO TO 8100 
NALT = NALI1STTI 
NART • NAR US TT) 

If INCO_(NALTI .EG. -II GO TO 8900 
IF INCOAINARTI .EG. -II GO TO 891" 
If (NCOAINAL Tl .NE. NCOA(NARTl I GO TO "920 

NCOAT • NCOA(NALT) 
DO 8050 K. I,NCOAT 

KJ = K 
NSSLT = NSS(NALT.KI 
NSSRT = NSSINART.K) 

IF !NPTSIN5SL T) .EIl. -11 GO TO 8930 
IF (NPTSINS5RTI .EO. -II GO TO 8940 
IF !NPTSfN5SLTI .NE. NPT5(NS5RT)1 GO TO 8950 
IF (IRECTINALT.K) .NE. IRECTfNART,K)1 GO TO 8960 

NPTT > NPTSINS5LTI 
DO 8030 ~K = 2,NPTT 

Z4JLI 
24JLI 
l1JUI 
UJUI 
llJUI 
2",OCO 
260CO 

STRESS-STRAINIIJUI 
lIJU\ 
2"JLI 
24JL 1 
I\JU\ 
llJUI 
llJUI 
llJUI 
llJUI 
IIJUI 
IIJUI 
llJUI 
2 .. JL· 
IIJUI 
llJUI 
llJUI 
\IJUI 
llJU\ 
IIJul 
24JL I 
24JL\ 

If IEH(NALT.~)*INEPSINSSl.T,KK) - NEP5INS5LT.KK - III .LE. 
GO TO 8994 

0.0) 24JL \ 
24JLl 
24JLI 
24JL1 

CONTINUE 
NPTT = NPT5INSSRT) 

DO 8040 KK = 2.NPTT 
If !EMINART.KI'INEP5(NSSRT,KKI - NEPS(NS5RT,KK - IJI .LE. 
GO TO 89'15 
CO"TlNUE 
COI<TINUE 
CONTINUE 

- CHECK FOR INCOMPATIBLE DATA ON MEMBER Q-W CURVES 
DO 8200 I. I.NST 

1ST! I 
IF IINLOP flSTl I .EO. 01 GO TO dlOO 

K = I 
NSLT NSXL( ISTT) 

24JLI 
0.0) Z4JL I 

2"JL 1 
24JL I 
12JUI 
llJUI 
IIJUI 
2"MLI 
241011. 1 
IIJUI 
IIJUI 
IIJUI 

.. 

NSRT = NSXR!ISTTI 
GO TO 8120 

8105 K = 2 
NSLT = NSVL!ISTTI 
NSMT • NSVR!15TT) 

GO TO 812~ 
8110 K = 3 

NSLT = NSlL(ISTT) 
NS~T NSlR(ISTTI 

8120 CONTINUE 
IF (NSLT .EO. 0 .ANO. NSRT .NE. 0) GO TO 899) 
IF (NSLT .£0. 0) GO TO a200 
IF INPTHINSLT) .cQ. -1) GO TO 8991 
IF (NPTM(NSRT) .EG. -I) GO TO 8992 
IF (NPTMIN5LTI .NE. NPTH(NSRTII GO TO 8993 

NPTT • NPTMINSLTI 
00 8160 II ~ 2,NPTT 
IF (wMIl5TTl*INWHINSLT.1I1 - NWH(NSLT.II - 111 .LE. 0.0) 

2 GO TO 8997 
8160 CONTINUE 

NPTT t NPTMINSRTI 
DO 8170 II = 2.NPTT 
If IwM(ISTTI*(NWHINSRT.II) - NwHINSRT.II - I)) .LE. 0.01 

2 GO TO 8998 
8170 CONTINUE 

GO TO (8105.8110.82001 K 
8200 CONTINUE 

,,0 TO 9900 
8300 PRINT )0 

GO TO 9700 
8310 PRINT 31 

GO TO 9100 
8320 PRINT 32 

GO TO 9100 
8330 PR I NT 33 

GO TO 9700 
8340 PRINT 34 

GO TO 9700 
8350 PRINT 35 

GO TO 9700 
8510 PRINT 51 

GO TO 9700 
8520 PRINT 52 

GO TO 9700 
85)0 PRINT 5) 

GO TO 9700 
8540 PRINT 54 

GO TO 9700 
8550 PRINT 55 

GO TO 9700 
8560 PRINT 56 

GO TO 9700 
8570 PRINT 57 

GO TO '1700 
8580 PRINT 58 

GO TO 9700 
B~IO PRINT 61 

GO TO 9700 
8650 P><INT 6S 

GO TO 9700 
8bbO PRINT 60 

GO TO 9700 

lIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
lIJUI 
lIJUI 
lIJUI 
IIJUI 
llJUI 
IlJUl 
IIJUl 
IIJUI 
IlJUI 
IIJUI 
24JLI 
24JLl 
24JL I 
24JLl 
24JLI 
24JLI 
24JLI 
24JLl 
24JL I 
24JLl 
IIJUI 
llJUI 
26JAI'> 
2~JAO 

26JAO 
04MVO 
04MVO 
04MVO 
04MVO 
04MVO 
04HVO 
170C" 
170CO 
190C" 
190C" 
26JAn 
26JAn 
26JA:l 
26JAe 
26JAC, 
26JAr 
26JA~ 

26JAQ 
2'1APO 
29APO 
29APO 
29APO 
30APe 
30APO 
)OAPO 
30APO 
230CO 
230CO 
26JAO 
26JAO 
26JAO 
26JAO 



8610 PRINT 67 

8710 

8720 

8730 

GO TO 9700 
PRINT 11 

87,,0 

8150 

8760 

8770 

8780 

8790 

8800 

8900 

8910 

8920 

89)0 

8940 

8950 

891>0 

8970 

8980 

8991 

8992 

8993 

8994 

8995 

8997 

8998 
9100 
9900 

GO TO 9700 
PRINT 12 

GO TO 9700 
PRINT 13 

GO TO 9700 
PRINT 7" 

GO TO 9700 
PRINT 75 

GO TO 9700 
PRINT 76 

('0 TO 9700 
PRINT 77 

GO TO 9700 
PRINT 78 

GO TO 9700 
PHINT 79 

GO TO 9700 
PRINT 80 

GO TO 9700 
PRINT 90. NALT 

('0 TO 9700 
PRINT 90. NART 

GO TO 9700 
PRINT 9Z. NALT. NART. ISTT 

GO TO 9700 
PRINT 93. NSSLT 

GO TO 9700 
PRINT 93. NSSRT 

GO TO 9700 
PRINT 95. NSSLT. NSSRT.KJ. NALT. NART, I5TT 

GO TO 9700 
PRINT 96.KJ. NALT. NART. I5TT 

GO TO '1700 
PRINT 97. NSlT 

GO TO 9700 
PRINT 98. NSlT. NSRT. ISTT 

GO TO 9700 
PklNT 9910 NSLT 

(,0 TO 970J 
P~INT 991. N~~T 

GO TQ 9700 
PRINT 993. NSlT, NSkT. ISTT 

GO TO 'HOD 
PPINT 994, NSSLT.KJ. NAlT. ISTT 

(,0 TO 9700 
PwINT 99". N5SRT.KJ. NART. ISTT 

(,U TO 97DO 
F'HINT 996 
('0 TO 9700 

PRINT 991. N5lT,ISTT 
GO TO 9700 

PRINT 991. NSRT.ISTT 
lABAN = I 

CONTINUE 

RETURN 
£ .. 0 

NSTL = NST 

Z6JAO 
Z6JAO 
Z6JAO 
Z6JAO 
26JAO 
Z"OCC 
2"OC', 
11 JIJ I 
llJUI 
IIJUl 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
IIJUI 
llJUI 
llJUI 
llJUI 
llJUI 
lIJUI 
llJUl 
llJUl 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
II JUI 
IIJUI 
11 JUI 
IIJUI 
11JUI 
IIJUI 
11 JlJ I 
IIJUI 
Z4JlI 
Z<.JLI 
Z4JlI 
Z"JLI 
Z"JL1 
Z4Jll 
Z"Mll 
Z4Jll 
Z"MLl 
Z4JL1 
26JAO 
26JAQ 
2lt-APt) 
21>JA,1 
26JAO 

c 
C 

.•.•.•••............•••.•.••••••••••••••••••.•...•..•.•.......•••....• 

C 
C 
C 

SURROUlINE ...................................................................... 
OVERLAYI~DMLD.5.01 OVERLAY 
PROGRAM ~DM~D OVERLAY 

COMMENT ~ REPLACE THE OVEHLAY CARDS BY THE NONOVER CARD UNLESS THE CDC OVERLAY 
COMMENT • OVE~lAY SYSTEM IS USED OVERLAY 
C SUBROUTINE RDMLD NONOVER 
COMMENT - SUBROUTINE RDMlO INPUTS MEMBER lOAD DATA ITABlE 61 CHECKS 24APO 
COMMENT - fOR BAD DATA. CONVERTS lOADS ANO DISTANCES TO MEMBER 24APO 
COMMENT - COOROINATES AND ECHO PRINTS DATA 2"APO 

COMMON IBlOCKJI OXLI 251. OVlI 251. lLll 251. OClll 25), 26JAO 
2 DC2l1 251, UOXI 251. UQYI 251. NCOll 251. IA~OPll 251. 26JAO 
3 NC611 25' 26JAO 

COMMON /BlOCMI XLL! 75" XRL( 151. QXl( 7510 Qrl! 7Slt 26JAO 
2 QZl ( 751 26JAO 

COMMON /elKl/ KEEP2. KEEPl. KEEP4A.KEEP5A.KEEP6. KEEP7. 26JAO 
2 ITyPE. NC02. NCDl. NCD"A. NCDSA, NC06. NCD7. Z6JAO 
l lABAN. IfORM. NM. NJT, NST. NlT, TOl, 26JAO 
" 14, MPI. MP2. ISTT. lTT. ITYPEl,lDJ, 12fEO 
5 N5TL, IP8. IP9. IPIO. KEEP"a.KEEP"C.NCD"B. OSAGO 
6 NC04C. KEEPSS,KEEPSC.KEEPSD.NCDSB. NCDSC, NCD5D 05AGO 

COMMON IBlK3/ MNJT,MNST.MNlT.MNM.MNCS.MNC6,MDJT.MNJS.MNE.MNCS. IIJul 
l MNPCS.MNSS.MNQwM IIJul 

COMMON /eLK8/ NlTl IZftl 
9 fORMAT I "OH TABLE 6 - MEMBER lOAD DATA .1111 ?6JAO 

10 fORMAT I 49H lOAD TYPES INCREASED BY PERCENTAGE OVER LAST. ORMYO 
2 IOH PROBLEM .I/.SA,ISH LOAD PERCENT ./.SX. 08MYO 
J ISH TYPE CH4NGE .//1 OAMYO 

12 fORMAT I 5h IS. ZOX. 2EIO.3. SX.2IS I l1MRO 
13 fORMAT I 5X. 15. 2EII.3. 215 I 25MRO 
I" fORMAT I/I.SOH LOAD UNIfORM UNifORM NO AXIS • 26JAO 

2 I. SOH TYPE OA QY CARDS OPT • 26JAO 
3 1/1 26JAO 

IS fORMAT IIOx.SEIO.)1 Z6JAO 
16 fORMAT I SA.SEII.31 26JAO 
17 fORMAT I "8M HOLDING DATA fROM THE PREVIOUS PROBLEM PLUS. 26JAO 

2 15M THl fOLLOwING ,.II, 26JAO 
18 fORMAT 1//.2CH lOAD TYPE .15.6H CONTD./,2X, 02MYO 

2 49H FROM TO ox OY Z6JAO 
3 JOH Ql • /1) Z6JAO 

21 fOR"AT I SA.IS.EIO.)I OIlMYO 
l2 fORMAl (SAoIS.ElI.J) OB"VO 
23 fO>!~AT I 10H NONE 1 26JAO 
24 FORMAT t 20H NO DATA 04fEO 
S2 fORMAT I SOH lOAD SPEC If lEO BEYOND THE END Of MEMBER JIMRO 
53 fORMAT t SOH lOAD SEQUENCE MUST BE lONGER THAN 1/14 ·SPAN , 3IM~O 
54 fORMAT (SIH lOAD SPEC If lEO AT NEGATiVE DISTANCE ALONG MEMB/3IMRO 
55 fORMAT t 49H TO DISTANCE Of ZERO IMPLIES THAT IT IS fIRST. ZIAPO 

Z S5H CARD Of TwO CARD SEQUENCE AND NEXT CARD Will HAVE fROM./. 21APO 
) 20H DISTANCE Of lERO I 21APO 

S6 fORMAT t SOH ALL CARD~ SPECifiED fOR TABLE 6 READ aUT ALL • 29APO 
l i~HLOAD TyPES NOT SPEcifiED ./. 30APO 
J "6H CHECK CARD COUNT AND NUMBER Of LOAD TYPES' 30APO 

51 fORMAT 48" NO CARDS IN TABLE 6 BUT ALL LOAD TYPE~ NOT, 29APO 
2 IOH SPECIfIED) Z9APO 

fORMAl 51H ALL lOAD TYPES SPECIFIED BUT ALL CADS NOT READ 30APO 
01. 46H CHECK CARD COUNT AND NUM8ER Of lOAD TyPES) 30APO 

59 fORMAT 40H AAI~ OPTION MuST BE 1.2.3. OR ,,) JOAPO 
51H NUMBER OF CARDS TO fOLLOw MUST NOT BE NEGATIYElO"APO 
~Btj CCNC(NTRATED LOAOS AI 0.0 AR( Nor ::"£g;.nTTtOl C4~,(C 

60 fORMAT 
61 rCR~A1' 
62 fOl/MAT SOH LOADS CAN NOT 8E INCREASED IF NO LOADS HELD ) OBMYO 

.. 



65 FORMAT 
61 FORMAT 

2 
11 FORMAT 
72 FORHAT 

2 
COMMENT - PR INT 

PRINT ~ 

45H lOAD TYPES MUST BE IN ASCENDING ORDER 
50H IF 2ND CARO USEO FOR lOAD TYPE. UNIFORM lOAO • 
20HVAlUES MUST BE 0.0 , 
36H lOAD TYPES MUST NOT BE NEGATIVE' 
4BH lOAD TYPE GREATEW THAN TOTAL NUHBER OF lOAD. 
16H TYPES SPECIFIED' 

TABLE HEADINo, 

IF IKEEP6 .NE. 2' GO TO 1101 
IF lOll Tl .fQ. 0' GO TO 8620 

PRINI 17 
NCb = 0 
NCRb = 0 

COMMENT - DO FOR EACH OLD lOAD TyPE 
00 1080 JJ s I.NlTl 
IF INCR6 .EQ. NCD6' GO TO 8560 

PR INT 10 
COMMENT - READ lOAD TYPE AND PERCENT INCREASE 

READ 21. lTT.PER 
PRINT 22. lTT.PER 

NCR6 s NCR6 • I 
IF IJJ .NE. lTT' GO TO 8650 

FAC = 1.0 • PER/IOO.O 
NCDlT = NCDlIlTT' 

IF INCDlT .EQ. 0' GO TO 1040 
COMMENT - INCREASE GENERAL lOADS 

DO 1030 II s I.NCDlT 
NC6 = NC6 • I 
QAlINC6' • QAlINC6'-FAC 
QYlINC61 ~ QYlINC6'-FAC 
QZlINC6' s QZlINC6'-FAC 

1030 CONTINUE 
GO TO lOBO 

1040 CONTINUE 
COMMENT - INCREASE UNIFORM lOADS 

UQAIlTT, • UQAIlTTI-FAC 
UQYIlTT, s ~QYIlTT'-FAC 

1080 CONTINUE 
IF INlT .NE. NlTl' GO TO 1260 
IF INCR6 .IT. NCD6' GO TO 8580 
GO TO 9900 

1101 IF I~EEP6 .EQ. OJ NlTl = 0 
IF INCDb .EQ. 0 .AND. KEEP6 .EQ. 0' GO TO 1110 
GO TO 1I2~ 

1110 PRINT 24 
IF INlT .NE. 0' GO TO 8570 
GO TO 9900 

1120 IF INCD6 .NE. 0) GO TO 1150 
IF INLl .NE. NLlLl GO TO 8570 

PIIINT 17 
PIII"T 23 

GO TO 9900 
1150 CONTINUE 

IF IKEEP6 .EQ. I' GO TO 1240 
COMMENT - INITlllZE CONTROL CONSTANTS 

1160 00 1200 I s I.MNlT . 
NCblCIl ~ -I 

1200 NCDlII): - I 
NC6 2 0 

GO TO 12<;0 
12 .. u PRINT 17 

IF INLll .EIl. 0) GO TO 1160 

31MRO 
31HRO 
31MRO 
llMRr 
31MRO 
31MRO 
OSHYO 
26JAn 
08MYO 
08MYO 
08MYO 
08MYO 
08MYO 
IOJUI 
08MYO 
08MYO 
08MYO 
10JUI 
08HYO 
08MYO 
OIlMYO 
08MYO 
12MYO 
Ol'MYO 
08MYO 
IOJUI 
08MYO 
08MYO 
08MYO 
08MYO 
OPMYO 
08MYO 
0811YO 
08MYO 
IOJUI 
ORMYO 
OIlllYO 
08MYO 
08MYO 
08MYO 
08MYO 
08HYO 
04fEO 
04HO 
04fFO 
29APO 
O"FEO 
04fEO 
29APO 
26JAlI 
26JAn 
26JAn 
21>JAn 
26JAn 
05MYO 
O"MYO 
26JAO 
26JAO 
2bJAO 
26JAO 
26J AO 
06MYO 

1250 CONTINUE 
NCR6 

1260 CONTINUE 
PRINT 14 

COMMENT - DO FOR EACH lOAO TYPE 
DO 4900 JJ sl.NlT 

COMMENT - SKIP FOR lOAD TYPES HELD FRO" PREVIOUS PROBLEM 
IF INCDlCJJ' .NE. -ll GO fO 4900 

IF IJJ .fQ. II GO TO 1300 
IF IJJ .EQ. NLll • II GO TO 1300 
IF INCOlIJJ - II .GT. 0' PRINT 14 

1300 CONTINUE 
IF I"CR6 .EQ. NCD6) GO TO 8560 

COMMENT - RlAD AND PRINT FIRST CARD FOR lOAD TYPE 
READ 12. lTT.uQxT.UQYT.NCDlT.IAXOPT 
PRINT 13. lTT.UQXT.UQYT.NCDlT.IAXOPT 

IF IUXOPT .IT.I .OR. UXOPT .GT. 41 GO TO 8590 
NCII6 s NCR6 • I 

IF III T .GT. NLT 1 GO TO 8120 
IF I LlT .Ll. 0' GO TO 8110 
IF IJJ .NE. lTT) GO TO 8650 
IF INCDlT .IT. 0' GO TO 8600 
IF INCDlT .GT. 0) GO TO 2400 

COMMENT - UNIFORM lOADS ONLY 
IF IlAXOPT .EQ. I) GO TO 1500 
IF IIAXOPT .EQ. 2) GO TO 1400 

~g::~=~ : :~~SI~~J~~~T~ g~ :E~B~~N:~~~ UNIFORM lOADS TO DIRECTIONS 

TEHPI • ABSIDCIlIlTT', 
TEMP2. A8SIDC2lllTTll 
UQXIlTTI UQXT-DCIlIlTT,-TEMP2 

2 UQYTeDC2lllTT,-TEMPI 
UQYIlTTl s -UQXTeDC2LIlTTl-TEMP2 • 

2 UQYT-DCIlIlTTl-TEMPI 

COMMENT 
COIIMENT 

1400 

GO TO 1600 
- AXIS OPTION 2 - CONVERT UNIFOIIM lOADS TO DIRECTIONS OF 
- MEMBER AXES 

UQXIlTTl K UQXT-DCllIlTTl • UQYT-DC2lllTTl 
UQYIlTll K - UQXT-DC2lllTT' • UQYT-DCIlIlTT) 

GO TO 1600 
COMMENT - AxiS OPTION I - lOADS All~EADY IN MEMBEII AXES 

1500 UQXClTTl • UQXT 

1600 
UQY III Tl UQYT 
NCDl C l TT I ~ 0 
IAXOPlIlTT) K IAXOPT 

GO TO 4900 
COMMENT - VARIABLE lOADING 

2"00 CONTINUE 
IF lvaxT .NE. 0 .OR. UQYT .NE. 0, GO TO 8670 

NCDlClTTI = NCDlT 
IAXOPlIlTTI 2 IAXOPT 

PRINT 18. lTT 
COMMENT - DO FOR EACH ADDITIONAL CARD OF lOAD TYPE 

DO 4500 II' I.NCDlT 
NC6 • NC6 • I 

IF III .EQ. I' NC611lTTl = NC6 
IF INCR6.EQ. NCD6' GO TO 8560 

COMMENT - READ AND PRINT NONUNIFORM lOAD DATA 
READ IS. XllINC6,.XRlINC6l.QXlT.IlYlT.QZlINC6' 
PRINT 16. XllINC6'.XRlINC6,.QXlT.QYlT.QZlINC6' 

HCR6 = NCR6 • I 
TH = lllllTTl/H 

26JAO 
29APO 
OaMYO 
26JAO 
05MYO 
26JAO 
05MYO 
26JAO 
26JAO 
24APO 
26JAO 
04MYO 
29APO 
05MYO 
04MYO 
26JAO 
30APO 
29APO 
26JAO 
26JAO 
26JAO 
04MYO 
26J~O 

05MYO 
17MRO 
17MRO 
05MYO 
05MYO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
09JNI 
05MYO 
26JAO 
26JAO 
26JA(J 
05MYO 
26JAO 
2~JAO 
26JAO 
26JAO 
26JAn 
05MYO 
26JAO 
26JAO 
i'6JAO 
26JAO 
26JAO 

5MYO 
26JAO 
26JAO 
26JAO 
29APO 
05MYO 
26J~O 
26JAO 
29APO 
26JAO 



COMMENT • C~VERT OISTANCES TO MEMBER COORDINATES 
60 TO 12800.2800.2700.26001. IAXOPT 

2000 XLLINC61 • XLLINC61/OC2LILTTI 
XALINC61 • XRLINC61/OC2LILTTI 

GO TO 2800 
2700 XLlINC61 • XLLINC61/OCILILTT, 

XALI~C61 • XRLINC61/0CILILTT, 
2800 CONT INUE 

COMMENT • CI1ECII FIlR ILLEGAL DATA 
IF tlLLINt61 .LT. 0.01 60 TO 85,0 
IF IXRLINC61 .GT. ZLLILTTI • O.I*TNI 60 TO 8520 
IF IlRLINC6' .EO. 0.01 GO TO 2138 
If III .EQ. II GO TO 2820 
IF IXRLINC6 - II .NE. 0.01 GO TO 2820 
If IXLLINC61 .NE. 0.01 GO TO 1550 

DEL • xRLINC6' • XLLtNe6 - II 
GO TO 28Jr. 

2820 OEL • XRLINC61 - XlllNe6' 
If IDEL .EO. 0.0' GO TO 2'" 

2830 If IDEL .LE. T~I GO TO 1530 
GO TO 28,0 

2838 DEL • 1.0 
IF III .EO. II GO TO 2840 
If IALLINC61 .EO. 0.0 .AhO. XRLINC6 • 11 .EO. 0.01 GO TO 8610 

2840 CO'" INUE 
if IIAXOPT .EG. 11 GO TO 2900 
If IIAlOPT .EO. 2 .(IR. DEL .EO. 0.01 GO TO 2850 

COMMENT - AXIS APTIONS 3 O~ , - CONVERT OISTRI8UTEO LOADS TO DIRECTIONS 
COMMENT - AND INTENSITy Of MEMBER AXES 

TEMPI. A8SIDCILILTTII 
TEMP2 • ABSIDC2LILtTII 
OXLINC61 • GXL,-OCllllTTI*TEMPZ' 

2 GYLT*DCZlILTT,*TEMPI 
OYLINC6' • -GXLT*OCZlILTTI*TEMP2 • 

2 OYL'-OCILILTTI*'EMPI 

2850 
COMMENT 
COMMENT 

GO TO 2950 
CO NT I""f 

_ AXIS OPTION 2 OW CONCENTRATED LOAOS • CONVERT OISTRlauTEO 
_ AND CONCENTRATED LOADS TO DI~CTIONS Of MEMBER AXES 

aXLINC61 • OXLT-OCILILTTI • OYLT·OCZlILTT' 
QYLIHC6' • -QXLT-OC2LILTTI • QYLT·DCILILTTI 

GO TO 2""C 
2900 COhTINUE 

COMMENT· AAIS OPTION 1 
QXLINC61 
QYLINCClI 

COIWTlNUE 
COIWTINUE 
CONT I""'E 

_ LOAOS ALL READY IN MEMaEw AlES 
• QXLT 
• QYLT 

If INCR6 .LT. NC061 GO TO 8~80 
60 TO 9900 

8520 PRINT 52 
GO TO 9700 

8S30 "RINT 5l 
GO TO 9700 

8540 PRINT 54 
Gil TO 9700 

8550 PRINT 55 
GO TO 9700 

11560 pRINT 56 
GO TO 9700 

11570 PRINT 57 

05MYO 
2tAPO 
26JA~ 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
O'SMYO 
21APO 
21APO 
21APO 
O,MYO 
21APO 
21APO 
21APO 
2lAPn 
21APO 
21APO 
21APO 
21APO 
21APO 
O'IOVO 
O<\MYO 
2lAPO 
21 ... 0 
21APO 
OSMYO 
05MYO 
2UAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
Z6JAII 
26JA!I 
05MYU 
O'SNYO 
26JAO 
26JAO 
26JAO 
26JAO 
OSMYO 
26JAO 
26J'~ 
21APO 
26JAO 
26JA~ 

OIMYO 
26JAO 
26JAO 
09fEO 
26JAn 
26')AO 
09fEO 
26JAO 
21APO 
21A~O 
29ApO 
29AFv 

.29APO 

GO TO 9700 29APe 
8580 "RINT 58 lOAPO 

Gil TO 9700 lOAPO 
PRINT 59 lOAPO 8590 

60 TO 9700 lOAPO 
PRINT 60 04MYU 

Gil TO 9700 04MYO 
8600 

8610 PRINT Cli 04MYO 
GO TO 9700 O<OMYO 

86Z0 PRINT 62 08MYO 
GO TO 9100 08MYO 

1650 PRINT 65 26JAC 
GO TO 9700 26JoO 

8670 PRINT 67 26JAO 
GO TO 9700 26JAO 

PRINT 71 26JAO Ino 
GO TO 9700 26JAO 

8720 PRINT 72 26JAO 
9700 lABAN • I 26JAO 
9900 CONTI""'E 26JAO 

NlTL • NlT 2,APO 
RETURN 26JAO 
END 26JA~ 

C 
C ...................................................................... 
C SUIIROUU .. [ 
C ...................................................................... 
C 

OVERLAYIITCONT.6.0) 
PROGRAM nCONT 

COMMENT - REPLACE TME OVERLAY CARDS BY THE NONOVER CARO UNLESS THE CDC 
COMMENT - OVERLAY SYSTEM IS USEO 
C SUBROUTINE ITCONT 
COMMENT - SUBROUTINE ITCONT INPUTS ITERATION CONTROL DATA. CI'IECKS FOR 

.. 

COMMENT - BAO DATA AND ECHO PRINTS DATA 
COMMON /8LOCKI/ X. 20). YI 201. 

2 OZll 20'. SXXI 201. SYYI 201, 
3 OYYI 20). Dll! 201. N~ll 20). 
• ERXXI 201. ERYYI 20). fRlll 201. 
S NSXXI 201. NSYYI 20'. NSlll 201, 
6 NSyPI 201t ISTJRI 20, 

OXII 
SZll 
RVYI 
QMJI 
IMJI 

20), 
201t 
20" 
201. 
lOlt 

QTY I 201. 
!)XX I 2010 
RllI 201. 
.. MJI 20le 
NSAPI 201. 

COMMON /BLOCK4/ JTII 401. JT21 401, ISTI ,01. LTI <001. 
2 FONMI <00.6). SMCI 40.211. NITMI <00). IMMI 401. IMCI 401 

COMMON /BL~I/ KEEP2. KEEPJ. KEEP4A.KEEP5A,KEEP6. KEEP7. 
Z ITyPE. NCD2. NCOl. NCD4A. NCDS., NCD6, NC07, 
l UBA'" IfORM. NM. NJT. NSlt NLT, TOL, 
4 M. MPI, MP2, ISTT. LTT. ITYPEL,IDJ. 
5 N5TL, IP8, IP9. IPIO, KEEP4B.KEEP4C,NC04B. 
6 ~CD4C. KEEPSB.KEEPSC.KEEPSO.~C05a. NCOSC, NCDSD 

COMMON /ITC/ MNITF,ERRl,ERR2.MNITM.ERI.ER2.MMI5I,MJISI 
9 fORMAT I 40H ToBLE 7 - ITERATION CONTROL .///1 

14 fORMAT IIOX.15.5X.2EI0.3.IOx.5IS1 
17 fOI<Mo T I 43... HULOING OAT A fWOM THE PREY IOUS "ROBLE"" // / I 
18 fO~MAT ( lOH '"AHl SOLUTION. //. 

2 40... NUMB fORCE MOMENT .1. 
l 40~ ITl~ ERROR ENROR, 15X, 
4 16... MO~ITOR JOINTS./I 

IY FORMAT I///lOH MEMBEN SOllJlIONS./ /. 
Z 40M NUM6 fORCE MOMENT d, 
l .OH ITER ERROl< ERROR , 15x. 
~ 17M MONITOR Mt~BE~S,/) 

71 rONMA! 45H MAXIMUN NUMBEN OF ITERATIO~S "ERMITTED IS 20) 

OVENtlY 
OVERt AY 
OVERLAY 
OVERLAY 
NONOVER 
O'IJUI 
09JUI 
13fEO 
13fEO 
I3fEO 
08AGO 
20MYI 
20MYl 
26JAO 
OlJLl 
26JAO 
26JAO 
26JAO 
12fEO 
05AGO 
OSAGO 
07API 
IOMYI 
1O"'Y1 
10Mvi 
10MVI 
10MVI 
JOMl1 
10MYl 
IOMYI 
10MYI 
10MYI 
IOMn 
llJUI 

N 
(J\ 
ex> 



72 fORMAT I 
73 fORMAT I 
87 fORMAT I 

4JH MONITOk JOINT NUMBER TOO LARGE OR NEGATIVE) 
45H MONITOR MEMBER NUM~ER TOO LARGE OR NEGATiVE I 
45H If TABLE 7 IS HELD NO CAkOS MAY ~E ADDEDI 

COMMENT - PklNT 
PRINT 9 

TABLE HEADING 

If IKEEP7 .Ea. I .AND. NCD7 .NE. 0) GO TO 6700 
If IKEEP7 .EQ. II GO TO 2010 

READ 14, MNITf,ERRI,ERR2 ,IMJII),I = 1,5) 
READ I'" MNiTM,ERI,EI<2, IMMII), 1=1,5) 

GO TO 2100 
2010 PRINT 17 
2100 PRINT 18 

PRINT 14,MNITf,ERRI,ERR2,IMJII), I = 1,5) 
If IMNITf .GT. 20) GO TO 8710 
0022001=1,5 

2200 If IMJIIl .GT. NJT .OR. MJIII .LT. 0) ('0 TO 8720 
PRINT 19 
PRINT 14,MNITM,ERI,ER2.IMMIII.I = 1.51 

If IMNITM .GT. 201 GO TO 8710 
DO 2300 I = I. 5 

2300 If (MMIII .GT. NM .OR. MMIII .LT. 01 GO TO 8730 
If IKEEP7 .EQ. II GO TO 9900 

COMMENT - SET JOINT SWITCH EQUAL TO I fOR MONITOR JOINTS 
DO 3600 I c I,NJT 

IMJIII = 0 
00 3600 J = 1.5 
If II .EQ. MJIJII IMJIII 

3bOO CONTINUE 
COMMENT - SET MEMBER SwiTCH EQUAL TO 

DO 3800 I = I.NM 
IMM III = 0 

DO 3800 J = 105 

3800 
If II .EQ. MMIJll IMMIII 
CONTINUE 
GO TO 9900 

8700 PRINT 87 
GO TO 9700 

871 0 PR INT 71 
GO TO 9700 

8720 PRINT 72 
GO TO 9700 

8730 PRINT 73 
9700 
9900 

lABAN 
CO"'TINUE 

RETURN 
END 

• I 

fOR MONITOR MEMBERS 

llJUI 
IIJUI 
10MYI 
10MYI 
IOMYI 
10MYI 
10MYI 
10MYI 
10MYI 
10MYI 
10MYI 
10MYI 
10MYI 
llJUI 
llJUI 
llJUI 
10MYI 
10MYI 
llJUI 
llJUI 
llJUI 
10MYI 
llJUI 
10MYI 
10MYI 
10MYI 
10MYi 
10MYI 
llJUI 
10MYI 
10MYI 
10MYI 
10MYI 
10Mti 
10"Yl 
IO"YI 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
llJUI 
10MYI 
10MYI 
10MYI 
10Mti 

.. 

N 
0\ 
\0 
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APPENDIX I 

SAMPLE INPUT 
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3 

EXAMPLE PROBLE~S - CHAPTER 5 
2 < 

3 SAY 2 STORY FRAME - COOED 24 HAy 71 I COM 4 

Sal ANALYSIS FOR DESIGN LiVE. DEAD' wINO LOADS 2 2 

I 
5 

15 21 12 2 2 18 20 2 25 2 2 2 

2~ 1 0.0 0.0 0.3 6 3.000~·04 3266.1 27.65 0 0 

1 450.0 6 11 16 7 3.000E·04 3266.7 27.65 a a 

I 35:'.45 2 8 1 1 

l 292.55 3 5 

2 450.0 1 12 11 
.., 

17 120.0 4.55 19 3 3 
J 450.0 18.75 8 13 18 10 

18 120.0 5.0 20 5 4 

2 120.0 4.55 4 3 .. 210.0 5 15.5:' 1.188 6.906 I. a 1.000E-04 

7 120.0 4.55 9 1:'.55 1.188 -6.906 1.0 1.000E-04 

9 210.0 10 0.730 12.62 100 1.000E-04 

12 120.0 4.55 14 2 3 

II, 210.0 15 12.02 0.178 6.10 1.0 1.000E-04 

20 -1470.0 -709.3 I 12.02 0.178 -6.70 1.0 1.000E-04 

If' 11 20 0·451 12.62 1.0 1.000E-04 

I I I 2 3 3 

6 I 2 7 9.99 0.141 13.08 1.0 1.000E-04 
II I 2 12 <j.'19 0.747 -13.08 1.0 1.000E-04 

16 I 2 17 0.49 25.42 1.0 1.000(-04 

2 2 3 3 4 3 

7 3 4 8 10.0 0.15 11.625 100 1.000(-04 

12 4 5 13 10.0 0.15 -11.625 100 1.000E-04 

.11 5 6 18 0.75 34.5 1.0 1.000E-04 

3 6 1 8 13 18 5 3 

18 7 a 2n 10.0 11.75 /3.08 loa 1.000E-04 

2 a 9 4 10.0 11.75 -13.08 100 1.000E-04 

4 9 Ir 5 1.0 24.41 1.0 1.000E-04 

5 Jr II 7 2 0 24 

7 S 9 9 0 8 

9 9 10 10 I -0.01l -0.0833 a I 

10 10 11 12 2 -O.Oll 0 I 

12 R 9 14 3 -0.007 -0.0833 0 1 
14 9 Ie 15 4 -0.007 0 I 

15 1 c 11 17 5 -0.007 0 1 

17 II 9 19 I> -0.007 0 I 
2 -11.ii 7 5 ? 

7 -17.n YO.07 90.07 -12.0 

12 -)7.<1 leo.1 HIO.I -12.0 

17 -17 .0 Z 1()'2 270.2 -12.0 

1 -12.0 31>0.3 360.3 -12.0 

6 -12.0 0.0 450.4 -0.2 

13 -12.u 'I 2 2 

18 -12.~ 1I1l. 0 7 ~0.07 -12.0 

1 1.000(-20 1.000E+20 1.000E+20 0.0 120.1 -0.2 

6 1.000E·20 9 2 3 

II 1.000E·20 .0.0 90.0 -11.0 

16 1.000E·20 1.000E·20 0.0 120.0 -0.25 

6 1.0 0.01 1 10 3 3 

11 1.0 0.01 I 60.0 60.0 -11.0 

1 ? 0 -5 -10 -is -IS 150.0 150.0 -17.0 
0 25 100 300 1000 0.0 210.0 -0.25 

II 2 3 
30.0 30.0 -17 .0 

2 0.0 120.0 -0.25 
< III 0.02 10.0 2 3 6 II 



· . 



" 

15.15 15.75 0.0 I 1.000E-02 I.OOOE-OS 
SOIL SUPPORTED BENT - GALA I I RUi'ANlA 2.286 1.0 6.695 2 1.0 I.OOOE-OS 
1 HREE SA TTERED PILES 2.2ti6 1.0 -6.695 2 1.0 1.000E-05 

'l01 Q • o KIPS 1.5?4 1.0 0.0 2 ·1.0 I.OOCE-OS 
1 I~ 0 -257 -)02 -263 -221 -132 0 28 14 0 0 

15 15 I 0 20 9 4 12 10 2 -400 -192 -144 -96 -48 10 )0 200 2000 
15 I 0.001 2 ) 0 54 54 

1 55.8 2 0 1S3 1830 
2 62.5 3 8 0 184 353 507 614 768 198 798 
I -1.3 -29.7 4 0 25 50 75 100 150 200 250 
4 -46.0 -184.0 7 2 8 0 219 405 569 712 876 909 909 
1 -31.0 -124.0 10 0 25 50 75 100 150 200 250 

Ie -62.5 -330.0 13 3 8 2216 3986 4380 4073 3635 3635 3635 
2 4.861 -29.7 5 0 25 50 75 100 150 200 250 
5 30.67 -184.0 8 4 9 0 372 469 590 143 850 1008 1179 1119 
8 20.67 -124.0 11 0 10 20 39 79 118 197 315 3150 

11 56.85 -341.0 14 5 9 0 1014 1356 1105 2149 2458 2916 3410 3410 
3 4.861 -29.7 6 0 10 20 39 79 118 197 ll5 3150 
b 30.61 -184.0 9 6 9 0 3118 4011 5045 6351 7275 86271009010090 
9 20.61 -124.0 12 0 10 20 39 79 H8 197 315 3150 

12 56.85 -341.0 15 I -0.097 2 
10 10 10 2 -0.097 2 

1 1 2 3 .... 021 2 
2 2 2 3 .. -.021 2 
I 3 3 4 5 -.021 2 .. 5 5 7 6 -.021 2 
7 7 7 Ii 7 -.021 2 

10 9 9 13 8 -.021 2 
2 4 4 5 9 -.021 2 
3 .. .. 6 10 -.021 2 
5 " (, 8 10 0.1 10.0 4 7 10 13 
6 6 6 9 10 0.01 1.0 3 6 9 12 
8 B 8 11 902 Q • 80 ~IPS 

" R B 12 2 I I 
11 10 10 14 
12 10 10 15 3-tlO.0 -904.0 

2 -15.2 -43.6 CEASE 
I 

2 

l -40 
C Z 

4 -40 
2 2 

5 I I 
2 4 2 2 5 -0.0001 0.001 

6 1 1 
2 4 2 2 5 -0.0001 0.001 

7 1 1 
2 2 5 C l 6 -0.0001 0.001 

I I 
2 2 5 2 3 " -0.0001 0.001 

9 I I 
3 " 2 3 " -0.0001 0.001 

10 I I 
2 3 6 2 3 b -0.0001 0.00 I 
3 

31.5 35.4 0.0 1 1.000t-02 I.OOOE-OS 
1.22 1.0 13.7 2 1.0 1.000E-05 
1.22 1.0 -13.1 2 1.0 I.OOOE-OS 

2 .. 
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APPENDIX J 

SAMPLE OUTPUT 
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PROGRAM fRAME 51 - MASTEH DECK - MATLOCK-~AYS REViSION DATE 

EXAMPLE PROBLEMS - CHAPTER 5 
) BAY 2 STORY fRAME - COOED 24 MAY 71 / COH 

?4 JULY 71 



EXAMPLE PROBLEMS - CHAPTER S 
3 BAY 2 STORY rRAME - CODED 2, MAY 71 ; COH 

~Ol ANALYSIS FOR DESIGN LIvE. DEAO • wiNO LOADS 

TASLE I - PROGRAM CONTROL DATA 
PROBLEM TYPE 1 

INPUT TABlES 

TAIIlE HOLD DATA FROM NuMBER OF CARDS 
NuMBER LAST PROBLEM AODED FOR THIS 

II • yES.o • NO) PII<l8LEM 

2 -n 15 
3 -0 21 

'" -0 12 
.. a -0 2 
.. c -0 2 
SA -0 18 
sa -0 20 
SC -0 2 
50 ·0 0 

6 -0 25 
7 -0 2 

OUTPUT TAIILES 

H8LE SUPPRESS OUTPUT 
'"U"BER tl Z YES.O • NO) 

~ -~ 
9 -0 

10 -0 

.. 

PROS CCOt.lTDI 
501 ANALYSIS FOR DESIGt.I LIvE. DEAD' WIND LOADS 

TASLE 2 - FRAME GEOMETRy DATA 

NUMBER OF JOINTS IN fRAME' 20 
REfERENCE JOINT IS JOINT I AT ~ 
JOINT TOLERAt.lCE IS 3.000E-Ol 

O. AIoO Y • 

I"PUT Of JOINT OFfSETS 

FROM ~-OffSET V-OFFSET TO TO TO 
JOIt.lT JOINT 

1 4.500E·02 -0. 6 11 16 
1 -0. 3.555E-02 2 
2 -0. 2.925E_02 3 
2 4.500E-02 -0. 7 12 17 

17 1_200E-02 4.550E-00 19 
3 4.500£-02 10875E-01 8 13 18 

18 1,200E-02 5_000E-00 20 
2 1.200E-02 4.550E-00 4 
4 2.100E-02 -0. S 
7 1_200E-02 4.550E-00 9 
9 2.100£-02 -0_ 10 

12 1.200Eo02 4.550E-00 14 
14 2.100E-02 -0_ 15 
20 -1_470E·03 -7.093E·02 1 

CO"PUTED JOI"T COORD INATES 

JOINT ~ 

I O. -2.500£-02 
2 o. 3.555E-02 
3 D. 6.,,80E-02 
4 1.200E·02 3.600E-02 
5 3.300£·02 3.600E-02 
6 ,_500E-02 O. 
7 ".500E-02 3.555E-02 
8 ".SOOE-O? 6.667E-02 
9 5.700E-02 3.600E·02 

10 7.800E-02 3.600E-02 
II 9.000E-02 O. 
12 9.000E-02 3.555£-02 
13 9.000E_02 6.B55E-02 
1 .. 1.020E-03 3.600E-02 
IS 1.2lOE-03 3.600E-02 
16 1.350E -OJ O. 
17 1.350E-03 3.555E·02 
18 1.350t.-03 7.04£t+O? 

O. 

TO TO TO TO 

N 
(Xl 

d 



19 1.470£'03 3.600£.02 
20 1.470E.03 7.092E'02 

P~OB ICONTO, 
501 ANALYSIS FOR DESIGN LiVE. DEAD' WINO LOADS 

TABLE 3 - MEMBER LOCATIO'" DATA 

NUMBER OF MEMBER STIFFNESS TfPES 10 
NUMBER OF MEMBER LOAD TYPES II 
NUM!jE~ OF ELEMENTS PER MEMBER • 20 

INPUT OF MEMBER LOCATIONS 

FIIOM STIFF LOAD TO TO TO TO TO TO 
JOINT TYPE TYPE -,OINT 

I 1 1 2 
6 I 2 7 

II 1 2 12 
16 1 Z 17 

Z Z 3 3 
7 3 4 B 

12 .. 5 13 
17 5 6 18 

3 6 7 8 13 18 
18 7 8 20 
2 8 9 .. .. 9 In 5 
5 10 II 7 
7 8 9 \I 
\I \I 10 10 

10 10 II 12 
12 8 \I 14 
14 ~ 10 15 
15 Ir II 17 
17 8 \I III 

COMPUTED MEMBER NUMBERS.LENGTHS.AND OFFSETS 

MEMBER FROI4 TO STIFF LOAD LENGTH X-OFFSET 
NUMB -'OINT -'DlPH TYPE TYPE 

1 1 2 1 1 3.SSSE.OZ O. 
2 6 7 I 2 3.55S£.02 O. 
3 II 12 1 2 3.SSSE.02 O. 
4 16 17 I 2 3.5SS£.02 O. 
5 2 J 2 3 2.925E.02 O. 
6 7 8 J 4 301l3E.02 O. 7 12 13 4 5 30300£,02 O. 
8 17 18 S 6 30488E.02 O. 

TO TO TO TO 

Y-Of'FSET 

3.SSSE.02 
3.S5SE.02 
3.SSSE.02 
3.SSSE.02 
2.925E.02 
3.113£.02 
3.300E.02 
3.488£.02 



9 3 8 6 1 Io.50loE.02 •• 500E.02 1.815E·01 
10 a 13 II 1 Io.5010E.02 Io.500E-02 1.815E.Ol 
11 13 18 II 1 •• 50loE.02 •• 500E·02 1.815[.01 
12 18 20 1 8 1.201E.02 1.200E.02 5.000E·00 
13 2 • 8 9 10201[.02 10200E.02 •• 550E·00 
I. It 5 9 10 2.100E,02 2.100E.02 O. 
IS 5 1 10 11 1.201E,02 1.200E·02 .-•• 550E'00 
16 7 9 8 9 10201E.02 10200£+02 ... 550E.00 
11 q 10 9 10 2.100E,02 2.100E.02 O. 
18 10 12 10 11 1.201E .02 1.200E.02 - •• 550E·00 
19 12 I. a 9 1.201E.02 1.20GE.02 ... 550E.00 
20 lit IS q 10 2.100E.02 2.100E.02 O. 
21 IS 11 10 11 10201[.02 1.200E.02 -10.550E'00 
2Z 17 19 a 9 1.20IE,02 1,200E.02 •• 550E.00 

••• COMPUTED MEMIIER NV"IIERS MAY NOT AGREE WITH LA5' ~08LEM ••• 

p~oe tCOtoTDI 
501 A>!ALY515 FOR DE5IG"I LIVE • DEAO • WI"ID LOADS 

TABlE loA - JOINT LOADS AND LINEAR RESTRAINTS 

I"IPUT OF JOINT DATA 

JOINT ,ORCEIXI FORCE IVI MOMENTlll SPRI"IGIXI Sl'RINGIYI 

2 -0. -1.700E,01 -0. -0, -0. 
7 -0. -1,700E'01 -0. -0. -0. 

12 -0. -1.700E·Ol -0. -0. -0. 
11 -0. -1.100E.OI -0. -0. -0. 

3 -0. -1.200E·01 -0. -0. -0. 
a -0. -1.200E·01 -0. -0. -0. 

13 -0. -1.200E·01 -0. -0. -0. 
la -0. -1.200E·01 -0. -0. -0. 

I -0. -0. -0. 10000E'20 1.000E·20 
6 -0. -0. -0. -0. 10000E'20 

11 -0. -0. -0. -0. 1.000E·20 
16 -0. -0. -0. 1.000E·20 1.000E·20 

ACCUMULATED JOINT DATA 

SAME AS INPUT FOR THIS PRD8LEM 

TABLE .. 8 - JOINT SUPPORT CURVE NUMBERS 

INPUT OF JOI"IT DATA 

JOINT O-MULT w-MULT "IS~~ "ISYY NSlZ NSXP NSYP 

6 1.000E'00 1.000E-02 

II I.OOOE'OO 1.000E-02 

-0 

-0 

ACCUMULATED JOINT DATA 

SAME AS I>!PUT FOR THIS PROBLEM 

TABLE ItC - JOI>!T SUPPORT CURVES 

I"IPUT 01' JOINT DATA 

-0 

-0 

N 
00 
N 

SPRINGlzt 

-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 

10000E.20 
-0. 
-0. 
-0. 

STIl'I' 

-0 

-0 



CURVE NUMR S1MT (I = YES. 

Q 

" 

NUM~ PTS OPT 0 = NO) 

5 
o 
o 

-5 -10 -IS -IS 
25 100 300 1000 

PROB (CONTO) 
SOl ANALYSIS fOR DESIGN LIVE • DEAD' WIND LOADS 

TABLE SA - MEM~ER STiffNESS DATA 

STiff MOD Of PRISMATIC PRISMATIC NON NUMB AXIS OUTPUT 
TYPE ELAST I A LIN CROS OPT OPT 

1-0. -0. -0. -0 

STiff TYpr. I CONT 
fROM JOINT TO JOINT 

NA NSX NSY NSZ NA NSX NSY NSZ Q - MULT 
1 -0 -0 -0 1 -0 -0 -0 -0. 

STiff MOD Of PHISMATIC PRISMATIC NON NUMB AXIS OUTPUT 
TYPE ELAST I A LIN CROS OPT OPT 

2-0. -0. -0. -0 

STiff TYPE 2 CONT 
fROM JOINT TO JOINT 

NA NSX NSY NSZ NA NSX NSY NSZ Q - MULT 
2 -0 -0 -0 2 -0 -0 -0 -0. 

STiff MOD Of PRISMATIC PRISMATIC NON NUMB AXIS OUTPUT 
TYPE ELAST I A LIN CROS OPT OPT 

3-0. -0. -0. 

STiff TYPE J CONT 
fROM JOINT TO JOINT 

NA NSX PoSY NSZ NA NSX NSY NSZ (j - MULT 
2 -0 -0 -0 2 -0 -0 -0 -0. 

STiff MOD Of PRISMATIC PRISMATIC NON NUMB AXiS OUTPUT 
TYPE ELAST I A LIN CRO-5 OPT OPT 

"-0. -0. -0. 

STiff TYPE .. CONT 
fROM JOINT TO JOINT 

NA NSX "'S1 NS2 NA NSX NSY NSZ (j - MULT 
2 -0 -0 -0 2 -0 -0 -0 -0. 

PIN 
fROM 

-0 

W -
-0. 

PIN 
fROM 

-0 

\II -
-0. 

PIN 
fROM 

-0 

W -
-0. 

PIN 
fROM 

-0 

\II -
-0. 

PIN 
TO 

-0 

MULT 

PIN 
TO 

-0 

MULT 

PIN 
TO 

-0 

MULT 

PIN 
TO 

-0 

MULT 

N 
OJ 
W 



1.555E·OI 1.188E'00 6.906E'00 -0 I.OOOE.OO I.OOOE-O" I'V 

SUff MOD Of PRISMATIC PRISMATIC NON NUMB AXIS OUTPUT PIN PIN 1.555E·01 1.188E·00-6.906[·00 -0 I.OOOE.OO I.OOOE-O" 00 

TYPE ELAST I A LIN CROS OPT OPT fRON TO 7.]00E-OI I. Z6ZE'0 1-0. -0 I.OOOE.OO 1.000E-040 +'-
2 ] 

I.ZOZE·OI 7.780E-OI 6.700E'00 -0 I.OOOE.OO I. OOOE -0" 
5-0. -0. -0. -0 -0 I.ZOZE·OI 7.780E-01-6.700E·00 -0 I.OOOE.OO I.OOOE-Olo 

".510E-01 I.Z6ZE·01-0. -0 I.OOOE·OO I.OOOE-O" 
ST Iff TYPE 5 CO"T ] ] 

fROM .JOINT TO .JOINT 9.990EoOO 7."70E-01 1.]08E·01 -0 I.OOOE.OO I.OOOE-O" 
NA NSX NSY NSZ NA NSX NSY NSZ Q - MULT " - MULT 9.990EoOO 7.,,70E-OI-I.]08E·01 -0 I.OOOE.OO 1.000E-04 

Z -0 -0 -0 Z -0 -0 -0 -0. -0. ".900E-OI Z.5"ZE·01-0. -0 I.OOOE.OO I.OOOE-O" 

" I.OOOE·OI 7.50GE-OI I. 76ZE.0 I -0 I.OOOE.OO 1.000E-040 
STiff MOD Of PRISMATIC PRISMATIC NON NUMB UIS OUTPUT PIN PIN 1.000EoOI 7.500E-OI-I.76ZE·01 -0 I.OOOE.OO I.OOOE-O" 

TYPE ELAST I A LIN CRDS OPT OPT fROM TO 7.500E-01 ].450E·01-0. -0 I.OOOE·OO I.OOOE-O" 
5 ] 

1.000E·01 7 .500E-0 I 1.]OBE·OI -0 I.OOOE·OO 10000E-0'' 
6 l.000Eo04 J.Z67EoO] Z.765Eo01 0 0 -0 -0 -0 1.000EoOI 7.500E-OI-I.]OBE·01 -0 I.OOOE.OO 1.000E-04 
7 ].OOOE'O" ].Z67E'0] Z.765Eo01 0 0 -0 -0 -0 1.000EoOO Z ..... IE·OI-O. -0 I.OOOE.OO 1.000E-04 
8-0. -0. -0. I I -0 -0 -0 

STIff TYPE ~ CONT 
f~OM .JOINT TO .JOINT TABLE 5C - STRESS STRAIN CURVES 

NA NSX !lSY NSZ NA NSX NSY NSZ Q - Mut.T " - MUll 

" -0 -0 -0 5 -0 -0 -0 -0. -0. 

CURVE NUMB 5YMT 11 • YES. 
STlfr MOD or PRISMATIC PRISMATIC NON NUMB UIS OUTPUT PIN PIN NUMB PH OPT 0 • NOI 

TYPE ELAST I A LIN CIIOS OPT OPT rllOM TO 
Z 

SIG Z" 
9-0. -0. -0. -0 -0 -0 

EPS. 8 
sTlrr TyPE 9 CO .. T 

rROM .JOINT TO JOINT 
NA NSX NSY NSZ NA N$X NSY NSZ Q - MULT " -Mut.T 

] -0 -0 -0 J -0 -0 -0 -0. -0. TAaLE 50 - SUPPORT CURVES rOR MEMBERS 

NO DATA IN TABLE 
STlfr MOD Of PRISMATIC PRISMATIC -NUMB olliS OUTPUT PIN PIN 

TYPE ELAST I A LIN CROS OPT OPT rllOM TO 

10-0. -0. -0. -0 -0 -0 

SUfr TYPE .,. CO"T 
fROM .JOINI TO JOINT 

NA NSX NSY NSZ NA NSX NSY NSZ Q - Mut.T " -Mut. T 
5 -0 -0 -0 " -0 -0 -0 -0. -0. 

TABLE 5B - CROSS SECTION DATA 

INPUT Dr CROSS SECTIONS 
CROSS NUMS ~IOTH DR DEPTH OR Y-CENT REChO SIG-EP SIG-MULT EP-MULT 

SECT C~DS O-DIAM THICKNESS PIPE-I NUMB 

] 



PROS (CONTOJ 
501 ANALrSlS FOR DESIGN LIVE. DEAO • WINO LOADS 

TABLE 6 - MEMBER LOAD DATA 

LOAD UNIFORM UNIFORM NO AU!> 
TYPf o~ or CARDS OPT 

I -1.300E-02 -e.330E-OZ 0 I 
2 -1.300E-02 -0. 0 I 
3 -7.000E-OJ -e.330E-02 0 1 
4 -7.000f-03 -0. 0 I 
5 -7.000[-03 -0. 0 I 
b -7.000E-03 -0. 0 I 
7 -0. -0. 5 2 

LOAD TYPE 1 CONTO 
FROM TO oJ. QY OZ 

9.001E·Ol 9.007[.01 -0. -1.200[.01 -0. 
1.801E·02 1.801E·02 -0. -1.200f·01 -0. 
2.702E·02 2.702E·02 -0. -1.200E·01 -0. 
3.b03E·02 3.b03E.02 -0. -1.ZOOf·OI -0. 
O. 4.504E'02 -0. -2.000[-01 -0. 

LOAD UNIFORM UNIFORM NO UIS 
TrI'E o~ 01 CARDS OPT 

-0. -0. Z Z 

LOAD TYPE A CONTO 
fROM TO o~ 01 OZ 

9.007E·01 9.007E·OI -0. -1.200E·Oj -0. 
O. 1.20IE·02 -0. -2.000f-0I -0. 

LOAD UNIFOl<'" UNIFORM NO UIS 
TYPE ox 01 CARDS OPT 

9 -0. -0. 2 3 

LOAD TYPE 9 CONTD 

FROM TO 

9.000E·01 9.000E·01 -0. 
O. 1.200E·02 -0. 

LOAD UNIFORM UNIFORM 
TYPE ox or 

10 -0. -0. 

LOAD TYP[ 10 CONTO 
FROM TO 

6.000E·01 6.000E·01 -0. 
1.500['02 1.500E·02 -0. 
O. 2.100[,02 -0. 

LOAD UNIFORM UNIFORM 
HP[ Ox 01 

11 -0. -0. 

LOAD TYPE II CONTO 
FROM TO 

3.000['01 3.000E·Ol -0. 
O. 1.200E.02 -0. 

ox 

NO 
CARDS 

3 

ox 

NO 
CARDS 

2 

OX 

01 

-1.700E·01 
-Z.500E-01 

UIS 
OPT 

3 

or 

-1.700E·OI 
-1.700E·01 
-2.500[-01 

UIS 
OPT 

3 

01 

-1.700E.01 
-2.500E-01 

-0. 
-0. 

-0. 
-0. 
-0. 

-0. 
-0. 

OZ 

OZ 

OZ 

N 
00 
I.Jl 



PROS ICO .. TOI 
SOl ANALVSIS rOR OE51GN LIVE • OEAO • WINO LOAOS 

TASLE 7 - ITERATION CONTROL 

fRAME SOLUTION 

NUMS fORCE MOMENT 
ITER ERROR ERROR MONITOR JOINTS 

10 Z.OOOE-OZ 1.000E·01 Z 3 6 11 

MEMt:!ER SOLUTIONS 

NUMS 
ITER 

10 

••••• f'RANE 

MEMIl MEMS 
NO nER 

1 1 
f'ROM JOIIIT 
CENTERLINE 

TO JOINT 

1 Z 
f'ROM JOINT 
CENTERLINE 

TO JOINT 

ME MilER 

f'ORCE MOMENT 
ERROR ERROR 

2.000E-03 1.000E.00 

ITERATION NO t ••••• 

MEMBER DISPLACEMENTS 
AXIAL LATERAL ROTATIONAL 

MONITOR MEMSERS 

... 9 -0 -0 

MEMBER EGuLIBRIUM ERRORS 
AXIAL LATERAL ROTATIONAL 

-Z.030E-03 -1.271E-OZ -1 .... 09[-03 2 .... 51[·00 -l.ZZi!E-OI - •• IOSE·OO 
-2.017E-02 - •• 792E-01 -7.7Z4I::-03 2.0261::'00 -Z.040E-OZ -3.656E·01 
-3 •• 07E-02 -2.091E'00 -6.80.E-03 -2.&241::'00 3.7.6[-02 -3.324E·01 

-1.6S ... E-03 -1.263E-02 -1.401E-03 5.06IE-05 -1.759E-0 ... -8 ..... 1E-03 
-10895E-02 -8.780E-Ol -7. 730E-03 2.357E-05 -3.S58E-05 -1.851E-OJ 
-3.806E-02 -2.097E'00 -6.810E-03 -~.22~E-06 9._77E-07 -9.014E-05 

COhV[RGED AfTER ITERATION 2 

2 CONVERGED Af'TER ITERATION 2 

MEMSER 

4 I 
f'ROM .IOINt 
;:;;:~-.:crf:gt.. !~~~ 

TO JOINT 

3 CONVERGED Af'TER ITERATION 

-3.S70E-03 -1.77SE-OI -9.968E-03 -1.382E-01 
-~.~5?!~~Z -!:6!1~·~O -7.)14£-03 -5.411E-00 
-6.133E-02 -2.285E.00 -3.159E-04 -4.120E-Ol 

1._23E-OZ -8.531E·01 
1.318E-OI -6.11IE·01 
2.991E-OI -3.169E·00 

4 2 N 
f'RUM JOINT -3.999E-03 -1.776E-01 -9.986E-03 3.756E-0_ -5.483E-0_ -10623E-02 CP 
CEIITERLINE -3.845E-OZ -1.6Z3E.00 -7.3ZIE-03 -1.483E-04 1.741E-05 -6.59IE-0_ 0'\ 

TO JOINT -6. 779E-02 -2.285E'00 -Z.919E-0_ -5.407E-04 7.617E-04 -3.104E-02 

MEMBER _ CONVERGEO Af'TER ITERATION " 
ME MilER 5 COIlVERGEO Af'TER ITERATION 2 

MEMIlER 6 CONVERGED Af'TER ITERATION 2 

MEMSER 7 CONVERGED Af'TER ITERATION 2 

MEMBER 8 COIIVERGED Af'TER ITERATION Z 

9 1 
f'RDM JOINT 3.022E·00 -3.U8E-OI - .... 886E-03 6.88ZE-Ol -1 .... Z8E-03 -7.620E·00 
CENTERLINE 3.016E·00 -8.83IE-01 7.37_E-0'" 5.1I9E-Ol 5.281E-02 1.363E·00 

TO JOINT 3.01lE·00 -3.16IE-Ol 10 731E-03 -1.517E·00 -5.829E-02 Z.696E·00 

9 2 
f'ROM J0111T 3.022E·00 -3.018E-Ol - .... 888E-03 2.181E-06 -2 .... 85E-05 -6_ 774[-0 ... 
CEIITERLINE 3.0I6E-00 -8.836E-Oi 7.380E-0_ 5.533E-07 -9.568E-06 -1.530E-0 ... 

TO JOINT 3.01IE-00 -3.162E-01 1.733E-03 -1.1I7E-06 3. 732E-06 -2.217E-0_ 

MEMOER 9 CONVERGED Af'TER ITERATION 2 

MEMBER 10 CONVERGED Af'TER ITERATION 2 

MEMBER II COIIVERGED ArTER ITERATION 2 

MEMIIER 12 CONVERGED Af'TER ITERATION 2 

MEMSE>! 13 CONVERGED Af'TER ITERATION 2 

MEMilER 14 CONVERGED Af'TER ITERATION 2 

MEMBER 15 CONVERGED Af'TER iTERATION 2 

.. 



MEMBER 16 CONVERGED AfTER ITERATION Z 

"EM BEl< 17 CONVERGED AFTER ITERATION Z 

ME"BER 18 CON~ERGED AfTER ITERATION Z 

MEM~E~ Iq CON~ERGED AfTER ITERATION C 

"EMBER ZO CONVERGED AfTER ITERAT ION Z 

ME"BER ZI CONVERGED AfTER ITERATION Z 

"E"BER ZZ CONVERGED AfTER ITERATION Z 

ZO ~OINTS NOT CONVERGED AT END Of fRAME ITERATION 

••••• fRA"E ITERATION NO 2 ••••• 

MEMB MEM8 
NO ITER 

I I 
fROM ~OINT 

CENTERLINE 
TO ~OINT 

•• LIMIT Of 

I Z 
fROM ~O INT 
CENTERLINE 

TO ~OINT 
•• LIMIT Of 

MEMBER 

MEMBER DISPLACEMENTS 
AXIAL LATERAL ROTATIONAL 

MEMBER EQULI8RIUM ERRORS 
AXIAL LATERAL ROTATIONAL 

-Z.004E-03 -1.5ZZE-OZ -1.b~9E-03 1.053E-OI -8.ZZ9E-03 -Z.864E-OI 
-Z.355E-02 -1.067E.00 -9.406E-03 7.043E-OZ -1.73ZE-03 -1.586E·00 
-4.754E-OZ -Z.516E.00 -7.636E-03 -Z.46IE-OI 8.0Z6E-03 -8.111E-OI 

MEMBERS STRESS-STRAIN CURVE EXCEEDED ON pRECEEDING ITERATION 

-1.989E-03 -1.5ZZE-OZ -1.6~9E-03 Z.980E-08 -1.904E-07 -9.579E-06 
-Z.35ZE-OZ -1.067E+00 -9.407E-03 Z.43IE-0~ -5.034E-08 -6.894E-06 
-4.1S5E-OZ -Z.516E+00 -7.636E-03 -3.ZZ4E-IO -8.090E-09 -Z.95ZE-06 

"EMBERS STRESS-STRAIN CuRVE EXCEEDED ON PRECEEDING ITERATION 

CONVERGED AfTER ITERATION 2 

Z CONVERGED AfTER ITERATION 2 

3 CONVERGEO AfTER ITERATION Z 

4 I 
fRO" ~OINT -4.807E-03 -Z.104E-OI -1.18ZE-OZ 
CENTERLINE -4.594E-OZ -1.914E+00 -8.63ZE-03 

TO ~OINT -8.0Z5E-OZ -Z.71ZE·OO -6.05ZE-04 

4 Z 
fRO" ~OINT -4.8ZZE-03 -Z.104E-OI -1.18ZE-OZ 
CENTERLINE -4.603E-Oz -1.915E+00 -8.63ZE-03 

TO JO INT -d.OZ7E-OZ -Z.71ZE+OO -6.048E-04 

ME"BER 4 CONVERGED AfTER ITERATION Z 

MEMBER 5 CONVERGEO AfTER ITERATION Z 

MEMBEM 6 CONVERGED AfTER ITERATION Z 

ME"I$EM 1 CONVERGED AfTER ITERATION Z 

ME"BER 8 CONVERGED AfTER ITERATION Z 

9 I 
fRU" ~OI"T 3.534E+00 -3.35ZE-OI -4.904E-03 
CENTEI<L1NE 3.527E+00 -9.149E-OI 1.605E-04 

TO ~OINT 3.52IE+00 -3.410E-OI 1.698E-03 

MEM8EM 9 CONVERGEO AfTER ITERATION 

MEMBER 10 CONVERGED AfTER ITERATION 

ME"BER II CONVERGED AfTER ITERATION 

"EM BEl< 12 CONVERGED AfTER ITERATION 

ME"IIEI< 13 CONVERGED AfTER ITERATION Z 

14 CONVERGED AfTER ITERATION Z 

" 

-6.9ZZE-OZ 
-1.589E-0I 
-5.595E-OZ 

1.511E-07 
-5.399E-08 
-1.691E-07 

-1.Z70E-04 
-1.546E-05 

3.554E-04 

1.797E-03 
5.214E-03 
5.Z96E-03 

-3.8Z6E-07 
-1.470E-08 
4.113E-07 

l.ll0E-04 
-9.196E-06 
-1.447E-04 

-Z.4Z7E·00 
-1.769E·00 
-4.319E-OI 

-9.98IE-06 
-Z.407E-07 
-1.814E-05 

-5.96ZE-03 
8.305E-03 

-1.Z97E-OZ 

N 
00 
'-I 



MEHtjE~ IS CON~ERGEO AfTER ITERATION 

M[HilE>' 16 CONVERGEO AfTER ITERATION 

M[MBEI< 11 CONVERGEO AfTE~ ItERATION 

ME"IIEI< 16 CONVERGED AfTER ITERATION 

ME MilER 19 CONVERGED arTER ItERATION 2 

MEMIIER 20 CONVERGED AfTER ITERATION 

ME MilER 21 CONVERGED AfTER ITERATION 2 

MEMIIER 22 CONVERGED AfTER ITERATION 

14 JOJNT~ NOT CONVERGED AT END Of fRAME ITER_TION 2 

MEMII MEMII 
NO ITER 

1 1 
fROM JOINT 
CENTEWLINE 

TO JOlt-iT 
•• LIMIT Of 

ME~flER 

MEM8ER 

3····· 
MEMIIER DiSPLACEMENTS 

AKIAL LATERAL ROTATIOt-iAL 
MEMIIER EGULIBRIUM ERRORS 

AAJAL LATERAL ROtATIONAL 

-2.003E-03 -1.531E-02 -1.699E-03 1.226E-04 -1.101E-05 -3.8211£-04 
-2.37IE-02 -1.073E.00 -9.463E-03 6.39IE-05 -2.016E-06 -2. 184E-03 
-4.792E-02 -2.530E'00 -7.660E-03 -2.605E-04 1.116E-05 -9.398E-04 

MEMBERS STRESS-STRUN CI,RVE EACHOm ON PRECEEOING ITERUION 

CONVERGEO AfTER ITERATION 

3 CONVERGED AfTER ITERATION 

fROH JOINT -4.850E-03 -2.115E-OI -1.188E-02 -4.900E-05 1.522E-06 -2.494£-03 
CENTERL lNE -4.628E-02 -1.'124E·00 -8.676E-03 -1.39IE-04 5.004£-06 -1.898E-03 

TO JOINT -8.069E-02 -2.726E·00 -6.214E-04 -7.820E-05 4.656E-06 -7.307[-04 

MEMflEW 4 CONVEAGEO AfTEA ITERATION 

MEMIlEA 5 CONVERGEO AfTER ITERATION 

MEMBER 6 CONVERGEO AfTER ITERATION 

MEMIlE~ 1 CONVERGED AfTER ITERATION 

MEMSER 8 CONVERGED AfTER ITERATION 

9 1 
fROM JOINT 3.550E·00 -3.363E-Ol -4.904£-03 -6.264E-08 -5. 828E-09 S.172E-07 
CENTERLINE 3,543E'00 -9.159E-Ol 7.604£-04 5.197E-09 -1.352E-09 -1.S81E-07 

TO JOINT 3,537E·00 -3.480E-Ol 1.697E-03 -7.834[-11 2.342E-09 -7.552E-08 

MEMBEW 9 CONVERGEO AfTER IT[RATION 

M[MSER 10 CONVERGEO AfTER ITERATION 

MEMIIER 11 CONVERGED AfTER ITERATION 

MEMIIER 12 CONVERGEO AfTER ITERATION 

MEMIlER 13 CONvERGED AfTER ITERATION 

M[MbER 14 CONVERGEO AfTEH ITERATION 

ME MilER 15 CONVERGEO AfTER ITERATION 

16 CONVERGED AfTER ITERATION 

M[MbE~ 17 CONVERGED AfTEH ITERATION 

.. 
" . . 



MEHBER 18 CONYERGED AfTER ITERATION 

"EMBER 19 CONVERGED AfTER ITERATION 

MEMIIER 20 CONVERGED AfTER ITERATION 

MEMtiEIo! 21 CONVERGED AfTER ITERATION 

"E"BEIo! 2Z CONVERGED AfTER ITERATION 

1 JOINTS NOT CONVERGED AT END Of FRA"E ITERATION 3 

••••• fRA"E ITERATION NO 4 ••••• 

ML"8 IIEIIB 
NO ITER 

1 1 
fROM JOINT 
CENTERLINE 

TO JOINT 
•• LIMIT Of 

MEMBER 

MEMBER DISPLACE"ENTS 
AXIAL LATtRAL ROTATIONAL 

"E"SER EQUll8RIUM ERRORS 
A.IAL LATERAL ROTATIONAL 

-2.00lE-03 -1.530E-02 -1.698E-03 3.363£-01 Z.601E-09 1.248(-01 
-2.310E-02 -1.013('00 -9.460E-03 9.142E-08 -6.913E-I0 9.392E-01 
.... 79ZE-02 -2.530E*00 -7.659E-03 -5.543E-07 1.430E-09 2*280E-01 

ME"BERS STRESS-STRAIN CURYE EXCEEDED ON PRECEEDING ITERATION 

CONVERGED AfTER ITERATION 

MEMBER 2 CONYERGED AfTER ITERATION 

4 1 
f~OM JOINT 
CENTERLINE 

TO JOINT 

MEMBEI< 

MEMtiER 

3 CONVERGED AfTER ITERATION 

-4.849E-03 -2.114E-Ol -1.188E-02 -6.780E-08 1.170E-09 -8.604E-08 
-4.627E-02 -1.9ZlE'00 -8.67lE-Ol -3.632E-07 5.222E-09 -1.437E-07 
-8.068E-02 -Z.7Z6E*00 -6.201E-04 -1.93Z(-07 -1.086E-I0 -7.874E-08 

4 CONVERGED AfTER ITERATION 

5 CONVERGED AfTER ITERATION 

"E!!IIEH b CONVERGED AfTER ITEI<ATION 

"EMIIER 7 CONVERGED AfTER ITERATION 

MEMBEw 8 CONvERGED AFTER ITERATION 

\I I 
FRO" JOINT 
CENTERLINE 

TO JOINT 

3.549E*00 -3.362E-Ol -4.904E-03 -6.338E-09 -3.735E-IO -1.979E-09 
3.542E-00 -9.158E-Ol 7.604E·04 -9.140E-10 4.633E-12 -3.IZ9E-09 
3.536E-00 -3._80E-OI 1.697E-03 4.155E-09 -2.33IE-lo .Z.910E-l0 

MEMBER 9 CONVERGED ArTER ITERATION 

MEMBER 10 CONVERGED ArTER ITERATION 

ME!!BER II CONVERGEO ArTER ITERATION 

IZ CONVERGED ArTER ITERATION 

MEMBER Il CONYERGED AFTEH ITERATION 

"EMtlER 1_ CONVERGED AfTER ITERATION 

MEMSER 15 CONVERGED AfTER ITERATION 

"E!!BEIo! 16 CONVERGED AfTER ITERATION 

17 CONVERGED AFTER ITERATION 

MEMBtH 18 CONVERGED AfTER ITERATION 

MEM!lEW 19 CONYERGED AfTEI< ITERATION 

N 
00 
\.0 



• 

MEM~E~ 20 CO~VERGED ~rTER ITER~TION N 
\0 PROIl (COhTD) 0 

501 ANAL ySIS rOl< DESIGN LhE • DEAD • WIND LOADS 
ME"~EH 21 CONVEI<GfD _rTER ITER_TION 

TAIILE 8 - .JOINT DISPL~CEMENTS AND REACTIONS 

DISPLACEMENTS REACTIONS 

.JOINT OISPI.' DIspcn ROTATION III REACT I.' REACT I y) REACT! II 

~LI. .JOINTS CONvERGED ~T END OF ITERATION .. 
I 3,"66E-19 -1.555E-18 -5.1I6E-11 -3'''66E+01 1.555E '02 5.116E·03 2 2.66IE-00 -5.03 .. E-02 -1.130E-03 0_ O. O. 

SIIMMARr or rRAME ITERATIONS 

.JOINT FIIAME .JOINT OISPL_CEMENTS .JOINT EQULI8RIUM ERRORS 

3 3.556E·00 -8.083E-02 -4.602E-03 O. O. O. 
4 2.687E-00 -1.886£-01 -".220E-03 O. O. O. 5 2.681E-00 - ... 912E-0I ... 180E-0] 0.· O. O. 

NO ITER OISP(X) DISPlr' ROTAnO~1Z1 ERRI~) ERRln ERRlll 

1 I 3.0UE-19 -1.5I1lE-18 -4.760E-Il -8.559E-01 2.98IE'01 3,Z8IE+01 
I Z 3.454E-19 -1.556E-18 -5.686[-11 -<,.840E-OZ 1.155E·00 9.199E-0I 
I 3 3.461E-19 -1.555E-18 -5.718E-11 5.6ZZE-06 z.411E-05 -1.485E-05 
I 4 3,466E-19 -1.555E-IS -5.1I6E-11 -4.44IE-05 I.Z44E-03 1.361[-03 
2 I Z.ZI6E·00 -4.004E-OZ -6.5ZZE-03 Z.095E·OI -z.539E-01 -1.l23E-OI 
2 Z z.6"lE-00 -4.996E-OZ -1.115E-03 hZ5TE-OI -1.101E-00 z.685E-0I 
2 3 Z.662E·00 -5.035E-OZ -1.13IE-03 I.ZZ9E-04 -1.358E-04 -1.974E-04 
2 4 2.66IE·00 -5.03"E-02 -1.130E-03 -2.553E-05 -IoU1E-OJ 9.368E-04 
3 I 3.028E-00 -6.S8IE-02 -4,571E-03 4.Z6IE-00 -3.519E-00 -9.1 .. 8E-00 
3 2 3.542E·00 -S.04ZE-02 -".603£-03 I.01ZE-03 -3.S93E-02 4.078£-02 
3 3 3.551E-00 -8.083E-02 -4.602E-03 -5.202E-05 2.008E-04 -5.35"E-04 
3 4 30556E-00 -8.083E-02 -4.602E-03 -1.363E-Ol -10452E-05 1.15"E-05 

6 ... 5 .... E-01 -3.885E-18 -9.960E-03 -6.363E·00 3.885E·02 O. 
1 2.70IE-00 -1.080E-01 6.3<oOE-04 O. O. O. 8 3.5 .. 6E-00 -1.116E-01 2.885E-04 O. O. O. 9 2.104t-00 -Z.085E-01 -1.525E-0] O. O. O. 

10 2.104E-00 -1.601E-01 1.669E-03 O. O. O. II 2.251E-0I -3.582E-18 -9.849E-03 -".514E·00 3.582E·02 O. 
12 2.106E·00 -1.011£-01 -1.471t-OJ O. O. O. 
Il 3.538E-00 -1.124E-01 -9.079E-04 O. O. O. 
14 2_111£-00 -4.0"5E-01 -2.104E-0] O. O. 0_ 
15 2.1\1E·00 -3_441E-OI 2.912E-03 O. O. O. 
16 8_442E-20 -2,80IE-18 -1.19IE-02 -8."42E-00 2.801E·02 O. 17 2.126E-00 -8'''22E-02 5. 349E-04 O. O. O. 
18 3.530E-00 -1,"05E-01 1.971E-03 O. O. O. 
19 2.126£-00 -8.603E-02 -2.20"E-04 O. 0_ 0_ 
20 3.524E-00 -9.916E-04 8.911E-0" O. O. O. 

6 I 3.919E-01 -3.863E-18 -8.151E-03 -9.504E-02 2.38X·01 -7.792E·OI 
6 2 4.55IE-01 -3.883E-18 -9.899E-03 -2.199E-02 9.460E-01 -1.018E.00 
~ 3 4.545£-01 -3.S85E-IS -9.962E-03 9.926£-OS Z.162E-03 -1.<'45E-03 
6 4 4.544£-01 -3.885E-18 -9.960E-03 -1.360E-04 -1.325E-03 -3.112E-05 

11 I 2.853£-01 -3.593E-18 -7.619E-03 -1.445E'00 2.392E-01 -5.308E·01 
II 2 1.895E-OI -).583E-18 -9.936E-03 1.843£-01 1.19"£'00 -8.812E-01 
II 3 2.258E-0I -3.583E-18 -9.85IE-03 -1.131E-04 4.986E-03 2.111E-03 
II " 2.251£-01 -3.582E-IS -9.849E-03 2."S3E-0" -2.05"E-03 9.680E-0 .. 



PRO~ (CONTD) 
SOl ANALYSIS FOR DESIGN LivE. DEAU • WINO LUADS 

TA~LE q - MEMBER RESULTS 

MEMBER NUMBER I 5TIFF TYPE 1 
LENuTH = 3.555E'02 ALPHA = O. 
GOES FROM JOINT 1 TO JOINT 2 

LOAD TyPE 
BETA I.OOOE·OO 

OUTPUT DISTANCES ARE FROM JOINT I ALONG THE MEMHER AXiS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS FORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AX IAL SHEAR IWMENT 

O. -1.555E-18 -3.466E-19 -5.716E-17 -1.555E·02 3.466E·01 -5.716E·03 
1.777E·01 -2.003E-03 -1.530E-02 -1.698E-03 -1.552[,02 3.318E·OI -5.IIIE·03 
3.555E·01 -4.050E-03 -5.912E-02 -3.210E-03 -1.550E·02 3.170E·01 -4.528[-03 
5.3]2E·01 -6.172E-03 -1.282E-OI -4.543E-03 -1.548E·02 3.022E·01 -3.967E·03 
7.109E·OI -8.39IE-03 -2.194E-OI -5.703E-03 -1.545E'02 2.874E·01 -3.429E·03 
6.B66E·01 -1.071E-02 -3.298E-OI -6.698E-03 -1.543E·02 2.726E·01 -2.915E·03 
1.066E·02 -1.314E-02 -4.564E-OI -7.535E-03 -1.54IE·02 2.578E·01 -2.424E·03 
1.244E·02 -1.567E-02 -5.966E-OI -8.222E-03 -1.538E·02 2.430E.OI -1.957E·03 
1.422E·02 -1.828E-02 -7.477E-OI -8.767E-03 -1.536E·02 2.282E.OI -1.515E.03 
1.600E.02 -2.097E-02 -9.073E-OI -9.177E-03 -1.534E.02 2.134E·01 -1.099E.03 
1.777E·02 -2.370E-02 -1.073E·00 -9.460E-03 -1.532E.02 1.986E·OI -7.073E·02 
1.955E.02 -2.648E-02 -1.243E.00 -9.625E-03 -1.529E.02 1.838E·01 -3.416E·02 
2.133E·02 -2.926E-02 -1.414E.00 -9.679E-03 -1.527E·02 1.689E·01 -2.035E.00 
2.310E·02 -3.205E-02 -1.586E·00 -9.630E-03 -1.525E.02 1.54IE·OI 3.112E·02 
2.468E·02 -3.482E-02 -1.756E·00 -9.488E-03 -1.522E·02 1.393E.OI 5.979E.02 
2.6b6E·02 -3.755E-02 -1.923E·00 -9.259E-03 -1.520E.02 1.245E·01 8.577E·02 
2.B44E.02 -4.023E-02 -2.085E.00 -8.954E-03 -1.518E.02 1.097E·01 1.090E·03 
3.02IE·02 -4.286E-02 -2.240E.00 -8.579E-03 -1.515E.02 9.492E·00 1.296E·03 
3.199E.02 -4.543E-02 -2.389E.00 -8.145E-03 -1.513E.02 8.012E.00 1.474E.03 
3.377E·02 -4.792E-02 -2.530E.00 -7.659E-03 -1.51IE.02 6.532E·00 1.624E·03 
3.555[+02 -5.034E-02 -2.66IE'00 -7.130E-03 -1.508E.02 5.05IE'00 1.747E·03 .. LIMIT OF MEMBERS STRESS-STRAIN CURVE EXCEEDED ON THIS PROBLEM 

PRuH (CO~TDI 
SOl ANALYSIS FOR DESIGN LIVE. DEAD' WIND LOADS 

TAMLE 9 - MEM~ER ~ESULTS (CONTD) 

MEMHE~ NUMBE" 2 STIFF TyPE I 
LENGTH = ].555E'02 ALPHA = O. 
GOES F~OM JOINT 6 TO JOINT 

LOAD TyPE 
BETA 

2 
I.OOOE·OO 

OUTPUT DISTANCES ARE FROM JOINT b ALONG THE MEMBER AXIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER AXES 

01 SPLACEMENTS FORcrs 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. -3.885E-18 -4.544E-OI -9.960E-03 -3.885E.02 6.363E·00 -3.172E-05 
1.777E·OI -5.862E-03 -6.312E-OI -9.932E-03 -3.882E.02 6.363E.00 I. 817E ·02 
3.555E·01 -1.I71E-02 -8.069E-OI -9.846E-03 -3.880E.02 6.363E·00 3.629E·02 
5.332E·01 -1.754E-02 -9.807E-0I -9.704E-03 -3.878E·02 6.363E·00 5.434E·02 
7.109E·01 -2.333E-02 -1.15IE·00 -9.505E-03 -3.B75E.02 6.363E·00 7.226E·02 
8.886E·OI -2.909E-02 -1.318E·00 -9.25IE-03 -3.873E.02 6.363E·00 9.002E·02 
1.066E·02 -3.479E-02 -1.4BOE·00 -8.94IE-03 -3.871E.02 6.363E·00 1.076E·03 
1.244E·02 -4.044E-02 -1.635E·00 -8.576E-03 -3.868E.02 6.363E·00 1.249E·03 
1.422E·02 -4.602E-02 -1.784E·00 -8.157[-03 -3.866E.02 6.363E·00 1.420E·03 
1.600E·02 -5.154E-02 -1.925E·00 -7.686E-03 -3.B64E·02 6.363E·00 1.5B7E·03 
1.777E·02 -5.699E-02 -2.057E·00 -7.162E-03 -3.B6IE·02 6.363E·00 1.75IE·03 
1.955E·02 -6.236E-02 -2.179E·00 -6.587[-03 -3.859E·02 6.363E·00 1.9I1E·03 
2.IJ3E·02 -6.766E-02 -2.29IE·00 -5.963E-03 -3.857E.02 6.363E·00 2.067E·03 
2.310E·02 -7.289E-02 -2.39IE·00 -5.29IE-03 -3.855E.02 6.363E·00 2.219E·03 
2.488E·02 -7.80bE-02 -2.478E·00 -4.571E-03 -3.B52E·02 6.363E·00 2.366E·03 
2.666E·02 -8.315E-02 -2.553E·00 -3.807E-03 -3.850E·02 6.363E·00 2.508E·03 
2.844E·02 -8.820E-02 -2.613E·00 -2.999E-03 -3.848E.02 6.363E·00 2.644E·03 
3.02IE·02 -9.319E-02 -2.659E·00 -2.149E-03 -3.845E.02 6.363E·00 2.775E·03 
3.199E·02 -9.815E-02 -2.689[-00 -1.259E-03 -3.843E.02 6.363E·00 2.899E·03 
3.377E·02 -1.03IE-0I -2.704E·00 -3.304E-04 -3.84IE·02 6. 363E '00 3.018E·03 
3.555E·02 -1.080E-0I -2.70IE.00 6.340E-04 -3.83BE.02 6.363E·00 3.130E·03 

N 

'" J-' 



PRU!; (CO"'TOI 
SOl ANALYSIS fOR DESIGN LIvE • OEAO • WINO lOADS 

TAbLE 9 - MEMBER RESuLTS (CONTO) 

MEM~EH NUMBER 3 ~TIff TYPE lOAD npE Z 
lENGTH. 3.555E'02 ALPHA. O. BETA I.OOOE'OO 
GOlS fROM JOINT II TO JOINT IZ 

OUTPUT DISTAhCES ARE fRO_ JOINT 11 _LONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBEH AXES 

DIShNCE 

O. 
1.177E·OI 
3.555E·01 
S.33ZE-01 
1.109E·01 
110886E'01 
1·066E·02 I.Z __ E·02 
1._Z2£·02 
10600E'OZ 
1.777E·OZ 
Io955['OZ 
2.133[·OZ 
2.3IOE-02 
2._88E·02 
c!.666E·02 
Z.8_"E·02 
3·021E-02 
3.199E·02 
3.317E-02 
3.555E-02 

DISPLACEMENTS 

LATERAL ROTATIONAL AXIAL 

-3.S8ZE-III .Z.Z51E-OI -9.149£-03 -3.5112E'OZ 
-S .... S6E-03 - .... 006£-01 -9.IZ6£-03 -3.S80£-OZ 
-1.090E-OZ -S.7"'6£-01 -9.7S9£-03 -3.57&[-02 
-1.633E-OZ -7,"71E-Ol -9.6 .. 7E-03 -3.S7SEo02 
-2.113E-OZ -9.17IE-01 -9.49IE-03 -3.573E·OZ 
-2.710E-02 -1.08 .. £.00 -9.Z91£-03 -3.571£·02 
-3.242E-02 -1.247£-00 -9.0 .. 7£-03 -3.569E·OZ 
-3.771E-OZ -10 ... 05£-00· -8.7bO£-03 -3.566£'02 
-4.Z9 ... E·OZ -1.55IE'00 -8'''31£-03 -3.S6 ... E·02 
• .... 811£-02 -1.705E'00 -8.059£-03 -3.56ZEo02 
-S.323E-02 -1.1 ...... £.00 -7.6 ... 7E-03 -3.559['OZ 
-5.829E-02 -1.976£,00 -7.194E-03 -3.551£00Z 
-6.328E-OZ -2.100E'00 -6.701[-03 -3.555£00Z 
-6.8Z1E-OZ -2.21_EoOO -6.171£-03 -3.552E.OZ 
-7.307E-OZ -2.319E'00 -5.6IZE-03 -3.550£.OZ 
-7.188E-OZ -2 .... 13E.00 - .... 99M£-03 -3.~IE·02 
-8.263E-02 -Z .... 96£.00 -4.359[-03 -3.~5['02 
-8.732E-OZ -2.567['01 -3.685£-03 -J.~3Eo02 
-9.196E-02 -2.6Z7E'01 -Z.980E-03 -3.5 .. IE'OZ 
-9.657£-OZ -Z.673E'11 -2.2_3E-03 -3.539E·OZ 
-1.011£-01 -Z.706E'00 -1._77E-03 -3.536£.OZ 

fORCES 

SHEAR 

... S14£·OO 
4.SI0I0£·00 
10.514£"0 
4.SI"'£·00 
4.SI4EoOO 
.... 51 .. E·00 
".514E·00 
.... 51 ... E·00 
... 51~·00 
.... 51 ... £· •• 
".514E*00 
4.51"'E'00 
... 51~·00 
1o.51"E·00 
".51"E·00 
4.514E·00 
.... 51"!·00 
4.51"EoOO 
... St"'E·OO 
-.514E·00 
".51-E·10 

MOMENT 

9.610E-0" 
1+428£<02 
2.85X·OZ 
.... 272£·OZ 
5.6IZE·OZ 
7.010E·02 
1'''6''£'02 
9.131£'02 
I.UI£·03 
I.ZSOE.03 
10380£.03 
1.507E·03 
10631£'03 
1.7S2E'03 
1.170E·03 
1.983£'03 
2.093E-03 
2.198£'03 
2.300E·03 
2.396E·03 
Z .... 88£·03 

.. 

PROb (CO~TD) 

501 ANALYSIS fOR OESIGN LIVE • DEAD • WIND LOADS 

TAdL( q - MEMBER wESUlTS (CONTO) 

MEM~Ew NUM8EH _ STIfF TYPE I '.OAO TyPE Z 
lENGTH. 3.555E'02 ALPHA. O. BETA. I.OOOE·OO 
GOlS fROM JOINT 16 TO JOINT 17 

OUfPUT OISTAhCES ARE fROM JOINT 16 ALONG THE MEMBER AllS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wITH RESPECT TO THE MEMBER AXES 

DISTANCE 

O • 
),717E'01 
3.555E·01 
5.J3ZE·01 
7.109E·01 
8.816£'01 
1.066E·02 
1.24 ... E·OZ 
l.oIoZ2E·02 
1.600E·OZ 
1.771E·OZ 
1.9S5E·02 
2.133E·02 
z.310E·OZ 
Z ... 8I1E·OZ 
2.666E·OZ 
2.8 ..... £.02 
3.021E-OZ 
3.199£'02 
3.377[·OZ 
3.555E·OZ 

DISPLACEMENTS 

AXIAL LATERAL ROTATIONAL 

-Z.80IE-18 -1I.''102£-ZO 
• ... 8109E-03 -Z.II ... £-Ol 
-9.681[-03 .... ZI7E-01 
·1 ..... 8E-02 -6.296£-01 
-1.924E-02.-8.3100E-01 
-Z.39"E-02 -1.03 ... E·00 
-2.858£-OZ -1.2Z8E·00 
-3.31"£-OZ -1."15£'00 
-3.761£-OZ -1.S9 .. £.00 
-".199E-OZ -1.76"'£'00 
- .... 6Z7£-02 -1.9ZlE.00 
-5.045£-02 -2.07Z£.00 
-5 .... S3£-OZ -Z.207£.00 
-5.15IE-OZ -2.330E+00 
-6.239E-OZ -Z .... 38E.00 
-6.619£-OZ -2.530E'00 
-6.990£-OZ -Z.606E'00 
-7.35"'E-OZ -2.66 ... E-00 
-7.713E-OZ -Z.705E'00 
-8.068E-OZ -Z.726E'00 
-8 .... ZZE-OZ -2.726£-00 

-1.191£-OZ 
-1.188E-OZ 
-1.178[-OZ 
-1.16ZE-02 
-1.139[-OZ 
-1.109E-OZ 
-1.07oloE-OZ 
-1.03IE-02 
-9.829£-03 
-9.Z8ZE-03 
-8.673E-OJ 
-8.005E-OJ 
-7.Z76E-03 
-6 .... 90E-03 
-5.6 ... 6E-03 
- .... 7 .. 7E-OJ 
-3.793E-OJ 
-Z.786E-03 
-1.728E-OJ 
.6.Z07[-0 .. 
5.3 .. 9E-01o 

AXIAL 

-c!.80lt:·OZ 
-2.198E.OZ 
-2.796E.OZ 
-Z.794['02 
-2.791[oOZ 
-2.189£'02 
-2.787E-02 
-2.18,,[-02 
-2.182E.02 
-2.780[,02 
-2.771E·02 
-2.775[-02 
-2.173E'02 
-2.770E-02 
-2.168['02 
-2.166E·02 
-2.164E'02 
-2.16IE'02 
-20159['02 
-2.151['02 
-2.154[,02 

fORCES 

SHEAR 

8 ... _lE-OO 
8.441E-00 
8 ... 4IE·00 
8 ..... 1E·00 
8 ... 41E-00 
8 ..... 1£·00 
8.<I>4lE·00 
8 ... 4IE·00 
8.<I>4IE·00 
8 ..... 1£·00 
8 ... 41E·00 
8.441E·00 
8 ...... 1[·00 
8 ....... IE·00 
8 ....... 1[·00 
8 ....... IE·00 
1 .... 41E.OO 
1 ... 41E·OO 
8.<I>4IE·00 
8 ... 41E-00 
8 ....... lE·OO 

MOMENT 

2.146E-0 .. 
2.092E·02 
4.180[·02 
6.261E+02 
8.331['02 
),039[,03 
1.2_3['03 
1.44SE·03 
1.645E.03 
1.1I"2E·03 
2.036E·03 
2.228E·03 
2.415[·03 
2.599[.03 
Z.179[·03 
2.955E·03 
3.1Z6E·03 
3.Z92E-03 
3.453E-03 
3.609['03 
3.759['03 

N 
\0 
N 



PROS (CONTD) 
SOl ANALYSIS FOR DESIGN LiVE • DEAD • ~IND LOADS 

TAB"E Q - MEMBER RESULTS (CONTD) 

MEHBE~ NUMBER 5 STIFF TYPE ? 
LENGTH = 2.925E·02 ALPHA = O. 
GOlS FROM JOINT 2 TO JOINT 

LOAD TyPE 
BETA 

3 
I.OOOE·OO 

OUTPUT DISTANCES ARE FROM JOINT 2 ALONG THE MEMBER AXIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE ~ITH R~SPECT TO THE MEHBEN AXES 

DIS lANCE 

O. 
1.463E·01 
2.925E·01 
4.388E·01 
S.85IE·01 
7.314E·01 
8. 776E'0 I 
1.024E·02 
1.170E·02 
1.316E·OZ 
1.463E~02 
1.609E·02 
1.7S5E·02 
1.902E·02 
2.048E·02 
2.194E·02 
2.340E·02 
Z.487E·02 
Z.633E·02 
Z.779E·02 
Z.9Z5E·02 

A.IIlAL 

-5.034E-OZ 
-5.Z14E-OZ 
-5.387E-02 
-5.554E-02 
-5.716E-OZ 
-5.814E-OZ 
-6.028E-02 
-6.179E-02 
-6.328E-02 
-6.475E-02 
-6.62IE-02 
-6.766E-02 
-6.91IE-02 
-7.055E-02 
-7.199E-02 
-7.342E-02 
-7.487E-02 
-7.632E-02 
-7.779E-02 
-7.928E-02 
-8.083E-02 

DISPLACEMENTS 

LATERAL ROTATIONAL 

-Z.66IE·00 -7.130E-03 
-z.76IE·00 -6.480E-03 
-Z.85IE·00 -5.826E-03 
-2.93IE·00 -5.178E-03 
-3.002E·00 -4.541E-03 
-3.064E·00 -3.942E-03 
-3.118E.00 -3.373E-03 
-3.163E·00 -2.849E-03 
-3.20IE·00 -2.382E-03 
-3.233E·00 -1.979E-03 
-3.260E·00 -1.652E-03 
-3.282E·00 -1.409E-03 
-3.30IE·00 -1.Z60E-03 
-3.319E·00 -1.216E-03 
-3.337E.00 -1.284E-03 
-3.358E·00 -1.476E-03 
-3.38IE·00 -1.800E-03 
-3,411E'00 -2.265E-03 
-3.448E·00 -2.881E-03 
-3.496E·00 -3.657E-03 
-3.556E·00 -4.602E-03 

AXIAL 

-7.Z78E.0 I 
-7.Z67E.OI 
-7.257E·01 
-7.247E.OI 
-7 .237E.0 I 
-7.226E.OI 
-7.216E.OI 
-7.206E.OI 
-7 .196E.0 I 
-7.185E.OI 
-7.175E.OI 
-7.165E·OI 
-7.155E.OI 
-7.144E.OI 
-7.134E.OI 
-7.124E.OI 
-7 .114E.0 I 
-7.103E·OI 
-7 .093E.0 I 
-7.083E·01 
-7.073E·01 

FORCES 

SHEAR 

1.188E·00 
-3.069E-02 
-1.249E·00 
-2.468E.00 
-3.686E·00 
-4.905E·00 
-6.123E·00 
-7.342E·00 
-8.560E·00 
-9.778E·00 
-I.IOOE·OI 
-1.222E·01 
-1.343E·01 
-1.465E·01 
-1.587E·01 
-1.709E·OI 
-1.83IE·01 
-1.953E·01 
-2.074E·01 
-2.196E·01 
-2.318E·01 

MOMENT 

I.ZI4E·03 
I.Z30E·03 
I.Z27E·03 
1.206E·03 
1.166E·03 
1.108E·03 
1.03IE·03 
9.356E·02 
8.22IE.02 
6.903E·02 
5.402E·02 
3.72IE·02 
1.859E·02 

-1.82IE'0 I 
-2.40IE·02 
-4.797E·02 
-7.369E·02 
-1.011E·03 
-1.303E·03 
-1.612E·03 
-1.938E·03 

PRO~ (CON TO) 
501 ANALYSIS FOR DESIGN LIVE· D(AD • ~IND LOADS 

TAdLE Q - MEMBER RESULTS, (CONTD) 

MEMBER NUMBER 6 STIFF TYPE 3 
LENGTH = 3.113E.OZ ALPHA = O. 
GOES FROM JOINT 7 TO JOINT 8 

LOAD TYPE 
BETA 

ALL OUTPUT FORCES ARE ~ITH RESPECT TO THE MEMBER AXES 

AT JOINT AT JOINT 8 

4 

Axi AL FORCE 
SHEAR 
MOMENT 

-1.6IZE·OZ 
1.028E·01 

-1.696E·03 

AXIAL FORCE a 

SHEAR 
MOMENT 

-1.59IE+02 
1.028E·01 
1.638E·03 

MEMBER NUMBEN 7 STIFF TYPE 4 LOAD TYPE 5 
LENGTI'I = 3.300E·02 ALPHA = O. BETA 
GOES FROM JOINT 12 TO JOINT 13 

ALL OUTPUT FORCES ARE ~ITH RESPECT TO THE MEMBER AXES 

AT JOINT 12 AT JOINT 13 

A.IIIAL FORCE a -1.568E·OZ AXIAL FORCE -1.545E·02 
SHEAR 3.592E-00 SHEAR 3.592['00 
MOMENT -6.126E+02 MOMENT 7.02IE·02 

MEMBER NUMBER 8 STIFF TYPE 0; LOAD TYPE 6 
LENGTH = 3.488E·02 ALPHA a O. BETA 
GOES FROM JOINT 17 TO JOINT 18 

ALL OUTPUT fORCES ARE ~nH RESPECT TO THE Io(EMBER AXES 

AT JOINT 17 

AXIAL FORCl 
S"EA~ 
MOMENT 

-1.164E·02 
9.311E '00 

-1..561 '1"03 

AT JOINT 

AXIAL FORCE 
SHEAR 

18 

-1.140E-02 
9.311E +00 
1.779E·03 MOIo(ENT 

I.OOOE.OO 

I.OOOE·OO 

I.OOOE·OO 

N 
1.0 
W 



PROII (CONTOI 
SOl ANALYSIS rOR DESIGN LivE. DEAD • ~IND LOADS 

TABLE 9 - MEMBER RESULTS (CONTDI 

MEMIIER NUMBER ~ STlrf TYPE ~ LOAD TYPE 1 
LENGTH. 4.504E-02 ALPHA. 9.99IE-OI 8ETA. 4.163E-02 
GOES FROM JOINT 3 TO JOINT 8 

OUTPUT DISTANCES ARE FROM JOINT ) ALONG THE "E"8ER AXIS 
ALL OUTPUT rORCES AND DISPLACEMENTS ARE wITH RESPECT TO TME MEMBER AXES 

DI3UNCE 

O. 
2.252E·01 
... 504£-01 
0.750E·01 
9.008E·01 
10 126E'02 
1.35IE·02 
1.570E·02 
1.802E·02 
2.027£002 
2.252E·02 
2.477E·02 
2.702E·02 
2.928E·02 
3.153Eo02 
3.378E·02 
3.003E·'2 
3.828E·02 
4.054E'02 
".219E-02 
4.504(-02 

OISPLACEMENTS 

AXlAL LATERAL 

3.550E.00 -2.ZlsE-01 
3.549E.00 -3.3621-01 
3.548E.00 -4.473£-01 
3.547E.00 -S.561£-01 
3.546E.00 -6.57ZE-Ol 
3.545E.00 -7.458E-Ol 
3.545E.00 -1.119£-01 
3.544E.00 -8.739E-OI 
3.543E.00 -9.089E-OI 
3.543E'00 -9.2ZIE-OI 
3.542E'00 -9.158£-01 
3.54IE'00 ... 19IE-OI 
3.54IE'00 -1.448£-01 
3.540E'00 -7.132£-01 
3.539[.00 -7.IOll-01 
3.53fE.00 -6.297£-01 
3.538£'00 -5.467£-01 
3.537E'00 -4.671£-01 
3.530E'00 -3.98l1-01 
3.530E'00 -3.4'OE-01 
].535E'00 -3.25IE-01 

ROTATIONAL AXIAL 

-4.00Z£-03 -2.50IE.Ol 
-4,904E-03 -2.542E-OI 
-4.929E-0] -2.523E-Ol 
-4.10ZE-03 -2.504E'01 
-4.240E-0] -2.40IE.Ol 
-3.014E-03 -z.411E'01 
-2.802E-03 -2.398E'01 
-Z.0IlE-03 -2.379E'01 
-1.089E-03 -2.336E'01 
-1.470E-04 -2.292£-01 

7.004E-04 -2.273E-Ol 
1.609£-03 -2.254E,01 
2.377E-03 -2.211£.01 
3.08eE-03 -2.167[-01 
3.441£-03 -2.141£.01 
3.61Sf:-0l -2.llOE'01 
3.664£-03 -2.086t.01 
3.362£-03 -2_042£.01 
2_714E-03 -z.023('01 
1,697E-03 -2.005[.01 
2.8'5E-04 -1.986E.01 

FOIIC£S 

SHEAA MOMENT 

5.77IE.01 -1.93IE'03 
5.321£.01 -6.165E'02 
4.871£.01 4.639E'02 
4.42IE'01 1.513E.03 
3.37IE.01 2.400E'03 
Z.322£-01 3.030E'03 
1.872E'01 3.510E.03 
1.4ZI£.01 3.8IZE-03 
3.712£'00 4.15zE'03 

-6.76IE-00 4.05IE-03 
-1.127£'01 3_147£.83 
-1.5'IE'01 3.542£,03 
-Z.627£'01 3,135£,03 
-3.676('81 Z_357E'03 
-4.126£.11 1.477£'13 
-4.576['81 4_954£'82 
-5.626["1 -5.176£'02 
-6_675['01 -2.142£"3 
-7.125['01 -3.591['03 
-7.575£'01 -5.25lE'03 
-1.02$[.01 -7.010E-03 

, . 

pRoe CCO,.,T!» 
501 ANALYSIS rOR DESIGN LIVE • DEAD' wiNO LOADS 

TABLE 9 - MEMSER RESULTS CCONTOI 

MEMBER NUM8EQ 10 STIFr TyPE 0 LOAD TyPE 1 
LENGTH. 4.504E-02 ALPHA· 9.99IE-01 BETA 2 ... 163E-02 
GOES rROM JOINT 8 TO JOINT 13 

OUTPUT DISTANCES ARE rROM ,JOINT 8 AI.ONG THE MEMBER AUS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wlTM RESPECT TO THE MEMBER AXES 

DISTANCE 

O. 
Z.25ZE·0l 
4.50"E·01 
0.150£001 
9.008E-01 
1.IZ6E-02 
1.35IE-02 
1.576£.02 
1.802£-02 
2.027[-02 
2.252£-02 
2.471E-02 
z.702E-OZ 
2.928E-02 
3.15lE-02 
3.378E-02 
3.603E-02 
3.828[.02 
4.054E.02 
4_z79E-02 
4.504E·02 

DISPLACEMENTS 

AXIAL LATERAL 

3.53SE-00 -3.25IE-II 
3.535E-00 -3.310E-OI 
3.534E.00 -3.574E-II 
3.S34E'00 -3.970E-OI 
3.534E-00 -4.434E-01 
3.533E-00 -4.908E-OI 
3.533E-00 -5.350E-01 
3.532E.00 -5_724E-01 
3.532£-00 -6.000[-01 
3.532[*00 -6.155£-01 
3.531[-00 -6.181E-OI 
3.531E-00 -6.071E-01 
3.530E-00 -5.849[-01 
3.530E-00 -s.510E-01 
3.530E-00 -5.015E-01 
3.529E'00 -4.619[-01 
3.529[.00 -4.122E-Ol 
3.5z9E_00 -3.672£-01 
3.528E.00 -3.32IE-01 
3.528E-00 -3.131E-01 
3.52IE_00 -3.196E-01 

ROTATIONAL AXIAL 

2.885E-04 -1.51IE'01 
-7.780E-04 -1.552E.01 
-1_520E-03 -1.534E.01 
-1.962£-03 -1.5ISE-Ol 
-z.126E-03 -1.47IE.OI 
-2.067[-03 -1.427['01 
-1.839E-03 -1 •• 09[.01 
-1.465E-03 -1.390E-01 
-9.684E-04 -1.340E-01 
-4.043E-04 -1.302E-OI 

1.135E-04 -1.2I4E-01 
1.417E-04 -1.265E.01 
1_277E-03 -1.Z2IE-01 
1.725E-03 -1.ll1E-01 
2.03IE-03 -1.159E-01 
2.172E-03 -1.140E.OI 
2.125E-03 -1.096E'OI 
1.835£-03 -1.052E'01 
1.249[-03 -1.034E.OI 
3.420E-04 -1.015E.01 

-9.079E-04 -9.962[_00 

'. 

FORCES 

SHEAR 

6.712£-01 
6.20ZE-Ol 
5,IIZE-01 
5.30IE-01 
4_312E-OI 
3.20lE-01 
2.813E-0 1 
2.36IE-OI 
l.lI2E-01 
Z.030E-00 

-1.804E-00 
-0.373E-00 
-1.087E-0I 
-2.735E-01 
-3.I,5E-01 
-3.636E·01 
-4.085E-01 
-5.734E-0I 
-6.184E·01 
-0.034(-01 
-1.084[-01 

MOMENT 

-5.372['03 
-3.911E-03 
-2.551E·03 
-10292E-03 
-1.351[*02 

0.509E-02 
1.336£-03 
1.919E-03 
2.400[.13 
2.5IOE-03 
2.519[*03 
2.426£-Ol 
2.23IE-03 
1.000E-03 
9.980E-02 
2.300E-02 

-6.400E-02 
-1.18IE-63 
-3.22n-03 
-4.661E_03 
-6.2I2E·03 



PR08 (CONTO) 
SOl ANALYSIS FOR DESIGN Llv£ • DEAD· WIND LOADS 

TABL£ q - MEMBER RESULTS (CONTD) 

MEMBEri NUMBER II STIFF TYPE 6 LOAD TYPE 7 
LENGTh = 4.504E.02 ALPHA. 9.99IE-OI BETA 4.163E-02 
GOES FROM ~OINT 13 TO ~OINT 18 

OUTPUT DISTANCES ARE FROM ~OINT 13 ALONG THE MEMBER AXIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER AXES 

DISTANCE 

O. 
2.252E·OI 
4.504E·01 
6.156E·01 
9.008E·0I 
1.126['02 
1.35IE·02 
1.576E·02 
l.tl02E·02 
2.027E·02 
2.252E·02 
2.477E+02 
2.102E·02 
2.928E·02 
3.153£+02 
3.318E·02 
3.603£+02 
3.828E·02 
4.054E·02 
4.219E·02 
4.504E·02 

AXIAL 

3.528E·00 
3.527E·00 
3.527E·00 
3.527E·00 
3.526E·00 
3.526E·00 
3.525E·00 
3.525E·00 
3.525E·00 
3.524E·00 
3.524E·00 
3~524E.00 
3.524E.00 
3.523E·00 
3.523E·00 
3.523E·00 
3.523E·00 
3.522E·00 
3.522E·00 
3.522E·00 
3.521£.aD 

DISPLACEMENTS 

LATERAL 

-3.196E-0I 
-3.528E-0I 
-4.065E-0I 
-4.73IE-OI 
-5.457E-OI 
-6.179E-OI 
-6.848E-0I 
-7.425E-OI 
-7.874E-OI 
-8.167E-OI 
-8.290E-0I 
-8.238E-OI 
-8.010£-01 
-7.613E-0I 
-7.070E-OI 
-6.409E-0I 
-5.664E-OI 
-4.878E-0I 
-4.107E-0I 
-3.416E-0I 
-2.874E-0I 

ROTATIONAL AXIAL 

-9.079E-04 -1.23IE.OI 
-1.994E-03 -1.212E.OI 
-l.733E-03 -1.193E.OI 
-3.147£-03 -1.174E.OI 
-3.260E-03 -1.13IE.OI 
-3.127E-03 -1.087E.OI 
-2.800E-03 -1.068E.OI 
-2.305E-03 -1.049E.OI 
-1.663E-03 -1.006E.OI 
-9.304E-04 -9.619E.00 
-1.602E-04 -9.43IE.00 
6.238E-04 -9.243E.00 
1.398E-03 -8.806E.00 
2.109E-03 -8.369E.00 
2.702E-03 -8.18IE.00 
3.153E-03 -7.994E.00 
3.440E-03 -7.557E.00 
3.507E-03 -7.119E.00 
3.30IE-03 -6.932E.00 
2.799E-03 -6.744E.00 
1.977E-03 -6.557E.00 

FORCES 

SHEAR 

7.167E·OI 
6.717[·01 
6.267E·OI 
5.816E·OI 
4.767E·OI 
3.718E·OI 
3.268E·OI 
2.816E·OI 
1.767E·OI 
7.186E·00 
2.686E·00 

-1.823E·00 
-1.232E·OI 
-2.280E·OI 
-2.730E·0I 
-3.18IE.0 I 
-4.230E·OI 
-5.279E·OI 
-5.729E·OI 
-6.179E·Ol 
-6.630E·OI 

MOMENT 

-5.509E·OJ 
-3.946E·03 
-2.483E·03 
-1.I22E·03 

1.378E·02 
1.026E·03 
1.814E·03 
2.499E·03 
3.083E·OJ 
3.296E·03 
J.407E·03 
3.417E·03 
3.325t·03 
2.862E·03 
2.297E·03 
1.63IE·03 
8.632E·02 

-2.755E·02 
-1.516E·03 
-2.857E·03 
-4.300E·03 

PRO~ (CO"TDI 
SOl A~ALYSIS FOR DESIGN LIvE. DEAD. wiND LOADS 

TABLE 9 - MEMBER RESULTS (CONTD) 

MEH~E~ NUMBER 12 STIFF TYPE 7 LOAD TYPE 8 
LENGTH = 1.20IE.02 ALPHA = 9.99IE-OI BETA 4.163E-02 
GOES FROM ~OINT 18 TO ~OINT 20 

OUTPUT DISTA~CE5 ARE FROM ~OINT 18 ALONG THE MEMBER AXIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBEk AXES 

DISTANCE 

O. 
6.005E·00 
1.20IE·OI 
1.802E·OI 
2.402E·OI 
3.003E·OI 
3.603E·OI 
4.204E·OI 
4.804[.01 
5.405E·OI 
6.005E·OI 
6.606E·OI 
7.206E·OI 
7.807E·OI 
8.407E·OI 
9.008E·OI 
9.608E·OI 
1.02IE·02 
1.081E·02 
1.14IE.02 
1.20IE·02 

AXIAL 

3.52IE·00 
3.52IE·00 
3.52IE.00 
3.52IE.00 
3.52IE.00 
3.52IE·00 
3.52IE·00 
3.52IE·00 
3.52IE.00 
3.52IE.00 
3.52IE·00 
3.52IE.00 
3.52IE·00 
3.52IE.00 
3.52IE.00 
3.52IE·00 
3.52IE·00 
3.52IE·00 
3.52IE·00 
3.52IE·00 
3.52IE.00 

DISPLACEMENTS 

LATERAL 

-2.874E-OI 
-2. 759E-0I 
-2.654E-OI 
-2.556E-OI 
-2.465E-OI 
-2.380E-OI 
-2.30IE-01 
-2.227E-OI 
-2.157E-OI 
-2.092E-OI 
-2.029E-OI 
-1.969E-OI 
-1.9I1E-OI 
-1.855E-0I 
-1.800E-0I 
-1.745E-0I 
-1.69IE-OI 
-1.638E-0I 
-1.584E-0I 
-1.531£-01 
-1.477E-0I 

ROTATIONAL 

1.977E-03 
1.829E-03 
1.694E-03 
1.57IE-03 
1.460E-03 
1.36IE-03 
1.272E-03 
1.194E-03 
1.127E-03 
1.069E-03 
1.020E-03 
9.803E-04 
9.489E-04 
9.254E-04 
9.094E-04 
9.005E-04 
8.959E-04 
8.932E-04 
8.917E-04 
8.912E-04 
8.91IE-04 

AXIAL 

-1.500E.00 
-1.450E.00 
-1.400E·00 
-1.350E·00 
-1.300E·00 
-1.250E·00 
-1.200E·00 
-1.150E.00 
-I.100E·00 
-1.050E.00 
-9.995E-OI 
-9.495E-OI 
-8.995E-OI 
-8.495£-01 
-7.992£-01 
-4.994E-OI 
-2.000E-0I 
-1.500E-OI 
-9.997E-02 
-4.997E-02 

1.053E-08 

FORCES 

SHEAR 

3.599E·OI 
3.479E.OI 
3.359E·01 
3.239E·OI 
3.119E·OI 
2.999E·OI 
2.879E·OI 
2.759E·OI 
2.639E·OI 
2.519E·OI 
2.399E·OI 
2.279E.OI 
2.159E·OI 
2.039E·OI 
1.918E·OI 
1.199E·OI 
4.799E·00 
3.599E·00 
2.399E·00 
1.199E.00 
7.175E-08 

MOMENT 

-2.52IE·03 
-2.308E·OJ 
-2.103E·03 
-1.905E·03 
-1.714E·03 
-1.530E·03 
-1.354E·03 
-1.185E·OJ 
-1.023E·03 
-8.678E·OZ 
-7.20IE·02 
-5.797E·02 
-4.464E·02 
-3.204E·02 
-2.016E·02 
-9.005E·OI 
-5.763E·OI 
-3.24IE·OI 
-1.440E·OI 
-3.598E·00 
2.063E-07 

N 

'" VI 



PROB lCOtHOI 
501 lNALYSIS FOR DESIGN LIVE - DEAD' wiNO LOADS 

TA8LE 9 - MEM8ER RESULTS (CONTOI 

MEMBtR NUM8ER 13 STIFF TYPE A LOAO TyPE 9 
LENGTH = 1.20IE'02 ALPHA,. 9.993E-~1 BEU,. 3.789(-02 
GOES FROM JOINT 2 TO JOINT • 

OUTPUT DISTANCES ARE FROM JOINT 2 ALONG THE MEMBER A~IS 
ALL OUTPUT FORCES ANO OISPLACEMENTS ARE wiTH RESPECT TO THE MEMBEk A~ES 

DISTANCE 

O. 
6.00"E-OO 
1.201E-01 
1.80IE_OI 
2.,,02E-OI 
3.002E-01 
3.603E-01 
".203E-Ol 
".803E-01 
5."0"E-OI 
6.00"E-Ol 
6.605[-01 
7.205E-Ol 
7.806E-OI 
8.,,06E-Ol 
9.006E-01 
9.607E-Ol 
1.021E·02 
1.08IE-02 
1.1"IE·02 
1.201E·02 

DISPLACEMENTS 

A~UL LATERAL 

2_657E'00 -1.51IE-OI 
2.6S7E_00 -1.939E-01 
2_657E.00 -2_365E-OI 
2.657£-00 -2.789E-01 
2.657E-00 -3.210E-01 
2.656£+00 -3.627E-01 
2.656£.00 -".0"0[-01 
2.656£-00 -" •• "8[-01 
2.656E-00 -".850[-01 
2.656E.00 -5.246E-OI 
2.656E-00 -5.63"E-Ol 
2.656£-00 -6.013E-Ol 
2.656E.00 -6.384[-01 
2.656E-00 -6_7""E-01 
2.655E-00 -7.093E-01 
2.655E-00 -7 •• 30E-Ol 
2.655E.00 -7.753[-01 
2.655E-00 -8.063E-Ol 
2.655E_00 -8.358E-Ol 
2.655£-00 -8.636E-01 
2.655£-00 -8.898[-01 

ROTATIONAL 

-1.1l0E-OJ 
-7.11OE-03 
-7.079(-03 
-7_0)7E-03 
-6.983E-03 
-6.918£-03 
-6.kOE-OJ 
-6.7"9£-03 
-6.6105£-03 
-6.528£-03 
-6.396£-03 
-6.2,,9[-03 
-6.087£-03 
-5.909[-03 
-5.715[-03 
-5.503[-03 
-5.276E-03 
-5.03"E-03 
-".178E-OJ 
-".507[-03 
-".220E-03 

A~JAL 

1.541£_00 
1.603E.00 
10660E-00 
1_717E-00 
1.174[-00 
1.831E-00 
1_888£-00 
1.9104[-00 
2.001£-00 
2.058E-00 
2.1 15£-00 
2.172E-00 
2.229E-00 
2.285[-00 
2.342E-00 
2.721E-00 
3.100[-00 
3.157E-00 
3.21,,[-00 
3.27IE-00 
3.327E-00 

FORCES 

SHEAR 

6.117£-01 
5.967E-Ol 
5.817E-OI 
5.667E-0I 
5.518E-01 
5_368E·01 
5.218E-OI 
5_068E-OI 
".918E-01 
".768£-01 
4.618£-01 
"."68E-01 
".318E-OI 
4.169E-OI 
".019E-01 
3.019E-Ol 
2.020E-OI 
1_870E-0 1 
1.720E-Ol 
1.570E-OI 
1.,,2IE-OI 

S.329E-02 
8_956£*02 
1_249E*03 
I. 591tE .03 
1.930E-03 
2.256E-03 
2.51"E*01 
2.883E·03 
3.183E*03 
3."73E-0~ 
3.755£·03 
1o.028£*G3 
".291E-03 
4.546£·03 
".79ZE-03 
5.029E·03 
5.154E-03 
5.271E-03 
5.379E·03 
5_,,17E-03 
5.567£·03 

.. 

PROt< ICONTO) 
501 ANALYSIS FOR DESIGN LIVE' DEAD. WINO LOADS 

TABLE Q - MEMBER RESULTS (CONTO) 

M£MBEH NUMBER 110 STIFF TYPE 9 LOAO TyPE Ie 
LENGTH ~ 2.100£*02 AL?HA ~ I.OOOE-OO BETA O. 
GOES FRO~ JOINT .. TO JOINT 5 

OUTPUT OISTANCES ARE FROM JOINT 4 ALONG THE MEMBER AXIS 
ALL OUTPUT FORCES ANO OISPLACEMENTS AR£ WITH RESPECT TO THE ~EMBEH AXES 

OISTANCE 

O. 
1.050E.0 I 
2.100£-0 I 
30150£-01 
".200E-OI 
5.250E·01 
6.300E-OI 
7.350E-Ol 
8.1000E-01 
9.1050£-01 
1.050E-02 
h155E*02 
1.260E-02 
1.365E*02 
1.470E*02 
1.575E-02 
1.680E*02 
1_785E-02 
1.890E-02 
1.995[*02 
2.100E-02 

•• LIMIT or 

DISPLACEMENTS FORCES 

AXIAL LATERAL ROTATIONAL AUAL SH£AR 

2.687E_00 -7_8B6E-OI 
2.687E*00 -8.297E-OI 
2.687E.00 -8.6It3E-01 
2.687E*00 -8_9Z1E-OI 
2.687E*00 -9.136E-OI 
2.687E*00 -9.282E-01 
2.687E-00 -9.359E-OI 
2.687E-00 -9.370£-01 
2.687E_00 -9.316E-01 
2.687E-00 -9.200E-Ol 
2.687E-00 -9.02"E-OI 
2_687E-00 -8.193E-OI 
2.687£-00 -8.510E-OI 
2.687E-00 -8.178E-Ol 
2.687E-00 -7.803E-OI 
2.687£-uO -7.388E-Ol 
2.687£-00 -6.941E-Ol 
2.687E-00 -6."68E-Ol 
2.687E-00 -5.977E-Ol 
2.681E-00 -5.476E-Ol 
2.687£-00 -4.972E-Ol 

MEMOERS STRESS-STRAIN 

-4.220£-03 3.863E-00 1."07E-01 
-3_608E-03 3_863E-00 I_I""E-Ol 
-2.98"E-03 3.963E-00 8_819E-00 
-2.3.9E-03 3.863E.00 6.194E-00 
-1.708E-03 3.863£.00 3.569E*00 
-1.062E-03 3.863E.00 -1.,,85E*00 
-"_18ZE-0" 3.863E-00 -1.261E-01 
2.113E-0" 3.86JE-00 -2.13IE*01 
8.166E-O" 3.863E-OO -2.393E-Ol 
1.395E-03 3.863E-00 -2.656E-01 
1.9"2E-03 3.863£-00 -2.918E·01 
2'''51E-OJ 3.863E-00 -3.18IE-OI 
2.935E-03 3.863£-00 -3.",,3E*01 
3_31"E-03 3.863E-00 -3.706E-OI 
3.711E-03 3.663E-00 -".575E-OI 
4.116E-03 3.863£-00 -5.688[*01 
".396£-03 3.863E-00 -6.193E-Ol 
".605E-03 3_863£-00 -6."56E*01 
".7"IE-03 3.86JE-00 -6.718£-01 
".800E-03 3.863E-00 -6.98IE*01 
".780E-OJ 3.863E*00 -7.2"3£-01 

CURVE EXCEEOEO ON THIS PROBLEM 

MOMENT 

5.567E-03 
5_701£-03 
5.807£-03 
5_886£-03 
5.937£-03 
5.961£-(13 
5.906£-03 
5.696£*03 
5."58E-(l3 
S.193(-03 
".90IE*(l3 
".58IE-03 
".233E-03 
3.858E-03 
3."55E-03 
2.897E-03 
2.261E*03 
1.597E*G3 
9.056E *OC 
1.867E*02 

-5.599E-02 



PRO", (CON TO I 
501 ANAL.SIS FO~ DESIGN LivE • OEAo • WIND LOADS 

TA~LE ~ - MEMBER KESULTS (CoNTO) 

MEMBEk NUMaER IS ~Tlff TYPE In LOAO TYPE 11 
LENGTH = 1.201E-02 ALP~A = 9.993E-OI BETA. -3.789E-02 
GOl~ fROM JOINT 5 TO JOINT 7 

OUTPUT DISTANCES A~E fROM JOINT ~ A,ONG THE MEMBER AAIS 
ALL OUTPUT fORCES ANO OISPLACEMENTS ARE WIT~ ~ESPECT TO THE MEMBER AXES 

DISTANCE 

O. 
6.004E+00 
1.20IE'01 
1.80IE+OI 
2.402E+OI 
3.002E+OI 
3.603E·01 
4.203E·01 
4.803E-OI 
5.404£'01 
&.004E_Ol 
6.605E_01 
7.205E·01 
7.806E+Ol 
8.406E-Ol 
9.006E+01 
9.607E+Ol 
1.021£+02 
1.08IE-02 
1.14IE-02 
1.20IE-02 

•• LIMIT OF 

DISPLACEMENTS fORCES 

AXIAL LATERAL 

2.704E-00 -3.~50E-OI 
2.704E'00 -3.665E-OI 
2.704E.00 -3.382E-01 
2.704E+00 -3.103£-01 
2.704E-00 -Z.830£-01 
2.703E+00 -2.563£-01 
2.703E+00 -2.304£-01 
2.703E+00 -2.054£-01 
2.703E-00 -1.814£-01 
2.703£'00 -1.584E-OI 
2.703E-00 -1.367E-OI 
2.703£_00 -1.162E-01 
2.703E.00 -9.722E-02 
2.703E'00 -7.968E-02 
2.703E.00 -6.373£-02 
2.703E'00 -4.944£-02 
2.703E_00 -3.689£-02 
2.703E-00 -2.616E-02 
2.703E-00 -1.733£-02 
2.703E+00 -1.045£-02 
2.703E+00 -5.606£-03 

M£MBERS ST~ESS-STRAIN 

ROTATIONAL AXIAL SHEAR MOMENT 

4.780E-03 1.116E-00 -7.253E+OI -5.599E'02 
4.739£-03 1.059E.00 -7.402E+OI -9~998£'02 
4.678E-03 1.002£-00 -7.552E+Ol -1.449£-03 
4.597E-03 9.456E-01 -7.702£-01 -1.907£+03 
4.498E-03 8.887E-01 -7.852£-01 -2.374£+03 
4.38IE-03 5.098E-OI -8.85IE-OI -2.850£+03 
4.246E-03 1.309E-OI -9.85IE'01 -3.437E+03 
4.090£-03 7.410E-02 -1.000£.02 -4.032E+03 
3.916E-03 1.727£-02 -1.015E'02 -4.637E+03 
3.723E-03 -3.957E-02 -1.030£'02 -5.25IE-03 
3.514£-03 -9.640E-02 -1.045E'02 -5.874£-0) 
3.288£-03 -1.532E-Ol -1.060E-02 -6.506E-03 
3.047E-0) -2.101£-01 -1.075E-02 -7.147£-03 
2.79IE-03 -2.669E-OI -1.090E+02 -7.797E-03 
2.520E-03 -3.2)7£-01 -1.105£'02 -8.45bE-03 
2.237E'*03 -3.806£-01 -1.120E-02 M9.124E+0) 
1.940E-03 -4.374[-01 -1.1)5E+02 -9.80l£+03 
1.63IE-03 -4.942E-Ol -1.150E+02 -1.049£-04 
1.310E-03 -5.51IE-01 -1.165£+02 -1.118£+04 
9.776E-04 -6.079£-01 -1.180E-02 -1.189E+04 
6.340£-04 -6.647E-Ol -1.195[-02 -1.260£+04 

CURVE £ACEED£D ON THiS PROBLEM 

.. 

PRO" (CO"'TO> 
SOl ANALYSIS fOR OESIGN LIVE. OEAO • _IND LOAO~ 

TA~LE ~ - ~EM8EH RESULTS (CONTO) 

MEMB£k NUMSER 16 STIFF TYP£ 8 LOAD TypE 9 
LENGT~ s 1.2alE'02 ALPHA. 9.993E-OI SETA s 3.789E-02 
GO[S FROM JOINT 7 TO JOINT 9 

OUTPUT DISTANCES ARE FROM JOINT 7 A.ONG THE MEMB£R AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WiTH R£SPECT TO THE NE~BER AXES 

DISTANC£ 

O. 
6.004E+OO 
1.20IE·01 
10801E+Ol 
2."02E+01 
3.002£+01 
3.603E·01 
4.203E+OI 
4.803£-01 
5.404E-OI 
6.004£'01 
6.605E·01 
7.205E+OI 
7.806E+01 
8.406E+OI 
9.006E·01 
9.607E+01 
1.021£-02 
1.08IE+02 
1.14IE+02 
1.201E+02 

OISPL_C£MENTS 

AAIAL LAT£RAL ROTATIONAL AXIAL 

2.695E_00 -2.103E-OI 
2.695£'00 -2.07IE-OI 
2.695£-00 -2.052E-Ol 
2.695£-00 -2.044£-01 
2.695£+00 -2.048E-OI 
2.695£+00 -2.063£-01 
2.695£+00 -2.088E-Ol 
2.695£+00 -2.122E-OI 
2.695£+00 -2.165E-OI 
2.695E-00 -2.216E-01 
2.695E+00 -2.275E-01 
2.695£+00 -2.341E-OI 
2.695£_00 -2.412E-OI 
2.695E_00 -2.489E-OI 
2.695E.00 -2.570E-OI 
2.695E-00 -2.655£-01 
2.695E_00 -2.743£-01 
2.695E+00 -2.833£-01 
2.695£-00 -2.924£-01 
2.695E+00 -3.016E-01 
2.695E-00 -3.108E-OI 

6.340E-04 -3.318E+00 
4.231E-04 -3.26IE-00 
2.211£-04 -3.20"E-00 
2.820E-05 -3.1"7E+00 

-1.552£-04 -3.09IE-00 
-3.288E-04 -3.034E-00 
-4.923£-04 -2.977E-00 
-6.45"E-04 -2.920E+00 
-7.876E-04 -2.863£-00 
-9.185E-04 -2.806E+00 
-1.038E-03 -2.750E+00 
-1.145E-03 -2.69)E-00 
-1.239£-03 -2.636E-00 
-1.320E-03 -2.579£-00 
-1.388E-0) -2.522£+00 
-1.440E-03 -2.143£-00 
-1.480E-03 -1.764£+00 
-1.509E-03 -1.708£+00 
-1.526£-03 -1.65IE+00 
-1.532£-03 -1.594E+00 
-1.525E-03 -1.537E+00 

FORCES 

SHEAR 

8.610E+OI 
8.460E-Ol 
8.310E+OI 
8.161E+OI 
8.011E+OI 
7.861£+01 
7.711£+01 
7.561£+01 
7.411E+OI 
7.26IE-OI 
7.111£-01 
6.96IE_OI 
6.812E-OI 
6.662E+01 
6.512E-OI 
5.512E-OI 
4.513£+01 
4.363£+01 
4.213£-01 
4.063£+01 
3.914E+OI 

MOM£NT 

-7.773E·03 
-7.260E-03 
-6.757E-03 
-6.262£-03 
-5.777E·03 
-5.300E+03 
-4.833E+03 
-4.374E-03 
-3.925E+03 
-3.484E-03 
-3.053E-03 
-2.630E+03 
-2.217£+03 
-1.812E+03 
-1+417E+03 
-1.030E-03 
-7.550E+02 
-4.885E-02 
-2.)10£+02 

1+754E+01 
2.570E-02 



PRO~ (Co"ro) 
501 A"ALVSIS FOH DESIGN LIvE. DEAD· WINO LOADS 

TABLE 9 - ME~B£R RESULTS (CONTD) 

MEMBEK NUMBER 17 STIFF TVPE ~ LOAD TYPE 10 
LENGTH = 2.100E.02 ALPHA = I.OOOE.OO 8ETA z O. 
GOES FRv" ~OINT 9 TO JOINT 10 

OUTPuT DISTANCES ARE FROM JOINT ~ ALONG THE MEMBER AXIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBE~ AXES 

DISTANCE 

O. 
1.050E·OI 
2.100E·OI 
3.150E·Ol 
4.200£·01 
5.250E·OI 
6.300E·OI 
7.3~OE·01 
8.400E·OI 
9.450E·OI 
1.050E·02 
10155£·02 
1.260E·02 
1.365E·02 
1.470E·02 
1.575E·02 
1.680E·02 
1.785£·02 
1.890E·02 
1.995E·OZ 
20100E·02 

AXiAL 

Z.704E·00 
Z.704E·00 
Z.704E.00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
Z.704E·00 
l.704E·00 
Z.704E·00 
Z.70_E·00 
Z.704E.00 

DISPLACEMENTS 

LATERAL 

-Z.085E-0I 
-Z.Z4ZE-0I 
-Z.393E-OI 
-Z.53IE-0I 
-Z.655E-01 
-Z.759E-01 
-Z.84IE-01 
-Z.898E-01 
-Z.930E-01 
-Z.936E-01 
-Z.917E-0I 
-Z.87ZE-0I 
-Z.803E-01 
-Z.7IOE-OI 
-Z.595E-0I 
-Z.459E-0I 
-Z.305E-01 
-Z.139E-01 
-1.964E-OI 
-1.785E-0I 
-1.607E-01 

ROTATIONAL AXiAL 

-1.5Z5E-OJ -5.313E-OZ 
-1.475E-03 -50313E-OZ 
-1.384E-03 -5.313E-OZ 
-1.Z54E-03 -5.313E-OZ 
-1.089E-03 -5.313E-OZ 
-8.907E-04 -5.313E-OZ 
-6.657E-04 -50313E-OZ 
-4.l65E-04 -5.313E-OZ 
-1.830E-04 -5.313E-OZ 
6.189E-05 -5.313E-OZ 
3.05IE-04 -5.313E-OZ 
5.437E-04 -5.313E-OZ 
7.746E-04 -5.313E-OZ 
~.948E-04 -5.313E-OZ 
I.ZOIE-03 -5.313E-OZ 
1.385E-03 -5.313E-OZ 
1.53IE-03 -5.313E-OZ 
1.636E-03 -5.313E-OZ 
1.696E-03 -5.313E-OZ 
1.708E-03 -5.313E-Ol 
1.669E-03 -5.313E-OZ 

FORCES 

SHEAR 

3.917E ·01 
3.654E oOI 
3.392EoOI 
3.IZ9E·OI 
Z.81>7E·OI 
Z.31>IE·01 
I.Z49E o OI 
3.791EoOO 
1.166EoOO 

-1.459E oOO 
-4.084[000 
-6.709EoOO 
-9.334~000 

-1.196E oOI 
-Z.066E oOI 
-3.17I1E oOI 
-3.683EoOI 
-3.9_6EoOI 
-40l08EoOI 
-4.47IEoOI 
-_.733E·01 

MOMENT 

Z.570E·OZ 
6.545Eo OZ 
1.0Z4E·03 
1.367Eo03 
1.68ZEo03 
1.969Eo03 
Z.177E·03 
Z.Z3IE·0~ 
Z.Z57E·03 
Z.Z55E·03 
Z.ZZ6E·03 
Z.170E·OJ 
Z.085E·03 
10974E·03 
1.834E o03 
1.540E·03 
10 167E·03 
7.664E·OZ 
3.3113E oOZ 

-1.174EoOZ 
-6.006Eo02 

.. 

PROH (CONTDI 
501 A"ALYSIS FOR DESIGN LIVE. DEAD. WIND LOADS 

TABLE 9 - MEMBER ~ESULTS (CONTDI 

"EM~E~ NUMBER 18 STIFF TYPE In LOAD TyPE II 
LENGTH = I.ZOIE·OZ ALPHA = 9.993E-OI BETA -3.789E-OZ 
GOES FROM JOINT 10 TO ~OINT IZ 

OUTPUT OISTANCES ARE FRO~ ~OINT 10 ALONG THE ~E~BER AXIS 
ALL OUTPUT FO~CES AND OISPLACEMENTS ARE wiTH RESPECT TO THE "E~BER AXES 

DISTANCE 

O. 
6.004E·00 
I.ZOIE·OI 
1.80IE·01 
Z.40ZE·OI 
3.00ZEoOI 
3.1>03E·OI 
4.Z03EoOI 
4.803E·OI 
5.404£·01 
6.004E oOI 
6.605E·01 
7.Z05EoOI 
7.80I>E·OI 
8.406EoOI 
9.00I>E·01 
9.607EoOI 
I.OZIE·OZ 
1.081E·OZ 
1.141Eo OZ 
I.ZOIE·OZ 

DISPLACEMENTS FORCES 

AXIAL LATERAL 

Z.708E.00 -5.81IE-OZ 
Z.708E·00 -4.8Z0E-OZ 
Z.708E o OO -3.85I>E-OZ 
Z.708EoOO -Z.9ZI>E-OZ 
Z.708E oOO 
Z.708EoOO 
Z.708EoOO 
Z.708EoOO 
Z.708E·00 
Z.708EoOO 
Z.708E·00 
Z.708E·00 
Z.708E·00 
Z.708E·00 
Z.708E·00 
Z.708E·00 
Z.708E·00 
Z.708E·00 
Z.708E·00 
Z.708EoOO 
Z.708E oOO 

-Z.040E-OZ 
-I.ZOZE-OZ 
-4.ZI5E-03 

Z.938E-03 
9.35IE-03 
1.494E-OZ 
1.96ZE-OZ 
Z.333E-OZ 
Z.598E-OZ 
Z.75ZE-OZ 
Z.786E-OZ 
Z.695E-OZ 
Z.47ZE-OZ 
Z.IIIE-OZ 
1.607E-OZ 
9.545E-03 
1.470E-03 

ROUT IONAL AXIAL SHEAR MOMENT 

1.1>1>9E-03 -1.847E.00 -4.730EoOI -1>.OOI>EoOZ 
1.1>3IE-03 -1.903EoOO -4.880E·Ol -8.891E·OZ 
1.579E-03 -1.960EoOO -5.030E·OI -1.187Eo03 
1.514E-03 -Z.017EoOO -5.179E·OI -1.493E·03 
1.438E-03 -Z.074E oOO -5.3Z9EoOI -1.809E o03 
1.350E-03 -Z.453EoOO -1>.3Z9E oOI -Z.133E o03 
I.Z48E-03 -Z.83ZEoOO -7.3Z8£·01 -Z.51>9Eo03 
1.13ZE-03 -Z.888EoOO -7._78EoOI -3.013Eo03 
1.00ZE-03 -Z.945EoOO -7.I>Z8E·OI -3.41>7Eo03 
8.577E-04 -3.00ZEoOO -7.778EoOI -3.9Z9E·03 
7.008E-04 -3.059EoOO -7.9Z8E·OI -4.401Eo03 
5.315E-04 -3.III>EoOO -8.077E·OI -4.881Eo03 
3.503E-04 -3.173E.00 -8.ZZ7E·OI -5.371Eo03 
1.577E-04 -3.ZZ9EoOO -8.377EoOI -5.81>9Eo03 

-4.583E-05 -3.Z86E·00 -8.5Z7E oOI -1>.377Eo03 
-Z.600E-04 -3.343E·00 -8.677E·OI -1>.893Eo03 
-4.843E-04 -3.400EoOO -8.8Z7E o OI -7.419E·03 
-7.184E-04 -3.457EoOO -8.977EoOI -7.953Eo03 
-9.I>ZIE-04 -3.514E·00 -90 1Z7EoOI -8.497E o03 
-1.ZI5E-03 -3.570EoOO -9.Z77EoOI -9.0_9Eo03 
-1.477E-03 -3.6Z7E.00 -9.4Z6EoOI -9.I>IIE·03 

0, 

N 
~ 
00 



PROS (CONTO) 
501 ANALYSIS FOR DESIGN LIVE' OEAO • WI~D LOAOS 

TA8LE q - MEHBER ~ESULTS (CONTO) 

HEH8ER NUHBER l~ STiff TYPE LOAD TyPE 9 
LENuTH = 1.201E.02 ALPHA = 9.993E-Ol BETA 3.789E-0;; 
GOES fRO~ JOINT 12 TO JOINT 14 

OUTPUT DISTANCES ARE FROM JOINT 12 ALONG T~E MEHBE~ AKIS 
ALL OUTPUT FC~CES AND DISPLACEMENTS ARE .ITH RESPECT TO THE MEMBER A~ES 

DISTANCE 

O. 
6.00 .. [*00 
1.20IE*01 
1.80IE*01 
2 ... 02[*01 
3.002E*01 
3.603E*01 
... 203E+01 
... 803E*01 
5,"0"E-01 
6.00"E-OI 
6.605E·Ol 
7.205E·Ol 
7.606E*01 
8.4061::*01 
9.006E·01 
9.607E·01 
1.021E-02 
1·081E-02 
l.l"IE-02 
1.20IE·02 

DISPLACEMENTS 

A~IAL LATERAL ROTATIONAL A~IAL 

2.700E·00 -2.036E-01 -1."77E-03 -2.370E.00 
2.700E.00 -2.130E-OI -1.652E-03 -2.31 .. E.00 
2.700E-00 -2.23 .. E-01 -1.818E-03 -2.257E.00 
2.700E-00 -2.348E-OI -1.97"E-03 -2.200E.00 
2.700E.00 -2 ... 7IE-01 -2.119E-03 -2.143E*00 
2.700E'00 -2.602E-OI -2.25 .. E-03 -2.086E.00 
2.700E.00 -2.7"2E-01 -2.377E-03 -2.029E'00 
2.700E-00 -2.888E-OI -2."R9E-03 -1.973E*00 
2.700E'00 -3.040E-Ol -2.589E-03 -1.916E.00 
2.700E'00 -3.198E-OI -2.676E-03 -1.859E'00 
2.700E.00 -3.361E-OI -2.751E-03 -1.802E.00 
2.700E.00 -3.528E-Ol -2.812E-03 -1.7"5E.00 
2.700E-00 -3.699E-OI -2.859E-03 -1.688E.00 
2.700E-00 -3.871E-01 -2.89IE-03 -1.632E.00 
2.700E-00 - ... 045E-Ol -2.908E-03 -1.575E'00 
2.700E.00 -".220E-Ol -2.908E-03 -1.196E.00 
2.700E.00 - ... 39 .. E-Ol -2.89"E-03 -8.169E-01 
2.700E.00 - ... 567E-Ol -2.868E-03 -7.601E-01 
2.700E-00 - ... 738E-01 -2.827E-03 -7.032E-01 
2.700E.00 -4.907E-01 -2.773E-03 -6."6"E-01 
2.700E·00 -5.071E-Ol -2.70"E-03 -5.896E-Ol 

fORCES 

SHEAR 

8.5 .. 7E·01 
8.397E*01 
8.2 .. 7E*01 
8.097E*01 
7.9 .. 7E'0 1 
7.797E-Ol 
7.6",7£'01 
7 ... 97E·01 
7.3 .. 7E·01 
7.1"7['01 
7.048E·01 
6.898E*01 
6.7 .. 8E*01 
6.598E*01 
6 ... 48E·01 
5 ..... 9E·Ol 
....... 9E·01 
".300E·01 
".150E·01 
... OOOE*OI 
3.850E*01 

HOHENT 

-6*510E*OJ 
-6_00IE+03 
-5.501E-03 
-5_01IE*OJ 
-"_529E-03 
- ... 056E*03 
-3.593E+03 
-3.138E·03 
-2.692E-03 
-2.256E·03 
-1.828E-03 
-1 ... 09E·03 
-9.995E·02 
-5.988E-02 
-2.071E·02 

lo 756E-02 
..... 72E·02 
7.099E·02 
9.636E-02 
1.208E·03 
1 ....... E·03 

.' 

PRU" ICONTDI 
501 ANALYSIS FO~ DESIGN LIVE. DEAD' WINO LOADS 

TABLE Q - MEMBER ~ESULTS (CONTD) 

.EM~Ew NU~BER 20 STiff TYPE 9 LOAD TyPE 10 
LENGTH = 2.100E'02 ALPHA = I.OOOE'OO BETA O. 
GOtS fRO~ JOINT I .. TO JOINT 15 

OUI~uT DISTANCES ARE fROM JOINT I" ALONG THE MEMBER A~IS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER AXES 

DISTANCE 

O. 
1.050E·Ol 
2.100E*01 
3.150E·01 
".200E·01 
5.250E·01 
6.300E-Ol 
7.350E-OI 
8.400E·01 
9,"50E'01 
10050E*02 
10 155E+02 
1+260E-02 
1.365E·02 
1 ... 70E·02 
10575£-02 
1.680£-02 
10 785E-02 
1.890E+02 
1.995E-02 
2.100E-02 

AXIAL 

2.717E.00 
2.717E-00 
2.717E*00 
2.7I7E+00 
2.717E-00 
2.717E·00 
2.717E*00 
2+717E-00 
2.717E-00 
2. 717E -00 
2.717E*00 
2.717E·00 
2.717E.00 
2.717E+00 
2.717E*00 
2.717E+00 
2.717[*00 
2.717E-00 
2.717E·00 
2.717E-00 
2.717E-00 

DISPLACEMENTS 

LATERAL 

- ... 045E-OI 
-4.319E-OI 
- ... 573E-OI 
- ... 803E-OI 
-5.003E-OI 
-5.I71E-OI 
-5.303E-OI 
-5.398E-OI 
-5,"55E-Ol 
-5.473E-01 
-5 ... 53[-01 
-5. 395E-01 
-5.299[-01 
-5.167E-01 
-5.000E-01 
- ... 80IE-0i 
- ... 571E-0I 
- ... 316E-OI 
- ... 0 .. IE-O I 
-3. 749E-0I 
-3.447E-0 I 

ROTATIONAL 

-2.704E-03 
-2.526E-03 
-2.308E-03 
-2.05IE-03 
-1.759E-03 
-1'''36E-03 
-1.086E-03 
-7.23"E-0 .. 
-3.568E-0" 

1.038E-05 
3.751E-0" 
7.3 .... E-0 .. 
1.085E-03 
1'''25E-03 
1.750E-03 
2.05IE-03 
2.315E-03 
2.536E-03 
2.7IIE-03 
2.838E-03 
2.912E-03 

AXIAL 

8.695E-OI 
8.695E-Ol 
8.695E-01 
8.695E-0I 
8.695E-OI 
8.695E-01 
8.695E-0 I 
8.695E-Ol 
8.695E-OI 
8.695E-01 
8.695E-01 
8.695E-01 
8.695E-0I 
8.695E-0I 
8.695E-0I 
8.695E-OI 
8.695E-OI 
8.695E-01 
8.695E-0I 
8.695E-0I 
8.695E-0I 

fORCES 

SHEAR 

3.8 .. 9E·01 
3.587E·01 
3.324E-OI 
3.062E·01 
2.799E-Ol 
2.294E+Ol 
1.182E-Ol 
3.119E-00 
... 937E-Ol 

-2.131E-00 
- ... 756E-00 
-7.38IE-00 
-1.OOIE-OI 
-1.263E*01 
-2.133E-Ol 
-3.245E·01 
-3.751E-Ol 
-4.013E-Ol 
-".276E-Ol 
-4.538E-Ol 
-4.801E-Ol 

MOMENT 

1.4 .. 4E·03 
1.834E-03 
2.197E·03 
2.532E·03 
2.840E·03 
3.120E·03 
3.322E-03 
3.368E·03 
3.387E·03 
3.379E·03 
3.3"3E·03 
3.279E-03 
3.188E-03 
3.069E·03 
2.922E '03 
2.621E-03 
2_2"IE-03 
1.833E·03 
1.398E-03 
9.35"E-02 
..... 51E·02 



PROt) ICONTDI 
501 ANALYSIS FOR DESIGN LivE + DEAD' WIND LOADS 

TA8LE 9 - MEMS[P RESULTS (CONTDI 

MEMSER NUMBER 21 STIFf TYPE 10 LOAD TyPE 11 
~ENGTH = 1.20IE-02 ALPHA. 9.993E-OI SETA» -3.789E-02 
GOtS FROM JOINT IS TO JOINT 17 

OUTPUT DISTANCES ARE FRO~ JOINT 15 ALONG THE MEMaER AxIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE wITH RESPECT TO THE MEMBER AXES 

DISTANCE 

O. 
6.004E_00 
1.20IE-01 
1.801E·01 
2.402E-OI 
3·002E-OI 
3·603E·01 
4.203E·01 
4.803E·01 
5.404E-OI 
6.004E-OI 
6.605E-OI 
1.205E-OI 
7.806E-OI 
8.406E-Ol 
9.006E-OI 
9.607E-Ol 
10021E-02 
10081E-02 
1.lItlE-02 
1.201E·02 

A"IAL 

2.728£ '00 
2.128E+00 
2.728E·00 
2.728E_00 
2.728E+00 
2.728E-00 
2.728E·00 
2.728E-00 
2.728E+00 
2.128E·00 
2.728E-00 
2.128E_00 
2.728E-00 
2.128E-00 
2.728E-00 
2.728E-00 
2.728E-00 
2.128E-00 
2.728E-00 
2.728E-00 
2.728E-OO 

DISPLACEMENTS FORC£S 

LATERAL ROTATIONAL AxiAL SHEAR 

-2.415E-01 
-2.239E-01 
-2.064[-01 
-1.a88E-01 
-1.714E-OI 
-1.542[-01 
-1.313E-01 
-1.208[-01 
-1.048E-OI 
-8.934[-02 
-7.451[-02 
-6.051E-02 
-4.740[-02 
-3.514E-02 
-2.381[-02 
-1.367[-02 
-1 .. 589[-03 
3.294[-03 
9.918[-03 
1.522£-02 
1.914E-02 

2.912E-03 -9.500E-01 -4.800E-01 
2.928E-03 -1.007E-00 -4.950E-Ol 
2.928E-03 -1.064E-00 -5.100E-01 
2.913E-03 -1.12IE-00 -5.250[-01 
2.885E-03 -1.177E'00 -5.400E-OI 
2.842E-03 -1.556E-00 -6.399E-Ol 
2.785E-03 -1.935E.00 -7.399£_01 
2.71IE-03 -1.992E-00 -7.549(-01 
2.622E-03 -2.049E.00 -7.698E-OI 
2.517E-03 -2.106E-00 -7.848E-Ol 
2.398E-03 -2.162[-00 -1.998E-OI 
2.265E-03 -2.219E-00 -8.148E-OI 
2.119E-03 -2.276E'00 -8.298[-01 
1.96IE-03 -2.333E'00 -8.448[-01 
1_790E-03 -2.390[.00 -8.598E-OI 
1.608E-03 -2.447E-00 -8.74IE-OI 
1.414E-03 -2.503[.00 -8.898['01 
1.210[-03 -2.560E.00 -9.047[-01 
9.947[-04 -2_617[-00 -9_197[-01 
1_697[-04 -2.674£-00 -9.347E-01 
5.349E-04 -2.13IE+00 -9.497£-01 

MOMENT 

".451[-02 
1_524E-02 

-1.494E-02 
-4.601£-02 
-1.799E-02 
-1.109E-03 
-1.548E-03 
-1.997E-03 
-2.455E-0~ 

-2.922E-03 
-3.397E-03 
-3.882E-03 
-4.376E-03 
-4.879E-03 
-5.390E-03 
-5.911E-03 
-6.44IE-03 
-6_980E-03 
-1.528E-03 
-8.084[-03 
-8.650E-03 

.' 

PROt! (CONTO' 
501 ANALYSIS FOR DESIGN LIVE + DEAD - WINO LOADS 

TABLE 9 - MEMBER ~ESULTS (CONTO' 

MEMSEN NuM8ER 22 STIFF TYPE 8 LOAD TyPE 9 
L[NGTH ~ 1.20IE-02 ALPHA = 9.993E-Ol BETA = 3.7~9E-02 
GOES FROM JOINT 17 TO JOINT 19 

OUTPUT DISTANCES ARE FROM JOINT 17 ALONG THE MEM8ER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMSER AXES 

DISTANCE 

O. 
&.004E-00 
1.201E-Ol 
1.80IE-01 
2.402E-OI 
3.002E-OI 
3.603E-Ol 
4.203E-Ol 
4.803E-Ol 
5.404(-01 
6.004E-OI 
6.60SE-Ol 
1.205E-OI 
7.806E-OI 
8.406E-OI 
9.006E-OI 
9.601E-OI 
1.021E-02 
1.08IE-02 
1.14IE-02 
1.20IE-02 

AXIAL 

2.121E-00 
2.72IE-00 
2.12IE-00 
2.72IE-00 
2.121E-00 
2.121E-00 
2.721E-00 
2.121E-00 
2.121£-00 
2.721E-OO 
2.121[·00 
2.12IE-00 
2.12IE-00 
2.72lE-00 
2.121E-00 
2.12IE-00 
2.721E-00 
2.72IE-00 
2.72IE-00 
2.721E-00 
2.72IE-00 

DISPLACEIIIENTS 

LATERAL 

-1.815E-Ol 
-1.845E-Ol 
-1.82IE-01 
-1.802E-01 
-1.781E-Ol 
-1.116E-Ol 
-1.110E-OI 
-1.161(-01 
-1.161E-01 
-1.770E-OI 
-). 115E-Ol 
-). 183E-Ol 
-a. 792E-OI 
-10803E-01 
-1.815E-01 
-1.821E-Ol 
-10840[-0 I 
-108S3E-01 
-1.866E-Ol 
-10819(-01 
-10893E-01 

ROTATIONAL AXIAL 

5.349£-04 -1.781E-00 
4.454E-04 -1.124(-00 
3.612E-04 -1_667[-00 
2.826E-04 -1.610E-OO 
2.095E-04 -1.553E-00 
1.420E-04 -1.491E-00 
8.016E-05 -1.440(-00 
2.403E-05 -1.383E-00 

-2.632E-05 -1.326E-00 
-7.083E-05 -1.269(-00 
-1.094E-04 -1.212E-00 
-1.42IE-04 -1.156E-00 
-1.681[-04 -1.099E-00 
-1.892E-04 -1.042E+00 
-2.035E-04 -9.851E-Ol 
-2.116[-04 -6.062E-Ol 
-2.151E-04 -2+273E-Ol 
-2.184E-04 -1.705E-Ol 
-2.198E-04 -1.137E-Ol 
-2.203E-04 o5.683E-02 
-2.204E-04 2.878E-06 

FORCES 

SHEAR 

4.691E-Ol 
4.541E-Ol 
4.391E·01 
4.247E-01 
4.097E-Ol 
3.947E-Ol 
3.191E-OI 
3.647E-OI 
3.497E-OI 
3.348E-Ol 
3.19aE-01 
3.048E-OI 
2.898E-01 
2.748E+OI 
2.598E·01 
1.599E+Ol 
5.996E·00 
4.497E-00 
2.998E+00 
1.499E-00 

-1.0a2E-05 

.. 

MOMENT 

-3.330E-03 
-3.052E-03 
-2.784E-03 
-2.524E-03 
-2.274E-03 
-2.033E+03 
-10800E-03 
-1.517E+03 
-1.362E-03 
-1.157E-03 
-9.600E-02 
-7.725E-02 
-5.940[-02 
-4.245E+02 
-2.640E+02 
-1.125E·02 
-7.200E-Ol 
-4.050E-Ol 
-),800E'01 
-4.500E-00 
-3.157E-05 

w 
a 
a 



PROB (CaNTO) 
501 AtdLYSIS fOR DES IGN LI vE + DEAD + WIND LOADS 

T.BLE 10 - JOINT EQUILIBRIUM ERRORS 

JOINT ERR(X) ERR(Y) ERR(Z) 
fORCE fORCE MOMENT 

I -4.44IE-05 1.244E-OJ I.J67E-OJ 
2 -2.55JE-05 -1.1I7E-OJ 9.J68E-04 
J -1.J6JE-07 -1.452E-05 1.154E-05 
4 -4.376E-05 1.7J5E-06 -8.072£-06 
5 -8.976E-06 6.JOOE-06 9.460E-05 
6 -1.J60E-04 -1.J25E-OJ -J.172E-05 
7 5.942E-05 -1.J97E-OJ 1.527E-OJ 
8 2.89IE-07 -4.6J9E-06 2.627E-06 
9 -7.595E-06 1.56IE-05 -1.06JE-04 

10 4.0J9E-05 1.70(E-05 9.865E-05 
II 2.48JE-04 -2.054E-OJ 9.680E-04 
12 -1.576£-04 -2.862E-OJ -5.69JE-OJ 
IJ loIJ9E-07 -1.120E-05 -J.861E-06 
14 -4.J02E-05 -J.806E-06 2.58IE-05 
15 4.870E-05 -J.748E-06 -2.8J2E-05 
16 -1.J89E-04 -9.868E-04 2.146E-04 
17 8.898E-05 -1.1I4E-OJ 1.573E-OJ 
18 1.887£-07 -9.499E-06 3.262E-06 
19 -2.465E-06 -1.092E-05 3.157E-05 
20 -1.35IE-08 7.125E-08 -2.06J£-07 

" 

EXA~PLE PROBLEMS - CHAPTER 5 , 
J BAY Z STORY FRAM£ - CODED 24 MAY 71 I COH 

PROB 

502 501 wiTH COLUMNS RIGID WITHIN JOINTS 

TABLE I - PROGRAM CONTROL OAT A 
PROBLEM TYPE 

INPUT TABLES 

TABLE HOLD DATA fROM 
NUMBER LAST PROBLEM 

(J = YES.o • NO) 

2 I 
J I 

4A I 
4B I 
4C I 
SA 0 
Sb I 
5C I 
50 -0 

6 I 
7 I 

OUTPUT TABLE~ 

TABLE SUPPRESS OUTPUT 
NUMBER (! = YES.O = NO) 

8 -Q 
9 -0 

10 -0 

NUMBER Of CARD" 
ADDED fOR THIS 
PRO»LEM 

-0 
-Q 
-0 
_0 
_0 

18 
-~ 
-0 

-0 
-0 
-0 

.. 

(.oJ 

o 
I-' 



., 

V-l 
0 

PROt! ICO'HOI tV 
50Z 501 .ITH COLUMNS RIGID WITHIN JOINTS 

PRO!! (CONTOI 
50Z 501 wiTH COLUMNS RIGID WITHIN JOINTS 

TABLE 2 - fRAME GEOMETRY DATA TABLE 1 • MEMBER LOCATION DATA 

HOLDING DATA fHOM THE PREVIOUS PROBLEM PLUS THE fOLLOWING HOLOING OATA fROM THE PREVIOUS PROBLEM PLUS THE fOLLOWING 

NONE NONE 

COMPUTED JOINT COORDINAT[S COMPUTED MEMBER NVI'I8ERS.LENGTHS • .'ND OffSETS 

JOINT X MEMBER fROM TO STIff LOAO LENGTH X-OffSET Y-OffSET 
NUM!! JOINT JOINT TYP[ TYP[ 

1 O. ·Z.SOO[-OZ 
Z O. 3.555['OZ 
3 O. 6 ... 80E-OZ 1 1 2 1 I 3.555E'02 O. 3.555E'02 ... l.Z00[·OZ 3.600E·OZ 2 6 7 I 2 ].555['02 O. 3.555[,02 
5 3.300[·OZ 3.600[·OZ 3 11 12 1 Z 3.555[.02 O. 3.555[,02 
(, .... 500E·OZ O. .. 16 17 1 2 3.555['02 O. 3.555E.02 
7 .... 500[·OZ 3.555['02 5 2 3 2 3 2.925['02 O. Z.925E.02 
8 .... 500[·02 6.667['02 6 7 8 3 ... 3.113[·02 O. 3.113E·OZ 
\I 5.700['02 3.600[·02 7 12 13 4 5 3.300[·02 O. 3.300['02 

10 7.1I00[·OZ 3.600E·02 8 17 18 5 6 3 ... 88[.02 O. 3.488[ .. OZ 
11 9.000['02 O. 9 3 8 6 7 4.504[·02 ... 500E·02 1.875['01 
12 9.000[·OZ 3.555['02 10 8 13 6 7 ... 50 ... ['OZ 4.500E.OZ 1.875E·Ol 
13 9.000[·02 6.855E·02 11 13 18 6 1 .... 50 .. E.02 ... 500E·02 1.815E·Ol 
1" 1.0Z0E·03 3.60IlE+02 lZ 18 20 7 8 1.201E·OZ I.Z00E·OZ 5.000E·00 
15 IoZ30[·03 3.6011E+02 13 2 .. 8 9 I.Z0IE.OZ I.Z00E·OZ ... 550E·00 
16 1.350['03 O. 14 .. 5 .. 10 2.100E.OZ 2.100E·02 O. 
17 1.350['03 3.555[-OZ 15 5 1 10 11 10201E.02 1.200E·OZ • .... 550E.00 
18 1.350['03 7.042[002 16 1 9 8 9 I.Z01E·02 .IoZ00E·OZ 1o.550E·00 
19 1.470['03 3.600['02 11 9 10 .. 10 2.100E·OZ Z.100E .02 O. 
20 1.,,70E·03 1.092[·OZ 18 10 12 10 11 1.201E.02 10200E·02 ·I0,550E.OO 

19 12 110 8 9 I.Z01[·02 1.200E·OZ 1o.550E·00 
20 110 15 9 10 2.100[.OZ Z.100E·OZ O. 
21 15 11 10 \l 1.201[-OZ 1.200E·OZ -10.550E·00 
Z2 11 19 8 \I 1.201E.OZ I.Z00E·OZ ".550E·00 

COMPUTED MEMBER NUM!lER~ AGREE wiTH LAST PROBLEM ••• 

" . , 



PROf> I CO ... TO I 
S02 SOl .ITH COLUMNS RIGID WITHIN JOI ... TS 

TABLE 4A - JOI ... T LOADS AND LlNEAR RESTRAI ... TS 

HOLDING OATA .ROM THE PREVIOUS PROBLEM PLUS THE 'OLlOWING 

NONE 

ACCUMULATED JOINT DATA 

JOINT FORCEIJI rORCEIY' MOMENT III SPRI ... GIX' SPRINGIY' 5PRINGIZI 

I O. o. O. 1.000E·20 1.000E·20 1.000E·20 
2 O. -1.700[·01 O. O. O. O. 
J O. -1.200E·01 O. O. O. O. 
6 O. O. O. O. 1.000E·20 O. 
7 O. -1.700E·01 O. O. O. O. 
8 O. -1.200E·01 O. O. O. O. 

11 O. O. O. O. 1.000E·20 O. 
12 O. -1.700E·01 O. O. O. O. 
13 O. -1.200E·01 O. O. O. O. 
16 O. O. O. 10000E'20 1.000E·20 O. 
11 O. -1.700E·01 O. O. O. O. 
18 O. -1.200E·01 O. O. O. O. 

TABLE 48 - JOINT SUPPORT CURVE NUMBERS 

HOLOI"'G DATA FROM THE PREVIOUS PROBLEM PLUS THE FOLLOWING 

NONE 

ACCUMULATED JOINT DATA 

JOINT Q-MULT ",-MULT NS~~ ... S1V ... Sll NSXP NSVP SII'~ 

b 1.000E.00 1.000E-02 -0 -0 -0 -0 -0 

II I.OOOE'OO 1.000E-02 -0 -0 -0 -0 -0 

TA~LE 4C - JOINT SUPPORT CURVES 

" 

HOLDING DATA ~ROM THE PREVIOUS PROBLEM PLUS THE ~OllOWING 

... ONE 

w 
o 
w 



sTIFF MOD OF PRIS .. ATlC PRISMATIC NON NllMB AXIS OUTPUT PIN PIN 
TYPE ELAST I A LIN CROS OPT OPT FROM TO 

W 

PROB (CONTD) 0 

502 501 wiTH COLUMNS RIGID WITHIN JOINTS 5-0. -0. -0. -10 -10 +' 

STIFF TYPE 5 CONT 
FROM JOINT TO JOINT 

TABLE SA - MEMBER STIFFNESS DATA NA NSX NSY NSZ NA NSX NSY NSZ Q - MULT W - MUll 
2 -0 -0 -0 2 -0 -0 -0 -0. -0. 

STIFF MOO OF PRISMATIC PRISMATIC NON NUMB AXIS OUTPUT PIN PIN 
TYPE ELAST I A LIN CRDS OPT OPT FROM TO 

STIFF MOO OF PRISMATIC PRISMATIC NON NUM8 AlliS OUTPUT PIN PIN 
TYPE ELAST I A LIN CRDS OPT OPT 'ROM TO 

6 3.000E·0" 3.267E·03 2.765E·01 0 0 -0 -0 -0 
7 J.OOOE'O" 3.267E'03 2.765E.01 0 0 -0 -0 -0 

1-0. -0. -0. -0 -0 -10 B-O. -0. -0. I I -0 -0 -0 

STIfF TYPE ) CONT STIFF TYPE a CONT 
FROM JOINT TO JOINT FROM JOINT TO JOINT 

NA NSX NSY NSZ NA NSX NSY NSZ Q - MULT w - MULT NA NSX NSY NSZ NA NSX NSY NSZ Q - MULT w - MULT 
I -0 -0 -0 I -0 -0 -0 -0. -0. 10 -0 -0 -0 5 -0 -0 -0 -0. -0" 

STIFF MOO OF PRISMATIC PR ISMATIC NON NUMB AXIS OUTPUT PIN PIN STIFF MOO OF PRISMATIC PRISMATIC NON NUMB AXIS OUTPuT PIN PIN 
TYPE ELAST I A LIN CROS OPT OPT FROM TO TYP[ ELAST I A LIN CROS OPT OPT FROM TO 

z-o. -0. -0. -0 -10 -10 9-0. -0. -0. -0 -0 -0 

STIFF TYPE 2 CONT STIFF TyPE 9 CONT 
FOIOM JOINT TO JOINT FROM J01NT TO JOINT 

NA NSX NSY NSZ NA NSX NSY NSZ Q - MULT W - MULT NA NS)! NSY NSZ NA NSX NSY NSZ Q - MUL' if - MUll 
2 -0 -0 -0 z -0 -0 -0 -0. -0. J -0 -0 -0 J -0 -0 -0 -0. -0. 

STIFF MOD OF PR ISMATIC PR1SMATIC NON NUMB AXIS OUTPuT PIN PIN STIFF MOO OF PRISMATIC PRISMATIC NON NUMB AXIS OUTPUT PIN PIN 
TYPE ELAST I A LIN CROS OPT OPT ,ROM TO TyPE ELAST I A LIN CROS OPT OPT FROM TO 

3-0. -0. -0. -10 -10 10-0. -0. -0. -0 -0 -0 

STIFF TYPE 1 CONT STIFF TYP[ 1 ~. CONT 
FROM J01NT TO JOINT FROM JOINT TO JOINT 

NA NSX NSY NSZ NA NSX NSY NSZ Q - MUll W - MULT NA NSX NSY NS1 NA NSX NSY NSZ Q - MUll W - MULT 
2 -0 -0 -0 z -0 -0 -0 -0. -0. 5 -0 -0 -0 " -0 -0 -0 -0. -0. 

STIFF 0401) OF PIlISMATIC PRISMATIC NON NUMB AXIS OUTPUT PIN PIN 
TyPE [LAST I A LIN CROS OPT OPT FROM TO TABLl 5B - CHOSS SECTION DATA 

HOLDING DATA FROM THE PREWIOuS PROBLEM PLUS THE FOLLOWING 
10-0. -0. -0. -10 -10 

STIFF TYPE ~ CO~T NONE 
FROM JOINT TO JOINT 

NA NSX NSy NSZ NA NSX NSY NSZ Q - MUll w - MULT 
2 -0 -0 -0 2 -0 -0 -0 -0. -0. 

II'IU~'- ,~ - ~.nL~~ Si~:'.H" \,U""YI::...;:I 

.' . , 



·' .' 

HOLDING DATA fRO~ THE PREVIOUS PROBLE~ PLUS THE fOLLO~ING 

NON~ PRO~ (CO~TD' 
502 501 wiTH COLU~NS RIGID ~ITHIN JOINTS 

TABLE 5D - SUPPORT CURVES fOR MEMBERS 
TABLE 6 - "EMBER LOAD DATA 

NO DATA IN TABLE 

HOLDING DATA fROM THE PREVIOUS PROBLEM PLUS THE fOLLO~ING 

NONE 

• 



PRO~ (CONTD) 
502 501 WITH COLuMNS RIGID WITHIN JOINTS 

TABLE 1 - ITERATION CONTROL 

HOLDING DATA FROM THE PREVIOUS PROBLEM 

fRA"E SOLUTlON 

hUMB fORCE "OMENT 
IfER ERROR ERROR 

10 2.000E-02 1.000E.01 2 3 6 II 

MEM8EH SOLUTIONS 

hUMS 
ITER 

10 

..... fRAME 

MEMB ME"B 
NO ITER 

1 1 
FROIOt JOI"T 
CENTERLINE 

TO .I0,,,T 
•• LIMIT Of 

I 2 
fROM JOINT 
CENTEIiLINE 

TO JOINT 
•• LI"IT Of 

ME"IIER 

FORCE MOMENT 
ERROR ERROR 

2.000E-03 1<OOOE·OO 

ITERATiON NO 1 ••••• 

MEMBER DISPLACE"ENT5 
A~IAl LATERAL ROTATIO"AL 

MON ITDR MEMBERS 

MEMBER EQULIBRIUM ERRORS 
AXIAL LATERAL ROTATIONAL 

-2.030E-03 -1.44IE-02 -1.599E-03 1.299E-02 1.832E-04 7.699E-03 
-2.342E-02 -9.98SE-Ol -8.714E-03 4.173E-02 -4.462E-04 5.211E-02 
-4.662E-02 -2.315E'00 -6.134E-03 2.~36E'00 -1.042E'00 -1.873E'01 

MEMBERS STRESS-STRAIh CURVE EXCEEDED ON PRECEE01N6 ITERATION 

-2.025E-03 -1.441E-02 -1.599E-03 3.223E-09 1.265E-09 1.417[-07 
-2.340E-02 -9.984£-01 -8.114E-03 -1.927E-09 6.407E-09 1.310E-07 
-4.662E-02 -2.315E·00 -6.734E-03 2.915E-07 2.694E-07 -6.578E-06 

MEMBERS STRESS-STRAIN CURVE E.CEEDEO ON PRECEEDING ITlRATION 

CONVERGED AfTER ITERATION 

MEMBE;; 2 CDNVERGED AfTER ITERATION 

MEMBER 3 CONVERGED AfTER ITERATION 

.. 

• 

4 1 
fROM .I0lNT -4.739E-03 -2.0I0E-0I -1.129£-02 1.003E-03 4.98$E-06 2.050£-02 
CENTERLINE -4.525E-02 -1.815E·oe -8.026E-03 1.075E-02 1.036E-0" 2.186E-02 

TO JOINT -1.923E-02 -2.503E·00 1.772E-04 1.030E·00 -7.843E-01 -1.876E·01 

~ C 
fROM .I0lNT -4.738E-03 -2.0IOE-01 -1.129E-02 1.800E-08 -4.019E-09 -1.525[-01 
CENTERLINE -4.524E-02 -J,815E'00 -8.026E-OJ -1.263E-08 1.617E-09 -6.007E-08 

TO JOINT -7.923E-02 -2.503E·00 1. 769E-0" 4.285E-07 3.461E-09 ·4.264E-06 

MEMBEK 4 CONVERGED AfTER ITERATION 2 

MEMBER 5 CONYERGEO AfTER ITERATION ~ 

"EMBER 6 CONYERGEO afTER ITERATION 2 

MEMBER 7 CONYERGEO AfTER ITERATION 2 

MEM8ER 8 CONYERGED AfTER ITERATION 2 

9 1 
fROM JOINT 3.219E·00 -3.044E-Ol -4.391E-03 -3.661E-02 -4.422E-04 I.II0E-Ol 
CENTERL INE 3.2I2E·00 -8.449E-01 6.983E-04 2.076E-03 -2.973E-04 -1.358E-02 

TO JOINT 3.205E·00 -3. 149E-OI 1.451E-03 -2.483E-04 -2. 145E-05 -5 .... 21E-02 

9 2 
fROM .I0lNT 3.219E·00 -3.044E-01 -4.39IE-03 2. 538E-09 2.689£-09 I.U2E-01 
CENTEHLINE 3.212E·00 -8."49E-01 6.983E-0" 8·1I7E-1O 6.46IE-10 9.3"'2E-09 

TO JOINT 3.205E·00 -3.149E-Ol 1.45IE-03 5.439E-09 -2.03IE-l0 8,"''''OE-IO 

MEM8ER 9 CONVERGED AfTER ITERAlIDN 2 

MEMI:IER 10 CONVERGED AfTER ITERATION 

ME"8EH 11 CONVERGED AfTER ITERATION 

MEM8ER 12 CONVERGED AfTER ITERATION 

MEM8ER 13 CONvERGED AfTER ITERATION 

, , 



MEMBER 14 CONVERGED AfTER ITERATION Z 

MEMBEW 15 CONvERSED AfTER ITERAIION 

MEMBEK 16 CONVERGED AfTER ITERATION 

MEMSER 17 CONVERGED AfTER ITERATION 

MEMBER 18 CONVERGED AfTER ITERATION 

MEMBER 19 CONVERGEO AfTER ITERATION 

MEMBER 20 CONVERGED AfTER ITERATION 

MEMBEW 21 CONVERGED AfTER ITERATION 

MEMBER 2Z CONVERGED AfTER ITERATION 

15 JOINTS NOT CONVERGED AT END Of fRAME ITERATION 

••••• fRAME ITERATION NO 2 ••••• 

MEMB MEMB 
NO ITER 

1 I 
rROM JOINT 
CENTEwl.lNE 

TO JOINT 
.. LIMIT or 

MEMBER 

MEMBER DISPI.~CEMENT5 
AXIAl. I.ATERAI. ROTATIDNAI. 

MEMBER EOUI.IBRIUM ERRORS 
AXIAl. I.ATERAI. ROTATIONAl. 

-2.029E-03 -1.442E-02 -1.599E-03 2.515E-01 -1.317E-07 -4.409E-06 
-Z.344E-02 -9.989E-OI -8.719E-03 3.310E-06 -1.8Z5E-07 -4.890E-05 
-4.670E-02 -Z.316E-00 -6.743E-03 5.440E-04 -3.711E-06 -9.463E-05 

MEMBERS STRESS-STRAIN CURVE EXCEEDED ON PRlCEEDING ITERATION 

CONVERGED ArTER ITERATION 

MEMBEII Z CONVERGED AfTER ITERATION 

MEMBER 3 CONVERGED AfTER ITERATION 

,. I 
fROM JOINT -4.744E-03 -Z.010E-01 -1.129E-02 3.6Z1E-07 -J.Z83E-08 -5.583E-05 
CENTERI.INE -4.530E-OZ -}.816E·00 -8.030E-03 6.904E-07 -4.Z7ZE-08 -6.685E-05 

TD JDINT -1.933E-OZ -2.505E-00 1.708E-04 2.295E-04 3.743E-08· -6.799E-05 

I4EMBEH ,. CONVERGED AfTER ITERATION 

MEMBER 5 CONvERGED ArTER ITERATION 

MEMBER 6 £OHVERGED ArTER ITERATION 

MEMtlER 7 CONvERGED AfTER ITERATION 

MEM8ER 8 CONVERGED AfTER ITER A lION 

9 I 
rROM J;)INT 3.22ZE-00 -3.047E-01 -4.392E-03 -5. 134E-07 3.793E-08 -3.121E-06 
CENTEHI.INE 3.ZI5E-00 -8.452E-01 6.991E-04 8.038E-I0 5.312E-1I 1.925E-06 

TO JOINT 3.208E-00 -3.15IE-01 1.450E-03 4.919E-07 -3.683E-08 -3.023E-06 

MEMBEw 9 CONvERGED ArtER ITERA lION 

ME"BER In CONVERGED AfTER ITERATION 

MEMBE>! 11 CONVERGED ArTER ITERATION 

12 CONVERGED ArtER ITERATION 

MEMBER 13 CONVERGED AfTER ITERATION 

MEMBEH 14 CONVERGED ArTER ITERATION 

15 CONvERGED AfTER ITERATION 

MEMBER 16 CONvERGED AHER ITERH ION 



ME"BER 17 CONVERGED ArTER ITERATION w 
0 

PRO~ ICONTD) ex> 502 501 wiTH COLUH~S RIGID WITHIN JOINTS 

MEMBER IB CO~VERGED ArTER ITERATION 

TABLE R - JOINT DISPLACEMENTS AND REACTIONS 

MEMBER I~ CO~VERGED ArTER ITERATION 
o ISPl ACEMENTS "EACTIONS 

JOINT DISPIX) OISP(Y) ROTATlON(Z) HEACHX) REACTlY) REACTlll 
MEMBER 20 CONVERGED AFTER ITERATION 

1 J.J71E-19 -1.575E-18 -5.J92E-17 -J.J7IE·01 1.575E·02 5.J92E·OJ 
2 2.IoJ6E·00 -10.729E-02 -6.692E-OJ O. O. O. 

MEMBER 21 CONVERGED AFTER ITERATION J J.229E·OO -7.5J5E-02 -Io.00JE-03 O. O. O. 
4 2.Io61E+OO -7.Io77E-01 -Io.0lo0E-OJ O. O. O. 
5 2.Io61E·00 -10.660E-Ol Io.587[-OJ O. O. O. 
6 Io.8106E-01 -J.855E-18 -9.171E-OJ -6.561oE·00 J.855E·02 O. 

M[MBEw 22 CONVERGED AFTER ITERATION 7 2.Io75E·00 -1.012E-Ol ~.J52E-Olo O. O. O. 
8 30217E'00 -1.6J9E-Ol Io.IololoE-05 O. O. O. 
9 2.Io79E+00 -2.188E-01 -1.605£-OJ O. O. O. 

10 2.Io79E '00 -1.662E-0I 1.759E-OJ O. O. O. 
11 2.Iolo0E-01 -J.579E-18 -9.19JE-OJ -10.880E·00 J.579E·02 O. 
12 2.Io81E·00 -9.537E-02 -1.387E-OJ O. O. O. 

All JOINTS CONvERGED AT END OF ITERATION IJ J.209E·00 -1.601E-Ol -8.218E-Olo O. O. O. 
H 2.Io92E·00 -J.861oE-0i -2.599E-OJ O. O. O. 
15 2.~92E·00 -J.195E-0I 2.821E-OJ O. O. O. 

SUMMARY OF FRAME ITERATIONS 16 8.810(-20 -2.812E-18 -1.IJJE-02 -8.810E·00 2.812E·02 O. 
17 2.501E·00 -7.969E-02 2.885E-Olo O. O. O. 

JOINT FRAME JOINT DISPLACEMENTS JOINT £OUlIBRIUM ERRORS 18 J.201E·00 -1.JlIE-OI 1.699E-OJ O. O. O. 

NO ITER OISP(lI) OISP(Y) ROTA TI 0';( Z) ERR IX) ERR (Y) ERR(Z) 19 2_502E·00 -1.lIIE-O I -4.669£-04 O. O. O. 
20 3.196E·00 -2.Io9JE-02 6.129E-Olo O. O. o. 

1 1 3.J71E-19 -1.576E-18 -5.J91E-17 JolZZE-OJ J.505E-Ol -6.1JZE-02 
1 2 J.371E-19 -1.575E-18 -5.J92E-17 6.258£ -08 5.71 JE-08 -6.050[-07 
2 I 2.~J~E-~0 -~.721E-02 -6.682E-OJ 6.J66[-02 -2.719E-01 -1.781£-01 
2 2 2.~J6E-00 -~. 729E-02 -6.b~2[-OJ ~.925[-05 -J.2~5E-0~ -2.026E-0~ 

J I 3.226E·00 -7.52 .. E-02 -~. ~OI[-OJ 2.616€-02 -7.~ 71E-02 - .. 798E '00 
3 2 J.229l·00 -7.5J5E-02 -' .. OOJ[-OJ 7.665E-07 -1.20IE-05 -Io.JI0E-06 
6 I Io.h9E-01 -J.855E-18 -9.165[-OJ -I.ZZOE-OJ J.9~9E-01 2.JIo9E-01 
6 2 ~.8~6E-01 -J.855E-18 -9.I71E-OJ J.2J~E-06 J.172[-05 -5.0J6E-05 

II I 2.~~JE-01 -J.579E-10 -9.189[-OJ 7.766E-0~ J.~79E-01 2.582E-Ol 
11 2 2.~~oE-01 -J.579E-18 -9.I'IJE-OJ 1.52IE-06 1.08~E-OS -2.~J9E-05 

.. 



PRO'; (cO"TO' 
502 SOl wiTH COLUMNS RIGID WITHIN JOINTS 

TA~LE y - MEM8ER RESULTS 

MEM8E~ ~UM8ER 1 STiff TVPE 
LENGTH: 3.555E-02 ALPHA = O. 
GOES fROM JOINT I TO JOINT 2 

LOAD TyPE 
8£TA • 1.000£-00 

OUTPUT DISTANCES ARE fROM JOINT I ALONG THE MEM8ER AxiS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEM8ER AxES 

DISPLACEMENTS FORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. -1.515E-18 -3.371E-19 -5.392E-17 -1.515E-02 3.37IE-Ol -5.392E-03 
1.117E*01 -2.0Z9E-03 -1.44Z£-02 -1.599E-03 -1.513E*OZ 3.ZZ3E*01 -4.804E*03 
3.555£*01 -4.095E-03 -5*564E-02 -3.018£-03 -1.571E*OZ 3.075£*01 -4.Z38£*03 
5.332E*01 -6'228E-OJ -1.Z05E-OI -4.Z6ZE-03 -1.568E*OZ Z.921E*01 -3.695E*03 
7.IOQE*01 -&.445E-03 -2.060E-Ol -5.J39E-OJ -1,566E-02 2.779E*01 -J.174E*03 
8.886E·01 -1.075E-02 -J.09ZE-Ol -6.257E-OJ -1.564E*02 Z.631£*01 -2.677E*03 
1.066E*02 -1.JI5E-02 -4.274E-Ol -1.02JE-03 -1.56ZE*OZ 2.483E *0 I -2.205£*03 
1.2"4E*OZ -1.56JE-02 -5.578E-OI -7*644E-OJ -1.559£-02 2.335£*01 -1.156£+03 
1.4Z2E*02 -1.818E-02 -6.981£-01 -8.129£-03 -1.557£_02 2.187E*01 -1.332£'03 
1.600E·02 -2.019E-02 -8. 459E-0I -8.484E-03 -1.555£*OZ 2.039E*01 -9.340£*02 
1.117E*02 -2. 344E-OZ -'h989E-0i -8.119£-03 -1.55ZE*02 1.891E*01 -5.611£*02 
1.955E*02 -2.611E-02 -1.155E*00 -8.840E-03 -1.550E*02 1.143E*01 -2*14IE,02 
2.133E*02 -2.880£-02 -1.312£*00 -8.857E-03 -1.548E'02 1.595£-01 10068£ -02 
2.310E'02 -3.147£-02 -1.469£*00 -8.717£-03 -1.545£*02 1 •• 47£*01 4.01J£*02 
2.488E'02 -3.412£-02 -1.b24£*00 -8.609E-03 -1.543£,02 1.299£*01 6*691£*OZ 
2.666£'02 -3.674£-OZ -1.775£'00 -8,362E-03 -1054IE*02 1.151£*01 9*100E*02 
2.844E*02 -3.931E-02 -1.920E*00 -8*043E-03 -1.538£*OZ 1.003E*01 1.IZ4£*03 
3.0ZIE*02 -4. 183E-OZ -2.060£*00 -1.661£-03 -1.536£*02 8.545£*00 10310£*03 
3.199E*02 -4.430£-OZ -2*192£*00 -7.225E-03 -1.53.E*02 7.064£*00 1 •• 69£*03 
J.377E*OZ -4.670E-02 -Z.JI6E*00 -6.143£-03 -1.531£*OZ 5.584£*00 1.601£*03 
J.555E*OZ -4.729E-02 -Z.436£*00 -b.69Z£-03 -1.529E*OZ 4. 164E*00 1.705£'OJ 

•• LIMIT or MEM8ERS STRESS-STRAIN CURVE ExC£EDED ON THIS PROBL£M 

PROB (cO"'TD) 
502 501 wiTH COLUMNS RIGID wiTHIN JOINTS 

TA8LE Q ~ MlMSER K£SULTS (CONTD) 

MEMSEK NuMSER 2 STiff TyPE I 
L£NGTM ~ 3.555£*OZ AL~HA = O. 
GOES fROM JOINT ~ TO JOINT 1 

LOAD TyPE 
8ETA 

Z 
1.000E'00 

OUTPUT DISTANCES AR£ fROM JOINT 6 AlONG THE M£MB£R A~IS 
ALL OUTPUT rORCES AND DISPLAC£M£NTS ARE WITH R£SPECT TO THE MEMBER A~£5 

DI5PLAC£MENTS fORC£5 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOM£NT 

O. -3.855E-18 -4.846£-01 -9.171E-03 -3.855E·OZ 6.564E*00 -5,036E-05 
1.177E-01 -5.69IE-03 -6.474£-01 -9,143E-03 -3.853E.02 6.564£'00 1,794E'02 
3.555E-01 -1o137E-OZ -8.091£-01 -9.059E-03 -3.85IE'02 6.564£'00 3.583E'OZ 
5.33Z£-01 -1.70JE-02 ~9.689£-01 -8.919E-03 ~3.848£'02 6*564£'00 5.364E-OZ 
70109E-01 -Z.Z66£-OZ -1.IZ6E-00 -8.7Z3E-03 -3_846E'02 6.564E'00 7olJJ£'OZ 
8.886£-01 -Z_8Z5E-02 -1.Z78£'00 -8.47IE-03 -3.844E'02 6.564E-00 8,887E'02 
1.066£-OZ -J.J79E-02 -1_4Z6£-00 -8.165E-03 -3.84IE-02 6.564E'00 1.062£'03 
I.Z44£'OZ -3.929E-OZ -1.568£-00 -7,805E-03 -3*839£-OZ 6.564E-00 1.233£'OJ 
1.4Z2£-OZ -4.473£-OZ -1.703E-00 -7.39Z£-03 -3.837£*OZ 6.564E·00 1.402£-03 
1·600£-02 -5.010E-OZ -1,831£-00 -6.926£-03 -3.834£-02 6.564£'00 1.567E-03 
1_ 777E-02 -5.542£-02 -1.949£-00 -6.409£-03 -3.832£-OZ 6,564E'00 1. 7Z9£'03 
1.955£*02 -1I,067£-OZ -2.058E'00 -5.841£-03 -3,830E-OZ 6.5b4£-00 1.888£'03 
2.133E'OZ -1I.585E-OZ -2.156£'00 -5.225E-03 -3*8Z7£-OZ 6.564£'00 Z.04ZE-03 
2.310E-OZ -7.098£-OZ -Z,Z43E-00 -4.561E-03 -3.8Z5£-OZ 6.564E·00 Z,192E'03 
2,488£'02 -7.604£-OZ -Z.318E-00 -3.850E-C3 -3,8Z3£-OZ 6.564£.00 Z,337£'03 
Z_666£*02 -8.106£-02 -Z.380£'00 -3_095E-03 -3,8Z1£-OZ 6.564E·00 2.477£'03 
2.8",,£*02 -8.602£-02 -2.428£*00 -Z,Z97£-03 -3.818E-02 1>.564£+00 Z_612£'03 
3.021['02 -';'095£-02 -2.461E-00 -1.457E-03 -3.816£'02 6.5(14£-00 Z,742£'03 
3.199£*02 -9.586£-02 -2.479£*00 -5.775£-04 -3.814£'02 6.564E-00 2.865£-03 
3.377E·02 -1.008£-01 -2.481£*00 3,399E-04 -3.811E'02 6.5(14E'00 Z_983E'03 
3.555E'02 -1.012E-01 -2.475E*00 4.35lE-04 -3.809£.02 6.5(14E'00 3.097E·03 

w 
o 
\0 



PRoe !CONTO) 
502 501 wiTH COLUMNS RIGID WITHIN JOINTS 

TASLE Q - MEMBER RESUL1S ICONTDI 

MEMSER NlIMBER 3 STIFF TYPE LOAO TyPE 2 
LENGTH x 3.555['02 ALPHA. O. BETA. 1.000E·00 
GOlS FROM JOINT II 10 JOINT 12 

OUTPUT DISTANCES ARE FROM JOINT 11 ALONG THE MEMBER AllS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBE~ 4~[S 

DISPLACEMENTS 

llISTaNCE UUL LAlERAL ROTATIONAL 

O. -3.579E-18 -2.440E-Ol -9.193E-03 -3.579E'02 
1.777E·Ol -5.341E-03 -4.072E-Ol -9.170£-03 -3.577E.02 
3.555E'01 -1.067E-02 -5.696[-01 -9.102E-03 -3.575E.02 
5.332E'01 -1.598E-02 -7.303[-01 -8.988E-03 -3.572E'02 
7.109E.Ol -2.127E-02 -8.887E-OI -8.830E-03 -3.570E.02 
8.886E'01 -2.653E-02 -1.044E'00 -8.626E-03 -3.568E.02 
1.066E'02 -3.175E-02 -1.195E'00 -8.319[-03 -3.565E-02 
1.244E'02 -3.693E-02 -1.341E.00 -8.087E-03 -3.563E'02 
1.422['02 -4.205E-02 -1.482E.00 -7.752E-03 -3.561E.02 
1.600E'02 -4.713E-02 -1.616E.00 -7.375E-03 -3.559E'02 
1.777E'02 -5.215E-02 -1.744E.00 -6.956E-03 -3.556E.02 
1.955E'02 -5.712E-02 -1.863E'00 -6.495E-03 -3.554E.02 
2.133E'02 -6.202E-02 -1.974E'00 -5.995E-03 -3.552£.02 
2.310E.02 -6.687[-02 -2.076['00 -5.456E-03 -3.549[,02 
2.488E'02 -7.166E-02 -2.168['00 -4.878[-03 -3.547E.02 
2.666[.02 -7.640[-02 -2.249E.00 -4.264E-03 -3.545E.02 
2.844['02 -8.108[-02 -2.319['00 -3.615E-03 -3.542E'02 
3.021E'02 -8.573[-02 -2.377E.00 -2.930E-03 -3.540E·02 
3.199E'02 -9.033E-02 -2.42JE'OO -2.213E-03 -3.538E.02 
3.377E'02 -9.490E-02 -2.456E'00 -1.465E-03 -3.535E'02 
3.555E.02 -9.537E-02 -2.481['00 -1.387E-03 -3.533E·02 

fORCES 

!,;HEAR 

4.880E·00 
4.880E·00 
4.880E·00 
4.880E·00 
... 880E·00 
... 880E·00 
... 880E·00 
... 880E·00 
... 880E·00 
4.880E·00 
4.880E·00 
... 880E·00 
4.880E·00 
4.880E·00 
4.880E·00 
4.880E·00 
4.880E·00 
4.880E·00 
4.880E-00 
4.880E·00 
4.880E·00 

MOMENT 

-2,"39E-05 
1,"5IE'02 
2.899E-02 
4.340E·02 
5.713E-02 
7.193E·02 
8.599E·02 
9.988E·02 
1.136E·03 
1.210£'03 
10402E'03 
1.531E·03 
1.658E·03 
1.780£'03 
1.900£.113 
2.015£'03 
2.121E·03 
2.234£'03 
2.337£'03 
2.435£'03 
2.531E·03 

PR06 ICONTO) 
502 501 _ITM COLUMNS RIGID tlITHIN JOINTS 

W 
TA9LE 9 - MEM9ER RESULTS ICONTO. ~ 

0 
M£"i!E~ NUMBER 4 STIFF TYPE I LOAD TyPE 2 
LENGTH = ).555E+02 ALPHA • O. BETA 1.000[-00 
GOES FROM JOINT 16 TO JOINT 11 

OUTPUT 01STANCES ARE fROM JOINT 16 ALONG THE MEMBER A.1S 
ALL OUTpUT fORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AX£S 

DISPL4CEMENTS FORCES 

DISTANCE AltAL LAT£RAL ROTATIONAL UtAL SHEAR MOMENT 

O. -2.812£-18 -8.810£-20 -1.133£-02 -2.812E·02 8.81OE·00 -2.751£-05 
1.771E·01 -4.744£-03 -2.010E-Ol -1.129E-02 -2.810E.02 8.81OE·00 2.13lE·02 
3.555£'01 -9.412[-03 -4.009[-01 -1.119[-02 -2.908E'02 8.81OE·00 4.257£'02 
5.332E+Ol -1.411£-02 "5 • 98"£-0 1 -1.103£-02 -2.805E.02 8.810E·00 6.371E·02 
7.109['01 -1.883£-02 -7.923£-01 -1.079E-02 -2.803E·02 8.81OE·00 8.486£'02 
8.886£+01 -2.343E-02 -9.815E-Ol -1.049[-02 -2.801E·02 8.810E-00 10058E'03 
1.066E+02 -2.191E-02 -1.165E·00 -1.013E-02 -2.799E'02 8.81OE·00 10266E'03 
1.2 .. 4£+02 -3.243E-02 -1.3"IE+OO -9.701E-03 -2.796E'02 8.81OE·00 1.472£'03 
1.422E+02 -3.681£-02 -1.509E·00 -9.201E-03 -2.194E·02 8.810E·00 10615E'03 
1.600E+02 -4. 110E-02 -1.668£-00 -8.650E-03 -2.792E.02 8.810E+00 10816£+03 
1.771E·02 -4.530£-02 -1.816E·00 -8.0 )OE-03 -2.189E·02 8.81OE·00 2.074E+03 
1095S£-02 -4. 941E-02 -1+953£'00 -7.349E-03 -2.781£.02 8.810E·00 2.269['03 
2.133£-02 -5.341£-02 -2.071£'00 -6.607E-03 -2.785£.02 8.810£'00 2.460E-03 
2.310£'02 -5.133£-02 -2.181E-00 -5.806E-03 -2.782£-02 8.810£-00 2.647£-03 
2.488£'02 -6.116£-02 -2.283E-00 -4.947E-03 -2.780E-02 8.810E-00 2.830£-03 
2.666£-02 -6.490£-02 -2.363E·00 -4.031E-03 -2.778E·02 8.810£'00 3.009£-03 
2.8 .... £·02 -6.858£-02 -2.426£'00 -3.060E-03 -2.115£-02 8.810£-00 3.183E+03 
3.021£-02 -7.220E-02 -2.411£+00 -2.03"E-03 -2.773E-02 8.810E_00 3.352E+03 
3. 199E'02 -7.518£-02 -2.498E.00 -9.511E-04 -2.71IE.02 8.810E+00 3.516E·03 
3.377£.02 -1.933£-02 -2.505E·00 1.708E-04 -2.169E·02 8.810£+00 3.615E+03 
3.555E-02 -7.969£-02 -2.50IE·00 2.8'15E-04 -2.766E·02 8.810E+00 3.830E+03 

.. 



PRO~ ICO"TOI 
502 SOl wITH COLUM"S RIGID wiTHIN JOINTS 

TABLE 9 - MEMBER RESUlT~ (CONTDl 

HEMBE~ NUMBER 5 5T Iff TYPE ? 

LENGTH = 2.925E'02 ALPHA = O. 
LOAD TvPE 

BETA I.OOOE·OO 
GOES fROM JOINT ? TO JOINT 3 

OUTPUT DISTANCES ARE f~OM JOINT ? ALON& THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wiTH R[SPECT TO THE MEMB[R AXES 

DISPLACEMENTS fOPCES 

UISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR 

O. -4.7?9E-02 -2.436E'00 -6.692E-03 -1.38IE.OI -1.392E'00 
1.463E·01 -4.177E-02 -2.533E.00 -6.608[-03 -1.310E·01 -2.611['00 
2.925E-OI -4.952E-02 -2.624E'00 -5.181E-03 -1.360['01 -3.829[-00 
4.388E-OI -5.120E-02 -2.103E-00 -4.993E-03 -1.350[-01 -5.041[-00 
5.85IE-01 -5.283[-02 -2.110[-00 -4.235[-03 -1.340[-01 -6.266[-00 
7.314[-01 -5.~40[-02 -2.821E-00 -3.524E-03 -1.329E'01 -7.484E'00 
8.116E·01 -5.594[-02 -2.813E.00 -2.869[-03 -1.319[-01 -8.103['00 
1.024['02 -5.745E-02 -2.91IE'00 -2.280[-03 -1.309E.OI -9.921['00 
1.110[-02 -5.894E-02 -2.94IE-00 -1.761E-03 -1.299E_OI -1.114E-OI 
1.316[-02 -6.042E-02 -2.~63E-00 -1.339E-03 -1.289E'01 -1.236E'01 
1.463E.02 -6.189E-02 -2.980E'00 -1.001E-03 -1.218E.OI -1.358E'01 
1.609E.02 -6.335E-02 -2.993E'00 -1.804E-04 -1.268E.01 -1.490E.OI 
1.755E-02 -6.480[-02 -3.004E'00 -6.6A3[-04 -1.258E-01 -1.60IE-01 
1.902[-02 -6.625E-02 -3.013E-00 -6.805E-04 -1.248[-01 -1.123E-01 
2.048[-02 -b.77IE-02 -3.024E-00 -8.264E-04 -1.231E-01 -1.845['01 
2.194E-02 -6.916E-02 -3.038E.00 -1.116E-03 -1.221E.OI -1.961E'01 
2.340[,02 -1.062E-02 -3.058E-00 -1.551E-03 -1.211E'OI -2.089E'01 
2.487[.02 -1.208E-02 -3.085E'00 -2.160E-03 -1.201E.OI -2.21IE'01 
2.633E·02 -1.351E-02 -3.122E'00 -2.935E-03 -1.196E'01 -2.332E·01 
2.119E·02 -1.~IOE-02 -3.112E'00 -3.889[-03 -7.le6(·01 -2.454E'01 
2.925E.02 -1.535E-02 -3.229E'00 -4.003[-03 -1.116E'01 -2.516E'01 

"OMEt;T 

1.584E-03 
1.562E '03 
1.522E·03 
l.462E·OJ 
1.385E-0~ 
1.288[+03 
1.113E·03 
1.040E·03 
8.880E·02 
7.118E·02 
5.294E·02 
3.229E-02 
9.83IE·01 

-1.441['02 
-4.043E·02 
-6.820E·02 
-9.772E·02 
-1.290E·03 
-1.619E·03 
-1.966E·0~ 
-2.329E·0~ 

'. 

PRO" (CONTDl 
502 501 <ITM COLUMNS RIGID wITHIN JOINTS 

TABL[ 9 - MEMtl"~ RESULTS (CONTD) 

MEMBER NUMBER 6 STIff TyPE , LOAD TyPE 4 
LENGTH = 3,113E'02 ALPHA " O. SUA 
Gats f~OM JOINT 7 TO ~OINT 8 

ALL OUTPUT fORCES ARE wiTH RESPECT TO THE ~EMSER 0)(E5 

AT JOINT or JOINl 8 

AXIAL FORCE -1.598E·02 AXIAL FORCE 1.132E,01 
SH[AR -1.851E·03 SHEAR -1.577E·02 
MOH[NT 1.132E·01 "OMENT 1.185E '03 

HEMBE~ NUMB[R 1 ;T1fF TYPE ~ tOAD TYPE 5 
LENGTH = 3.300['02 ALPHA " O. BETA 
GOES fROH JOINT 12 TO JOINT 13 

ALL OUTPUT fORCES ARE WITH RESPECT TO THE MEMBER AXES 

AT JOINT 12 AT JOINT 13 

MUL fORCE = -1.561E'02 AXIAL fORCE 4.014E·00 
SHEA" -6.102['02 SHEAR -1.544E·02 
MOIIEt;T 4'014E'00 MOMENT 1.616E·02 

MEMBER NUMBER 8 ~T1ff TYPE <; LOAD TyPE 6 
LENGTH = 3.488E·02 ALPHA = O. BETA 
GoES fROM JOINT 11 TO ~OINT 18 

ALL OUTPUT FORCES ARE ~lTH RESPECT TO THE MEMBER AIlES 

AT JOINT 11 

AXIAL ;ORCE " 
SHEAR 
MOMENT 

-1.169E·02 
-1.742E·03 

1.043E·01 

AT JOINT 

AXIAL FORCE 
SHEAR 
MOMENT 

18 

1.043E·01 
-1.145E·02 

1.915E·03 

I.OOOE·OO 

I.OOOE·OO 

I.OOOE·OO 



.. 

PROIl ICOr.TOI 
50Z 501 wiTH COLUMNS RIGID wiTHIN JOINTS 

PRO~ (CONTO) 
502 SOl wiTH COLUM~S ~IGIO WITHIN JOINTS 

TAIlLE 9 - MEMBER RESULTS ICONTDI TAIlLE q - MEM~E~ ~ESULTS (CONTD) 

MEMBER NUMBER 9 STiff TYPE ~ LOAD TYPE 7 
LENGTH: 4.5~~E-OZ ALPHA = 9.991E-01 BETA 4.163E-02 
GOES FROM JOINT J TO JOINT 8 

MEMIlER NUMBER Ie STiff TYPE 6 LOAD TyPE 
LENGTM ~ ".5Q4E'02 ALPHA ~ 9.99IE-OI ~ETA 
GOES FROM JOINT 8 TO JOINT 13 

7 
4.163E-02 

OUTPUT DISTAhCES ARE fROM JOINT 3 ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wITH RESPECT TO THE MEMBER AXES 

OUTPuT DISTANCES ARE fROM JOINT 8 ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS fORCES DISPLACEMENTS fORCES 

DISTANCE AlllAL LATERAL ROTAT 10NAL AXIAL SHEAR MOMENT DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 3.Z23E-00 -Z.091E-OI -".003E-03 -Z.823E+OI 5.863E-OI -2.329E+03 
Z.25ZE+Ol 3.222E-00 -30041E-01 -".392E-03 -2.B04E+Ol 5.413E-Ol -1.057E-03 
4.504E-Ol 3.221E-00 -".052E-01 -4.501E-03 -2.785E-Ol 4.963E-Ol 1.1"IE-02 

6.756E-OI 3.Z2IE-00 -5.052E-01 -4.35IE-03 -2.766[+01 ".513E+Ol 10184[+03 

'1.008E+01 3.220E+00 -5.992E-Ol -3.968E-03 -2.723E+Ol 3.464E-Ol 2.152E·U3 
1.126E+02 3.219E-00 -6.82"E-Ol -J.405E-03 -2.679E-Ol 2.41 .. E-Ol 2.7,,9E-03 

1.351E-02 3.Z18E-00 -1.515E-0I -Z.717E-03 -Z.660E+Ol 1.964E-Ol 3.2"E-03 
1.516E+02 3.Z17E+00 -a.039E-OI -1.926E-03 -2.64IE-OI 1.513E-OI 3.637E-03 
1.802E+02 3.216E·00 -8.376E-01 -1.057E-03 -2.598E-01 ".635E-00 3.927E-G3 

2.027E-02 3.216E-00 -8.513E-0 I -1.619E-0" -2.554E-OI -5.8 .. 5E-00 3.847E+03 

2.252E-02 3.215E-00 -6'''52E-OI 6.9~IE-0 .. -2.535E-01 -1.03"E-OI 3.66~E·03 

2.,,77E-02 3.21 .. E-OO -6.Z0ZE-01 1.508E-03 -Z.516E.OI -1 ... 85E-OI 3.380E-03 

2.702E-02 3.2I1tE-00 -7.779E-OI 2.2"IE-03 -Z."73E-OI -Z.535E-OI Z.99"E-G3 
2.928E-02 3.213E-00 -7.204E-Ol 2.8 .. 2E-03 -2.429E-01 -3.583E+01 2.236E-03 
3.153E-02 3.212E-00 -6.515E-01 3.257E-03 -2,"IOE-01 - ... 033E-01 1.371E-03 

J.378E-02 3.21IE-00 -5.755E-01 3."63E-03 -2.392E-Ol -" ... 8"E-01 ... 158E-02 

3.603E-02 3021OE-00 - ... 975E-OI 3."36E-03 -2.3 .. 8E-OI -5.533E-01 -6_"65E-02 
3.828E·02 30210E'00 -4.232E-OI 3.123E-03 -2.30 .. E-OI -6.582E-OI -2.080E-03 

... 05"E-02 3.209E-00 -).597E-01 2."69E-03 -2.285E-OI -7.032E-01 -3.61"E-03 

... 279E-OZ 3.Z08E-00 -3.15IE-01 1_"50E-03 -Z.Z67E-OI -7 ... 82E-01 -5.Z50E-03 
4.50 .. E-02 3.208E-00 -Z.977E-OI ".",,"E-05 -2.248E-OI -7.933E-OI -6.986E-03 

O. 3.20SE-00 -2.977E-0I "."""E-05 -1.723E-01 6.667E-OI -5.20IE-03 
2_252E_OI 3.207E-00 -3.088E-OI -9.839E-04 -1.10"E-OI 6.217E-OI -3.750E-03 
".50"E-OI 3.Z07E-00 -30393E-OI -1.69IE-03 -1.686E-Ol 5.767E-OI -2."00E-03 
6.7S6E-OI 3.206E-00 -3.8Z .. E-OI -Z_099E-03 -1.667E-OI 5.317E-OI -1.151E-03 
9.00IlE-01 3.206E-00 -4.315E-01 -2.23IE-03 -1.62:1E-OI 4.268E-OI -3.618E-00 
1.126E-02 3.205E-00 -".8IOE-OI -2.1"3E-03 -1.519E-OI 3.218E-OI 7.726E-02 
1.3S1E-OZ 3.205E-00 -5.Z66E-OI -1.888E-03 -1.56IE-0 I 2.768E-OI 1 ... "7E-03 
1.576E-02 3.204E-00 -5.6"8E-OI -1.489E-03 -1.5 .. 2E-OI 2.317E-OI 2.02IE_03 
1.802E-02 3.20"E-00 -5.927E-OI -9.708E-04 -1.498E-OI 1.267E-OI 2,"92E-03 
2.027E-OZ 3.20"E-00 -6.080E-OI -3.861E-0 .. -1,"5 .. E-01 2.195E-00 2.592E-03 
2.25ZE-OZ 3.Z03E-00 -6.100E-0 I 2.069E-04 -1.436E-Ol -2.305E-00 2.59IE-03 
Z ... 77E -OZ 3.203E-00 -5.987E-01 7.925E-0 .. -1,"17E-OI -6.815E-00 2,"88E-03 
Z.702E-02 3.20ZE-00 -5. 7"6E-0 1 1.3"IE-03 -1.373E-Ol -1.731E-OI 2.284E-03 
2.928E·OZ 3.Z0ZE-00 -5.390E-01 1.799E-03 -1.329E-Ol -2.779E-OI 1.708E-03 
30153E-OZ 3.Z0ZE-00 -4.9"8E-OI 2.II .. E-03 -1.31IE-OI -3.229E-01 1.03IE-03 
3.378E-OZ 3.20IE-00 -4.45ZE-01 2.261E-03 -1.Z92E-OI -3.680E-Ol 2.52IE-02 
3.603E-02 3.Z0IE-00 -3.945E-01 2.218E-03 -1.2 .. 8E-OI - ... 7Z9E-01 -6.279E-02 
3.828E-02 3.Z00E-00 -3.474E-01 1.930E-03 -1.20"E-OI -5.778E-OI -1.879E-03 
".054E-02 3.200E-00 -3.IOIE-01 1.3 .. 3E-U3 -1.186E-OI -6.228E-OI -3.23IE-03 
... Z79E-OZ 3.200E-00 -2.896E-01 ... 33"E-0 .. -1.167E-OI -6.678E-OI - ... 685E-03 
".504[-02 3.199E-00 -2.935E-OI -8.218E-0" -1.1 .. 8E-OI -1.129E-OI -6.2"OE-03 

.' ., 



PRO~ (CO"TO) 
~02 501 .ITH r.OLuMNS RIGID WITMIN JOINTS 

TA~LE q - MEM~E~ k[SULTS (CONTO) 

MEM~E~ NUMB[K II STIFF TYPE 6 LOAO TYP[ 7 

LENGTH = 4.S04E'02 ALPHA = 9.991£-01 BETA 
GOES FROM JOINT 13 TO JOINT 18 

OUTPUT OISTANCES ARE FROM JOINT 13 AlONG THE MEMBER .. 15 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER .xES 

OISTANCE 

O. 
2.252E·01 
4·504E·01 
6.756E·01 
9.008['01 
1·126E·02 
1.35IE·02 
1.516E·02 
1.802E·02 
2.027E·02 
2.252E·02 
2.417E'02 
2.702E-02 
2.928E·02 
3.153E-02 
3.378E'02 
3.603E'02 
3.828E·02 
4.054E·02 
4.219E·02 
4.504E·02 

DISPLACEMENTS 

AXIAL LATERAL 

3.199E'00 -2.935E-OI 
3.199E'00 -3.247[-01 
3.199E'00 -3.762[-01 
3.198E-00 -4.406E-OI 
3.198[000 -5.109[-01 
3.197[000 -5.809[-01 
3.197EoOO -6.458[-01 
3.196E-00 -7.016E-OI 
3.196E.00 -7.448[-01 
3.196E'00 -7.727[-01 
3.196[_00 -1.839E-Ol 
3.195E'00 -1.180[-01 
3.195[.00 -1.5SIE-Ol 
3.19SE'00 -7.158E-OI 
3.194E'00 -6.624E-OI 
3.}94E'00 -5.918[-01 
3.194E'00 -5.256E-Ol 
3.193E.00 -4.501E-Ol 
3.193E'00 -3.110E-01 
3.193E'00 -3.127E-OI 
301'J2E-OC -2.642[-01 

ROTATIONAL AXIAL 

-8.218E-04 -1.340E·01 
-1.901[-03 -1.32IE.OI 
-2.635[-03 -1.302E·OI 
-3.007E-03 -1.284E-OI 
-3.16IE-03 -1.240E.OI 
-3.03IE-03 -1.196E·01 
-2.11IE-03 -1.111E·01 
-2.224E-03 -1.159E·01 
-1.594E-03 -1.115E·OI 
-8.15IE-0. -1.011E·01 
-1.218E-0' -1.053['01 

6.427E-O. -1.034E·OI 
1.395E-03 -9.900E·00 
2.0~lE-03 -9.463E·00 
2.646E-03 -9.216E·00 
3.061E-03 -9.0~8E'00 
3.320E-03 -8.651E·00 
3.352E-03 -8.214E-00 
3.108E-03 -8.026E'00 
2.565E-03 -1.839E-00 
1.699E-03 -1.051[.00 

FORCES 

SHEAR 

101 15E'01 
6.665E,01 
6.215E·01 
5.164['01 
'.115['01 
3.666E·01 
3.216E·01 
2.76·E·01 
101l5E·Ol 
6.661E·00 
2.167E·00 

-2.342E·00 
-1.2~4E·01 
-2.332[001 
-2.782E·01 
-3.233E·01 
-4.282E·01 
-5.33IE·01 
-5.181E·01 
-6.231E·01 
-6.681E·01 

MOMENT 

-5.412E-03 
-3.920E·03 
-2.469E-03 
-1.120E·03 

1.287E-Oc 
10006E -03 
1.181E·OJ 
2.455E·03 
3.027E·03 
30228E '03 
3.328E·03 
3.326[-02 
3.222E·03 
2.141E·03 
2.111E·03 
1_493E'03 
1.131['02 

-4.368[-02 
-10689['01 
-3.042E·03 
"'4.496E·O~ 

.. .' 

PROR ICONTO) 
502 501 ~ITH COLUMNS RIGID WITHIN JOINTS 

TA~LE 9 - ~£"~ER RESULTS (CONTD) 

MEMBE~ NuMaEW 12 STIFF TYPE LOAD TyPE B 
LENGTH; 1.20IE'02 ALPHA = 9.99IE-OI BETA 
GOCS FkOM JOINT IA TO JOINT 20 

OUTPUT OISTANCES ARE FROM JOINT 18 ALONG THE ME"~ER AxIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBEk AXES 

DISTANCE 

O. 
6.005E·00 
1.20 lE'O 1 
10802E'01 
2.402['01 
3.003[001 
3.603E·01 
4.204[001 
4.804E·01 
5.405E·01 
6.005['01 
6.606E·01 
1.206E·01 
1.807E·01 
8.401E·01 
9.008[001 
9.608['01 
1.021[002 
1.08IE-02 
1.141Eo OZ 
1.201E-02 

~XlAL 

3.192E '00 
30192E'00 
3.192E·00 
).192E·00 
3.192E·00 
3.192['00 
3.192E·00 
3.192E·00 
3.192E-00 
3.192['00 
3.192['00 
3.192[-00 
3.192E·00 
30192E'00 
30192E'00 
30192E'00 
3.192E·00 
)oI92E'OO 
3.192E·00 
3.192E·00 
30192E'00 

DISPLACEH["TS 

LATERAL 

-Z.642E-Ol 
-2.545E-OI 
-2.456E-Ol 
-2.314E-Ol 
-2.300E-Ol 
-2.232E-Ol 
-2.110E-Ol 
-2.1I3E-Ol 
-2.060E-Ol 
-2.010E-Ol 
-1.964E-Ol 
-1.92IE-0I 
-1.880E-OI 
-1.840E-Ol 
-1.802E-Ol 
-1.164E-Ol 
-1.721E-lH 
-1.690E-Ol 
-1.653[-01 
-1.616E-01 
-1.580E-01 

ROTATIONAL 

1.699E-03 
1.551[-03 
1.415[-03 
1.293[-03 
1.182E-03 
1.082E-03 
9.940E-04 
9.162E-04 
8.486[-04 
1.906E-04 
,1.420E-04 
1.022E-04 
6.707E-04 
6"12E-04 
6.312E-04 
6.223E-04 
6.178E-04 
6.150E-04 
6.136E-0. 
6.130E-04 
6.129E-04 

AXIAL 

-1.500E.00 
-1.450E 000 
-1.400E .00 
-10350E·,00 
-1.300E·00 
-1.250E-00 
-1.200E.00 
-10I50E'00 
-1.100E·00 
-1.050E·00 
-9.995E-01 
-9.495E-01 
-8.995E-01 
-8.495E-OI 
-1.992E-OI 
-4. 994E-01 
-2.000E-Ol 
-1.500[-01 
-9.996E-02 
-4.996[-02 
3.293[-06 

FORCES 

SHEAR 

3.599E·01 
3.4 79E'0 1 
3.359['01 
3.239['01 
3.1I9E·01 
2.999E'0 I 
2.879E-01 
2.759E·01 
2.639['01 
2.519['01 
2.399E·01 
2.Z79E·0 I 
2ol59E'01 
2.039E'01 
1.918E·01 
1.199E·01 
4.199E '00 
3.599['00 
2.399E·00 
1.199['00 
3.016E-04 

MOM[NT 

-2.521E·03 
-2.308E·a~ 
-2.103E·03 
-1.905E·03 
-1.1I.E·03 
-1.53IE-03 
-1.35'E-03 
-1.185E-03 
-1.023[003 
-8.678E·02 
-7.202E-02 
-5.797E·02 
-4.465E·02 
-3020'['02 
-2.016['02 
-9.006E·01 
-5.164E'01 
-3.242E·01 
-1.44IE·01 
-3.599E·00 

6.715E-04 

• 



PRO>; (CONTD) 
502 SOl wiTH COLUMNS RIGID WITHIN JOINTS 

TABLE ~ - MEMHER ~ESULTS (CONTD) 

HE~BEH NUMHER (3 STifF TYPE 8 lOAD TYPE 
LENGTH = 1.20IE'02 ALPHA = 9.993E-OI BETA 

9 
3.789E-02 

GOES FROM JOINT 2 TO JOINT 4 

OUTPUT DISTA~CES ARE FwOM JOINT 2 ALONu THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMEhTS ARE wiTH RESPECT TO THE MEMHER AXES 

DiSTANCE 

O. 
6.004(+00 
1.20IE·01 
1.80IE·01 
2.402E·01 
3.002E·01 
3.603E·01 
4.203E·01 
4.803E·01 
5.404[+01 
6.004E·01 
6.605E·OI 
7.205E·01 
7.806E·01 
8.406E·01 
9.006E·01 
9.bO 7E'0 I 
1.02IE·02 
1.08IE·02 
1.14IE·02 
1.20IE·02 

DISPL"CEMEhTS 

AXIAL LATERAL 

2.432E'00 -1.396E-OI 
2.432E'00 -1.797E-OI 
2.432E.00 -2.198E-OI 
2.432E'00 -2.597E-OI 
2.432E.00 -2.994E-OI 
2.432(,00 -3.388E-OI 
2.432E'00 -3.779E-OI 
2.432E.00 -4.165E-OI 
2.43IE'00 -4.546E-OI 
2.43IE'00 -4.922E-OI 
2.43IE'00 -5.290E-Ol 
2.43IE'00 -5.65IE-OI 
2.43IE'00 -6.004E-OI 
2.43IE.00 -6.347E-OI 
2.43IE'00 -6.680E-OI 
2.43IE'00 -7.00IE-01 
2.43IE.00 -7.310E-OI 
2.43IE'00 -7.605E-OI 
2.43IE.00 -7.8B7E-OI 
2.43IE'00 -8.154E-OI 
2.431E'00 -8.404E-OI 

HOTAT IONAL 

-6.692E-03 
-6.683E-03 
-6.fo64E-03 
-6.633E-03 
-6.59IE-03 
-6.538E-03 
-6.472E-03 
-6.394E-03 
-6.302E-03 
-6.197E-03 
-6.078E-03 
-5.944E-03 
-5.796E-03 
-5.61IE-03 
-5.450E-03 
-5.252E-0) 
-5.03&E-03 
-4.81IE-03 
-4.569E-03 
-4.312E-03 
-4.040E-03 

AX IAL 

3.138E·00 
3.195E·00 
3.252E·00 
3.309E·00 
3.366E·00 
3.423E.00 
3.479E·00 
3.536E·00 
3.593E·00 
3.650E·00 
3.707E'00 
3.764E·00 
3.820E·00 
3.871E·00 
3.934E·00 
4.313E·00 
4.692E·00 
4.749E·00 
4.805E·00 
4.862E.00 
4.919E.00 

fORCES 

SHEAR 

6.227E·01 
6.071E·01 
5.928E·01 
5.778E·01 
5.628E·01 
5.478E·01 
5.328E·01 
5.178E·01 
5.028E·01 
4.87I1E·01 
4.728E·01 
4.!t78E·01 
4.429E+Ol 
4.279E·01 
4.129E·01 
3.130E·01 
2.130E·01 
1.980E·01 
1.830E·01 
1.68IE·01 
1.53IE·01 

MOMENT 

1.209E·02 
4.902E·02 
8.504E·02 
1.202E·03 
1.544E·03 
1.877E '03 
2.20IE·0~ 
2.517E·03 
2.823E·0~ 
3.120E·03 
J.409E·O~ 
J.688E·03 
3.958E·03 
4.219E·03 
4.472E·03 
4.715E+O:! 
4.847E·03 
4.970E·O~ 

5.085E·03 
5.190E·03 
5.286E+03 

.. 

PROH (CO"YOI 
502 !t01 .ITH COLUMNS RIGID WITHI~ JOINTS 

TAHLE q - MEM~ER RESULTS (CONTDI 

MEMBER NUMBEW 14 STIFf TYPE q LOAD TYPE 10 
LENijTH = 2.100E'02 ALPHA = I.OOO~'OO BETA O. 
GO~S FPOM JUINT 4 TO JOINT 5 

OUTPUT DISTANCES ARE fROM JOINT ~ ALONG THE MEMBER AxiS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBE~ AXES 

DISTANCE 

O. 
1.050E·OI 
2.100E·OI 
30150E'01 
4.200E·01 
5.250E·01 
6.300E·01 
7.350E·01 
8.400E·01 
9.450E·01 
1.050(+02 
1.155E·02 
1.260E·02 
1.365E·02 
1.470E·02 
1.575E·02 
1.680E·02 
1.785E·02 
1.890E·02 
1.995E·02 
2.100E·02 

•• LIMIT Of 

DISPLdCEMENTS fOPCES 

AXIAL LATERAL 

2.46IE.00 -7.477E-OI 
2.46IE'00 -7.87IE-OI 
2.46IE'00 -8.203E-OI 
2.46IE'00 -8.472E-OI 
2.46IE'00 -8.677E-OI 
2.4~IE'00 -8.816E-OI 
2.46IE'00 -8.89IE-OI 
2.46IE.00 -8.90IE-01 
2.46IE.00 -8.848E-OI 
2.461(,00 -8.736E-OI 
2.46IE'00 -8.566E-OI 
2.46IE·00 -8.343E-OI 
2.46IE'00 -8.069E-OI 
2.46IE.00 -7.749E-OI 
2.46IE'00 -7.387E-OI 
2.46IE·00 -6.987E-OI 
2.46IE.00 -6.555E-OI 
2.46IE'00 -6.099E-OI 
2.46IE.00 -5.626E-OI 
2.46IE.00 -5.144E-OI 
2.46IE.00 -4.660E-OI 

HEMBEWS STRESS-STRAIN 

ROTATIONAL AXIAL SHEAR 

-4.040E-03 5.496E'00 1.51IE'01 
-3.45aE-03 5.496E'00 1.248E'01 
-2.863E-03 5.496E.00 9.859E'00 
-2.2~6E-03 5.496E'00 7.234E·00 
-1.640E-03 5.496E.00 4.609E'00 
-1.020E-03 5.496E.00 -4.44IE-OI 
-4.000E-04 5.496E.00 -1.157E'01 
2.068E-04 5.496E.00 -2.027E'01 
7.905E-04 5.496E'00 -2.289E'01 
1.348E-03 5.496E.00 -2.552E'01 
1.877E-03 5.496E'00 -2.814E·01 
2.373E-03 5.496E.00 -3.077E'01 
2.834E-03 5.496E.00 -3.339E'01 
3.258E-03 5.496E.00 -3.602E'01 
3.640E-03 5.496E.00 -4.47IE,01 
3.972E-03 5.496E.00 -5.584E'01 
4.240E-03 5.496E.00 -6.089E'01 
4.438E-03 5.496E'00 -6.352E'01 
4.564E-03 5.496E.00 -6.614E'01 
4.615E-03 5.496E.00 -6.877E'01 
4.587E-03 5.496E.00 -7.139E'01 

CURVE EXCEEDED ON THiS PROBLEM 

" t, 

MOMENT 

5.286E·0~ 

5.431E·03 
5.548E·03 
5.638E·03 
5.700E·0~ 
5.7)4E·03 
5.690E·OJ 
5.49IE·03 
S.26SE·O~ 

5.011E·03 
4.729E·03 
4.420E+03 
4.083E·03 
3.719E·0~ 
3.327E·03 
2.78IE·03 
2.155E·03 
1.502E·03 
8.219E·02 
1.139E·02 

-6.217E·02 



PROB (CONTOI 
502 501 wiTH COLUMNS RIGID WITH1N JOINTS 

TABLE ~ - MEMBER ~ESULTS (CONTDI 

MEM~EW NUMBER 15 STIFF TYPE 
LENGTH. I.ZOIE·02 ALPHA = 
GOES fROM JOINT , TO JOINT 7 

In LOAD TYPE 
9.993E-Ol BETA 

11 
-1.789E-OZ 

OUTPUT DISTANCES ARE fROM JOINT 5 ALONG THE MEM8ER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO TME ME~BER AXES 

DISTANCE 

O. 
6.004[+00 
('20IE+Ol 
1.80IE+01 
2.40Z[+01 
3.002E+OI 
3.603E+OI 
4.203E+OI 
4.803E+OI 
5.404E-01 
6.004E+01 
b.60SE+OI 
7.Z05E+01 
7.806E+01 
8.406E+OI 
9.006E+OI 
9.60 7E+0 I 
1.02IE-OZ 
1.0IIIE·OZ 
1.14IE+OZ 
1.201[+02 

.. LIMIT Of 

DISPLACEME"TS FORCES 

A)(IAL LATERAL 

Z.477E+00 -3.724E·Ol 
2.477E'00 ·3.450E-OI 
2.477[+00 -3.119E-Ol 
2.477E-00 -2_912E-OI 
2.477E+00 -2.65IE-OI 
2.477E-00 -2.397E-OI 
2.477E.00 ·2.150E-OI 
2.477E'00 -1.912E-OI 
2.477E+00 -1.684E-01 
2.477E_00 -1.467E-OI 
2.477E+00 -1.262E-OI 
2.477E+00 -1.070E-OI 
2.477E'00 -8.924[-OZ 
2.477E+00 -7.294E-02 
2.477E.00 -5.823E-02 
2.477E+00 -4.517E-02 
2.477E+00 -3.386E-02 
Z.471E+00 -2.435E-02 
2.411E-00 -1.673E-02 
2.417E-00 -1.106E-02 
2.477E+00 -7.41IE-03 

MEM8ERS STkE~S-STRAIN 

ROTATIONAL AXIAL SHEAR MOMENT 

4.587E-03 2.789E.00 -1.153E'01 -6.211E·02 
4.544E-03 2.7)2E+00 -7.303E'01 -1.056E·03 
4.4AOE-03 2.615E.00 -1.453E-Ol -1.499E·03 
4.391E-03 2.619E+00 -7.603E-Ol -1.951E·03 
4.296E-03 Z.56ZE.00 -1.153E-01 -2._11E-03 
_.178E-03 2.183E'00 -8.752E'01 -Z_881E'03 
4.04IE-03 1_804E-00 -9.75IE'01 -3.462E·0~ 
3.8A4E-03 1.747E'00 -9.90IE'01 -4.052E·OJ 
3.709E-03 1.690E.00 -1.005E-02 -4.651E+03 
3.516E-03 1.633£.00 -1.020£,02 -5.259E*03 
3.306E-03 1.571£.00 -1.035E'02 -5.876E+03 
3.061£-0) 1.520E+00 -1,050E'02 -6.502E·0~ 
2.840E-03 1.463E+00 -1.065E'02 -7.131E*0~ 
Z.584E-03 1.406£-00 -1.080E'OZ -7.78IE'03 
2.314£-03 1.349E.00 -1.095E-02 -8._34E·03 
Z.032E-03 1.292E+00 -1.l10E-02 -9_096E-03 
1.736E-03 I.Z36E+00 -1.125E*02 -9.761E-03 
1.4Z8E-03 1.119E+00 -1.140E'02 -1.0_5E-04 
1.108E-03 1.122E*00 -1.155£'02 -1,114E*04 
7.772E-04 1.065E.00 -1.110E'02 -1.183E·G_ 
4.3~ZE-04 1.008E'00 -1.185E'02 -1.254E·04 

CURVE EACEEDEO ON THIS PROeLEM 

PROH \ COP, TO I 
50Z 501 _ITH COLUM~S RIGID WITHIN JOINT~ 

TABLE 9 - MEMHER RESULTS ICONTO} 

MEM~E~ NUMBER 16 ~TIFF TyPE 8 LOAD TyPE 9 
LENGTH = 1.201E+02 ALPHA = 9.993E-Ol BETA 3.1e9E-02 
GOES FROM JOINT 7 TO JOINT 9 

OUTPuT DISTA~CES ARE FROM JOINT 7 ALONG THE MEMBER 'xIS 
ALL OUTPUT FORCES AND DISPLACEMENTS AR£ wiTH RESPECT TO TME MEMBER 'XES 

DISTANCE 

O. 
6.004[000 
1.201E*01 
10801E+Ol 
Z.402E+Ol 
3.002E+01 
3.~03E+01 

4.203E·01 
4.803[001 
5.404E·Ol 
6.004E·Ol 
6.605E·01 
1.205[001 
7.806E·01 
8.406E·Ol 
9.006E'01 
9.607E*01 
1.0ZIE'OZ 
1.081£+0? 
1.141E*02 
1.201E+OZ 

DISPLACEMENTS 

AXUL LATERAL 

Z.469E,00 -).949E-01 
Z.469E+00 -1.929E-01 
2.469f·00 -1.922E-01 
2.469E+00 -1.925E-Ol 
2.469E.00 -1.940E-01 
2.469E'00 -1.965E-01 
2.469E·00 -2.000E-Ol 
2.469E.00 -2.044E-Ol 
2.469E+00 -2.097E-0) 
2.469E*00 -2.157E-01 
2.469£'00 -Z.225E-OI 
Z._69£·00 -2.299E-Ol 
2.469E*00 -Z.319E-OI 
2.469E.00 -2.463E-01 
2.469E.00 -2.552E-Ol 
2.469E*00 -Z.644E-Ol 
2.469E'00 -2.138E-Ol 
2.469E'00 -2.834E-Ol 
2.469E+00 -2.93IE-Ol 
2.469E'00 -3.0Z9E-Ol 
2.469E.00 -3.126£-01 

ROTATIONAL 

4.352E-04 -2.517E+00 
2.294E-04 -2.460E+00 
3.Z61E-05 -2.403E·00 

-1.550E-04 -2.347E'00 
-3.330E-04 -2.290E+00 
-5.012E-04 -2.233E+00 
-6.593E-04 -Z.176E+00 
-8.068E-04 -Z.119£.00 
-9.433E-04 -Z.062E'00 
-1.069E-03 -2,006E.OO 
-1.162E-03 -1.949E'00 
-1.283E-03 -1.892E-00 
-1.312E-03 -1.835E+00 
-1.447E-03 -1.778E+00 
-1.508E-03 -1.12IE+00 
-1.554E-03 -1.342E'00 
-1.588E-03 -9.636E-01 
-1.610E-03 -9.067£-01 
-1.621E-03 -8.499E-Ol 
-1.619E-03 -7.93IE-01 
-1.605E-03 -7.362E-Ol 

fORCES 

SHEAR 

8.565E·01 
8.415E·01 
8.Z65E·01 
8.ll5E·01 
1.965E·01 
1.815E+Ol 
7.665£'01 
7.515£'01 
7.31>5E·01 
7.216E·01 
1.066E·01 
6.916E+01 
6.166E·01 
6.616E·01 
6.466E -0 1 
5,467E+01 
4.467E+01 
4.318E+Ol 
4,168£,01 
4.018E-01 
3.868E-OI 

MOMENT 

-7.588E+03 
-7.078E+03 
-6.577E+0~ 

-6.086['03 
-5.603E·03 
-5.129E·03 
-4.664E·03 
-4.209E-0~ 
-3.762E·03 
-3.)Z4E·G3 
-2.895E·G3 
-2.476E*03 
-2.065E+03 
-1.663E·03 
-1.Z70E·03 
-8.866E.OZ 
-6.139E+02 
-3.501E+02 
-9.53SE·01 

10504E'02 
3.87ZE·OZ 



PROb (CONTO I 
502 501 .ITH rOLUM~S RIGID wiTHIN ~OINTS 

TAdLE ~ - MEM~E~ ~ESULTS (CONTOI 

MEMtjER NUMBER 17 ,TIff TYPE 9 LOAD TYPE 1,\ 
LENGTM; 2.100E-02 ALPHA = I.OOOE-OO 8ETA O. 
GOES fROM ~OINT 9 TO ~OINT 10 

OUTPUT OISTANCES ARE fROM ~OJNT 9 ALONG THE MEM8ER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE ME~8ER AXES 

DISTANCE 

O. 
1.050E+OI 
Z.IOOE+OI 
3.150E-01 
4.200E-01 
5.250E·01 
6.300E-0I 
7.350E-01 
8.400E-01 
9.450E-01 
1.050E+02 
1.155E-02 
1.260E-02 
1.36'5E+OZ 
1.470E+OZ 
1.575E-02 
1.6<10E-02 
1.18SE+OZ 
I.B90E-02 
1.995E-02 
Z.IOOE+02 

DISPLACEMENTS 

AXIAL 

Z.479E-00 
2.479E-00 
2.479E_00 
2.479E-00 
2.479E_00 
2.419E-OO 
Z.479E_00 
2.479E·00 
2.479E-00 
2.479E+00 
2.479E-00 
2.419E-OO 
2.479E-00 
2.479E-00 
2.479E-00 
2.479E+00 
2.479E-00 
2.479E-00 
2.479E-00 
2.479E-00 
2.479(-00 

LATERAL 

-Z.188E-0 I 
-2.35",E-01 
-2_510E-OI 
-Z.654E-OI 
-Z.78IE-OI 
-Z.887E-01 
-2.971E-OI 
-3.0Z8E-OI 
-].059E-01 
-3.063E-OI 
-].04IE-OI 
-2.993E-0I 
-z.919E-01 
-Z.8Z0E-OI 
-Z.699E-OI 
-2.556E-OI 
-2.395E-OI 
-Z.22IE-0l 
-2.037E-01 
-1.849E-0 I 
-1.662E-01 

ROTATIONAL 

-1_605E-03 
-1.542E-03 
-1.438E-03 
-1.295E-03 
-1.ll8E-03 
-9.0~OE-04 
-6.720E-04 
-4_222E-04 
-1.688E-04 
8.548E-0' 
3.375E-04 
5.843E-04 
8.230E-04 
I.OSOE-03 
I.Z64E-03 
1.453E-03 
1.605E-03 
1.1I5E-03 
1.179E-03 
1.795E-03 
1.759E-03 

UIAL 

7.Z00E-OI 
7.200E-OI 
7.200(-01 
7.200E-OI 
7.200E-01 
7 .200E-0 I 
7.200E-OI 
7.200E-OI 
7.200E-OI 
7.200E-01 
7.200E-01 
7.200E-01 
7.200E-0I 
7.200E-01 
7.200E-01 
7.200E-01 
7.200E-01 
7.200E-01 
7.200E-OI 
7.200E-0I 
7.200E-0I 

fORCES 

5HEAR 

3.868E-0 I 
J.605E+01 
3.J4JE+OI 
J.080E+0 I 
2.B18E-0 I 
Z.JI2E-01 
I.ZOOE-OI 
3.303E-00 
6.776E-OI 

-1.947E-00 
-4.57ZE-00 
-7.197E-00 
-9.8Z2E*00 
-1.Z4SE·0 I 
-Z.l14(+01 
-3.227E-01 
-3_732E-01 
-3.995E-OI 
-4.Z57(-01 
-4.520E-Ol 
-4. 782( -01 

MOMENT 

J.871E-OZ 
7.795£-02 
1.144E-03 
1."'8IE-0~ 
1.79IE-OJ 
2.073E-OJ 
Z.Z77E -0; 
2.325E-OJ 
Z.346E-03 
2.3J9E·03 
2.305£-03 
Z.243E-03 
2.154E-0~ 
Z.037E-03 
1.893E-03 
J.593E -03 
10215E*OJ 
8.093E-OZ 
3.761£ -02 

-8.469r-01 
-S.7JO[-02 

.' 

PI'O~ (CONTO) 
5~2 501 wiTH COLUMN, klGIO WITHIN ~OINTS 

TAdLt 9 - MEMbE~ ~E>ULTS (CONTO; 

MEMtiEH NUMBE~ I" SlIFF TYPE lO LOAD TyPE 11 
LENGTH. 1.2CIE-02 ALPHA. ~.993E-01 BETA. -3.789E-02 
GOES fROM ~DINT 10 TO ~OINT 12 

OUTPUT DISTANCES ARE fROM JOINT 10 ALONG THE MEMBER AXIS 
ALL OuTPUT fORCES ANO DISPLACEMENTS ARE WITH RESPECT TO THE MEMBEM AXES 

DISTANCE 

O. 
6.004E-00 
1.20IE-01 
1.80IE-01 
Z.402E-01 
J.002E·01 
3.603E-OI 
4.20JE-OI 
4.80JE-OI 
5.404E-OI 
6.004E-OI 
6.605E-OI 
7.205E-OI 
7.806E-01 
8.406E-01 
9.006£-01 
9.607E-01 
10021E-02 
1.081[+02 
1.141£-OZ 
1.20IE-02 

2.483E-00 
2.483E-00 
2.4S3£-00 
2.483E-00 
2.48J£+00 
Z.48JE-00 
2.48JE-00 
2.483E-00 
2.483E+00 
2.483£-00 
2.483E-00 
2.483E-00 
2.4B3E-00 
2.483E-00 
2.483£-00 
Z.483E_00 
2.483E*00 
2.483E-00 
2.483£-00 
2.483E-00 
2.483£-00 

DISPLACEMENTS 

LATERAL 

-7.214£-02 
-6.169E-02 
-5.149£-02 
-4.164E-02 
-3.22IE-02 
-Z.327E-OZ 
-1.489E-OZ 
-7.16J£-03 
-10 751E-04 
5.989E-03 
1.IZ5E-02 
1.553£-OZ 
I.B76E-02 
2.086£-02 
z.177E-02 
2.143£-02 
1.976E-OZ 
1.671E-02 
1.2Z3£-02 
6.246E-OJ 

-1.286£-OJ 

ROTATIONAL 

I.759E-03 
1.722E-03 
1.671E-03 
1.60BE-03 
1.53ZE-03 
1.445E-03 
I.J44E-03 
1.2Z8E-03 
1.098E-OJ 
9.536E-04 
7.966E-04 
6.27IE-04 
4.457£-04 
2.5Z7E-04 
4.866E-05 

-1.660E-04 
-3.910E-04 
-6.259(-04 
-8.704E-04 
-1.124E-03 
-1.387£-03 

AXIAL 

-1_090£-00 
-1.146E-00 
-1.203E-00 
-1.260£-00 
-1.317E-00 
-1.696£-00 
-2.075E-00 
-Z_132E-00 
-Z·188E-00 
-2.245E_00 
-Z.30ZE-00 
-2.359E-00 
-2.416£+00 
-2.473E-00 
-2.5Z9E-00 
-2.586E-00 
-2.643E-00 
-2.700E-00 
-2.757E_00 
-2.814E-00 
-Z.8rOE-00 

\ , 

fORCES 

SH£AR 

-4.782£-01 
-4.932E-01 
-5.08Z£-01 
-5.23IE-01 
-5.38IE-01 
-6.38IE-OI 
-7.380E-OI 
-7.530E-01 
-7.680E-OI 
-7.830E-01 
-7.979E-01 
-8.129E-01 
-8.Z79£-01 
-8.429E-01 
-8.579E-Ol 
-8.729E-Ol 
-8.879E-OI 
-9.029E+OI 
-9.179E_Ol 
-9_328r-01 
-9.47'E-01 

MOMENT 

-5.730E+02 
-8_646E-OZ 
-1.165£-OJ 
-1.475E·0~ 

-1.79JE-03 
-Z.12IE-0~ 
-z.560E-03 
-3.007E-03 
-3.464E*03 
-3.930E-03 
-4.404E-03 
-4.888E·O~ 
-5.380E-03 
-5.882E-03 
-6.393E-03 
-6.9IZ£-03 
-7.441£-03 
-7.979£-03 
-8.525E*03 
-9.08IE*03 
-9.645E*03 



PROH (CO~TO) 

502 501 wiTH COLUM~S RIGID WITHIN JOINTS 

TABLE 9 - MEMHER HESULTS (CONTD) 

MEMBER NUMBER]9 STIff TYPE A LOAD TYPE 9 

LENGTH = 1.20IE·02 ALPHA = 9.993E-OI 8ETA 3.789E-02 
GOES fROM JOINT 12 TO JOINT 14 

OUTPUT DISTANCES ARE fROM JOINT 12 ALONG THE MEMBER AXIS 
ALL OUTPUT fOHCES AND DISPLACEMENTS ARE wITH RESPECT TO THE MEMBER AXES 

DISTANCE 

O. 
6.004E+00 
1.20IE·01 
1.80IE+OI 
2.402E+OI 
3.002[+01 
3.603E+OI 
4.203E+OI 
4.803E+OI 
5.404E+OI 
6.004E·01 
6.605E·01 
7.205E·01 
7.806E+OI 
8.406E+OI 
9.006E+OI 
9.607E+OI 
1.02IE+02 
1.08IE+02 
10I41E+02 
1.20IE+02 

AXIAL 

2.476E+00 
2.476E+00 
2.476E·00 
2.476E·00 
2.'+76E·00 
2.476E·00 
2.476E+OO 
2.476E+00 
2.476E+00 
2.476E·00 
2.476E+00 
2.476E·00 
2.476E·00 
2.476E+00 
2.476E·00 
2.476[+00 
2.476E+00 
2.475E+00 
2.475[+00 
2.475E·00 
2.475E·00 

DISPLACEMENTS 

LATERAL ROTATIONAL 

-I. 893E-0 I -1.387E-03 
-1.982E-OI -1.56IE-03 
-2.080E-OI -1.725E-03 
-2.189E-OI -1.879E-03 
-2.306E-OI -2.023[-03 
-2.43IE-OI -2.156E-03 
-2.564E-OI -2.278E-03 
-2.705E-OI -2.388E-03 
-2.85IE-OI -2.487E-03 
-3.003E-OI -2.573E-03 
-3.160E-OI -2.647E-03 
-3.320E-OI -2.707E-03 
-3 .484E-0 I -2.753E-03 
-3.65IE-OI -2.785E-03 
-3.819E-OI -2.80IE-03 
-3.987E-OI -2.80IE-03 
-4 0I55E-0 I -2.787E-03 
-4.32IE-OI -2.76IE-03 
-4 •• 86E-OI -2.72IE-03 
-4.648E-OI -2.667E-03 
-4.806E-OI -2.599E-03 

AXIAL 

-1.624E+00 
-1.567E+00 
-1.51IE+00 
-1 •• 54E·00 
-1.397E·00 
-1.340E+00 
-1.283E·00 
-1.226E·00 
-1.170E+00 
-1.1I3E+00 
-1.056E·00 
-9.99IE-OI 
-9.422E-OI 
-8.854E-OI 
-8.286E-OI 
-4.497E-OI 
-7.079E-02 
-1.396E-02 

4.288E-02 
9.971E-02 
1.5~5E-OI 

fORCES 

SHEAR 

8.478E+OI 
8.329E·01 
8.179E+OI 
8.029E+0 I 
7.879E+OI 
7.729E+OI 
7.579E·01 
7.429E·01 
7.279E+OI 
7.129E+OI 
6.98OE+OI 
6.830E+OI 
6.680E+OI 
6.530E+OI 
6.380E·01 
5.38IE+OI 
4.38IE+OI 
4.232E +0 I 
4.082E+OI 
3.932E·01 
3.782E+OI 

MOMENT 

-6.444E·0~ 

-5.940E·03 
-5.444E+03 
-4.957E+03 
-4.480E+03 
-4.0IlE+03 
-3.552E+03 
-3.10IE +03 
-2.659E+03 
-2.227E·O~ 

-1.803E+03 
-1.389E+03 
-9+83IE+02 
-5.865E+02 
-1.989E+02 

1.797E·02 
4.473E·02 
7.058E+02 
9.554E+02 
1.196E+03 
1.428E+OJ 

PROM (CONTO) 
502 501 wITH COLUMNS RIGID WITHIN JOINTS 

TABLE ~ - MEMBER HESULTS (CONTO) 

MEMHEH NUMBEk?O STiff TyPE 9 LOAD TyPE 10 
LENGTH = 2.100E·02 ALPHA = I.OOOE+OO BETA O. 
GOES fROM JOINT 14 TO JOINT 15 

OUTPUT DISTA~CES ARE fROM JOINT 14 ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wITH RESPECT TO THE MEMBER AXES 

DIS TANCE 

O. 
1.050E+OI 
20100E'01 
30150E+OI 
4.200E+OI 
5.250E+OI 
6.300E+OI 
7.350E·01 
8.400E·01 
9.450E+OI 
1.050E·02 
10I55E+02 
1.260E+02 
1.365E+02 
1.470E+02 
1.575E+02 
1.680E+02 
1.785E·02 
1.890E+02 
1.995E+02 
201 OOE+ 02 

AXIAL 

2.492E·00 
2.492E+~0 
2.492E·00 
2.492E·00 
2.492E+00 
2.492E+00 
2.492E·00 
2.492E·00 
2.492E·00 
2.492E·00 
2.492E·00 
2.492E+00 
2.492E·00 
2.492E+00 
2.492E+00 
2.492E+00 
2.492E+00 
2.492E+00 
2.492E+00 
2.492E+00 
2.492E·00 

DISPL'CEMENTS 

LATERAL 

-3.864E-OI 
-40128E-01 
-4. 372E-0 I 
-4.590E-OI 
-4.78IE-OI 
-4.939E-OI 
-5.063E-0 I 
-50150E-01 
-5.200E-OI 
-5.2IiE-01 
-50186E-01 
-50123E-01 
-5.024E-OI 
-4.890E-OI 
-4. 722E-0 I 
-4.523E-OI 
-4.296E-OI 
-4.044E-OI 
-3. 774E-0 I 
-3.489E-OI 
-3.195E-OI 

ROTAT 10NAL 

-2.599E-03 
-2.423E-03 
-2.207E-03 
-1.955E-03 
-1.668E-03 
-1.350E-03 
-1.006E-03 
-6.502E-04 
-2.914E-04 

6.712E-05 
4.224E-04 
7.715E-04 
1.IIIE-03 
1.439E-03 
1.75IE-03 
2.039E-03 
2.288E-03 
2.494E-03 
2.654E-03 
2.764E-03 
2.82IE-03 

AXIAL 

1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E·00 
1.587E·00 
1.587E+00 
1.587E·00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 
1.587E+00 

fORCES 

SHEAR 

3. 779E +0 I 
3.516E+OI 
3.254E+OI 
2.99IE+OI 
2.729E+OI 
2.223E+OI 
I.IIIE+ 0 I 
2.413E+00 

-2.122E-OI 
-2.837E+00 
-5.462[+00 
-8.087E+00 
-1.07IE+OI 
-1.334E+OI 
-2.203E+OI 
-3.316E+OI 
-3.82IE+OI 
-4.084[+01 
-4.346E+OI 
-4.60'llE+OI 
-4.87\E+OI 

MOMENT 

1.428E+03 
1.81IE+03 
20166E+03 
2.494E+03 
2.794E+03 
3.067E+03 
3.26IE+03 
3.300t:+03 
3.312E+03 
3.296E+03 
3.252[+03 
3.18IE+03 
3.082E+03 
2.956E+03 
2.802E+03 
2.493E+03 
2.106E+03 
1.69IE+03 
1.248E+03 
7.783[+02 
2.806E+02 



PRO'; ICO"TO) PRO~ (CON TO) 
502 501 ~ITH COLUMNS RIGID ~ITHtN JOINTS 502 501 wiTH rOLUM~~ RIGID WITHIN JOINTS 

TA8LE Q - MEMeER RESULTS (CONTO) TA~LE 9 - ~[~BEw ~ESULTS (CONTO) 

MEMBER NUMBER 21 ~Tlff TYPE I" LOAD TYP[ II 
LENGTti ~ 1.20IE'02 ALPHA.. 9.9Q3E-01 BETA z -3.789E-02 
GO[S fkO~ JOINT 15 TO JOINT 11 

MEMijEk NUMB[R 22 STiff TYPE R LOAD TyPE 
LENuTH ~ 1.20IE·02 ALPHA 9.993E-01 BETA 
GOLS f~O~ JOINT 17 TO JOINT 19 

9 
3.189E-02 

OUTPUT UISTANCES ARE fROM JOINT 15 AlONG THE MEMBER AxiS 
ALL OUTPUT fO~CES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER AXES 

OUTPUT OISTA~C[S ARE f~OM JOINT 17 ALONG THE MEM~ER AXIS 
ALL OUTPUT fORCES AND OISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS fORCES DISPLACEMENTS fORCES 

01 STANCE AXIAL LATERAL ROTATIONAL AXIAL <;HEAR MOMENT DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 
O. 2.502E*QO -2.249[-01 2.82IE-03 -2.459£-01 -".874E*01 2.806E·02 
6.00 .. E·00 2.502E·00 -2.019[-0 I 2.828[-03 -3.027E-0I -5.023E-OI -1.653E-OI 
1.20IE-Ol 2.502E·00 -1.910E-OI 2.820E-03 -3.595E-OI -5.173E-OI -3.227E-02 
1.80IE·01 2.502E·00 -\.74IE-OI 2.197£-03 -"016"£-01 -5.323E-OI -6.318E+02 
2 ... 02E-OI 2.502E-00 -1.51"E-OI 2.160£-03 -4.132[-01 -5.473£-01 -9.619E-02 
3.002['0 I 2.502E-00 -1.410E-OI 2.709£-03 -8.52IE-OI -6 ... 72E-OI -1_295[-03 
3.603E-OI 2.502£-00 -1.249E-OI 2_64 .. E-03 -1.23IE-00 -7."72E-OI -1.739£*03 
... 203E-OI 2.502E-00 -1.093E-01 2.5,,2E-03 -1.288E-00 -7.622E-OI -2_192E'0~ 
4.803E·01 2.502E-00 -9."18E-02 2.",,"E-03 -\.3 .. 5E-00 -7.11IE-OI -2.65"E.03 
5.40 .. E·01 2.502£-00 -7.912£-02 2.352E-03 -1 ... OIE-OO -7.921E-01 -3.126[*03 
6.00 .. [-01 2.502E-00 -6.597E-02 2.225E-03 -1,"58E-00 -8.071E-OI -3.606E-03 
6.605['01 2.502E-00 -5.303£-02 2.0~5[-03 -1.515E-00 -8.221E'01 -4.095E-0~ 
7.205E-OI 2.502E-00 - ... 096E-02 \.931E-03 -1.572E-00 -8.37IE'01 -4.593E'OJ 
7.806E-OI 2.502E·00 -2.986E-02 1.165E-03 -1.629E-00 -8.521E'01 -5.100('03 
8 ... 06E-OI 2.502E-00 -1.919E-02 1.581E-03 -1.686E-00 -8.67IE-OI -5.616E-03 
9.006E-OI 2.502E·00 -1.083E-02 10397[-03 -1.7 .. 2E-00 -8.821E-OI -6.1"IE-03 
9.601E-OI 2.502E-00 -3.039E-03 1.196£-03 -1.199£-00 -8.971E-OI -6.616E -03 
1.02IE-02 2.502E-00 3.SI4E-03 9.1145E-0" -1.856E-00 -9.120E-OI -7.219E-03 
1.08IE-02 2.502E-00 8.76"E-03 1.624E-0" -1.913E-00 -9.210E-Ol -1.77IE-03 
10I41E-02 2.S02[_00 1.26SE-02 5.303E-0 .. -1.910E-00 -9.420E-OI -8.332E-03 
1.20IE-02 2.502E·00 1.512E-02 2.885[-0 .. -2.027E-00 -9.570E'01 -8.902E-03 

O. 2.496E_00 -10 7"4E-OI 2.8R5E-0" -1.780E-00 ... 697E-OI -3. 330E -03 6.004E-00 2.496E_00 -1.729E-OI 1.990E-04 -1.123E-00 4.5 .. 7E-01 -3.053E-03 1.20IE-01 2 ... 96E·00 -1.120E-OI 1.1"8E-0 .. -1.666E'00 ... 391E-OI -Z.7B4E·O~ 1.8~1f.-01 2.496E·00 -1.115E-Ol 3.619E-05 -1.609£'00 ".2"'[-01 -2,S25[-03 
2.402E'01 2.496E·00 -1.115E-Ol -).690E-05 -1.553£-00 ... 091E-OI -2.274[-03 3.002E-OI 2.496E·00 -1.720.[-01 -I.O .... E-O .. -1 ... 96[-00 3.9 .. 1E_OI -2,u33E-03 3.603E·OI 2.496[_00 -1.128E-OI -1.662E-0" -1,"39E-00 3.197[-01 -l.eOOE·O~ ... 203E-01 2.496E_00 -1.139E-OI -2.224E-04 -1.382E-00 3.6"'E-0 I -1.577[_03 ... 803E-01 2.496E_00 -1.15 .. E-OI -2.127[-0" -1.325E-00 3.498E*01 -1.362E-03 S.40 .. E-OI 2.496E'00 -10 712E-OI -3_112E-0" -1.268E'00 3.) .. 8E-OI -1.IS1E·OJ 6.00 .. E-OI 2 ... 96E_00 -1.192E-0I -3.558E-0 .. -1.212E-00 3.198E-OI -9_600E-02 6.605E*OI 2.496E_00 -1.815E-Ol -3.885E-0" -1.155E-00 3.048E-OI -1.72SE-02 7.20SE-OI 2.496E-00 -).839E-OI -4.15IE-0" -1.098E-00 2.891!E -01 -S.940E-02 7.806E-01 2.496E-00 -1.86"E-Ol -".356E-0" -I.O .. IE.OO 2.7 .. 8E-01 -4.24SE-02 8 ... 06E-OI 2.496E-00 -1.89IE-OI - ..... 99E-0 .. -9.842[-01 2.S98E·01 -2.640[-02 9.006E-Ol 2.496E-00 -1.918E-01 -".5AOE-0" -6.053E-OI I.S99E-OI -loI2SE-02 9.601E-Ol 2 ... 96E-00 -1.9"6E-0 I -".622E-04 -2.26 .. E-OI 5.996E·00 -1_20IE-01 1.02IE-02 2 ... 96E_00 -1.914E-OI - ... 648E-0 .. -1.696E-OI ... 497E-00 -".OSOE -0 I 1.08IE-02 2 ... 96E-00 -2.002E-OI -4.662E-0" -1.127E-OI 2.998E-00 -1.800E·QI 1.1"IE-02 2 ... 96E-00 -2.0)OE-Ol -4.6~7E-0 .. -5.S90E-02 1.499[*00 -4.501E-OO 1.20IE-02 2 ... 96[-00 -2.058E-OI -".""'9[-0" 9.309E-04 2.422E-04 S.S43[-04 

.. 



PRO~ 

502 

TA~LE 

JOINr 

I 
2 
3 

" 5 
6 
7 
8 
q 

10 
II 
12 
13 
14 
15 
II> 
17 
18 
19 
20 

(COl\TDI 
501 .lTH rOL"M~S RIGID ~ITHIN "OINT> 

10 - JO INT EQUILIBRIUM ERROR.; 

ERRiXI ERR in ERR ill 
fORCE FORCE MO"ENT 

b.258E-08 5.7I3E-08 -6.050E-07 
4.925E-05 -3.2"5E-0" -2.02H-0" 
7 .6b5E-O 7 -1.20IE-05 -".310E-06 

-7.028E-07 2.731[-06 -8.782E-06 
1.787E-03 -1."24E-02 -".143E-02 
3.23"E -06 3.172E-05 -5.036E-05 

-9.9nE-1)3 1.219E-02 -1.0~7E-0I 
-1."98E-07 -1.14<;E-05 -3.770E-06 
-'1.872[-03 1.8I3E-03 -1.188E-02 
2.982E-03 1.922£-03 1.30IE-02 
1.52IE-01> 1.08,,[-05 -2.439E-05 
4.311E-04 -3.<l06E-04 3.442E-02 

-1.897E-07 -1.949E-05 -2.237E-01> 
-2.1>50E-03 -2.22I>E-03 1."89E-02 

1.416E-02 -2.532£-03 -1.255E-02 
1·713[-01> 9.819E-06 -2.75IE-05 
1.617E-02 1.172E-02 -3.947E-02 
2.327E-0'5 -5.074E-04 -10 727E-03 

-9.394E-04 2.01>7E-0" -5.543E-04 
-1·585E-05 3.012E-04 -6.775E-04 

,-

PROGRAM FRAME ~I - MA,TER DECK - MATLOCK-hAYS REViSION DATE 

SOIL SuPPORTED BENT - GALATI RUMANIA 
THREE BATTERED PILES 

24 JULY 71 



'>01 

SOIL SUPPORTED BENT - G~LATI RUMANIA 
THREE dATTERED PILES 

Q o KIPS 

TABLE I - PROGRAM CONTROL OATA 
PRO~Ll" TYPE 1 

INPUT TA8LES 

TA8LE HOLO DATA "ROM NUMBER OF CARDS 
NLlM8ER L~ST PROSLEM ADDEO "OR THIS 

(j YES.O " NOI PRO'lLEM 

2 -0 IS 
3 -II IS 

4A -~ I 
48 -0 0 
4C -0 0 
5A -0 20 
51l -0 .. 
5C -0 .. 
50 -I. 12 

6 -0 10 
7 -~ 2 

OuTPUT TA8LE, 

TABLE SUPPRESS OUTPUT 
NUMBEI< Cl " YES,O " NOI 

~ -) 

'> -[ 

10 -0 

PI<OI; tCOr.TDI 
~Ol Q ~ o r<I PS 

TA~LE 2 - '~AME GEOMETRY DATA 

NUMBEI< OF JOINTS IN FRAME" 15 
REFERENCE JOINT IS JOINT I AT X -0. 
JOINT TOLERAr.CE IS 1.000E-03 

INPUT OF JOINT OFFSETS 

"ROM X-OfFSET Y-OHSET TO 
JOINT JOINT 

I 5.58OE·01 -0. 2 
2 6.250E·01 -0. J 
I -1.300E·00 -2.970E·01 .. 
4 -4.600E·OI -1.S40E·02 1 
7 -3.100E·01 -1.240E·02 10 

10 -8.250E·OI -3.300E.02 13 
2 4.867E·00 -2.970E·01 5 
5 3.061E·OI -1.840E·02 8 
8 2.061E·01 -1.240E·02 II 

II 5.685E·01 -3.410E .02 14 
l ".861E·00 -2.910E·01 6 
6 3.061E·01 -1.840E·02 9 
9 2.061['01 -1.240E·02 12 

12 5.685['01 -3."10['02 15 

COMPUTED JOINT COORDINATES 

JOI"T Y 

1 -0. -0. 
2 5.580£·01 O. 
3 1.183[·~2 O. .. -7.300E·00 -2.970E·01 
5 6.067E·01 -2.970E·01 
6 1.232E·02 -2.970E·01 
7 -5,330E'01 -2.131E·02 
8 .. 01 34E.0 I -2.131E·02 .. 1.538['02 -2.137E·02 

10 -6.430[·01 -3.377E·02 
II 1.120E·02 -30377E'02 
12 1.745['02 -3.377E·02 
13 -1.668['02 -6.677E-02 
14 1.b89E·02 -6.787E·02 
15 i0314E'02 -6.787E-02 

AN!) Y 

TO TO TO 

'. 

-0. 

TO TO TO 

W 
N 
o 



' . 

••• CO~PUTEO MEMBER NUM8ERS ~AY NOT AGREE ~ITH LAST PROBLEM ••• 

PROd ICON TO; 
901 a o ~lPS 

TABLE 3 - MEMBER LOCATION DATA 

NUMBER OF MEMSER STIFfNESS TYPES 10 
NUMBE~ Of MEHSER LOAD TYPES 10 
NUMbER Of ELEMENTS PER MEMBER = 10 

INPuT OF MEMBER lOCA TlONS 

fROM STiff LOAD TO TO TO TO TO TO TO TO TO TO 
JOINT TYPE TYPE JOINT 

I I 1 ;; 
2 ;; ;; 3 
I 3 3 " 4 5 5 7 
7 7 7 10 

10 9 9 13 
;; 4 4 5 
3 4 4 6 
5 & & 8 
& & & 9 
6 8 8 11 
9 e 8 12 

II 10 10 14 
12 10 10 15 

CO~PUTED MEMBER NVMatR5.LENGTHS •• ~O OffSETS 

MEMBER fROM TO STiff LOAD LENGT ... X-OffS£T Y-OffSET 
N\JMd JOINT JOINT TYP[ TYPE 

I I ;; 1 I 5.580[.01 5.580[·01 O. 
2 2 3 2 ;; b.250E.OI &.250[·01 O. 
3 1 4 3 3 3.058E·OI '""7.300£.00 -2.970E.OI 
4 4 7 5 5 1.897E·02 -4.bOOE.OI -1.840E·Oc 
5 7 10 7 7 1.278E·02 -3.100[·01 -1.240E.02 
b 10 13 9 9 3.402E·02 -11.250E·OI -3.300[·02 
7 2 5 4 4 3.010E·OI 4.BblE·00 -2.970[·01 
8 J & 4 4 3.010['01 4.8b7E.00 -2.970[·01 
9 5 8 b b 1+8&5E·02 30067[,01 -1.840[·02 

10 6 9 6 6 1.865Eo02 3.067E.01 -1.840E·02 
II & II 8 8 1.257['02 2.067E.01 -1.Z40E .02 
12 9 12 8 8 I.ZS7Eo02 2.067E·01 -1.240[·02 
13 II 14 10 10 ).457['02 5.685[·01 -3.410[·02 
14 12 15 10 10 ).457E.02 5.685[.01 -3.410[·OZ 



PROt! (CONTo) PRO~ I CO"TO) 
901 Q. 0 ~IPS ~Ol Q. 0 K[~S 

TABLE 4A - JOlhT LOADS AND LINEAR RESTRAINTS TABLE ~A - MEMBER STiffNESS DATA 

INPUT Of JOINT DATA 

JOINT fOHCE(X) fORCE(YI MOMENTtZI SPRING(X) SPRl"G(Y) SPRING(Z) STiff MO~ Of PRISMATIC PRISMATiC NON 
TYPE ELAST I A LIN 

2 -0. -1.520EoOI -4.360E.OI -0. -0. -0. 
1-0. -0. -0. 

ACCUMULATED JOINT DATA STiff TyPE I CUNT 
fROM JOINT TO JO INT 

NA NSI( ,.SY NSZ NA NSX NSY 
SAME AS INPUT fOR THIS PROBLEM I -0 -0 -0 I -0 -0 

TAdLE ~B - JOINT SUPPORT CURVE NUMBERS STiff MOD Of PRISMATIC PR ISMATIC NON 
TYPE ELAST I A LIN 

NO DATA 
2-0. -0. -0. 

TABLE 4C - JOINT SUPPORT CURVES STiff TYPE ~ CO"T 
FROM JOINT TO JOINT 

NA NSI( "SY NS2 loA NSx NSY 
NO DATA I -0 -0 -0 I -0 -0 

STiff MOD Of PRISMATIC PRISMATIC NON 
TYPE ELAST I A Lit' 

3-0. -0. -0. 

STiff TyPE 3 CO'<T 
f~OM JOHn TO JOINT 

loA NSX NSY NS1 NA "Sx NSY 
2 -0 -0 -0 2 -0 -0 

STiff 0100 Of P"ISMATIC PRISMATiC NON 
TyPE ElAST I A LIN 

4-0. -0. -0. 

STiff TyPE 4 CONT 
fROM JOINT TO JOINT 

N. NSX NSV NSZ loA NSX NSV 
2 -0 -0 -0 2 -0 -0 

. . 

NUMB AxiS OUTPUT 
CROS OPT OPT 

-0 

NSZ Q - MULT 
-0 -0. 

NUMB AXIS OUTPUT 
CROS OPT OPT 

-0 

NS2 Q - MUll 
-0 -0. 

NUOIB AXIS OUTPUT 
CRos OPT OPT 

-0 

NSZ a - MUll 
-0 -0. 

NUMB AXIS OUTPUT 
CROS OPT OPT 

-0 

NSZ Q - MUll 
-0 -0. 

" 

PIN 
fHOM 

-0 

" --0. 

PIN 
FROM 

-0 

. -
-0. 

PIN 
fROM 

-40 

. -
-0. 

PIN 
fROM 

-40 

W -
-0 • 

PIN 
TO 

-0 

MUll 

PIN 
TO 

-0 

MULT 

Pit, 
TO 

-0 

MUll 

PIN 
TO 

-0 

MUll 

W 
N 
N 



'. 

STIFF MOO OF PI/ISMAT IC PRISMATIC NON NUMB AXIS OUTPUT PIN PIN 
TYPE ELAST I A LIN CRoS OPT OPT ,ROM TO 

5-0. -0. -0. -0 -0 -0 

STIFF" TYPE 5 CO~T 
'ROM JOINT TO J(TINT 

NA NSX NS~ NSI NA NSX NSY NSZ Q - MULT 11/ - "ULT 
Z 1 4 -0 2 2 5 -0 -1.000E-04 1.000E-03 

ST 1" ,,00 A' PRISMATIC PRISMATIC NON NUMB AXIS OUTPUT PIN PIN 
TyPE ELAST I A LIN CROS OPT OPT ,ROM TO 

6-0. -0. -0. -0 -0 -0 

STI,F TYPE h CaNT 
,1'10" JOINT TO JOINT 

NA NSX ~SY NSZ NA NSX NSY NSZ Q - MULT .. - "ULT 
2 I 4 -0 2 Z 5 -0 -1.000E-04 1.000E-03 

STIF"F "00 0, PRIS"ATIC PRIS"ATIC NON NUMB AXIS OUTPUT PIN PIN 
TYPE ELAST I A LIN CROS OPT OPT ,110M TO 

7-0. -0. -0. -0 -0 -0 

STlF", TYPE 7 CaNT 
,ROM JOINT TO JOINT 

NA NSX NSV NS1 NA NSX NSY NSZ Q - MULT 11/ - MULT 
2 2 5 -0 2 3 6 -0 -1.000E-0" 1.000E-03 

STIFF MOD A' PRISMATIC PRISMATIC NON NUMB AXIS OUTPUT PIN PIN 
TYPE ELAST I A LIN CROS OPT OPT FROM TO 

B-O. -0. -0. -0 -0 -0 

ST ItF TYPE ~ CO'lT 
F><OM JOINT TO JOINT 

NA NS)( r.SV NSZ NA NSX NSY NSZ Q - HULT III - MULT 
2 2 5 -0 2 3 6 -0 -1.00OE-04 1.000E-03 

STIFf" MOD OF PRISMATIC PR ISMA TIC NON NUMB AXIS OUTPUT PIN PIN 
TYPE ELAST 1 A LIN CROS OPT OPT ,ROM TO 

9-0. -0. -0. -0 -0 -0 

STl,f TYPE 9 CaNT 
fkDM JOINT TO JOINT 

NA NSX r.SY NSl NA t,sx NSY NSZ Q - HULT " - MULT 
2 3 b -0 2 3 b -0 -1.000E-04 1.000E-03 

STI .. MOD OF PIlISMATJC PRISMATIC NON NvMS AXIS OUTPUT PIN PIN 

TYPE ELAST A LIN CROS 

10-0. -0. -0. 

S TIFF" TyPE I, CO"T 
,RO" JOINT TO JOINT 

NA NSX ~SY NSZ NA NSX NSY NSZ 
Z 3 6 -0 Z 3 6 -0 

TABLE 5B - CROSS SECTION DATA 

INPUT Of CROSS SECTIONS 
CROSS NUMB wiDTH OR DEPTH OR Y-CENT RECT=O 

SECT CRoS O-oIAM THICKNESS PIPE:l 

3 
3.150E·01 3.540E·01 O. -0 
1.220E·00 1.000E·00 1.310E'01 -0 
1.220E·00 1.000E·00-1.310E·01 -0 

2 I, 

1.515E·01 1.515E·01 O. -0 
2.286E·00 I.OOOE·OO 6.695E.00 -0 
2.286E·00 1.000E·00-6.695E·00 -0 
1.524E·00 I.OOOE.OO O. -0 

TABLE 5C - STRESS STRAIN CuRVES 

CUkVE NUMB SYMT II = YES. 
NU"S PTS OPT 0 NOl 

10 0 
SIG -Z51 -302 -283 -U7 -132 

EPS -400 -!92 -1"4 -96 -48 

2 3 
SII> 54 54 

E~~ 183 1830 

TABLE 5D - SUPPORT CURVES FOR ~EMBERS 

CURVE NU~8 SYMT (I YES. 
NUMtj PTS OPT 0 NO) 

8 
v 184 30;3 507 614 

OPT OPT F"ROM TO 

-0 -0 -0 

Q - MULT 11/ - MULT 
-1.000E-04 1.000E-03 

SI6-EP SI6-MULT EP-MULT 

NUMB 

I 1.000E-02 1.00OE-05 
2 1.000E.00 1.000E-05 
2 1.000E·00 1.000E-05 

I 1.000E-02 1.000E-05 
2 I.OOOE.OO 1.000E-05 
Z 1.000E·00 1.000E-05 
2 I.OOOE.OO 1.000E-05 

0 28 II, 0 

0 10 30 200 2000 

168 198 798 

W 
N 
W 



" 0 25 50 75 100 150 200 250 W 
N 

2 8 ~ 
il 0 219 .. 05 56'1 712 876 909 909 

PRO~ (CO",r,)) 
• 0 25 50 75 100 150 200 250 ,.01 Q a o KIPS 

3 8 
... -0 U76 3986 Oo3eO .. 073 3U5 3U5 3U5 

TA8LE 6 - MEMBER LOAD DATA 

" 0 25 50 75 100 150 200 250 

" 9 
(.j 0 312 ,,69 590 7,,3 850 1008 1179 1179 

• 10 20 39 79 lIB 197 315 3150 LOAD UNIFORM UNIFORIot NO lAlS 
TrP[ QA Qf CARDS OPT 

5 9 
~ 107" llS6 1705 21"" 2,,58 2916 HIO 3 .. 10 

I -0. -9.700£-02 -0 2 
" 10 20 39 79 118 197 315 3150 2 -0. -9.700E-02 -0 2 

3 -0. -2.100E-02 -0 2 
6 9 " -0. -2.100F-02 -0 2 

u 0 3178 "Oil 50 .. 5 6357 7275 86271009010090 5 -0. -2.100E-02 -0 2 
6 -0. -2.100E-02 -0 2 w 0 10 20 39 79 liB 197 315 3150 7 -0. -2.100£-02 -0 2 
8 -0· -2.100£-02 -0 2 
9 -0. -2.100£-02 -0 2 

10 -0. -2.100£-02 -0 2 

.. 



PRO" ICO"TDI 
9QI Q = 0 KIPS 

TABLE 1 - ITE"ATION CONTROL 

fRAME SOLUTION 

NUM" 
ITER 

10 

hUMH 
ITE" 

10 

FORCE 
ERROR 

MOMENT 
ERROR 

I.OOOE-Ol 1.000E.Ol 

fO"CE 
ERROR 

MOMENT 
ERROR 

1.000E-02 I.OOOE.OO 

•• *** fRAME ITER4110N NO 1 ••••• 

>ION ITOR JOIHT5 

4 10 

MON ITOR "E"HERS 

9 12 

>IE >Ie MEMB 
NO ITER 

MEMBER OI5PLACEOI["TS 
A~IAL LATERAL ROTATIONAL 

MEMBER EQULIBRIUM ERRORS 

I I 
~RO" JOI"T 
CE"TE"LINE 

TO JulNT 

I 2 
fROM JOINT 
CENTE"LrNE 

Tu .101 If 

MEMBER 

3 
FROM .lor"! 
CE"TE;;LINE 

TO JOI"T 

AXIAL LATERAL ROTATIONAL 

-I.188E-03 -1.109E-02 -2.966E-05 1.47bE-02 
-1.206E-03 -1.169E-02 -2.210E-05 2. ]53E-02 
-1.224E-03 -1.204E-02 -7.099E-06 1.483E-02 

-I. 168E-03 -1.109E-0~ -2.966[-05 '>.483E-Ob 
-1.20bE-03 -1.169E-02 -2.270E-05 4.l6eE-08 
-1.224E-03 -1.204E-02 -7.10IE-06 1.68bE-07 

CO"VERGED AfTER ITERATION 2 

2 CUNVERGED AFTER ITE~ATION 

1.089E-02 
1.0"5E-02 
1.01lE-02 

1.368E-03 -2.934[-05 -8.142[-05 
1.020E-03 -2.591E-05 -5.659[-05 
7.580E-04 -1.121E-05 -~.864E-05 

CONVEwGEO AFTER ITERATION 

-6.410E-02 
5.105E-03 
5.3b8E-03 

1.323E-05 
3.541E-09 
4.049[-09 

3.967<-05 
a.213l-\!4 
6.429E-04 

2.992E-04 

I.I05E-07 

.' 

MEMBER 4 CONvERGED AFTER ITERATION 

5 CONVERGED AfTER ITERATION 

6 I 
FROM JOINT 
CENTEi<LINE 

TO JOINT 

6 • .!68E-03 
5.272E-03 
4.877E-03 

1.565E-04 -6.47IE-08 -3.813E-03 -2.767E-03 -1.00IE-Ob 
1.605E-04 -4.926E-I0 -2.870E-03 7.884E-05 -1.18IE-07 
1.603E-04 9.303E-II -2.497E-03 -2.114E-06 1.617E-09 

6 CONVE~GED AFTER ITERATION 

7 COhVERG£O AfTER ITERATION 

MEM~ER ~ CONVE~GEO AFTER ITERATION 

'Y I 
fRO" JOINT 
CENTEfiLINE 

TO JOINT 

1.123E-02 -2.647E-03 
1.024E-02 -8.30IE-04 
9.169E-03 -2.525E-04 

2.603E-05 1.50IE-04 -3.677E-03 
1.60IE-05 -3.643E-05 2.307E-03 
2.310E-06 3.5b5E-05 1.013E-03 

MEMBEfi 9 CONVERGED AFTER ITERATION 

10 CONVERGED AFTER ITERATION 

II CONVERGED AFTER ITERATION 

Ie I 
fROM JOIN! 
CENTERLINE 

TO JOINT 

7.907E-03 -c.357E-04 
7.240E-03 -1.690E-04 
6.616E-03 -1.209E-04 

l.c35E-06 
l.c62E-06 
5.990E-07 

12 CONVE~GEO AFTER ITERATluN 

13 CONVERGED AFTER ITERATION 

4.38~E-04 -1.559E-04 
3.78~E-04 -1.647E-05 
2.130E-04 1.671E-04 

5.727E-03 
3.817E-03 
5.951E-04 

4.205£-04 
4.213E-04 
1.782E-04 

W 
N 
\J1 



I JOINTS NOT CO~VERGEO AT END OF F~AME ITERATIO~ 

••••• FRAME ITERATION NO 2 ••••• 

MEMB MEM8 
NO ITER 

·1 
FRO" JOINT 
CE~TERLINE 

TO JO INT 

MEM8E~ 

ME"IIER 

3 
FI<OM JOI~T 
CE~Tf~LlNE 

TO JOINT 

MEMflEH 

MEM8ER 

MEM8EN 

6 I 
FRO" JOINT 
CENTE~LlNE 

TO JOINT 

ME~fjEk 

ME~IlER 

MEMIlE" 

9 I 
FROM JOI~T 

CENTE~LlNE 
TO JOINT 

MEMIlEI< 

MEMBER DISPLACEMENTS 
AXIAL LATERAL ROTATIONAL 

MEMBER EQULIBRIUM ERRCRS 
AxiAL LATERAL ROTATIO~AL 

-1·213E-03 -1.IIOE-02 -2.Q48E-05 1.176E-05 2.798[-05 1.626E-04 
-1.232E-03 -1.170E-02 -2.257[-05 -4.55IE-07 -2.843E-07 4.215E-06 
-1.25IE-03 -1.204E-02 -7.084E-06 -1.008E-07 -2.118l-07 5.46IE-07 

CONVERGEO AFTER ITERATION 

2 CONVERGED AFTER ITERATION 

1.09IE-02 1.347E-03 -2.QI5E-05 6.096E-09 2.292E-09 4.329E-07 
1.0!l6E-02 1.00 IE-03 -2.568E-05 4.549E-09 1.194E-08 4.166E-07 
1.073E-02 7.426E-04 -1.700E-05 2.255E-09 -4.253E-IO 4.883E-07 

3 CONVENGEO AFTER ITERATION 

4 CONVERGED AFTER lTERAT ION 

5 CONVERGED AFTER ITER A TlON 

6.279E-03 1.565E-04 -9.I1IE-OB -2.194E-05 -1.014E-04 -1.347E-06 
5.279E-03 1.606E-04 -2.122E-09 -1.553E-05 2.038E-05 -3.126E-IO 
4.884E-03 1.603E-04 3.525[-10 -1.399E-05 2.436E-07 -2.31~E-ll 

6 CONVERGED AFTER iTERATIOl; 

7 CONVEwGEO AFTER ITERATION 

8 CONVERGEO AFTER ITERA TlON 

1.123E-02 -2.670E-03 2.632E-0' 2.256E-08 -6.8741::-05 -6.Z0IE-OC 
I.OZ4E-02 -80278E-04 1.6ZZE-05 -4."~7E-08 6.5Z2E-05 -4.6Z8E-08 
9.173E-03 -Z.498E-04 ~.~c:c:t:-UO -'::.S7ac:-uo -C.;;~'[-C~ ! .Cj46E-~e 

9 CO'WERGED AFTER ITERATION 

.. 

10 CUNVEMGED AFTER ITERATION 

II CONVERGED AFTER ITERATION 

12 I 
FRO" .JO I~T 
CENTEI/LINE 

TO JOINT 

7.917E-03 -2.343E-04 
7.249E-03 -1.688E-04 
6.6Z6[-03 -1.215E-04 

1.216E-06 1.413E-07 5.773E-06 -1.886E-09 
1.243E-06 6.78IE-08 -3.314E-07 -1.936E-09 
5.89ZE-07 -Z.56ZE-07 -6.852E-06 -3.80IE-10 

IZ CONVERGED AFTER ITERATION 

MEMtiER 13 CONVERGED AFTER ITERATION 

MEM8ER 14 CONVERGED AFTER ITERATION 

ALL JUINTS CONVERGED AT END OF ITERATION 2 

SUMMARY OF FRAME !TERAT IONS 

JOINT FRAME JOINT DISPLACEMENTS JOINT EQULIBRIUM ERRORS 

NO ITER DISPIX) DISPIYI ROTAlIONIZI ERR IX) ERR IYI ERRIZ) 

I I -1.184E-03 -1.092E-02 -2.967[-05 9.192E-02 -4.947E-02 -10I15E-01 
I 2 -1.209E-03 -1.094E-02 -2.948E-05 1.082E-02 7.770E-04 1.306E-02 4 I -1.862E-03 -1.054E-02 -1.548E-05 9.544E-03 -3.064E-03 -1.065E-OZ 
4 2 -1.880E-03 -1.055E-02 -1.52IE-05 -9.543E-03 2.567E-03 -5.933E-OZ 
7 I -1.597E-03 -8.186E-03 -2.812E-06 -9.160E-04 5.762E-04 -8.240E-04 
7 2 -1.60IE-03 -8.199E-03 -2.820E-06 1.79IE-03 -2.568E-03 -3.955E-OZ 

10 I -1.447E-03 -6.474E-03 -5.633E-07 -4.135E-03 -2.367E-02 -1.355E-04 
10 2 -1.450l-03 -6 ... 86[-03 -5.626E-07 4.79IE-04 1.167E-02 -2.645E-OZ 
13 I -1.023E-03 -4.755E-03 1.575E-IO 3.oZIE-04 1.203E-03 3.898E-IO 
13 Z -1.025E-03 -4.76ZE-03 1. 74IE-IO Z.698E-03 1.08IE-02 2.565E-04 



PROH (CO~TO) 
901 Q = KIPS 

PROH (CONTO) 
90 I Q = 0 ~IPS 

TAHLE ~ - MEMBEA ~ESULTS 

MEMBEW'NUMBER I 'TIFF TYPE I LOAO TYPE 
LENGT~ = 5.580E+01 ALPHA = I.OOOE·OO BETA O. 

TABLE 8 - .JOINT DISPLACEMENTS AND REACTIONS 
GOES FROM .JOINT I TO .JOINT 2 

OuTPuT OISTA~CES ARE FROM .JOINT I ALONG THE MEMBER AXIS 

OISPcAC[M[NTS I<EACTlON; 
ALL OuTPuT FORCES AND DISPLACEME~TS ARE .ITH RESPECT TO THE MEMBER AxES 

.JOINT DIS" (Xl OISPIY) ~OTATlO', III R[ACT{X) REACT IYl R[ACTtl) DISPLACEMENTS FORCES 

I -1.20";[-03 -1.094£-OZ -Z.948E-05 O. O. O. 
2 -1·256E-03 -1,Z071.:-02 -Z.246E-06 O. 0, O. 

DiSTANCE AXIAL LATERAL ROTA TJONAL AXIAL SHEAR MOMENT 

3 -1.Z65E-03 -1.082E-OZ 3.Z6O[-05 O. 0, O. O. -1.209[-03 -1.094E-02 -2.948E-05 -2.541E+00 8.509E+00 -2.267E+Ol 
4 -1.880E-03 -1.0551.:-02 -1.521[-05 O. O. O. 
5 -1.155E-03 -loIB21.:-02 1+680E-05 O. O. O. 

5.580[-00 -1.213[-03 -1.lIOE-02 -2.948E-05 -Z.541[+00 7.967E-00 2.330E+0 I 
10I16E-01 -1.218E-03 -1.126[-02 -2.873E-05 -2.541[+00 7.426[+00 6.625[-0 I 

6 -3.765E-04 -1.047E-OZ Z.95IE-05 O. O. O. 1.674E'01 -1.223[-03 -1.142[-02 -2.130[-05 -2.541[+00 6.885[-00 1.062[+02 
7 -1.601E-03 -8.1991.:-03 -2.8Z0E-06 O. O. O. l.23Z[·01 -1.227[-03 -1.157E-02 -2.5Z3E-05 -2.54IE-00 6.344[-00 '1.431[-02 
8 1.2481.:-03 -B.B07E-03 1.376E-06 O. O. O. 
9 1.0841.:-03 -8.014E-03 1.108E-06 O. O. O. 

10 -1.450E-03 -6.486[-03 -5.626£-07 O. O. O. 
11 1.047[-03 -6.988E-03 3.704[-07 O. O. O. 

2.190E+OI -1.232[-03 -1.170[-02 -Z.257E-05 -2.541[-00 5.802[+00 1.710[-02 
3.348E+OI -1.237[-03 -1.182E-02 -1_938E-05 -2.541[-00 5.26IE+00 2.078E-02 
3.906[·01 -1.241[-03 -1.192E-02 -1.570E-05 -2.541[+00 4.720[-00 2.357[-02 
4.464£.01 -1.246[-03 -1.199E-02 -1.159E-05 -2.541['00 4.179['00 2.605['02 

12 9.526E-04 -6.415[-03 4.141[-07 O. O. O. 
13 -1·025E-03 -4.7621.:-03 1.741E-l0 O. O. O. 
14 7.304E-04 -5.042E-03 -4.151E-ll O. O. O. 

5.022['01 -1.251[-03 -1.204E-02 -7.084E-06 -2.541(+00 3.637E-00 2.823E-02 
5.580['01 -1.256[-03 -1.207E-02 -2.246[-06 -2.541[+00 3.096[+00 3.011E-02 

15 6.742[-04 -4.705£-03 -9.421E-ll O. O. O. 



PROB !CONTD I 
901 Q. 0 ~IPS 

TABLE 9 - MEMBER RESULTS (CDNTO' 

MEMBE~ ~UMBER 2 STIff TYPE 2 LOAD TYPE 
LENGTH. 6.250E'01 ALPHA • I.OOOE.OO BETA. O. 
GOES fROM JOINT 2 TO JOINT 3 

OUTPUT DISTANCES ARE fROM JOINT 2 ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AxES 

DISPL.CEMENTS fORCES 

UISTANCE AXIAL LATERAL IlOTATIONAL AXIAL SHEAR MOMENT 

O. -1.256E-03 -1.207E-02 -2.2"6E-06 -1.33IE.00 -2.057E.00 3.153E·02 
6.250E·00 -1.259E-03 -1.207E-02 3'''73E-06 -1.33IE.00 -2.663E·00 3.006E·02 
1.250E·OI -1.262E-03 -1.203E-02 8.883E-06 -1.33IE·00 -3.269[·00 2.820E·02 
10875E'0I -1.265E-03 -1.196E-02 1.39IE-05 -1.33IE·00 -3.876E·00 2.597E·02 
2.500E·01 -1.268E-03 -1.186E-02 1.8"9E-05 -1.33IE·00 -"."82E·00 2.336E·02 
3.125E·OI -1.27IE-03 -1.173E-02 2.256E-05 -1.33IE.00 -5.0811£·00 2.037E·02 
3.750E·OI -1.27"E-03 -1.157E-02 2.603E-05 -1.33IE·00 -5.6~·00 1.700E·02 
".375E·01 -1.277E-03 -1.I"OE-02 2.IIII"E-05 -1.33IE.00 -6.30IE·00 1.325E·02 
5.000E·OI -1.279E-03 -1.122E-02 3 .... IE-05 -1.33IE.00 -6.907E·00 9.122E·0I 
5.625E.OI -1.282E-03 -1.102E-02 3.219E-05 -1.33IE.00 -1.513E·00 ".616£.01 
6.250E·OI -1.285E-03 -1.082£-02 3.260E-05 -1.33IE.00 -8.119E·00 -2.692E·00 

PROf! (CONTD' 
901 Q. 0 ~IPS 

TA8LE q - MEMBER RESULTS (CONTD' 

MEMBER NUMBER 3 STiff TYPE 
LENGTH. 3.058E'01 ALPHA • 
GOES fROM JOINT I TO JOINT 

3 LOAD TYPE 
-2.387E-OI 8ETA 

" 
3 
-9.71IE-01 

OUTPUT DISTANCES ARE fROM JOINT I ALONG THE MEMHER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS fORCES 

DISTANCE UIAL LATERAL 1I0TATIONAL AXIAL SHEAR MOMENT 

O. 1.09IE-02 1."36E-03 -2.9"8E-05 -8.873E·00 -"."69E-OI 2.268E·01 
3.058E·00 1.09IE-02 1.3"7E-03 -2.915E-05 -8.935E·00 -".316E-OI 2.13"E·01 
6.117E·00 1.090E-02 1.258E-03 -2.883E-05 -8.997E·00 -".163E-OI 2.005E·01 
9.175E·00 1.090E-02 10 170E-03 -2.85"E-05 -9.060E·00 -".009E-OI 10880E'0I 
1.223E·OI 1.090E-02 1.08"E-03 -2.826E-05 -9.122E.00 -3.856E-OI 1.760E·01 
1.529E·0I 1.086E-02 1.00IE-03 -2.568E-05 -9.185E·00 -3.703E-0I 1.6,,"E·0I 
1.835E·01 1.083E-02 9.263E-0" -2.327E-05 -9.2,,7E oOO -3.5,,9E-OI 10533E oOI 
2.1"IE oOI 1.080E-02 8.586E-04 -2.103E-05 -9.309EoOO -3.396E-0I 1'''27E oOI 
2.""7E oOI 1.077E-02 7.975E-0" -1.89"E-05 -9.372EoOO -3.2,,3E-OI 10326EoOI 
2.753E oO: 1.073E-02 7."26E-0" -1.700E-05 -9."3"EoOO -3.089E·'01 1.229EoOI 
3.0S6EoOI 10070E-02 6.93"E-0" -1.52IE-05 -9."96EoOO -2.936E-OI 1.137EoOI 

.-

I..oJ 
N 
00 



PROB {COl<TD' 
901 Q o KIPS 

TABLE 9 - MEMBER RESULTS ICONTDI 

MEMBER NUM8ER 4 STIff TYPE 
LENGTH = 1.897E'02 ALPHA = 
GOES fROM JOINT 4 TO JOINT 

5 lOAO TyPE 
-2,425E-Ol BETA 

7 

5 
-9.701E-Ol 

OUTPUT DISTANCES ARE fROM JOINT 4 ALONG THE M~MBlR AxIS 
ALL OUTPuT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBEW '~ES 

DISPLACEMENTS fORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 1,010E-02 7.358E-04 -1.52IE-05 -9.498£·00 -2.461E-OI 1.131E-Ol 
1.897£-01 1.048E-02 5.34IE-04 -6.553E-06 -9.735£-00 -1.975E-OI 7.094E-00 
3.793E-OI 1.027[-02 4.622£-04 -1.42IE-06 -9.972E-00 ~1.471E~01 3.616E-00 
5.690£-01 1·004£-02 4.615£-04 1.076£-06 -1.021£-01 -1.003E-OI 1.49IE-00 
7.581E·OI 9.8IHE-03 4.903E-04 1.183E-06 -1.045£-01 -6.010E-02 1.231£-02 
9.483£'01 9.585E-03 5.215£-04 1.418E-06 -1.069E·01 -2.954£-02 -7.892£-01 
1.138E-02 9.347E-03 5.403£-04 5.254E-07 -1.093E.OI -8.848£-03 -I.IOQE-OO 
1.328E-02 9.104E-03 5.403£-04 -5.251£-07 -1.I11E'OI 3.<';97[-03 -1.125£ .00 
1.511[+02 8.856£-03 5.208E-04 -1.511E-O .... -1.141£.01 1.066[-02 -9.719E-01 
1.101E+02 8.602E-03 4.843E-04 -2.307E-06 -1.166E·OI 1.584E-02 -7 .199E-0 I 
1.891[+02 8.343[-03 4.353E-04 -2.820£-06 -1.190E.01 2.140E-02 -3.102E-Ol 

PROIl ICONTD' 
901 Q = 0 ~'PS 

TABLE q - MEM~EW RESULTS ICONTDI 

ME"BE~ NUMBER ~ STIff TYPE 7 LOAD TyPE 
LENGTH = I.218E-02 ALPHA = -2.425E-OI BETA 
GOES fROM JOINT 1 TO JOINT 10 

7 
-9.70IE-01 

OUTPUT DISTANCES ARE fROM JOINT 1 ALONG THE MEMBER A~IS 
ALL OUTPuT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER A~ES 

OISPLACEMENTS fORCES 

DISTANCE AxiAL LATERAL ROTATlONAL A~IAL SHEAR MOMENT 

O. 8.343E-03 4.353E-04 -2.820E-06 -1.190£-0 I 1.904E-02 -4.098E-OI 
1.218£-01 8.165E-03 3.980E-04 -2_998E-06 -1.20IE-01 2.022£-02 -1.512E-OI 
2.556E-Ol 7.987£-03 3.595E-04 -3.011E-06 -1.205E-01 1.851£-02 1.0aIE-01 
3.834£-01 7.808£-03 3.218£-04 -2.874£-06 -1.202£·01 1.443£-02 3.245£-01 
S.II3£-OI 7.630£-03 2.866£-04 -2.620£-06 -10191£-01 9.43IE-03 4.719£-0 I 
6.39IE-OI 7.455£-03 2.552E-04 -2.289E-06 -1.113£'01 4.720£-03 5.663E-01 
7.669£·01 1.283£-03 2.283E-04 -1.919E-06 -1.148E.01 9.193E-04 5.992£-01 
8.947E·01 1.115£-03 2.061£-04 -1.542£-06 -1.117E.01 -1.835E-03 5.904E-01 
1.023£·02 6.952E-03 1.888E-04 -1.180E-06 -1.080£.01 -3.819E-03 5.521E-01 
1.150E·02 6.795E-03 1.758£-04 -8.486E-01 -1.036E.01 -5.628E-03 4.931E-01 
1.218E·02 6.644£-03 1.669£-04 -5.626£-01 -9.892£'00 -7.618E-03 4. 091E-0 1 



PROH ICO,"TDI 
901 Q = 0 KIPS 

TABLE 9 - MEMBER RESULTS ICONTDI 

MEM~ER NUMBER 6 STiff TYPE 9 LOAD TyPE 9 
LENGTH = 3.~02E·C~ ALPHA. -2.425E-OI BETA. -9.70IE-01 
GOES FROM JOINT 10 TO JOINT 13 

OUTPUT DISTANCES ARE fROM JOINT 10 ALONG THE MEMBER AxiS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS fORCES 

DISTANCE AXIAL LATERAL ROTATlONAL AXIAL SHEAR MOMENT 

O. 6.6~4E-03 1.669E-04 -5.626E-07 -9.904E·00 -5.311E-03 3.826E-01 
3.402E·OI 6.279£-03 1.565E-04 -9.11IE-08 -8.622£'00 -5.402E-03 1.763E-01 
6.803E·~1 5.964E-03 1.567E-04 7.050E-08 -7.416E·00 -3.017E-03 1.524E-02 
1·020E·02 5.694E-03 1.59IE-04 5.899E-08 -6.300E.00 -5.084E-04 -2.889E-0~ 
1.36IE·02 5.467E-03 1.603E-04 1.828E-08 -5.262E·00 3.539E-04 -1.937E-02 
1.701[002 S.279E-03 1.606E-04 -2.122E-09 -4.288E·00 3.043E-04 -4.824E-03 
2.04IE·02 5.12BE-03 1.604E-04 -5.067E-09 -3.367E·00 9.698E-05 I.JJ2£-03 
2.3BIE·Q2 5.013E-03 1.603E-04 -2.447E-09 -2.~87E·00 -8.563E-06 1.775E-03 
2.72IE·02 4.932E-03 1.602E-04 -3.177E-1O -1.638E.00 -2.543E-05 7.496E-04 
3.06IE·02 4.884E-03 1.603E-04 3.525E-IO -8.083E-OI -1.479E-05 4.50IE-05 
3.402E·02 ~.868E-03 1.603E-04 1.741E-10 1.114E-02 -4.598E-06 -2.565E-04 

PROB ICONTDI 
901 Q = 0 KIPS 

lAllLE " - MEMBER RESULTS ICONTDI 

MEM~EH NUMBER STiff TYPE 4 LOAD TyPE 4 
LENGTH = 3.010E.01 ALPHA. 1.617E-OI BETA. -9.868E-01 
GOES fROM JOINT 2 TO JOINT 5 

OUT~uT DISTANCES ARE fROM JOINT 2 ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS fORCES 

OISTANCE AXIAL LATERAL ROTATlONAL AXIAL SHEAR MOMENT 

O. 1.I7IE-02 -3.19IE-03 -2.2~6E-06 -1.011E.OI -~.318E-01 2.939[.01 
3.010E·00 1.I7IE-02 -3.197E-03 -1.817E-06 -1.017E·OI -4.42IE-01 2.808E.0 I 
6.019E·00 1.170E-02 -3.202E-03 -1.408E-06 -1.02~E.OI -~.523E-01 2.673E·OI 
9.029E·00 1.170E-02 -3.206E-03 -1.019E-06 -1.030E.01 -~.625E-OI 2.535E·OI 
1.20~E·OI 1.169E-02 -3.208E-03 -6.510E-07 -1.036E.01 -~. 72TE-01 2.395E·OI 
I.S05E·01 1.166E-02 -3.205E-03 2.816E-06 -1.0~2E.01 -4.B30E-01 2.25IE·01 
1.806E·01 1.162E-02 -3.192E-03 6.066E-06 -1.0~8E·01 -4.932E-01 2.104E·01 
2.107[001 1.159E-02 -3.169E-03 9.09~E-06 -1.05SE.OI -5.034E-OI 1.954E·01 
2.408E·01 1.155E-02 -3.I37E-03 1.190E-05 -1.06IE.01 -5.136E-01 1.80IE·01 
2.709E·01 1.15IE-02 -3.098E-03 1.4~ 7[-05 -1.067E·OI -5.238E-01 1.645E.0 I 
3.010E·OI I.I~ 7[-02 -3.050E-03 1.680E-05 -1.073E.OI -5.3~IE-01 1.486E·01 

" " 

w 
w 
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PRO" (CONTD) 
901 Q = KIPS 

TABLE 9 - MEMBER RESULTS (CONTD) 

MEMBER NUMBER 8 STiff TYPE 4 LOAD TYPE 
LENGTH = 3.010E-01 ALPHA = 1.617E-OI BETA 
GOES f~OM JOINT 3 TO JOINT 6 

4 
-9.868E-OI 

OUTPUT DISTANCES ARE fROM JOINT 3 ALONG THE MEMBER AxiS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE ~llH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS fORCES 

DISTANCE AXIAL LA lERAL ROTA T10NAL AXIAL SHEAR MOMENT 

O. 1.047E-02 -3.017E-03 3.260E-05 -8.232E-00 1.184E-02 -2_ 705E-00 
3.010E-00 1.046E-02 -2.919E-03 3.256E-05 -8.294E-00 1.622E-03 -2_686E-00 
6.019E-00 1.046E-02 -2.82IE-03 3.252E-05 -8.356E-00 -8.599E-03 -2.697E-00 
9.029E-00 1.046E-02 -2.723E-03 3.248E-05 -8.419E-00 -1.882E-02 -2.139E-00 
1.2U4E-OI 1.045E-02 -2.626E-03 3.243E-05 -8.48IE-00 -2.904E-02 -2.812E-00 
1.505E-OI 1.042E-02 -2.529E-03 3.20IE-05 -8.543E-00 -3.926E-02 -2.916E-00 
1.806E_OI 1.039E-02 -2.433E-03 3.156E-05 -8.606E-00 -4.948E-02 -3.050E-00 
2.107E_OI 1.036E-02 -2.339E-03 3.109E-05 -8.668E-00 -5.970E-02 -3.2ISE-00 
2.408E-OI 1.033E-02 -2.246E-03 3.060E-0, -8.730E-00 -1>.992E-02 -).411[·00 
2.709E-OI 1.030E-02 -20155E-03 3.007E-05 -8.793E_00 -8.014E-02 -3.638E-00 
3.010E-OI 1.027E-02 -2.065E-03 2.95IE-05 -8.855E-00 -9.03I)E-02 -3.895E-00 

PROS (CONTD) 
90 I Q = KIPS 

TASL~ 9 - MEMBER RESULTS (CONTD) 

MEMBEK NUM8ER 9 STiff TYPE 
LENGTH = 1.865E-02 ALPHA = 
GO~S fROM JOIN1 5 TO JOINT 8 

6 LOAD TYPE 
1.644E-OI BETA 

6 
-9.864E-OI 

OUTPUT DISTANCE~ ARE fROM JOINT ~ ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES ANO DISPLACEMENTS ARE ~ITH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS fORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 1.147E-02 -3.082E-03 1.660E-05 -1.073E-OI -5.669E-OI 1.485E-0 I 
1_865E-OI 1.123E-02 -2.670[-03 2.632[-05 -1.096[-01 -4.138[-01 5.711[-00 
3.73IE-OI 1.099[-02 -2.150[-03 2.868[-05 -1.119[-01 -2.680E-OI -5.951[-01 
5.596[-01 1.075[-02 -1.632[-03 2.642[-05 -1.142[_01 -1.417[-0 I -4.299E-00 
7.462[-01 1.050[-02 -1.182[-03 2.171[-05 -1.165E-0 I -4.451[-02 -5.891[-00 
9.327[+01 1.024[-02 -8.278[-04 1.622[-05 -1.188E-OI 2.080[-02 -5.969E-00 
10I19E-02 9.982[-03 -5.740[-04 1.109[-05 -1.212[-01 5.705[-02 -5.122[·00 
1.306[-02 9.718[-03 -4.072[-04 6.941E-06 -1.235[-01 7.021[-02 -3.846[-00 
1.4112[-02 9.448[-03 -3.066[-04 4.002[-06 -1.259[-01 6.717E-02 -2.506E-00 
1.619[·02 9.173[-03 -2.498[-04 2.222[-06 -1.283[-01 5.416[-02 -1.342[-00 
1.805[+02 8.893[-03 -2.171[-04 1.376[-06 -1.307E-OI 3.627E-02 -4.869E-OI 

w 
W 
t-' 



PRoa (CO'<TD) 
901 Q K 0 KIPS 

TABLE 9 - MEMBER RESULTS (CONTD) 

MEMBER NUMBER 10 STIff TYPE 6 LOAD TYPE 6 
LENGTH. 1.86SE'02 ALPHA. 1.644E-OI BETA. -9.864E-OI 
GOES fROM JOINT 6 TO JOINT 9 

OUTPUT DISTANCES ARE fROM JOINT 6 ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wITH RESPECT TO THE MEM8ER AXES 

DISPLACEMENTS fORCES 

DISTANCE UIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 1.021[-02 -2.093E-OJ 2.9SIE-OS -8.8SSE·00 -1.285E-0I -3.79IE·00 
1.865E·OI 1.007[-02 -1.S8lE-OJ 2.S22E-OS -9.10IE.00 -S.778E-02 -S.493E·00 
3.73IE·OI 9.873E-03 -1.IS9E-03 1.992E-OS -9.34I1E·00 -7.556E-04 "S.9SSE·00 
S.S96E.OI 9.668E-03 -8.376E-04 1.46IE-OS -9.592E.00 3.718[-02 -S.528E·00 
7.462E·OI 9.4S8E-03 -6.097E-04 9.937E-06 -9.839E·00 S.709E-02 - •• 573E·00 
9.327E·OI 9.242E-03 -4.600E-04 6.247E-06 -1.009E·OI 6.244E-02 -3.402E·00 
1.119E·02 9.02IE-03 -3.69IE-04 3.634E-06 -1.033E·OI 5.769E-02 -2.246E·00 
1.306E·02 8.795E-03 -3.174£-04 2.017E-06 -1.058[.01 4.709[-02 -1.25IE.00 
1.492E·02 8.S63E-03 -2.882E-04 1.211E-06 -1.083E·OI 3.384£-02 - •• 904E-OI 
1.679E·02 8.326E-03 -2.682E-04 9.892E-07 -1.108E·OI 1.977[-02 1.079[-02 
1.86SE·02 8.083E-03 -2.489E-04 1.108E-06 -1.134£·01 5.5IOE-03 2.468E-OI 

PROIl (CONTO) 
901 Q = KIPS 

TABLE 9 - MEMBER RESULTS (CONTD) 

MEMBER NUMBER II STIff TYPE 8 LOAD TYPE 8 
LENGTH. 1.257E'02 ALPHA. 1.644E-OI BETA. -9.864E-OI 
GOES fROM JOINT 8 TO JOINT II 

OUTPUT DISTANCES ARE fROM JOINT 8 ALONG THE MEMBER AXIS 
ALL OUTPUT fORCES AND OISPLACEMENTS AR£ WITH R£SP£CT TO THE MEMBER AXES 

DISPLAC£MENTS fORCES 

DISTANC£ AXIAL LAT£RAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 8.893E-03 -2.172£-04 1.376£-06 -1.306E.OI 3.168E-02 -6.398E-0I 
1.257£.0 I 8.701£-03 -2.019£-04 1.077E-06 -1.316E.OI 2.011£-02 -3.193E-0 I 
2.S14E·OI 8.509£-03 -1.894£-04 9.359E-07 -1.319£.01 1.079E-02 -1.345E-OI 
3.771E·OI 8.316£-03 -1.780E-04 8.789£-07 -1.314E.OI 4.219E-03 -4.833£-02 
5.028£.01 8.12SE-03 -1.67IE-04 8.549£-07 -1.302E.OI -3.781£-05 -2.874E-02 
6.286£·01 7.937£-03 -1.565£-04 8.304£-07 -1.282E.0 I -2.453E-03 -4.956£-02 
7.543E·OI 7.752E-C3 -1.463£-04 7.867£-07 -1.254E.OI -3.479E-03 -9.068E-02 
8.800E·OI 7.571£-03 -1.369E-04 7.157£-07 -1.22IE.OI -3.477£-03 -1.373E-OI 
1.006£.02 7.396E-03 -1.285E-04 6.173£-07 -1.180£.0 I -2.660£-03 -1.783E-OI 
1.13IE·02 7.227£-03 -1.214E-04 4.980E-07 -1.134£.01 -1.057£-03 -2.043E-OI 
1.257£.02 7.065E-03 -1.160£-04 3.704£-07 -1.084E.01 1.175E-03 -2.050E-OI 

" 
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PROt! (CONTO) 
901 Q = I(IPS 

TABLE q - ME~eER RESULTS ICONTD) 

MEM~ER NUMBER 12 STIFF TYPE 8 LOAD TYPE 8 
LENGTH = 1.257E'02 ALPHA = 1.644E-Ol 8ETA 
GO(5 FROM ~OINT ~ TO ~OINT 12 

OUTPUT DISTA~CES ARE FROM ~OINT 9 ALONG THE MEM8ER AxIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE wITH RESPECT TO THE ME~8EH AXES 

DISPLACEMENTS FORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. ~.083E-03 -2.489E-04 I.108E-06 -1.134E.01 4.379E-03 1.667E-01 
1.257E·OI 7.9I7E-03 -2.343E-04 1.216E-06 -1.145E.OI -2.279E-03 1.759E-01 
2.514E·OI 7.749E-03 -2.185[-04 1.305E-06 -1.150E.OI -0.397E-03 1.I11E-OI 
3.77IE·01 7.582[-03 -2.016E-04 1.344(-06 -1.148E.OI -7.7aSE-03 1.474(-02 
5.028E·OI 7.415E-03 -1.849E-04 1.323[-06 -1.139[.01 -7.397E-03 -6.509E-02 
0.2';6E·0 I 7.249E-03 -1.600E-04 1.24JE-06 -1.123[.01 -6.025E-03 -1.716E-01 
7 .S43E' 0 I 7.067E-03 -1.539E-04 l.llSE-06 -I.IOOE.OI -4.260E-03 -2.369[-01 
8.000E·01 6.92"E-03 -1.40'lE-04 9.544E-07 -1.071E·OI -2.440E-03 -2.790E-01 
1.00"E·02 ".775E-03 -1.300E-04 7.743E-07 -1.037E.OI -6.442E-04 -2.905E-OI 
1.13IE-02 6.626E-03 -1.215E-04 5.892E-07 -9.965E.00 1.290E-03 -2.954[-01 
1.257E·02 6.484E-03 -1.152E-04 4.141E-07 -".5231':.00 3.472E-03 -2.662E-01 

PROb (CONTO) 
901 Q = qPS 

TABLE ~ - ME~BER RE~ULTS (CONTD' 

MEMBEH NUMBER 13 STIFF TYPE 10 LOAD TYPE 
LENGTH = 3.457E'02 ALPHA = 1.644E-01 BETA 
GOES FROM ~OINT 11 TO ~OINT 14 

OUTPUT DISTANCES ARE FROM JOINT 11 ALONG THE MEMOER AxiS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE .ITH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS FORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 7.065E-03 -1.161E-04 3.704E-07 -1.065E·01 -2.450E-04 -1.790E-Ol 
3.457E·Ol 0.659E-03 -1.000E-04 1.I17E-07 -9.436E·00 2.186E-03 -1.227E-Ol 
6.914E"Ol 6.300E-03 -1.067E-04 -1.742E-08 -6.106E·00 1.922E-03 -2.797E-02 
1.037E+02 6.000E-03 -1.017E-04 -3.263E-08 -6.882E.00 5.673E-04 1.023E-02 
1')"3E·02 5.756E-C3 -1.086E-04 -1.421E-08 -5.743f.00 -8.96OE-05 1.126E-02 
1.729E+02 5.548E-03 -1.008E-04 -1.092E-09 -4.677E·00 -1.640E-04 4.042E-03 
2.074[+02 5.3'1IE-03 -1.086E-04 2.305E-09 -3.670E·00 -7.103E-05 -0.004(-05 
2.4l0[+02 5.253(-03 -1.087E-04 1.491E-09 -2.709E.00 -5.614E-06 -6.695E-04 
Z.166P02 5.164(-0:1 -1.067E-04 3.437E-I0 -1.783E·00 1.165E-05 -4.665E-04 
3.IIJE·02 5.IIOE-03 -1.007E-04 -1.129E-I0 -8. 798E-0 1 8.906E-06 -6.415E-05 
3.":'7E·02 5.093E-03 -1.067E-04 -4.151E-ll 1.255E-02 3.568(-06 1.414E-04 

• 
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PROIl ICONTO) 
901 Q. 0 ~IPS 

TA8LE ~ - "E"8ER RESULTS ICONTO) PRoe (CONTOI 

"E"8ER NUMBER 1- STiff TYPE 10 LOAD TyPE 10 
901 Q • o "IPS 

LENGTH. 3,~S7E'02 ALPHA a 1.6 __ E-OI BtTA -9,86_E-01 
GOES fROM JOINT 12 TO JOINT IS 

TABLE 10 - JOINT [QUILIBRIUM ERRORS 
OUTPUT DISTANCES ARE fROM JOINT 12 ALONG THE ME"BER AxiS 
ALL OUTPUT fORCES AN~ DISPLACEMENTS ARE wiTH RESPECT TO THE "EMBER axES 

JOINT ERRIXI ERR C YI ERRIZI 
fORCE fORCE MOMENT 

DISPLACEMENTS fORCES 

I 1.082E-02 7.170E-0 .. 1.306E-02 
DISTANCE UIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 2 8.03IE-0- 1.069E-0" 1.185E-03 

3 -1.153E-02 2.072E-03 -1.3<t7E-02 
O. 6.-8-E-03 -1.153E-0~ ".I .. IE-07 -9.53"E·00 1.779E-03 -2.-0IE-01 .. -9.5-3E-03 2.567E-03 -5.933E-02 
3,"S7E'01 6.127[-0) -1.069E-0" 9."78[-08 -8.292E·00 3.180E-03 -1.32_E-0I 5 3o"36E-03 ".005E-0 .. -9.78"E-0" 
6.91 .. E·01 5.819E-03 -1.063E-O" -3.609E-08 -7.125E·00 2.153E-03 -2.02-E-02 6 1.367E-02 2.6-8E-03 10037E-01 
1.037E·02 S.556E-03 -1.077E-O" -3.930E-08 -6.0 .. 7E·00 ... 815E-0- 1.6"9E-02 7 1.79IE-03 -2.568E-03 -3.955E-02 
1.383['02 5.33"E-03 -10086E-0 .. -1.396E-08 -5.0"6E·00 -1.8 .. 5£-0 .. 1.307E-02 
I. 729E .02 5.151[-03 -10088E-0 .. .. ... 57[-10 - ... 1I0E·00 -1.98IE-0 .. 3.738[-03 

8 ... 755E-03 -1.275E-03 -1.528E-0I 
9 1.32"E-03 -I. 654tE-03 -7.80"E-02 

2.07,,[,02 5.00"E-03 -10088E-0'' 3.116[-09 -3.225E·00 -7.012E-05 -6.230[-0" 10 ".79IE-0" 1.167E-02 -2.I!I4tSE-02 
2,"20E·02 ... 892[-03 -1.087E-0" 1.630[-09 -2.38IE·00 1.8 .... E-06 -1.110[-03 
2.766['02 ... 813[-03 -1.087E-0" 2.536£-10 -1.567E·00 1.55IE-05 - ... 958[-0" 

11 -9.823E-0 .. 1.3IZE-02 2.60I>E-02 
12 -".162E-0" 1.1!>5E-02 2.620E-02 

3.lllE·02 ... 767E-03 -1.087E-0 .. -2.0,,2E-IO -7.7lU:-01 9.579E-06 -3.818E-05 13 2.698t:-03 1.08IE-02 2.565E-0" 
3 ... 57E·02 ".15IE-03 -1.087E-O .. -9'''21[-11 1.101£-02 3.178E-06 1.665E-0" I .. -2.060E-03 1.238E-02 -1."7"E-0" 

IS -1.808E-OJ 1.086E-02 -1.665E-0" 

.' .. 



SOIL SUPPORTED BENT - GALATI RUMANIA 
tHREE dATTERED PILES 

PRUt! 

902 Q = ~O KIPS 

TABLE 1 - PROGRAM CONTROL DATA 
PROBLEM TYPE 2 

INPUT TABLES 

TABLE HOLD DATA FROM 
NUMBER LAST PROBl.EM 

(I = YE~.O = NO) 

2 1 
3 I 

4A I 
48 -0 
4C -0 
5A I 
Sd 1 
5C 1 
50 1 

b 1 
7 1 

OUTPUT TABLES 

TABLE SUPPRESS OUTPUT 
NUMHER Cl = YES.O = NO} 

8 -J 
9 

10 -0 

NUMBER OF 
ADDED FOR 
PRO~LEM 

-q 
_1", 

I 
-0 
-0 
·'i 
-p 
~O 

-0 
-~ 
-<I 

CARDS 
THIS 

P~Ob (CONTO) 
902 Q = 00 KIP, 

TABLE 2 - F~AME GEOMETRV DATA 

HOLDI~G CATA FROM THE PREVIOUS PRO~LEM PLUS THE FOLLOWING 

COMPUTED ~OI"'T COORDINATES 

.I01NT 

1 -0. -0. 
2 S.580E'01 O. 
3 1.163E.02 O. 

y 

4 -7.300E.00 -2.970E'01 
5 6.067E-01 -2.970E-01 
6 1.232f-02 -2_970[-01 
7 -5.330E'01 -2_131E-02 
8 9.134E-01 -2.131E·02 
9 1.538E-02 -2.137E'02 

10 -8.430E-01 -3.377E·02 
11 1_120E_02 -3.311E·02 
12 1.145E-02 -3.311E·02 
13 -1.668E_02 -6.611[-02 
14 1.689['02 -6.787E-02 
15 2.314['02 -6.181E-02 



PROh ICONTOI 
902 Q • 60 ~IPS 

TA8LE 3 - MEMBEw LOCATION DATA 

HOLUING DATA fWON THE P~EVIOUS PR06tEM PLUS THE fOLLO~ING 

NO"~ 

COMPUTED MEMBER NUMBERS.LENGTHS. -·ND OffSETS 

NEMBER fRO .. TO S1Jff LOAD LENGTH X-OffSET V-OFFSET 
NUNt! ,JOINT JOINT TyPE TYPE 

I I l I I 5.580£.01 5.580['01 o. 
2 2 3 2 2 6.250[.01 6.250['01 O. 
3 I " 3 3 3.058E·01 -1.300E·00 -2.910E·01 

" " 1 5 5 1·891['02 -4."00['01 -1.8"0['02 
5 1 10 1 1 10218E.02 -3.100E·01 -1.2"OE·02 
6 10 13 9 9 3'''02['02 -8.250E·01 -3.300E·02 
7 Z 5 " " 3.010['01 ".867['00 -2.970E·01 
8 3 " " " 3.010[.01 ".867E.00 -2.970E.01 
9 5 8 6 6 1.865E·02 3.067[.01 -1.840E·02 

10 6 9 6 6 1.865['02 3.067E.01 -1.840E·02 
II 8 II 8 8 1.257E.02 2.067[.01 -1.2"OE·02 
12 9 12 8 8 1·257E·02 2.067[.01 -1.2"OE·02 
Il II I" 10 10 3."57E.02 5.685E·0I -3."IOE· 02 
I" 12 15 10 10 3."57['02 5.685E·01 -3."IOE.02 

COM~UTEC MEMBER NUMBERS AGREE ~rTH LAST PROBLEM ••• 

.. 

PI<O" (CONTOI 
902 Q = ao KI~S 

TAHLE 4A - ,JOINT LOAD~ AND LINEAR RESTRAINTS 

HOLUING DATA fHOM THE PREVIOUS PROBLEM PLUS THE fOLLOWING 

INPUT Of ,JOINT DATA 

,JOINT fORCEIX' fORCE'" MOMENT{Z' SPRING{X' SPRINGCYl SPRINGCl. 

-8.000E·01 -0. -0. -0. 

ACCUMULATED JOiNT DATA 

JOINT fORCE U' fORCEIVI MOMENTIZ. SPRINGIX. SPRINGIY' SPRINGIl' 

2 O. -1.520E·01 -".360E·01 O. 
3 -8.000E·01 O. -9.0"OE·02 O. 

TABLE 4B - JOINT SUPPORT CURVE NUM8ERS 

NO DATA 

TAIlLE ~C - ,JOINT SuPPORT CURVES 

NO UATA 

O. 
O. 

o. 
o. 



~OB (CONTm PROS ICO"'TOI 
902 Q z ~O ~IPS 90Z Q : 80 ~IPS 

TABLE 5A - MEMSEQ STIffNESS DATA 

HOLOING DATA fROM THE PREYIOUS PR08LEM PLUS THE fOLLOWING HOLOING DATA fROM THE PREVIOUS PROBLEM PLUS THE fOLLOWING 

NONE 

TABLE SB - CROSS SECTION DATA 

HOLDING DATA f~OM THE PREVIOUS PROBLEM PLUS THE fOLLOWING 

NONE 

TABLE 5C - StRESS STRAlN CURVES 

HOLDING DATA fROM THE PREVIOUS PROBLEM PLUS THE FOLLOWING 

TA~E SO - SUPPORT CURVES fOR MEMBERS 

HOLOI~G DATA F~OH THE PREVIOUS PROBLEM PLUS THE fOLLO.I~G 

NOt"E 



3 2 W 
fROM JOI"T l.556E-02 -9.588E-02 6.98IE-07 4.499E-05 -1.105E-03 -3.624E-03 W 
CENTEI/LI"E 3.539E-02 -9.537E-02 1.77IE-04 4.405E-OI -4.558E-OI 1.8261::'00 OJ 

PROt; (CONTDI TO .lV1",T 3 .412E-02 -9.047E-02 5.902E-04 -1.215E-OI -1.363£-01 -9.30Il-01 
902 Q • 110 I(IPS 

3 3 
fROM JOINT l.556E-02 -9.588E-02 6.773E-07 3.329E-08 -2.517E-07 -5.980E-07 
CENTEwLI"l 3.540E-02 -9.537E-02 1.776E-04 8.956E-04 5.515E-04 -1.174E-03 

TAbLE 7 - ITlRATION CONTROL TO JOINT 3.472E-02 -9.047E-02 5.899£-04 -5.604E-04 -5.312E-05 -3.714E-03 

MEMbEW 3 CONYEHGED AfTEH ITER AT ION 3 

HOLOING DATA fHOH THE PREYIOUS PRORLEM 

ME"IIE'" 4 CQN~fRGED AfTER ITER AT 10" 

fl/AME SOLUTION 

NUM!! fORCE MOMENT MEIIIIEK 5 CO"~ERGED AfTEH ITER AT ION 
ITER ERROR ERROR MO"ITOR JOINT~ 

10 I.OOOE-Ol I.OOOE·OI 4 10 13 
6 I 

fROM JOINT 1.693E-02 1.059E-04 1.415E-06 -1.007E-02 4.543E-04 4.346E-04 
CENTEi/LINE 1.329E-02 1.622E-04 -6.165E-08 -7.582E-03 -2.077E-04 -7.977E-06 

MEMBER SOLUTIONS TO JOINT 1.186E-02 1.602E-04 3.10IE-09 -6.596E-03 6.587E-06 6.353E-08 

"UII,; fORCE MOMENT 6 2 ITEH ERAOR EAROR HOhlTOIi ME"~ERS fROM JOIIH 1.693E-02 1.072E-04 1.482E-06 -2.948E-05 -1.916E-04 2.657£-08 
CENTERLINE 1.329E-02 1.624E-04 -8.863E-08 -1.995E-05 -2.259E-04 7.146E-IO 

10 1.000E-02 I.OOOE.OO 3 6 9 12 TO JOINT 1.185E-02 1.602E-04 4.350E-09 -I. 'lOSE-OS 1.804E-05 -3.328E.,.10 

MEMIIEH 6 CO"~ERGED AfTER ITER AT ION 2 ..... fRAME JTERA TlON NO I . .... 
MEMII MEMII MEMIIEW DISPLACEMENTS MEMijER EQUlIBRIUM ERROAS MEMIIEH 7 CON~EAGED AfTER ITERATION 4 

NO ITER AXIAL LATEAAL ROTATIONAL AXIAL LATERAL ROTATIONAL 

I I 
fRO" JOI"T -1.016E-01 -I. I 79E-02 -3.046E-05 5.234E-01 1.429E-02 8.766E.00 MEMSEH a CO"VERGED AfTER ITERATION 4 
CE"TE"LlhE -1.019E-01 -1.293E-02 -6.246E-05 -1.457E-OI 2.746E-03 -3.579E-OI 

TO JOINT -1.02IE-01 -1.lt17E-Ol -3.937E-05 -8.982E-03 7.574E-03 -l.886E-nl 

I 2 'I I 
fROM JOINT -1.016E-0i -1.179E-02 -3.033E-05 6.318E-06 4,187E-06 -1.044E-n5 fRU" JOI"T -2.143E-03 -7.949E-02 1.019E-03 4.545E·00 1.042E·00 -2.46IE·OI 
CENHIIL IN£ -1.019£-01 -1.293£-02 -6.?52E-05 -1.03IE-05 1.159E-04 -1.594E-04 C£MEI/LINE -1.30lE-03 -1.288£-02 5.326E-04 -9.909E-02 -3.507E-OI -2.252E-01 

TO JOINT -1.02IE-OI -1'''16E-02 -3.9391:":-05 -1.718E-06 -3.228l-06 6.095E-n6 TO JUINT -6.029E-0 .. 2.795E-03 2.2531::-06 -4.023E-02 4.382E-02 4.915l-03 

MEMIIEN CONy£RGED AfTER ITERAT 10" 2 ~ 2 
fRU" JOINT -2.224E-03 -8.115E-02 8.664£-04 4.084E·00 1.680t.·00 8.7l4E·00 
CE"TEwLINE -1.364E-03 -1.896E-02 6.060E-04 3.430E-OI -5,,04E-OI -6.4081::-01 

ME"I:IEw 2 CO~YEHG£D AfTER I TERAT 10" 
TU JOINT 

l 
-6. 176E-04 2.455E-03 3.8121::-05 6.671£-03 2.179E-02 -1.844E-02 

'I J 
fHO" JOINT -2.147E-03 -8.106E-02 8.735E-04 1.005E-02 1.728£-02 -7.490E-02 
CENTEHLlhE -1.316E-03 -1.924E-02 6.003E-04 1.184E-05 -3.568E-04 -2.514E-05 

3 I TO JOI"T -6.07H<-04 2.414E-03 4.230E-05 7.279E-05 2.41:1IE-03 3.683E-06 
fHOM JOI"T 3.5!>6E-02 -9.5a8E-Ol 3.460£-06 4.10IE-03 ~.3311-02 1.494E-0 I 
L~NiE"LINi J.'''''i:.-Ul' -"I.'~vE-ui:: i.,,5i.-ult 4t_lf&E-uu Jetl4jL-ui O.~~7L-ul ~ .. 

TO JUINT 3.468E-02 -9.047£-02 !>.874E-o.. 2.610E·00 1.4l5E.00 2.159£'00 fRO~ JOI"T -2 .... 6£-03 -d.106E-02 8.735E-04 3.136E-06 4.956E-06 -1.804E-05 

. ' " 



'. 

CENTEIlLlNE -1.JI6E-OJ -1.924E-02 6.00JE-04 3.308E-09 -1.935E-06 -8.13IE-IO fROM JOIII;T 4.749E-02 -2.459E-OI -4.582E-04 -3.5Z9E-OZ 2.744E-OJ -5.075E-OI 
TO JOINT -6.078E-04 2.414E-03 4.<')5E-05 4.064E-09 3.138E-05 1.647E-09 CE~TEHLlNE 4.769E-02 -2.505E-OI -7.946[-05 -4.524E·00 9.5J6E.00 -1.106E·OI 

TO .101 NT 4.766E-02 -2.454E-01 8.386E-04 5.800E-0I -1.015E·00 8.953E·00 
"EMaEw 9 COr.VERGED AfTER ITERAT ION 4 

3 <' 
2.5JJE-03 fROM JOI~T 4.149E-02 -Z.459E-01 -4.565E-04 1.564E-06 7.Z35E-04 

CENTERLINE 4.161E-02 -Z.505E-01 -8.1I0E-05 5.464E-02 4.395E-02 -6.952E-02 
"E"SER 10 CONVERGED AfTER ITERATION 3 TO JOINT 4.164E-02 -2.454E-Ol 8.405E-04 5.4J5E-02 -1.014E-02 7.434E-02 

J J 
FWOM JOINT 4.749E-02 -2.459E-01 -4.565E-04 -2.J55E-08 -9.56JE-08 6.295E-08 

MEMBER 11 CONVERGED AfTER ITERATiON 2 CENTERLINE 4.76IE';OZ -Z.505E-Ol -8.107E-05 1.488E-06 -1.033£-06 2.060E-n6 
TO JvlNT 4.764E-OZ -Z.454E-OI a.405E-04 7.350E-07 5.Z15E-08 -1.04IE-n6 

12 I 
MEMBER 3 COhYERGEIl AfTEW ITERATION 3 

fROM JOINT 5.671E-04 2.055E-03 -4.032E-05 -4.356E-03 9.647E-03 2.256E-02 
CENTEHLINE 8.09IE-04 2.976[-04 -2.230E-05 -3.646E-03 -3.186E-03 9.665E-03 

TO JOINT 1.002E-03 -2.079E-04 -1.424E-06 -2.520E-03 -3.362E-03 80117E-04 "E"BEIl 4 CONVERGED AfTER ITERATlON 3 

MEM8ER 12 CONyERGED AftER tTERATION 

ME"SER 5 CONVERGED AfTER ITERATION 2 

MEMBER 13 CONyERGED AfTER ITERA TiO .. 

6 1 
fROM JOINT 2.285E-02 -10907E-05 Z.468E-06 -5.612E-03 - ... Z89E-02 2.991E-04 

MEM6EK 1 .. CONVERGEO AfTER ITERAT lOr. CEr.TEI<LINE 1.714E-OZ 1.673E-04 -1.716E-07 -4.214E-03 90169E-04 -8.79IE-06 
TO JOI"lT 1.57ZE-OZ 1.600E-04 1.053E-08 -3.660E-03 -2.906E-05 9.998E-08 

6 Z 
fHOM JOI"t 2.Z85E-02 -Z·463E-05 2'333E-06 -1.643E-05 -2.145E-03 -3.49IE-08 
CEt.TEf<LINE 1.774E-OZ 1.696E-04 -2.470E-07 -1.108E-05 -3.445E-06 7.743E-l0 

9 JOINT, r.OT CONVERGEO AT Er.O OF FRAME !TERATlOr. TO JI.lI .. T 1.572E-02 1.599E-04 1.619E-08 -1.056E-05 3.079E-05 -1.039E-09 

MEMBER 6 CON~ERGEO AFTER ITERATlOr. c 
....... fHAI'E ITERATION r.0 2 ••••• 

"EM6 MEl'S MEMBER DISPLACEME"TS MEMSER EQULI8RIUM ERReRS "'E"BEIl 7 COr.VERGEO AFTER ITERATION 3 
"0 TlEIl AAIAL LATERAL ROTATlO"lAL AXIAL LATERAL ROTATIONAL 

.1 1 
FROM JOINt -Z.48HE-01 9.460E-03 -5.042[-04 7.049E-03 7.070E-04 -7.169E-Ol "EMbEIl 8 CO .. VERGEO AFTER iTERATION J 
CENTE"LI"[ -2 ... 91[-01 -z.367E-03 -5.414f-04 3.079E-03 -7.2u3E-02 -1.027E'00 

TO JOI"T -2.493l-01 -1.407E-OZ -".934E-04 -1.750E-02 -3.919E-03 -7.161E-OI 

I 2 ~ 

fHOM JOI"T -2.488E-Ol 9.460E-03 -5.042E-04 -1.614E-09 2.157E-09 2.488E-08 FROM JOINT -1.896E-02 -l.l48E-01 1.825E-03 20169E'01 5.08IE-01 10155E'01 
CENTE'<LTNE -2.491E-01 -Z.367E-OJ -5.414E-04 1.543[-07 -1.204[-06 -1.667E-06 CENtERLINE -1.5nE-02 -6.7 .. 1E-OZ 1.652E-03 -5.996E·00 5.463E-0 1 -1.345E·00 

TO JOINT -2.493E-OI -1.401E-02 -4.934E-04 3.367[-08 -4.208E-09 1.528E-07 TO JOINT -10304E.-02 8.892E-04 2.677E-04 4 ... 70E·00 -8.080E-OI -2.IZOE '00 

Mf"'BEi< COr.VEIlGEO AfTER ITERATION C 9 2 
fHOM JUI"T -1·a02E-02 -2.135E-OI 1.950E-03 -2.174E·OQ 1.102E·00 5.542E.00 
C[NfEKLINE -1.587E-02 -6.554E-02 1.650E-03 4.043E-02 -3.625E-02 10811E-0 I 

TO JOINT -1·28IE-OZ 9.530E-04 2.567E-04 -1.779E-0I 3.816E-01 4.086E·00 
ME""EIl 2 CON~ERGEO AfTER ITERA 11 Or. C 

~ 3 
fROM JOINT -1.798E-02 -2.136E-Ol 1.942E-03 -9.404E-02 -I. 347E-0 I -1.903E'00 
CENTERLINE -1.578E-02 -6.5391:-02 1.647E-03 -6.263E-04 -3.178E-04 4.355E-03 

3 TO JOINT -1·2111E-02 9.498E-04 2.578E-04 -7.710E-04 2.82Il-0J 2.5Z0E-02 



W 
9 4 .p. 

FROM JOINT -1.798E-02 -2.136E-0 I 1.942E-03 -4.929E-04 -6.143E-04 -8.670E-03 0 
CENTEwLiNE -1.578E-02 -6.539E-02 1.647E-03 3.675E-07 3.599E-06 5.952E-07 MEMbEII 2 CO~VEIIGED AFTER ITEkA TlON 2 

TO JOINT -1.28IE-02 9.500E-04 2.578E-04 1.296E-06 -2.922E-05 -6.996E-06 

MEMBEII 9 COhVERGEO AFTER ITERATION 4 
3 I 

FIlOM JOlhT 4.874E-02 -3.086E-OI -6.665E-04 1.128E-03 2.09IE-04 2.112E-0 I 
CENTEWLI"'E 4.898E-02 -3.157E-OI -2.672E-04 -1.463E-OI 3.049E-02 4.945E-OI 

MEMBER 10 COhVEIlGEO AFTER ITERATION 4 TO JOlhT 4.963E-02 -3.119E-0 I 8.327E-04 -1.113E·00 -2.73IE·00 -1.315E·00 

3 I 
FROM JO IhT 4.874E-02 -3.086E-OI -6.664E-04 2.034E-08 3.492E-06 1.252E-05 

MEMBER 11 CO"VERGEO AFTEH ITERAT ION 2 CE"TEIILI"E 4.898E-02 -3.157E-OI -2.669E-04 -2.409E-05 1.618E-05 1.507E··04 
TO JOINT 4.962E-02 -3.119E-OI 8.322E-04 -2.747E-03 4.782E-03 1.456~-03 

MEMBEII 3 CO"VERGEO AFTER ITEIUTION 2 
12 I 

FROM JOI"T 4.164E-03 4.695E-03 9.254E-06 -3.104E-02 9.014E-02 -2.036E-OI 
CENTEHLINE 3.962E-03 2.072E-03 -6.618E-05 2.52IE-03 -1.637E-03 2.375E-02 

TO JOh.T 3.757E-03 -3.760E-05 -1.768E-05 -4.468E-03 -7.827E-03 -1.313E-03 ME "BEll 4 CO"VERGEO AFTER I TERA TlON 3 

12 2 
FRO" JO INT 4.163E-03 4.697E-03 9.527E-06 -3.51IE-07 -3.980E-05 7.763E-07 
CENTERlI"E 3.96IE-03 2.075E-03 -6.659E-05 3.552E-07 1.628E-05 -3.067E-07 ME"SEII 5 CONVERGED AFTER ITERATION 2 

TO JOINT 3.7!;7E-03 -3.822E-05 -1.759E-05 -2.685E-06 1.29IE-05 -2.766E-06 

ME "BEll 12 CONVERGED AFTER ITERATION 2 
6 I 

FRO" JOINT 2.414E-02 -5.508E-05 4.018E-07 3.572E-03 -4.426E-02 -3.689E-05 
CENTERLI"E 1.871E-02 1.719E-04 -2.322E-07 -9.142E-04 1.379E-03 -2.484E-07 

MEMbER 13 COhVEIiGEO AFTER ITERIT ION 2 TO JOINT 1.656E-02 1.598E-04 2.043E-08 -7.929E-04 -5.855E-05 1.714E-08 

6 2 
FIIO" JOI"T 2.414E-02 -6.324E-05 1.333E-07 1.09IE-05 -1.802E-03 -7.539E-09 

"E"tlER 14 CONVERGED AFTER ITERATION 2 CENTE"LINE 1.87IE-02 1.738E-04 -2.519E-07 -2.490E-06 4.413E-04 -1.442E-IO 
TO JO I"T 1.656E-02 1.597E-04 2.426E-08 -2.3I1E-06 -1.742E-06 -1.499E-IO 

"E"BEII 6 CO"VEIIGED AFTER I TERA TlCN 2 

10 JOINTS "OT CONVERGED AT END OF FRA"E ITEIIAT 10" 2 
ME"bEII 7 CONVERGED AFTEII ITERAT ION 2 

FRAME ITEWATlO" NO 3 ••••• 
"E .. tlE" 8 CO"VEWGED AFTER I TERAT ION 2 

"E"B "E"B "E"BER DISPLACE"ENT~ "E"BER EOULI8RIUM EIIRCR~ 

"0 ITER AXIAL LITERal ROTAT 10"AL AXIAL LATERAL "OTATlO"AL 

I I q I 
FROM JOINT -3.094E-OI 2.188E-02 -7.140E-04 3.)53E-04 1.2112E-U4 -7.106[-02 FIIOM JO I"T -2.593[-02 -2.777[-01 2.)18[-03 -4.786['00 1.587['00 -1.076['02 
CEhTEHLINE -3.0~6E-OI 5.365E-03 -7.507[-04 8.336E-0 .. -I.147E-02 -8.550E-02 CE"rEkLihE -2.208E-02 -8.989E-02 2.202E-03 -2.03IE·00 -5.584E-02 2.257E·00 

TO JO INT -3.0'i9E-01 -1.095E-02 -6 .... 66E-04 -1.445E-03 -7.593E-05 -7.356E-02 TO JOINT -1.598E-02 -2.106E-03 3.277E-04 2.064E·00 1.262E·00 -3.035E·00 

I 2 'I 2 
FROM JO INT -3.094E-OI 2.188E-02 -7.140E-04 1.482E-IO 1.439E-09 -9.262[-09 FIIOM JOI"T -2.633[-02 -2.784[-01 2.225[-03 -1.437E·00 5.835E-OI 1.08IE·00 
CENTEIIllNE -3.096E-0I 5.365E-03 -7.507E-04 8.294E-09 -4.975[-09 5.599E-09 CE~TEHLI"E -2.238E-02 -9.104E-02 2.229E-03 3.819E-02 -7.594E-03 -7.107E-02 

TO JOINT -3.099[-01 -1.095E-02 -6.96I>E-04 7.7:.IIE-09 -1.603E-09 1.135E-O'l TO JOI"T -1.59)[-02 -2.027E-03 3.2I1E-04 -3.213E-02 -4.618E-02 -3.053E-OI 

"E"8Eo< CO"VEI<GEO AFTER ITER. TlON 2 9 3 

.' . , 



,RUM JOI"T -l.637E-02 -2.785E-OI 2.716E-03 -5.9lIE-02 1.337E-02 2.697E-02 
CENTE"L1NE -2.234E-02 -9.098E-02 2.229E-03 1.022E-04 1.470E-05 1.640E-04 

TO JOINT -1.593E-02 -2.029E-03 3·2I1E-04 3.923E-04 -2.351E-04 -2.984E-04 

9 4 
FflOM JOINT -2.637£-02 -2.785E-01 2.216£-03 -9·183£-05 1.15IE-05 1.366E-05 
CE"TERLINE -2.234E-02 -9.098E-02 2.22SE-03 4.909E-07 3.526E-06 -1.82IE-08 

TO JOINT -10593E-02 -2.029E-03 3.1'11£-04 -2.719E-07 -1.404E-05 -9.006E-07 

MEMBEK 9 CONVEflGED Af1[R ITERATIO'" 

ME~BER 10 CONVERGED Af TER ITERAT ION 3 

MEMBER II CONVERGED AfTER ITERATION 2 

12 I 
,ROM JOI"'T 5.551£-03 3.26lE-03 1.181E-04 -4. 168E-03 1.280£-02 1.039£-02 
CENT£kLl"E 5.172E-03 2.825E-03 -6.634E-05 1.259E-02 1.792E-02 6.382E-Ol 

TO JIlI"T 4.812E-03 l.31IE-04 -2.825E-05 -9.640E-04 -1.635E-03 -1.874E-03 

12 2 
fROM JOINT 5.550E-03 3.265E-03 1.184£.-04 -2.732E-07 -1.294E-04 -4.24IE-09 
CENTERLINE 5.17lE-03 2.840E-03 -6.642E-05 7.352E-07 1.884E-04 -1.511E-05 

TO JOI'lT 4.!l12E-03 2.325E-04 -2.845t-OS 6.158E-07 -1.715E-04 2.65SE-05 

ME""EI< 12 CO"'VE"GED AFTER I TERA T 10'" 2 

"'EM6EH 13 CONVERGED A,TEM ITERATION 2 

ME"'I:!EI< 14 CONVERGED AfTER ITERATION 2 

4 JOiNT, NOT CONVERGED AT END OF fOA~E ITE~ATION 

fRA.E ITERATION NO "" ..... 
"EMI:! ME"" 

NO ITER 

I I 
fROM JOINT 
CE"H)'L INE 

TU JDINT 

MEMBER DISPL~CEM~NTS 
AAI~L lATERAL ROTATIONAL 

M~MeER EQULIBRIUM E"ReRS 
AXIAL LATERAL ROTATTO"AL 

-3.162E-Ol 2.357E-02 -7.360E-04 1.513E-06 3.237E-07 -S.160E-04 
-3.165E-OI 6.567E-03 -7.726E-04 1.617E-06 4.496E-06 -7.429E-04 
-3.167[-01 -1.Ol3E-02 -7.1S3E-04 -5.059£-06 -7.630E-08 -8.240E-O. 

2 CONVERGED AFTER ITERATION 

3 1 
FROM JOINT 
CENTE"ll"'E 

TO JU1 •• T 

ME"tlER 

MEMBEfl 

6 I 
FROM JOINT 
CENTE"ll"'E 

TO JOINT 

MEMBER 

9 I 
FROM JOINT 
CENTERLINE 

TO JOINT 

" 2 
fRUM JOINT 
CENTE"LI"E 

Tv JUINT 

MEM8E-< 

4.86IE-02 -3.157E-OI -6.884E-04 1.006E-05 
4.885E-02 -3.23IE-OI -2.S8ZE-04 -3.725E-04 
4.953E-02 -3.195E-Ol S.175E-04 -1.133E-03 

3 CONVEHGEO AfTER ITERATION 

4 CONVERGED AfTER ITERATION 2 

5 CONVERGEO AFTER ITERATION 

1.595(-06 
7.665E-05 
2.221E-04 

1.972(-03 
2.99IE-03 
2.615E-03 

2.419E-02 -6.183E-05 -5.64IE-07 4.553E-05 -9.S12E-03 -7.IIIE-07 
I.S75E-02 1.744E-04 -2.436E-07 -3.578E-05 4.167E-04 3.270E-10 
1.659E-02 1.596E-04 2.707E-08 -3.064E-05 -3.900E-05 4.852E-IO 

6 CONVERGED AfTER ITERATION 

7 CO"'VERGED AfTER ITERATION 

6 CONVERGED AFTER ITERATION 

-2.77IE-02 -2.855E-01 2.245E-03 -3.487E-OI 1.036E-OI 5.955E-OI 
-2.316E-02 -9.240E-02 2.303E-03 5.705E-02 -3.409E-02 -9.099E-Ol 
-1.599E-02 -1.509E-03 3.075E-04 4.737E-02 -2.222E-03 -1.849E-Ol 

-2.772E-02 -2.855E-01 20243E-03 -1.492E-03 4.0.,6E-04 5.3"4E-03 
-2.315E-02 -9.243E-02 2.JOIE-03 4.072E-04 -9.007E-05 -1.654E-03 
-1.599E-02 -1.SI2E-03 3.077E-04 1.974E-04 5.928E-04 -5.385E-04 

9 cor'VE~GfD AFTER ITERA TlON 2 

Iv CONVERGED AFTER ITERATION 2 

II CONvERGED AfTER ITERATION 2 

12 



I'ROM .IOINT 
CENTERLINE 

TO JOINT 

5.538E-03 
5.16IE-03 
4.80IE-03 

• 

l.74lE-03 1.40IE-04 -9.8l3E-05 
l.894E-03 -6.l95E-05 -4.854E-04 
2.97IE-04 -l.99IE-05 -1.153E-05 

1.119E-03 -4.514E-06 
l.915E-03 -l.938E-03 
4.904E-04 7.633l-06 

MEMBE" Il CONVEIIGEO AI'TER ITEIIATION 

ME"IIER 13 CONVERGED AI'TEW ITERATION 

MEMltER 14 CONVENGED AFTER ITEIIATION 

ALL JOINTS CONvERGED AT ENO 01' ITEWATION 

SUMMARy 01' I'RA"E ITERATIONS 

JOINT I'RAME JOINT DISPLACEMENTS JOINT EQULlBRluM ERRORS 

NO ITER DISPIX' DISPIYI ROT-HONIZ' ERRIX) ERRln ERRIZ) 

I -1.016E-0i -1.167E-Ol -1.lZ9E-05 -l.69SE·00 l.lllE·OI -1.908E·Ol 
l -2.487E-0I I.ZZIE-Ol -4.8IlE-04 1.098E·OI 9.6SIE·00 l.l04E·Ol 
3 -3.093E-0I l.S80E-Ol -6.903E-04 6.l76E-01 7.696E-OI 6.899E·00 
4 -3.16IE-0I l.76IE-Ol -7.llJE-04 1.4"SE-03 -1.8"~-0l 9.lllE-03 

4 I -9.4l3E-Ol -1.l38E-Ol 6.6S6E-04 -8.63IE·00 -9.39IE-00 -l.037E·Ol 
4 2 -l.lt69E-0i 1.180E-Ol 9.946E-04 -1.34IE·OI -8.53SE·00 S.ZZOE-OI 
4 3 -3.119E-0I l.555E-Ol 1.049E-03 -7.01l0E-0i -l.95ZE-0I -1.360E·01 
4 4 -3. I 93E-0I l.746E-Ol 1.037E-03 l.9ZZE-04 6.53ZE-0l -l.78JE-0I 
7 I -3.084E-03 -l.4S7E-Ol -3.7,..E-OS -5.6l7E-Ol 1.380E-OI l.957E·OI 
7 l -3.3IlE-03 -3.384E-Ol 7.l8"E-05 -1.848E.00 -1.944E-0I 9.304E·OI 
7 3 -6.843E-03 -3.493E-Ol l.Sl6E-04 -S.343E-OI -3.036E-0I 1.709E·OI 
7 4 -7.793E-03 -3.477E-Ol l.876E-04 -1.19lE-Ol -6.16lE-03 4.748E-OI 

10 I -4.353E-03 -1.773E-Ol -9.633[-08 -1.66lE-Ol -1.38IE-Ol 3.4UE-Ol 
10 l -5.948E-0l -l.398E-Ol -8.3lSE-06 -8.73lE-Ol -1.857E-OI -1.48lE-0I 
10 3 -6.145E-0l -l.S38E-OZ -1.753E-05 9.300E-03 -1.409E-Ol -1.07!>E·OO 
10 4 -6.113E-03 -l.54SE-Ol -1.963E-05 7.984E-03 -l.l34E-03 -4.ZZ7E-Ol 
13 I -l.706E-03 -1.148E-Ol l.lZOE-09 1.068E-Ol 4.lSIE-Ol 4.14lE-04 
13 l -3.63aE-03 -1.5lIE-Ol 9.804E-09 4.5lIE-03 1.78IE-Ol 3.7I1E-03 
13 3 -3.840E-03 -1.60lE-Ol 1.906E-08 8.644E-04 3.s.o0E-03 4.960E-03 
13 4 -3.848E-03 -:.605E-Ol l.649E-08 l.848E-05 l.899E-OS 1.474E-03 

PRO" ICONTO, 
90l Q • 80 ~IPS 

UIILE !I - JOINT DISPLACEMENTS AND NlACTIONS 

DISPLACEMENTS REACTIONS 

JOINT OISPlx, OISPIYI ROUTIONIZI REACT IX) REACT III REACTIZ) 

I -3.16IE-OI l.76IE-Ol -7.ll3E-04 O. O. O. 
l -3.168E-0I -1.417E-Ol -6.909E-04 O. O. O. 
3 -3.180E-OI -S.379E-Ol -5.818E-04 O. O. O. 
4 -3.193E-OI l.746E-Ol 1.037E-03 O. O. O. 
5 -3.183E-0I -l.07ZE-Ol 1.I13E-03 O. O. O. 
6 -3ol70t.-OI -S.745E-Ol 1.16SE-03 O. O. O. 
7 -7.793E-03 -3.477E-Ol l.876E-04 O. O. O. 
8 -1.SI8E-04 I.S3IE-Ol l.107E-04 O. O. O. 
9 1.IOZE-03 -S.Sl6E-03 l.7Z8E-04 O. O. O. 

10 -6.113E-03 -l.S45E-Ol -1.963E-05 O. O. O. 
11 -1.8lIE-0l 1.004E-Ol -1.03IE-OS O. O. O. 
Il 7.673E-04 -4.656E-0l -1.899E-05 O. O. O. 
13 -3.848E-0l -1.605E-Ol l.649E-08 O. O. O. 
14 -9.46IE-04 S.017E-03 1.9l3E-08 O. O. O. 
IS S.034E-04 -3.678E-03 l.386E-08 O. O. O. 

,. 



. , 

PROf! 'CONTOI PRO~ (CO~TD) 

902 Q = 80 KIPS 902 a • 80 'I~~ 

TA~LE 9 - MEM8ER kESULTS TABL£ 4 - MEM~ER RESULTS ICONTDl 

MEM~Ek NUMBER I STIFF TY~E I LOAD TYPE MEMBEk NUMBER 2 STIFF TYPE 2 Loon TYPE 2 
LENGTH: 5.5~OE-01 ALPHA = I.OOOE-OO BETA O. LENGTH = 6.250E'01 ALPHA = I.OOOE'OO BETA O. 
GOES FROM JOINT I TO JOINT 2 GOtS FPOM JUINT 2 TO JOINT 

OUTPUT DISTA~C(S ARE FROM JOINT I ALONG THE MEMBER A,IS 
ALL OUTpUT FORCtS AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

OUTPUT DISTANCES ARE FROM ~OINT 2 ALONG THE MEMBER AXIS 
ALL OuTPUT FORCES AND DISPLACEMENTS ARE wITH RESPECT TO TH[ MEMBER AXES 

DISPLACEMENTS FORCES DISPLACEMENTS FORCES 

OISTA"lC£ AXIAL LATERAL ROHTlONAL AXIAL SHEAR MOMENT DISTANCE AXUL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. -3016IE-01 2.16IE-02 -7.123E-04 -3. 738E-0 I 6.394E+0 I -1.606E·03 O. -3,168E-Ol -1.417E-02 -6.909E-04 -6.190E·01 5. 303E-0 I 6.292E'02 
5.580E+00 -3.162[-0 I 2.357E-02 -7.360E-04 -3.738E+01 6.340E+OI -1.250E+03 
1.!16E+01 -3.163[-01 1.941E-02 -1+538[-04 -3.738E.OI 6.286E-Ol -8.919E+02 

6.250E+OO ·3.169E-0 I -1.845E-02 -6.792E-04 -6,190E,01 -7.596E-02 6+309,'02 
1.250E·OI -3.170E-0 I -2.266E-02 -6+674E-04 -6.190E·OI -6.822[-01 6.288E '02 

1.67'40£+01 -3.163E-Ol 1.517E-02 -7.659[-04 -3.738E.OI 6.232E'01 -5.485E·02 1.875E·01 -3.172E-OI -2,679E-02 -6.557E-04 -6.190E,01 -1.288E-00 6.229E'02 

2+232E+0 I -3.164E-0 1 1.088E-02 -7.721E-04 -3.738E'01 6.178E+01 -2.021E'02 
2.790E·01 -3.165E-Ol 6.567E-03 -7.726E-04 -3.738E-Ol 6,124E+Ol 1.4I3E+02 

c.500E+OI -3,173E-OI -3.085E-02 -6.44IE-04 -6.190E,01 -1.895E·00 6.132E'02 
3.125E+OI -3.174E-Ol -3.484E-02 -6.328E-04 -6.190E,01 -2.501E'00 5.997E'02 

3.348E·OI -3,165E-Ol 2.268E-03 -7.674E-04 -3.738E-OI 6.069E+OI 4.816E-02 3.150E,01 -3.175E-OI -3,876E-02 -6.2I7E-04 -6.190E'01 -3.107E'00 5.824E'02 
3.906E+OI -3.166E-OI -1.986E-03 -7.566E-04 -3.738E.OI 6.015E'01 8.189E+02 
4.464(+01 -3.167£-01 -6.164E-03 -7.40CE-04 -3.138E.01 5.96IE+OI 1.153E+03 

4.375E+OI -3,I77E-OI -4.262E-02 -6.ll0E-04 -6.190E'01 -3.713E+00 5.614E'02 
S.OOO~+OI -3.178E-OI -4.640E-02 -6.008E-04 -6.190E,01 -4.320E.00 5.365E'02 

5.022E.OI -3.167E-Ol -1.023E-02 -7.183E-04 -3.138E.01 5.907E,01 1.484E'03 5.625E+OI -3.119E-OI -5.013E-02 -S.910E-04 -6.190E,01 -4,926E'00 5.078E'0? 
5.580E-01 -3.t6~E-01 -1 ... 17E-02 -6,909E-04 -3.138E+OI 5.853E·01 1.813E+03 6.250E,01 -3.180E-OI -5,379E-02 -5.818E-04 .... 6.190E+Ol -S.532E'00 .... 154E·02 



PR08 . (COWTDI 
902 Q • 80 KIPS 

TA8LE 9 - MEMBER RESULTS (CDI<TDI 

MEM8ER NUMBER 3 STIFF TYPE 
LENGTH. 3.058E-Ol ALPHA. 
GOES fROM JOINT I TO JDlt;T 

3 LOAD TYPE 
-2.387E-01 8ETA • 

4 

3 
-9.7I1E-Ol 

OUTPUT DISTANC£S ARE FROM JOINT 1 ALONG THE MEM~[R AXIS 
ALL OUTPUT FORCES AND DISPLACEMEt;TS ARE wITH REsPECT TO THE MEMBER AXES 

01 SPLACEMEWTS fORCES 

DISTANCE AlI.lAL LATERAL ROTATIONAL AXIAL SHEAR MOM£t;T 

O. 4.864E-02 -3.136£-01 -7. 123E-04 -7.101£001 -2.104E·01 1.606Eo03 
3.058£.00 4.861£-02 -3.157E-Ol -6.884E-04 -7.108£.01 -2.10.'11 1."'2£'03 
6.117E·00 4.858£-02 -3. 178E-Ol -6.65SE-04 -7.114£'.1 -2.101('01 1.477E·0l 
9.175£000 4.856E-02 -3.198£-01 .... 436£-.4 -7.120£'" -2.100E·01 1.413('03 
1.223E-Ol 4.853E-02 -3.217£-01 .... 226£-04 -7.127£-01 -2.19.-01 1.349£,,0) 
1.529£-01 4.885£-02 -3.231E-Ol -2.882£-04 -7.133E-Ol -2.0.7E·01 10285E'03 
1.83SE·" 4.91IE-02 -3.235E-Ol 2.288£-05 -7.139[,01 -2.095[-01 1.221£,03 
2.141£'01 4.931£-02 -3.230E-Ol 3.108£-04 -7.146E'01 -2.094E·01 1.157E·03 
2.441E·Ol 4.9~5E-02 -3.216E-Ol 5.756£-04 -7.152E-Ol -2.0.2£-01 1.093E-03 
2.753£'01 4.953£-02 -3.195£-01 8.115£-04 -1.158£-01 -2.090E-Ol 1.029£-03 
3.058£'01 4.956E-02 -3.167E-Ol 1.037E-03 -7.164£,01 -2.089[-01 •• 647Eo02 

.. 

PROB (CONTD! 
902 Q • 80 ~IPS 

TA8LE 9 - MEM8ER R£SULTS ICONTD) 

MEHBER NUMSER ~ STiff TYPE 
LENGTH. 1.891E'02 ALPHA. 
GOES fROM JOINT 4 TO JOINT 

5 LOAD TYPE 
-2.425£-01 SETA c 

1 

5 
-9.701£-01 

OUTPUT DISTANCES ARE FROM JOINT 4 ALONG THE MEM8E~ AxiS 
ALL OUTPUT FORCES AND DISPLACEM£NTS ARE wiTH REsPECT TO THE MEM8£R AXES 

DISPLACEMENTS fORCES 

DISTANC£ AlI,IAL LATERAL ROTATIONAL AXIAL SHEAR MOMEWT 

O. 5.081£-02 -3. I 65E-01 1.037E-OJ -1.173E·Ol -2.060£'01 9.645£'02 
1.897£'01 4.983E-02 -2.816E-01 1.937£-03 -7. 144E.01 -1.803E·01 5.954E·02 
3.793E·01 4.822E-02 -2.466E-Ol 2.347E-OJ -7.116E.Ol -1.524E·01 2. 158E.02 
5.690£-01 4.660E-02 -2.005E-Ol 2.482£-03 -7.089E.Ol -1.225E·01 1.096E·Ol 
1.587[,01 4.499E-02 -1.541E-Ol 2.395E-03 -7.062£·01 -9.121E·00 -1.953[·02 
9.483E·01 ~.ll9E-02 -1.109£-01 2. 14lE-03 -1.037E'01 -5.96~E·OO -J.41JE·02 
1.138E·02 4.181E-02 -7.355E-02 1.182£-03 :tm~m -2.885E·00 -4.21ZEo02 
1.328E.02 4.02_[-02 -4.366£-02 1.368E-03 1.665E-03 -".555E·02 
1.511E·02 3.869E-02 -2.170E-82 9.5 I 6E-04 -6.970E.Ol 2.515E.00 -4.308E·02 
1.707E·02 3.715[-02 -7.248E-03 5.802E-04 -6.950E.01 4 ... 85E·00 -3.604[,02 
1.891Eo02 3.562£-02 8.711E-04 2.816£-04 -6.931E.01 5.566E·00 -2.622E-02 



PR08 (CONTDI 
902 Q = 80 KIPS 

TABLE 9 - MEM8ER RESULTS (CDNTD) 

MEMBE~ NUMBER 5 STIFF TYPE LOAD TYPE 
LENGTH = 1.278E.02 ALPHA = -2.425E-OI BETA 
GOES FROM JOINT 7 TO JOINT 10 

7 
-9.70IE-01 

OUT~UT DISTANCES ARE FROM JOINT 7 ALONG THE MEMBER 'xIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS FORCES 

DISTANCE AXIAL LATERAL rlOT~T10N'L AXIAL SHEAR MOME"T 

O. 3.562f.-02 8.71IE-04 2.876E-04 -6.930E.Ol 5.576E·00 -2.618E.02 
1.278E·OI 3.459E-02 3.592E-03 1.437E-04 -6.894E.OI 5.203E·00 -1.924E+02 
2.556E.OI 3.357[-02 4.745E-03 4.171E-05 -6.834E·Ol 4.51>6E·00 -1.290E·02 
3.834E·OI 3.257E-OZ 4.837E-03 -2.314E-05 -6. 743E.0 1 3.689E·00 -7.578E·Ol 
5.113E·Ol 3.157E-02 4.296E-03 -5.816E-05 -6.623E.OI 2.728E·00 -3.470E.OI 
6.3~IE·OI 3.060E-02 3.456E-03 -7.105E-05 -6.476E.OI 1.811E·00 -5.968E.00 
7.669E·OI 2.965E-02 2.55IE-03 -6.924E-05 -6.303E.Ol 1.029E·00 1.170E.Ol 
8.947E.Ol 2.813E-02 1.726E-03 -5.905E-05 -6.105f..Ol 4.263E-OI 2.043E.Ol 
1.023E·02 2.784E-02 1.058E-03 -4.538E-05 -5.884E.0 1 1.33IE-02 2.269E·OI 
1.150E·02 2.699E-02 5.670E-04 -3.159E-05 -5.64IE·Ol -2.284E-OI 2.084E·OI 
1.278E·02 2.617E-02 2.417E-04 -1.963E-05 -5.38IE·Ol -3.569E-OI 1.690E·OI 

, 

.. 

PROS (CO~TDI 

902 Q = 80 KIPS 

TABLE 9 - MEMBER RESULTS (CONTDI 

MEMBE~ NUMBER 6 STIFF TYPE 9 LOAD TYPE 
LE"GTH = 3.402E.02 ALPHA = -2.425E-OI BETA 
GOES FROM JOINT 10 TO JOINT 13 

9 
-9.70IE-01 

OUTPUT DISTA~CES ARE FROM JOINT 10 ALONG THE MEMBER AXiS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE .ITH RESPECT TO THE MEMBE~ AXES 

DISPLACEMENTS FORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 2.617E-02 2.417E-04 -1.963E-05 -5.381E.0 1 -3.652E-Ol 1.685E·Ol 
3 ... 02E.0 1 2 ... 19E-02 -6. 183E-05 -5.641E-07 -4.686E·Ol -2.540E-Ol 5.739E·00 
6.803E·Ol 2.247E-02 1.749E-05 3.931E-06 -4.031E·Ol -1.060E-Ol -4.123E-Ol 
1.020P02 2.100E-02 1.279E-04 2.338E-06 -3.4~6E·Ol -4.711E-03 -1.476E·00 
1.31>IE·02 1.977E-02 1.730E-04 4.663E-07 -2.862E.OI 2.026E-02 -7.424E-Ol 
1.701E·02 1.875E-02 1.744E-04 -2.436E-07 -2.333E·Ol 1.245E-02 -9.91IE-02 
2.04IE·02 1.793E-02 1.655E-04 -2.391E-07 -1.833E.Ol 2.636E-03 1.045E-OI 
2.38IE·02 1.730E-02 1.601E-04 -8.300E-08 -1.356E·Ol -1.176E-03 8.050E-02 
2.721p02 1.686E-02 1.590E-04 5.661E-09 -8.946E.00 -1.172E-03 2.46IE-02 
3.06iE·02 1.659E-02 1.596E-04 2.707E-08 -4.446E.00 -3.833E-04 7.77IE-04 
3 ... 02E·02 1.65IE-02 1.606E-04 2.649E-08 3.503E-05 2.060E-05 -1.474E-03 



PRO~ (CONTD) PR()~ (CO~TD) 
902 Q = 80 KIPS 902 Q = HO KIPS 

TABLE 9 - MEMBER HESULTS (CONTD) TA~lE 9 - MEMBER WESULTS (CONTD) 

MEMBER NUMBER 7 STiff TYPE 4 LOAD TYPE 4 MEMBEH NUMBER 8 STiff TYPE 4 LOAD TYPE 
LENGTH = 3.010E·01 ALPHA a 1.617E-01 BETA. -9.868E-01 LENGTH = 3.010E·OI ALPHA' 1.617E-01 BETA 
GO~S fROM JOINT 2 TO JOINT 5 GOES fROM JOINT ) TO JOINT 6 

OUTPUT DISTANCES ARE fROM JOINT 2 ALONG THE MEMBER A.IS OUTPUT DISTA"CES ARE fROM JOINT 3 ALONG THE MEMBER AxiS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE .ITH RESPECT TO THE MEMBER A_ES ALL OUTPUT fORCES AND DISPLACEMENTS ARE WITH RESPECT TO THE MEMbER AXES 

DISPlACEME"TS fORCES DISPLACEMENTS fORCES 

DISTANCE AXIAL LATERAL ROTATIONAL A'IAl SHEAR MOMENT DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. -3.725E-02 -3.1491::-01 -6.909E-04 4.620E·01 -1.727E·01 1.227f·0~ O. 1.65IE-03 -3.226E-01 -5.818E-04 -2.530E·00 -1.876E·OI I.H9E·O~ 
3.010E·00 -3.723E-02 -3.170E-0 I -6.730E-04 4.614E.01 -1.728E·01 1.175E·03 3.010E·00 1.650E-03 -3.243E-0I -5.616E-04 -2.592E.00 -1.871E·01 1.323E·03 
6.019E·00 -3.722E-02 -3.190E-0 I -6.559E-04 4.608E·01 -1.729E·01 1.123E·03 6.019E·00 1.649E-03 -3.259E-OI -5.423E-04 -2.655E.00 -1.878E·01 1.266E.03 
9.029E·00 -3.720E-02 -3.209E-01 -6.395E-04 4.60IE.01 -1.730E·01 1.071E·0~ 9.029E·00 1.647E-03 -3.275E-01 -5.238E-04 -2.7I7E.00 -1.879E·01 1.210E·03 
1.204E·OI -3.719E-02 -3.228E-01 -6.239E-04 4.595E·OI -1.73IE·01 1.019E·03 
1.505E·01 -3.60IE-02 -3.2"2E-01 -2.893E-04 4.589E.01 -1.732E·OI 9.664E·02 

1.204E·OI 1.646E-03 -3.29IE-OI -5.062E-04 -2.780E.00 -1.880E.01 1.153E·03 
1.505E·01 2.430E-03 -3.30IE-01 -1.178E-04 -2.844E.00 -1.88IE·01 1.097E·03 

1.806E·01 -3.490E-02 -3.246E-01 2.718E-05 4.582E.OI -1.733E·OI 9.142E·02 1.806E·OI 3.154E-03 -3.302E-OI 1.306E-04 -2.906E·00 -1.B82E·01 1.040E·03 
2.107E·OI -3.384E-02 -3.24IE-OI 3.257E-04 4.576E.OI -1.734E·01 8.62IE·02 2.107E·OI 3.818E-03 -3.294E-01 4.189E-04 -2.968E·00 -1.883E·OI 9.834E·02 
2.40BE·01 -3.284E-02 -3.226E-0 I 6.06IE-04 4.570E·OI -I. 735E·0 I 8.099E·02 2.408E·OI 4.420E-03 -3.217E-OI 6.873E-04 -3.03IE·00 -1.884E·OI 9.266E·02 
2.709E·01 -3.190E-02 -3.204E-OI 8.685E-04 4.563E.OI -1.736E·OI 7.578E·02 2.709E·OI 4.96IE-03 -3.252E-OI 9.360E-04 -3.094E.00 -1.885E.OI 8.699E·02 
3.010E·OI -3.102E-02 -3.174E-OI 1.113E-03 4.557E·OI -1.737E·01 7.056E·02 3.010E·OI 5.439E-03 -3.22IE-01 1.165E-03 -30156E.00 -1.886E·OI 8.13IE·02 

.. 



PROb (CONTD) 
902 Q = 80 KIPS 

TABLE 9 - MEMBER RESULTS (CONTD) 

MEMbER ~UMBER 9 STIff TYPE 6 lOAD TYPE 
LENGTH = 1.865E'02 ALPHA = 1.644E-01 BETA 
GOES FROM JOINT S TO JOINT B 

6 
-9.864E-01 

OUTPUT DISTAhCES ARE FWOM ~OINT 5 ALONG THE MEMBER AxIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE ~ITH RESPECT TO THE MEMBEk AXES 

DISPLACEMENTS fORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. -30189E-02 -3.174E-01 1.113E-03 4.552E.01 -1.724E·01 7.052E·02 
1.865E·01 -2.772E-02 -2.855E-01 2.243E-03 4.473E.01 -1.487E·01 4.064E·02 
3.73IE·01 -2.604E-02 -2.39IE-01 2.68IE-03 4.396E.01 -1.23IE·01 1.538E·02 
5.596E·01 -2.5IBE-02 -1.885E-01 2.729E-03 4.32IE'0 I -9.570E·00 -4.88IE·01 
7.462E·01 -2.433E-02 -1.385E-01 2.614E-03 4.246E.01 -6.739E·00 -1.990E·02 
9.327E·01 -2.315E-02 -9.243E-02 2.30IE-03 4.172E·01 -3.932E·00 -2.962E·02 
1.1 19E ,02 -2.12IE-02 -5.442E-02 1.764E-03 4.100E'01 -1.274E·00 -3.42IE·02 
1.306E·02 -1.90bE-02 -2.70BE-02 1.168E-03 4.03IE'01 1.103E·00 -3.410E·02 
1.492E·02 -1.719E-02 -1.025E-02 6.438E-04 3.963E·01 2.953E·00 -2.992E-02 
1.67¥£'O2 -1.599E-02 -1.512E-03 3.077E-04 3.898E.0 I 3.91~E·00 -2.298E·02 
1.865E·02 -1.512E-02 2.367E-03 1.207E-04 3.8)4[+01 4.053E·00 -1.527E·02 

• 

PROS ICONTD) 
902 Q = 80 ~IPS 

TA~LE Y - MEMBER RESULTS (CONTD) 

MEMbER NUMBER 10 STIFF TYPE 6 LOAD TyPE 
LENGTH = 1.865E'02 ALPHA = 1.644E-01 BETA 
GOES FROM JOINT 6 TO JOINT 9 

6 
-9.864E-OI 

OUTPUT DISTANCES ARE FROM JOINT 6 ALONG THE MEMBER AxIS 
ALL OUTPUT fORCES AND DISPLACEMENTS ARE wITH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS FORCES 

DISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 4.558E-03 -3.22IE-01 1.165E-03 -3.109E·00 -1.8B7E·01 80130E'02 
I.B65E·01 6.200E-03 -2.906E-01 2.156E-03 -3.418[+00 -1.64BE'0 I 4.825E·02 
3.73IE·01 6.145E-03 -2.468E-01 2.492E-03 -3.720E·00 -1.390E·01 1.979E·02 
!;.596E·01 6.000E-03 -1.993E-01 2.567E-C3 -4.019E·00 -I.IIIE'O I -3.638E·01 
7.402E·01 5.848E-03 -1.524E-01 2.450E-03 -4.319E'00 -8.206E·00 -2.17IE·02 
9.327E·01 5.700E-03 -1.089E-01 2.19IE-03 -4.619E·00 -5.274E·00 -3.429E·02 
1.119E·02 5.654E-03 -7.149E-02 1.812E-03 -4.919E.00 -2.426E·00 -4.14 2E' 0 2 
1.306E·02 5.742E-03 -4.189E-02 1.357E-03 -5.217E.00 2.233E-01 -4.33BE·02 
1.492E·0~ 5.8IbE-03 -2.079E-02 9.108E-04 -5.513E.00 2.563E·00 -4.C62(·02 
1.679E·02 5.763E-03 -7.328E-03 5.435E-04 -5.B08E.00 4.282E·00 -3.383E·02 
1.865E·02 5.632E-03 1.788E-04 2.728E-04 -6.102E'00 5.237E·00 -2 .466E ,02 

• 



• 

PROd ICON TO) 
902 Q = 80 KIPS 

TAdLE 9 - MEMBER RESULTS !CONTO) 

MEMBE~ ~UMBER II STIFF TYPE ~ LOAD TYPE 8 
LENGTH = 1.257E·02 ALPHA a 1.644E-OI BETA -9.864E-OI 
GO~~ FROM ~OINT ~ TO ~OINT II 

OUTPUT DISTANCES ARE FROM ~OINT 8 ALONG THE MEMBER AXIS 
All OUTPUT FORCES AND DISPLACEMENTS ARE _ITH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS FORCES 

DiSTANCE AXIAL lATERAL ROTAT 10NAl AXIAL SHEAR MOMENT 

O. -1.SI2E-02 2.367E-03 1.207E-04 3.844E-01 4.04IE-00 -1_S3IE-02 
1.2S7E-OI -1.457E-02 3.36IE-03 4.I)7E-OS 3.790E-OI 3.S29E-00 -1.052E-02 
2.514E-OI -1.403E-02 3.53IE-03 -1.104E-05 3.721>£-01 2.910E-00 -6.437E-0 I 
3.77IE-OI -1.350E-02 3.190E-03 -4.073E-05 3.650E-OI 2.213E·00 -3.210E-0 I 
5.026E.OI -1.298E-02 2.588E-03 -5.330E-OS 3.562E-OI 1.530E·00 -8.756E·00 
6.286E-OI -1.248E-02 1.906E-03 -S.405E-05 3.463E-01 9.253E-01 6.316E-00 
7 .543E-0 I -1.199E-02 1.262E-03 -4.766E-05 3.354E-01 4.409E-QI ! .446£.0 1 
d.800E-01 -1.15IE-02 7.234£-04 -3.786E-05 3.236E-OI 9.0113E-02 1.736E·01 
1.006E-02 -10I06E-02 3.137E-04 -2.737E-05 3.110E-OI -1.307E-0I 1.672E-01 
1.I3IE-02 -1.062E-02 3.046E-OS -1.790E-05 2.977E-OI -2_428E-0 I 1.405E·0! 
1.257E-02 -1.020E-02 -1.452E-04 -1.03IE-05 2.839E-OI -2.851~-0I 1.060E·01 

PRoe !CO,"TDI 
902 Q = 80 KIPS 

TAdLE Q - MEMBER RESULTS !CONTD) 

MEMBEH NUMBER 12 ~TIFF TYPE 8 LOAD TyPE 
LENGTH = 1.2S7E-02 ALPHA = 1.644E-01 BETA 
GOE~ f~OM ~OINT 9 TO ~OINT \2 

8 
-9.864E-OI 

OUTPUT DISTANCES ARE FROM ~OINT 9 ALONG THE MEM8ER AXIS 
All OUTPUT FORCES AND DISPLACEMENTS ARE _ITH RESPECT TO THE MEMBER AXES 

OISPLOCEMENTS FORCES 

OISTANCE AXIAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. S.632E-03 1.787E-04 2.728E-04 -6.096E-00 5.244E-00 -2.462E-02 
1.257E-OI 5.538E-03 2.742E-03 1.40IE-04 -6.253E-00 4.893E-00 -1.819E-02 
2.514E·01 5.444E-03 3.880E-03 4.543E-05 -6.368E-00 4.306E-00 -1.232E-02 
3.77IE·01 5_349E-03 4.043E-03 -1.566E-05 -1>.430E.00 3.500E-00 -7.367E-01 
5.028E-01 5.255E-03 3.614E-03 -4.950E-05 -6.440E-00 2.613~-00 -3.~2IE-01 
6.286E·01 5.16IE-03 2.894E-03 -6.295E-05 -6.40IE-00 1.761E-00 -7.98IE-00 
7.543E·01 5.068E-03 2.097E-03 -6.26IE-05 -6.315E-00 1.02I>E-00 9.074E-00 
8.800E-OI 4.977E-03 1.358E-03 -5.423E-05 -6.183E-00 4.537E-OI 1.783E-01 
1.006E-02 4.888E-03 7_502E-04 -4.228E-05 -6.007E-00 5.399E-02 2.049E-01 
1.13IE-02 4.80IE-03 2.971E-04 -2.99IE-05 -5.788[-00 -1.860E-OI 1.920E-01 
1.257E-02 4.71 9E-03 -8.645E-06 -1.899£-05 -5.539E-00 -3.185E-01 1.582E-01 



PRO~ (CO~TOI 

Y02 U = 80 KIPS 

TABLE 9 - ~EMBER RESULTS (CONTOI 

MEMBE~ NUMBER 13 STIFF TYPE 10 LOAO TYPE 
LE~&TH = 3.457E'02 ALPHA = 1.644E-OI ~ETA 
GOES FROM JOINT II TO JOINT 14 

10 
-9.864E-OI 

OUTPUT OISlA~CES ARE FROM JOINT II ALONG THE MEMBER AxiS 
ALL OUTPUT FORCES ANO OISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS FORCES 

DISTANCE AxiAL LATERAL ROTAT 10NAL AXIAL SHEAR MOMENT 

O. -1.020E-02 -1.450E-04 -1.031E-05 2.839E.OI -2.81IE-Ol 1.063E ·01 
3.457E·OI -9.155E-03 -2.758E-04 1.095E-06 2.4 70E.0 I -1.645E-0 I 2.843E·00 
6.914E·01 -8.249E-03 -1.94IE-04 2.871E-06 2 .124E·0 1 -5.617E-02 -7.440E-Ol 
1.037E·02 -7.475E-03 -1.198E-04 1.363E-06 1.804E·OI 4.7I9E-03 -1.037E·00 
1.3B3[002 -6.823E-03 -9.623E-05 1.333E-07 1.506E.OI 1.492E-02 -4.159E-OI 
1.729E·02 -6.284E-03 -9.929E-05 -2.233E-07 1.228E·OI 7.279E-03 -5.476E-0~ 
2.074E·02 -5.852E-03 -1.062E-04 -1.540E-07 9.642E.00 8.02IE-04 8.730E-02 
2.420E·02 -5.522E-03 -1.093E-04 -3.793E-08 7.128E.00 -1.1I2E-03 4.988E-02 
2.766E·02 -S.289E-03 -1.096E-04 1.307E-08 4.703E·00 -7.399E-04 1.038E-02 
3.IIIE·02 -50150E-03 -1.090E-04 2.078E-08 2.337E.00 -1.58IE-04 -1.275E-0~ 
3.457E·02 -5.104E-03 -1.083E-04 1.923E-08 -2.88SE-05 10I16E-05 -5.493E-04 

• 

PRU" (CO~TOI 
902 a = AO KIPS 

TABLE 9 - MEMBER RESULTS (CONTOI 

MEMBER ~UMBER 14 STIFF TYPE 
LENGTH = 3.457E'02 ALPHA = 
GOES FROM JOINT 12 TO JOINT 15 

.. ' 

10 LOAD TyPE 
1.644E-OI BETA 

10 
-9.864E-OI 

OUTPUT DISTANCES ARE FROM JOINT 12 ALONG THE MEM~ER AXIS 
ALL OUTPUT FORCES AND DISPLACEMENTS ARE wiTH RESPECT TO THE MEMBER AXES 

DISPLACEMENTS FORCES 

DISTANCE AxiAL LATERAL ROTATIONAL AXIAL SHEAR MOMENT 

O. 4.719E-03 -8.746E-06 -1.899E-05 -5.539E ·00 -3.263E-0 I 1.578E·01 
3.457E·01 4.511E-03 -3.12IE-04 -7.65IE-07 -4.818E.00 -2.335E-OI 5.483E·00 
6.914[·01 4.332E-03 -2.410E-04 3.624E-06 -4.140E·00 -9.904E-02 -3.624E-OI 
1.037E·02 40179E-03 -1.376E-04 2.143E-06 -3.515E·00 -4.424E-03 -1.366E·00 
1.383E·02 4.050E-03 -9.628E-05 3.988E-07 -2.934E·00 1.867E-02 -6.688E-OI 
1.729[002 3.944E-03 -9.57IE-05 -2.386E-07 -2.390E·00 1.1I4 E-02 -7.478E-02 
2.074E·02 3.859E-03 -1.042E-04 -2.160E-07 -1.877E·00 2.1I2E-03 1.012E-01 
2.420E·02 3.793E-03 -1.090E-04 -6.819E-08 -1.387E·00 -1.186E-03 7.129E-02 
2.766E·02 3.747E-03 -1.098E-04 9.363E-09 -9.152E-OI -1.038E-03 1.918E-02 
301 llE'02 3.720E-03 -1.092E-04 2.537E-08 -4.547E-OI -2.956E-04 -5.040E-04 
3.457[002 3.71IE-03 -1.083E-04 2.386E-08 1.394E-05 2.437E-05 -1.264E-03 

• 



• 

PROB (CONTOI 
902 Q • 80 KIPS 

TASLE 10 - JOINT EQUILIBRIUM ERRORS 

JOINT ERR (X) 
rORCE 

1 10465E-03 
Z I.ZI7E-03 
3 -2.188E-04 
4 2.922E-04 
5 -2.036E-OZ 
6 -3.895E-03 
7 -1.19Z(-02 
8 Z.126(-02 
9 -60608E-03 

10 7.984E-0) 
II -2.860£-03 
12 70564E-03 
13 2.848E-05 
14 1.575E-"5 
15 2.n5E-05 

ERR III 
rORCE 

ERR{l1 
MOMENT 

-1.844E-03 9.13ZE-03 
-1.339E-03 1.536£-03 
-1.714E-03 -2.143E-04 
6.53zE-03 -Z.783E-Ol 
9.725E-OZ -4.130E-Ol 
4.127E-03 -1.116E-01 

-6.162E-03 4.748E-Ol 
-9.403E-02 -4.45IE-Ol 
-6.633[-03 3.554E-OI 
-2.234[-03 -4.227E-02 
-3.159E-03 3.347E-02 

1.329E-03 -4.000E-OZ 
2.899£-05 1.474E-03 

-2.662E-05 5.493E-04 
1.716E-05 1.264E-03 

, II 
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