
A DISCRETE-ELEMENT METHOD OF ANALYSIS FOR ORTHOGONAL SLAB 
AND GRID BRIDGE FLOOR SYSTEMS . 

by 

John J. Panak 
Hudson Matlock 

Research Report Number 56-25 

Development of Methods for Computer Simulation 
of Beam-Columns and Grid-Beam and Slab Systems 

Research Project 3-5-63-56 

conducted for 

The Texas Highway Department 

in cooperation with the 
U. S. Department of Transportation 

Federal Highway Administration 

by the 

CENTER FOR HIGHWAY RESEARCH 

THE UNIVERSITY OF TEXAS AT AUSTIN 

May 1972 



The contents of this report reflect the views of 
the authors who are responsible for the facts 
and the accuracy of the data presented herein. 
The contents do not necessarily reflect the 
official views or policies of the Federal Highway 
Administration. This report does not constitute 
a standard, specification, or regulation. 

ii 



PREFACE 

This report describes a numerical method for the analysis of orthogonal 

plates with grid-beams. The method is particularly suited for application to 

highway bridge structures composed of slabs with supporting beam and diaphragm 

systems. A typical Texas Highway Department bridge is analyzed for various 

load and stiffness configurations and presented as a series of examples. 

The computer program described and included in this report culminates one 

phase of the effort expended Over several years of this research project. The 

program is compatible with most computers. 

This work was supported by the Texas Highway Department in cooperation 

with the U. S. Department of Transportation Federal Highway Administration, 

under Research Project 3-5-63-56. 

The continued assistance and advice of the project contact representatives 
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ABSTRACT 

A method is presented for the discrete-element analysis of isotropic or 

orthotropic slabs and plates on elastic supports. An integral grid-beam 

system can also be included which makes it especially useful for highway bridge 

structures. Other structures such as highway and airfield pavements on elas­

tic foundations, flat or haunched building slabs, two-way mat foundations, 

stiffened plates, or any grid-type subassemb1age of more complex structures 

can also be investigated. 

The developed computer program allows for the free variation of stiff­

nesses, supports, and loads. In-plane axial thrusts, if their distribution is 

known, are included and coupled with the stiffnesses of the structure. Inputs 

to the program may be retained and used for a series of problems for the con­

venience of the user. Several plotted output options are available including 

a three-dimensional display of the exaggerated deflected shape of the struc­

ture. 

Research investigators in other areas have applied preliminary versions 

of the program to a variety of structures including experimental comparisons 

and it has been shown to yield satisfactory results. 

Four example problems are presented of a typical highway bridge presently 

in use by the Texas Highway Department. The problems include and discuss most 

of the brief input calculations and assumptions necessary. 

KEY WORDS: bridge decks, orthotropic plates, discrete-element analysis, 

grid systems, computers. 
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SUMMARY 

This study presents a method for the analysis of highway bridge structures 

which can be used to supplement and extend existing methods of analysis for 

the highway bridge investigator. Discrete-element modeling techniques are used 

to represent the actual structure. The associated computer program with for­

mulations based on the model is used to solve the system of resulting equations 
~ 

by high-speed digital computer. The method can also be directly used for 

highway pavement analysis in which the pavement is represented as a discretized 

model on elastic supports representing the subgrade. 

Input to the program requires simple engineering judgment in providing 

appropriate values to represent the stiffnesses, loads, and restraints of the 

actual structure. Output is arranged in tabular and graphical form to allow 

ease of interpretation by the engineer-user. Three-dimensional plotted dis­

plays of the deformed structure can also be obtained. 

This report includes complete documentation for the computer program 

including 

(1) summarized derivation of equations based on the discrete-element 
model, 

(2) computer program listings with brief flow charts, and 

(3) detailed program input instructions. 

The engineer-user, if he so desires, can apply the program with little 

study by using the simplified guide for data input and associating his particu­

lar structure with the included example problems. The example is a standard 

Texas Highway Department bridge solved for dead load (non-composite) and three 

variations of live load (compOsite). 

The computer program allows any number of problems to be run at the same 

time and utilizes the most recent solution and multiple-loading techniques. 

Preliminary versions of the program have been used in Research Project 

3-5-68-115, "Experimental Verification of Computer Simulation Methods for 

Slab and Girder Bridge Systems," and the method was shown to give extremely 

good correlations with experimental data for the various structures considered. 

xi 
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IMPLEMENTATION STATEMENT 

This program can be immediately applied by highway bridge and pavement 

designers to their analysis problems which are now difficult or impossible by 

conventional methods. It is particularly suited for use on bridge structures 

since an interconnected grid-beam network is included which can represent 

beams and diaphragms. Composite action of the beam and slab can be considered 

by appropriate equivalent beam representations. Extensive experimental com­

parisons by Research Project 3-5-68-115, "Experimental Verification of Computer 

Simulation Methods for Slab and Girder Bridge Systems," with versions of this 

program have been shown to give surprisingly good results for a wide range of 

bridge types. That project has also shown that even nonlinear or post-cracking 

behavior under overloads may be predicted by the program by using appropriate 

elastic estimates of the nonlinear stiffnesses of the structure. 

No additional program development is needed to allow immediate use of the 

program by the sponsors. User-oriented versions of the program could be made 

which would make application easier for specific classes of problems. These 

could be data-generation routines for constant thickness slab structures, or 

automatic computation of effective bending stiffnesses for beam and slab struc­

tures. 

The availability of this program will make feasible the study of various 

design options and their overall effect on highway bridge structural capabili­

ties. Among these parameter studies could be the effect of beam spacing as it 

relates to span-width aspect ratios to better define the present live load dis­

tribution coefficients. Diaphragm spacing and positioning could be also 

studied to aid in defining their effectiveness. 

xiii 
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NOMENCLATURE 

Symbol Typical Units Definition 

a Term in stiffness matrix 

[a] Submatrix of stiffness matrix 

{A} Recursion coefficient vector 

[b] Submatrix of stiffness matrix 

b l , b
2 , b3 

Terms in stiffness matrix 

[c] Submatrix of stiffness matrix 

I 2 3 4 5 
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Ct Plate twisting stiffness 
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d
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DX 
• DY . i 2/, -- n 1n Plate bending stiffnesses 
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in. 
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lb 
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Definition 

Load vector 
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Numbering associated with x-direction 

Numbering associated with y-direction 
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Bending moments in plate 
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Applied load 

Joint forces from rotational restraints 
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Rotational restraints 

Support spring 

Plate or slab thickness 

Applied moments 

Joint force due to twisting 

Shear forces in plate 

Shear forces in grid-beams 
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Symbol Typical Units Definition 

w in. Deflection 

{w} Deflection vector 

x Coordinate in short direction 

y Coordinate in long direction 

t 
in. Distance from n.a. to top of slab y 

ex rad Unit angular mesh rotation 

eX, eY rad Mesh angles of rotation 

eJx , eJy rad Joint angles of rotation 

v Poisson's ratio 

¢ rad Any curvature 
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CHAPTER 1. INTRODUCTION 

This report presents a method for the analysis of isotropic or ortho­

tropic plates on elastic supports which has the added capability of also 

considering an integral or separate grid system. The major application and 

emphasis is for use on highway bridge sturctures, but the method can be used 

for any system which can be represented as a grid or plate. 

Problem Definition 

Analysis of highway bridge structures has become a much more complex 

problem in recent years due to the increasing availability of better 

materials, more complex structural configurations, and the need for greater 

economy. Presently, most highway bridge structures are one of three distinct 

types: (1) concrete slab spans, which can be of variable thickness, be post­

tensioned, and have various added sections that participate structurally, 

such as sidewalks and parapet railings; (2) slab and girder arrangements, 

which consist of steel girders or pre-tensioned concrete girders, with both 

usually including cross bracing in the fonn of diaphragms; or (3) a type 

that might be considered a special case of the second, with the primary 

difference the use of two-way reinforced decks over widely spaced girders 

and floor beams. All of these structures have one characteristic in common, 

the stiffening effect of the basic structure from outstanding members. These 

outstanding members are the girders on slab and girder-type structures or 

sidewalks and parapets on slab-type structures. The stiffening contributes 

significantly to the over-all structural action and must be included for 

realistic analyses. Thus, a method of analysis which can effectively solve 

these general structure types would apply to the majority of highway bridge 

structures and therefore be most useful to the bridge design engineer. 

The computer program which is described here is the culmination of 

several years of development by this research project. It provides an 

excellent general solution for all of the above structure types, but is not 

limited to highway bridge structures. Other structures such as highway or 

airfield pavements on elastic foundations, flat or haunched building slabs, 

one-way or two-way mat foundations, stiffened steel or aluminum plates, and 

1 
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any plate or grid-type substructure of more complex configurations can also 

be investigated. 

The Analysis Procedure 

The basic solution procedure for line members was originally presented 

in this project for several beam-column applications (Refs 8, 10, 11, and 16). 

The procedure was extended in various forms and applied to a 'variety of 

problems including static, dynamic, and nonlinear solutions of beams and 

plates (Refs 4, 6, 7, 12, 13, 14, and 15). All of these developments laid 

the groundwork for the discrete-element solution procedure which is described 

in Chapter 2. 

The mathematical analysis process of the solution has recently been 

extended to consider all general banded equation systems and at the same time 

was streamlined for efficient computer operations (Ref 3). The addition of 

beam-type stiffness members to the basic slab or plate solution was originally 

presented in this project in 1967 (Ref 6). A beginning direct solution 

formulation was outlined in 1968 and incorporated in 1969 in a preliminary 

'version of the computer program described in Chapter 3. During the same 

time, a parallel procedure for skewed, anisotropic plate structures was 

developed (Ref 18) which also includes the capability of added beam-stiff-

nesses. 

Application to Bridge Structures . 

Chapter 4 presents example problems irrvolving a typical highway bridge 

structure to demonstrate use of the computer program. The problems include 

and discuss most of the basic calculations and assumptions which are made by 

the engineer in applying the analysis procedure. It is felt that this use of 

an actual structure expedites effective implementation of the program. The 

structure is of a type now being used by the Texas Highway Department. 

Program Features 

This program is the only documented two-dimensional slab or plate program. 

developed on this project, with the exception of the skewed anisotropic 

program (Ref 18), which stores the Unage of the read-in data cards for suc­

cessive use throughout a series of problems, by means of keep options. This 



data holding feature was first shown to be extremely useful when it was 

applied to one-dimensional problems in the moving-load beam-column program. 

(Ref 11). The data card images are also proving to be very helpful in making 

this program useful for special applications in which a user-oriented data­

generation routine developed for specific problem types creates card images 

which are accepted and used by this program to obtain a solution. 

Another 'very useful feature of this program is the ability to selec­

tively profile plot the output values in a variety of ways. In addition, a 

pseudo three-dimensional display of the deflected shape can also be obtained. 

Program. Documentation 

The computer program is described in Chapter 3 and is documented in 

Appendix 1. As has been the practice in previous research reports in this 

project, program flow charts and extensive comment cards in the program. 

listing are included to aid in future developments and modifications by 

other programmers and researchers. 

The program. is compatible with IBM 360, UNIVAC 1108, and CDC 6600 com­

puter systems. 

3 
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CHAPTER 2. THE DISCRETE-ELEMENT MODEL 

The Computer Model 

The basic computer model for orthotropic plates, which is used to 

model slabs and bridge decks, is essentially the same as that used in previous 

developments on this project (Refs 4, 6, 7, 12, 13, 14, and 15). The slab 

torsional stiffness is represented as a twisting element connected directly 

to the joints instead of a pair of torsion rods which frame into the bars. 

The twist reaction forces which result at the joints are the same as in the 

previous developments, but the model presented in Fig 1 is felt to be simpler 

to visualize. 

Figure 2 presents the discrete-element model of the grid system which 

acts in conjunction with the plate element shown in Fig 1. Both models are 

connected at the joints by what may be thought of as ball and socket connections 

which ensure that the deflection will be the same at the common joint loca­

tions. 

Figure 3 shows a schematic of the deformed slab model and indicates the 

general numbering system used. 

Equations of Equilibrium 

Figures 4 and 5 depict the free-body of a typical joint i, j with 

all appropriate forces and reactions shown. Forces with a 

letter 

tical 

( such as W. j 
) are related to the grid system. 

1, 

forces at joint i, j gives 

t t t t 
Q. . - V. . + V. '+1 + V'+l . - V. 1 '+1 1,J 1,J 1,J 1,J 1+ ,J 

x x y vY 
+ Vi,j - Vi +1,j + Vi,j - i,j+1 

-x -x -;;y -y 
+ V. . - Vi 1 . + V. . - V. '+1 1,J +,J 1,J 1,J 

S .. w .• = 0 
1,J 1,J 

5 

line over the 

Stmmation of ver-

(2.1) 
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Elastic Joint 
(Bending Stiffneaaes 
and Poisson's Effects) 

II Spider II Torsion Element 
(Twisting Stiffness) 

Fig 1. Discrete-element model of slab or plate. 

Fig 2. Discrete-element model of grid system. 



/ 

L-_____ B_Q_r __ i,~j-_I ________ ~CJ LC----s-a-r-i-t-I,-j---I------=rJ 

~~~------------------------------~~------------------------------~~------~ .. x 

Fig 3. The deformed slab model showing general numbering system. 
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lQ,I!~ '.J 

This Joint Includes 

",,~'. Rot. Eff""~ 

These Joints HaW! No 
Poisson's Ratio Effects 

~ 

~ 
p',~ 
',I 

' ttl ...... M"--E 
-Y-p,l, 

',j 

RiVld Rod 

All Joints Hove 
Common Deflections 

~.' ',I 

Fig 4. Free-body diagram. 
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r Q~' ',1 

t QR, 1,1 

k' '.1 

lor' ',I 
f 

VI,I.' 

Fig 5. Free body of joint i,j . 
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The V
t 

forces are those transferred to joint i,j through the adjacent 

torsion elements or "spiders" as they are hereafter refer""1 to. A typical 

spider is shawn in Fig 6 for mesh i+l, j+l which is loc~ in the area in the 

increasing x- and y-directions from joint 

is deformed in a positive 
x 

sense; that is, 

i,j • The spider ~nown in Fig 7 
x 

the angle 9, 1 ' 1 is greater 
~+ ,J+ 

than 

angle 9'+1' , and angle 
~ ,J 

Y 
9i +l ,j+l is greater than angle 9~ '+1. The 

~,J 

unit angle change ~. 
L ,j 

for spider i,j is then seen to be equal to 

1 x x 
Ci, , =- (9i +l ,j+l - 9i +l ,j) ~,J h 

Y 

or 

1 
(9~ ... .:. ,j+l 9~ '+1) (2.2) Ci. • =- -

~,J 11 ~,J x 

By substituting the appropriate deflection difference relationships for the 

angles 9 , the expression for in either case is 

1 
Cc'i ,j = ilh (wi + 1 , j + 1 - wi, j + 1 - wi + 1 ,j + wi, j ) (2. 3) 

x y 

t The equivalence of the application of a force V, , = 2~ at the corners 
~,J 

of the spider i,j to the application of unit twisting moments ~ along the 

edges of a plate element is clearly presented in a previous report (Ref 4). 

Considering ~ = C~ , Ci
i 

' ,with C~, being the torsional stiffness per 
~oJ oJ ~,J 

unit of plate width and Ci
i

, the unit angular rotation of mesh i,j , 
,J 

the following expressions are obtained: 

t 
t 2C i , 

V, ,= .J 
~,J h h x y 

(Wi 1 ' 1 - w, 1 ' - W, j 1 + Wi ,) - ,J - ~- ,J ~,- oJ 

Vt 

i,j+l 

t 
Vi+l,j 

t 
= 2C i .j+l 

h h 
x Y 
t 

2C i +l ' = .J 
h h x y 



~Spider" Torsion Element 

(Unit Stiffness: Ct.I.!.I) 

y \Gnd S,.. .. Join' 

Fig 6. Torsional stiffness model, mesh i+l,j+l. 

__ -====:::;};:: e~.I.) 

Fig 7. Free body of deformed spider element. 
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t 
V i+l ,j+l = 

2e
t 

i+l. j+l 
h h 

x y 
(2.4) 

Now, considering the bending moments and axial thrusts acting in the slab 

or plate and summing moments about each bar, the following expressions are 

obtained for the vertical shear forces. 

V~ . = hI [ -MY
i . 1 + MY

i . - p~ . ( -wi . 1 + w. . ) J 
1,J Y ,J- ,J 1,J ,J- 1,J 

vY. '+1 = hI [-M~ . + M~ '+1 - p~ . 1 (-w. . + w . 1) J 1,J 1,J 1,J 1,J+ 1,J i,J+ 
Y 

(2.5) 

Similarly, summation of moments about each bar of the supporting grid­

work gives identical equations for the beam shear forces. 

-x 1 [ :-..x :-..x -x ] 
V. j = -h ' -Mi'_I' + Mi" j - P .. (-w. 1 .... w .. ) 1, x ,J , 1,J 1- ,J1,J 

-VY = 2.. [-~M + -MY - -;Sp ( w + w ) J 
i,j+l h i,j i,j+l i,j+l - i,j i,j+l 

Y 
(2.6) 

The axial thrusts pX pY , PX, and pY are the concentrated values of 

axial thrust that act in the bars of either the slab system or the supporting 

grid system. It will be noted that since the complete assembly has a com­

mon deflection reference plane, the axial thrusts in the slab or gridwork have 



exactly the same effect. They are input as separate parameters for simpli­

city and also to allow for independent solution of either a grid or slab. 

The bending moments in Eqs 2.5 and 2.6 may be expressed in a central dif­

ference form. A complete derivation of the slab bending relationships is pre-

sen ted in a previous report (Ref 4). 

[w. 1 . - 2wi .j + wi +1 '
jJ x x h 1- aJ 

M. j = Di . 1, ,J Y h2 
x 

cr 
+ D .. h \I ,] [Wi ·-1 - 2w i ,l + wi. 1+1 J 

1,J Y h
2 
Y 

[Wi • j _1 - 2wi . +wi ' j +
1J M~ = DY h I J 

1,j i,j x h2 
y 

\I [w i - 1al -
2wi . +w 

cr 
h zJ i+1 a1J (2.7) + Di,j x h

2 
x 

x The plate bending stiffnesses D. j and 
1, 

width. Dcr is the smaller of either 
i,j 

Y D •• are defined per unit of plate 

D~. so that the Poisson's 
1,J 

x1 ,J 
D

i
. or 

,J 
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ratio effect is felt only in the parent plate of a stiffened plate area (Ref 12). 

[
w. 1 . - 2w. . + wi +1 . J 

~ = FX -=.1-....=.. .. , JoI..---,,,......:1:.,j,L.oOJI...-_....;;..;....;;...I; ..... J 
i,j i,j h2 

x 

(2.8) 

The beam bending stiffnesses F~,j and Fi,j are the concentrated values 

of beam bending stiffness and are exactly equivalent to the stiffness terms 

used in previous beam-column programs (Refs 8, 10, and 11). 

Expressions similar to Eqs 2.7 and 2.8 for ~-l,j , ~+l,j~' MLj-1 

Y 7'".lt ~ -y ;;y 
Mi ,j+1 ' Mi _1,j , Mi+1,j , Mi ,j_1' and Mi ,j+1 are obtained by cyclic 

permutation of the subscripts i and j • 
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Rx Ry Tx QTy Q .. , Q .. , Q .. , and . j are the transverse loads at joint i,j 
1,] 1,J 1,J 1, 

due to rotational restraints and applied moments. It should be noted that a 

rotational restraint or applied moment contributes to the transverse load or 

restraint one station from where they are placed, as is also true in previous 

beam-column work (Refs 8 and 11). 

QRY __ 1_ [-RY 9Jy + RY eJY ] 
i,j - 2hy i,j-l i,j-l i,j+l i.j+l (2.9) 

Q~x . 1 [_TX + TX ] 
1,J = 2h i-l,j i+l,j x 

(2.10) 

where, 

Jx 1 
( -w . _ 2 . + wi j) 9. 1 j == 2h 1- , x 1,] , 

Jx 1 
( -w. j + w. +2 . ) 9'+1 . =--

1 .J 2h 1, 1,J x 

Jy 1 
( -w i ' _ 2 + wi j) 91 ,j_l =--2h 

y 
,J , 

Jy 1 
(-Wi . + Wi j+2) ei ,j+l = 2h 

Y 
,J , 

(2.11) 

are the slopes at respective joints and are the average of the slopes in the 

adjacent bars, which was defined as the central difference slope in the 

moving-load beam-column report (Ref 11). 

Substituting Eqs 2.9 through 2.11 into Eq 2.1, rearranging, and collecting 

the terms associated with each unknown deflection, gives 
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1 2 3 
a. . w. . 2 + b. . w. 1 . 1 + b i . wi . 1 + b. . wi +1 , J·-1 1,] 1,J- 1,] 1-,]- ,] ,J- 1,J 

1 2 3 4 5 
+ C i . W1·_ 2,j + C i . w. 1 . + c .. w .. + C •• w.+1 . + c .. W1.+2 ,J. ,] ,J 1-,J 1,J 1,] 1,J 1,] 1,] 

(2.12) 

where 

= ..l. [h DY + FY J -_1_ RY 
ai,j h3 x i,j-1 i,j-1 4h2 i,j-1 

Y Y 

b~,j = - h~ [hx (DLj_1 + DLj) + FLj-1 + FLj] 

Y 

1 [Y nY l - h Pi . + Pi jJ Y ,J , 

3 1 [cr cr t J b. j = ~ ~(Di ·-1 + Di +1 j) + 2Ci +1 . 
1, X Y ,J , ,J 
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1 [X ~ J - h P .. + Pi' 
x ~,J ,J 

c~ . = 13 [h (D~ 1 . + 4D~ . + D~+1 ,) + F~ 1 ' + 4F~ , + F~+1'J,J 
~,J h Y ~- ,J ~,J ~ ,J ~- ,J ~,J .L 

4 
c, j 
~, 

x 

1[ Y Y Y Y Y Y J +-3 h (D, '1+ 4D , ,+D, '+1) +F, '1+ 4F , ,+Fi '+1 h x ~,J- ~,J ~,J ~,J- ~,J ,J 
Y 

1 [X X ~ ~ J +h Pi ,+ P'+1 ,+ p, ,+ Pi +1 ,J' 
X ,J ~ ,J ~,J 

+ -1... r pY + pY + pY + pY J 
h I- i,j i,j+1 i,j i,j+1 

Y 

+..1:....2 [R~ 1 ' + R~ 1 j] + ..1:....2 [R
Y
i ' 1 + R~ '+1J + Si ' 4h ~- ,J ~+, 4h ,J-~,J ,J 

X Y 

5 1 [h DX + FX J __ 1_ RX 

Ci,j = h 3 Y i+1,j i+1,j 4h2 i+1,j 
X X 

1 1 [Cr cr t J 
d, j = -h h \I(Di _1 , + Di ,J'+1) + 2e i '+1 
~, X Y ,J ,J 

d~ ,j = - h23 [hx (Di,j + Di,j+1) + FLj + FLj+1 J 

Y 



and 

h 2h [\I(D~r. + D~r ·+1) + C~ ·+1 + C~ 1 . lJ 
~,J~,J ~,J ~+ ,J+ x Y 

- ...!.. [Py -y J h i,j+l + Pi,j+l 
Y 

3 1 [cr cr t J 
di,j = ~ \I(Di,j+l + Di+l,j) + 2C i +l ,j+l 

x y 

= h13 [hx Y + FY J - _1_ RY 
ei,j Di,j+l i,j+l 4h2 i,j+l 

Y Y 

(2.13) 

f .. = Qi j + 2~ [-T~_l j + T~+l .J + 2~ [-T~ ·-1 + T~ ·+lJ (2.14) 
~,J , x ' ,J Y ~,J ~,J 

The Combined Stiffness Matrix 

The thirteen coefficients (Eqs 2.13) of the unknown deflections form a 

pattern which composes the customary thirteen point operator for orthogonal 

If there are no twisting stiffness or Poisson's ratio effects, 

17 

plate systems. 

the coefficients b
l 

b
3 

d l and d3 would be eliminated, thus degenerat-, , , 
ing the operator to nine elements which is appropriate for grid systems. 

The ordered system of equations forms a diagonally banded and symmetrical 

stiffness matrix as shown in Fig 8 which is taken from Ref 12. The coeffi­

cient matrix is partitioned into banded submatrices where each horizontal 

partition represents the equilibrium equations for joints along a constant 

j-level. 

Recursion-Inversion Solution Procedure 

A recursion-inversion method developed and presented in previous reports 

is used to solve the system of equations for unknown displacements. An 

analogous procedure is the recursive process described for solution of beam­

columns (Ref 8). The similarity between the recursive equations developed 

for slabs and grids and those derived for tlE recursive solution of beam­

columns has been shown (Refs 12 and 15). A restatement of the recursion­

inversion method is included here. 



GENERAL EQUATION: 
0I,lw;.1-2 + b:,jW'_I,j _I + bt jWi,j_1 + b~,jW'.I".I+ <,jW i. 2,j"'C~,jWI-I,j + c~,IWi,j + c;,IWi1lol + Ct j W i!2,J + d:.jw i-I,itl +d~j wi,iil +d~,j Witl,j'l+el,jW i ,ii2 
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Fig 8. Form of the equations showing partitioned stiffness matrix (Ref 12). 
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Considering the horizontal partition at j of the equations of equilibrium 

shown in Fig 8, 

[~a~{wJ-1+ ~\~{WJ-1+ ~H 

+[~J {WJ+j + [~eJJ f~1 : {f1 (2.15) 

the recursive equations may be written as 

where 

{AJ} : [ DJ ][ EJ ] fl-J + l~aJJ tJ-1 -fJ] 

. [BJ] [DJ][ EJ ][ CJ- 1 }[~JJ 

[ CJ ] = [ DJ ][~eJJ (2.16) 

[ DJ] -[~aJJ[ CJ-2]+[ EJ][ BJ_l]+~-l 

[ EJ] ~.JJ[ BJ-2 J + ~JJ (2.17) 
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and the back-substitution equation as 

The above matrix equations are seen to be identical in form to those previously 

given for a beam-column solution (Ref 8). The long, or y, direction of a 

slab and grid or plate problem determines the number of oartitions of the stiff­

ness matrix and is directly analogous to the number of _ ~ions in a beam­

column solution. 

For a symmetric stiffness matrix, it has been shown that the above set of 

recursive equations can be further modified (Ref 3): 

{AJ} = [ D. ][ E
j ]fJ-j + ~J-~lJ-2} - {fJ ~ J 

[ Bj ] = ( 
D

j J[ EJ+1 r 
[ Cj ] = [ 

D. J~eJ~ (2.19) 
J 

where 

[ DJ J = ~eJ_~t [ CJ-2 ]+ [ EJ ][ BJ-1 ]+ N-1 

[ EJ ] = ~J_~t [ BJ-2 ]+ ~\~ t (2.20) 
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and 

(2.21) 

The superscript t indicates the transpose of the appropriate submatrix. 

Since the stiffness matrix for the discrete element model is a symmetric one, 

Eqs 2.19 through 2.21 are used with Eq 2.18 in the solution procedure. 

Multiple-Loading Technique 

The multiple-loading recursive technique presented in the two-way bridge 

floor slab report (Ref 12) is briefly reviewed here. It is noted that the 

load vector {fj} appears in only the {Aj} recursion coefficient vector of 

Eq 2.19. Since {A
j
} is not involved in either the remaining coefficient or 

multiplier matrices, the [E
j
],. [Dj ], [c

j
], and [Bj] coefficients are 

computed once and retained on disk, tape, or other auxiliary storage files and 

then recalled as needed for each successive problem. The {Aj} recursion 

vector is simply modified or reformed for each successive loading. 
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CHAPTER 3. THE COMPUTER PROGRAM 

The computer program described in this report applies solution techniques 

developed during this project study in such fashion as to solve the numerical 

equations in the most efficient and direct manner. The basic solution pro­

cedure is directly analogous to that originally presented (Ref 8) and later 

extended to two-dimensional systems (Ref 15). The efficiency of multiple­

loadings (Ref 12) has been included. A recently developed streamlined and 

efficient recursion-inversion procedure as applied to banded systems (Ref 3) 

is also used. 

Data Card Images 

A significant feature of the program is the technique through which all 

data input in a series of problems are retained and echo-printed for all 

problems. This procedure was first applied and found useful for the moving­

load beam-column program (Ref 11). The procedure avoids the necessity of re­

coding and including common data for a problem. series. In previous two­

dimensional programs written on this project, computer storage for the complete 

slab was set aside for each different type of input stiffness and load. This 

program simply stores the input data card images which are searched at each 

level in the solution process and only the necessary stiffness and load terms 

are generated. Thus, a significant saving in required computer storage is 

achieved for a slight increase in computational effort. The technique of 

storing data card Unages has also been shown to provide the most convenient 

method of transferring information from a data-generation routine written for 

certain specific problem types. The data card Unages are created by the data­

generation routines and then the basic solution program utilizing the general 

slab and grid system is used for the solution of the structure. By this 

means, any number of special purpose programs can use this one basic orthe­

gonal system computer solution technique. 

The FORTRAN Program 

The version of the orthogonal slab and grid program described here is 

called SLAB 49, which indicates that it is the 49th in the sequence of developments 
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for plate and grid-type structures. The program is written in FORTRAN and 

follows the basic guidelines given for ASA FORTRAN (Ref 2). The program is 

written for both CDC 6600 and IBM 360 computers and is easily made compatible 

with other similar computer systems. 

The program listing presented in Appendix 3 is specifically for the 

IBM 360 computer. Those cards needed to operate on the CDC 6600 computer are 

included as companion cards and are nulled with a C in column one and have 

the symbols CDC in columns 78 through 80, following the card preparation date. 

All necessary cards for IBM operation such as the selective double precision 

statements are tagged with IBM in columns 78 through 80. Not all variables 

need to be double precisioned to yield correct solutions with the IBM 360 

computer, which saves a significant amount of storage over the customary pro­

cedure of complete double precisioning. When converting from one computer 

system to another, it is recommended that the companion IBM cards be retained 

and nulled with an added C in column one at the same time the C is omitted from 

the CDC cards. 

Storage Reguirements 

The storage requirements are variable, depending upon the size of the 

problem to be run. Cards which must be changed for different sized problems 

are specified at the beginning of the program and include only the dimension 

statements and two variables which define the number of increments in both 

directions. The largest dimensioned storage arrays are designated as Rl, 

R2, R3, PW, PBMX, PBMY, and PSIGO (Refer to the program listing, 

Appendix 3). The first three are doubly subscripted, with both subscripts 

equal to the number of increments plus 3 in the shorter slab or grid direction, 

and are required for the basic solution routine (Ref 3). The last four 

variables above are doubly subscripted, with subscripts equal to the number 

of increments plus 3 in both slab directions, and these variables are con­

cerned with plotting of the output values of deflection, bending moments, 

and principal moments. A simplified version of the program without 'plots 

could be easily made which would then allow the length of the problem to be 

almost without limit as far as computer storage is concerned. Computer time 

considerations limit all large problems to those solutions that are economically 

justified. 

A plot of the CDC 6600 storage requirements is shown in Fig 9. If it 

is necessary to gain more storage space, certain variables could be set equal 

.. 
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380 

Storage 2 
3x + 4xy + 86x + 12y + 33,786 

Conversion Table 
340 Decimal Octal 

20,000 47,040 
30,000 72,460 
40,000 116,100 
50,000 141,520 

300 60,000 165,140 
70,000 210,560 
80,000 234,200 
90,000 257,620 

100,000 303,240 
110,000 326,660 

260 
120,000 352,300 
122,880 360,000 

,.,-Decimal 
1t. ~ 

~------~r+------~--+---~----~~------~gQ 
°0 

180~----~~~----~~--+---~~---+--~ -----~~------~~ 

140r---~-----r----~ 

100~~------~--~~---+----~~--+-----~~-r------~~------~~ 

60 70 80 90 100 

X Increments 

Fig 9. SLAB 49 storage requirements. 
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to each other in storage by an equivalence declaration. Layering is another 

technique to reduce storage requirements that could be used at a slight in­

crease in computational time. These procedures have not been presented with 

the included program to avoid initial confusion when converting to other com­

puter systems. 

A summary flow diagram of the program is shown in Fig 10. A list 

of the variables used and their definitions is given in the Notation in 

Appendix 2. A complete listing of the program, including brief flowcharts 

of each routine, is shown in Appendix 3. All subroutines in the program are 

variably dimensioned as functions of the short X and long Y lengths, 

which are specified in the main driving program. 

Data Input Tables 

The general procedures to be followed for input of a problem are outlined 

in the Guide for Data Input, Appendix 1. The guide is designed so that 

additional copies may be made and used for routine reference. A parallel 

study of the guide will help the reader to understand the following dis­

cussion. 

The first two cards of a problem series are for identification purposes. 

Any desired alphanumeric descriptive information can be entered by the user. 

It is suggested that the date of the run, the user's name, and the chosen 

units always be included on these two cards. The next card is the problem 

number card with a brief description of the particular problem. The problem 

number itself may contain alphabetical characters if desired. The problem 

series terminates when a blank problem number is encountered. Any number of 

problems may be run at the same time. 

Table 1 is used to input the problem control data and is always comprised 

of two data cards that include the keep options, multiple load option, number 

of cards input for this problem, and other ouput options including plots. 

The first card of Table 1 contains the keep options. Any data of the 

preceding problem may be retained if desired. If Table 2 is retained, it may 

not be added to or modified. Any of the other data tables may be retained 

and additional dat'a cards may be input, up to the combined maximum total cards 

for each table. The Multiple Load Option in column 50 of the first Table 1 

card is left blank if each successive problem is independent of the preceding 

problem. If a following problem is for the same slab-and-grid system, and if 



Dimension Driver and set 
short X and long y 
maximum lengths 

READ and echo PRINT all input data 

CALL FRIP8 

f -- DO for each J level 

I 
~ 
I 

CALL STIFF: Generate 
necessary stiffness data 
calling DATA -- Re-pack" 
stiffness submatrices 

by 

All following 
routines are 
variably dimensioned 

J Y + 3 

A - All problems 
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I Solve for recursion coefficients ~~~~ B,e - Normal or parent 
problems using offspring efficiency 

l __ 
r DO in reverse for each J level 

~ 
I 

'l' ..... 
\!:) Solve 0 ....... for deflections -.~ 

L __ 

00 for each J level 

CALL DATA -- Re-generate 
stiffness terms 

support 
and PLOT 

D,E - Parent problems 

D,E - Offspring problems 

Store all deflections 

Q) through QD are 
auxiliary storage ~nits 

Fig 10. Summary flow diagram for SLAB 49. 
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only the load pattern and placement given by Table 7 are to change, the first 

problem in the loading series is specified with a +1 for the option. This 

will be the "parent" problem. Each successive loading must have a -1 for 

the option and it will be termed an "offspring" problem. When a blank option 

or another +1 is encountered, that problem is another independent problem 

or a new parent problem. 

The second card of Table 1 is for the designation of the number of data 

cards to be input in this problem for Tables 2 through 9. The user should 

carefully check the card counts to avoid data errors. A number of common 

types of data errors are checked for by the input routines, but it is pos­

sible to create a false problem by incorrect card counts. 

The four options in columns SO through 65 of the second card of Table 1 

are for output options. The statics check option may be exercised by entering 

a 1 in column SO. This is useful for determining if a solution inaccuracy 

exists, especially for computer systems which have required double precision 

operations. The statics check is computed internally in the program by 

reapplication of the governing equations (Eqs 2.12 through 2.14) to the com­

putedvalues of deflection. Any applied loads and external couples are de­

ducted and the remaining quantity represents the computational error at each 

joint of the system. This check depends on there being no error in the data 

or stiffness generation portion of the program since the same data and stiff­

nesses are used for the back-substitution. The statics check option will 

no~al1y be left blank, in which case the output value printed will be the 

concentrated support reaction at each joint. The second output option, in 

column 55, is exercised by entering a 1 if the user desires that the com­

puted value of principal moment in the slab be converted to an equivalent 

'value of stress. The computed value of stress is correct only for slab areas 

of uniform thickness with no discontinuities. If this stress option is 

exercised, an appropriate value of slab thickness must then be available in 

Table 2. The principal moment is converted to a stress having the same sign 

by multiplication of the moment by the plate section modulus, which is in­

ternally computed from the Table 2 input value of thickness. Axial thrusts 

if present are not included as part of the stress calculation. The third 

output option, in column 60, is for control of the type of plotted output 

associated with the specified areas in Table 8. If the column is left blank 

or zero, a crude printer plot is obtained along with tabulated output designated 



by Ta~ 8. If set equal to 1, no tabulated output is obtained for the areas 

of Table 8 but the plots of those areas are on microfilm (assuming it is 

available on the particular computer system). If this option is set equal to 

2, then a combination of 0 and 1 is obtained; that is, Table 8 areas are 

tabulated, a printer plot display is made, and a microfilm plot is also made. 

If the option is set equal to 3, only a line plot on paper is obtained for 

the Table 8 areas and no tabulation is printed. The fourth option, in column 

65, is exercised by entering a 1 to create a pseudo-three-dimensional 

plotted display of all the computed deflections for the entire slab or grid. 

This display is discussed further under Computed Results. 

Table 2 is used to specify the constants for the problem. These are the 

number of increments in the X and Y directions, the increment lengths in 

both directions, and Poisson's ratio. For efficient solution of the program, 

the number of Y increments must be equal to or greater than the number of 
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X increments. Table 2 must be kept for offspring problems since the constants 

must be the same as in the parent problem. The constants specified for the 

parent are retained and used by all successive offspring problems. Table 2 

also provides a space for entry of slab or plate pseudo-thickness. The 

thickness must be entered if the stress option of Table 1 is exercised. The 

use of the thickness is appropriate only for plates of a constant thickness. 

For most two-way concrete slabs, the principal moment is a more important 

design quantity which is automatically obtained if the stress option in 

Table 1 is left blank. At specified discontinuities in the slab, such as a 

crack or joint which might be modeled by means of a reduced bending stiff-

ness (Ref 9), the output valuE7 of "stress" at that location may be misleading. 

A better estimate of stress at discontinuities may be obtained by inspecting 

the variation in computed stress at several stations adjacent to the discon­

tinuity. 

Table 3 has the number of cards specified in Table 1. Card counts 

should be carefully checked. It is recommended that a listing of the data 

cards be checked by the user prior to submission of the program for a run. 

Joint stiffness and load data are entered by a coordinate system nota­

tion. The coordinates refer to the discrete-element model numbering system. 

A joint is defined as occurring at the intersection of the station lines in 

each X and Y direction. A mesh is defined as that area surrounded by 

four jc-:nts. A bar is defined as the discrete-element length between adjacent 
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joints. Figure 3 in Chapter 2 and Fig Al of Appendix 1 summarize this notatioR. 

Note that mesh data cannot have either a zero X or zero Y coordinate; 

X-bar data cannot have a zero X-coordinate, and, similarly, the Y-bar can-

not have a zero Y-coordinate. If the data occur only at one location (such 

as a concentrated load), the From and Through coordinates are simply repeated. 

If the data occur along a line, the coordinates will reflect this by having 

either both X or both Y coordinates the same. Data distributed over a 

rectangular area are specified by entering the lower left and upper right 

coordinates bounding the area. 

The orthogonal slab bending stiffnesses DX and DY are entered in 

each direction and are specified on a per unit width basis. If the edge of 

the slab coincides with a station line, a half-value of stiffness should be 

input for both DX and DY along the edge. If the edge of the real slab is 

not on a station line, a proportionate value of full stiffness is entered. 

This is demonstrated by a sample input in Appendix 1, Fig A2. The stiff­

ness apportionment may be thought of as a direct function of the plan area of 

real slab surrounding each joint. 

The orthogonal slab stiffnesses may be varied by the user to provide for 

any degree of flexibility in both directions. For instance, a crack in a 

slab can be represented by an appropriate reduced value of stiffness at that 

location (Ref 9). The customary stiffness relationship that may be used for 

isotropic plates or slabs is given here for reference. Poisson's ratio for 

concrete is a difficult constant to define precisely, but a value of 0.15 is 

used by most investigators. 

(3.1) 

The beam bending stiffnesses FX and FY are entered in each direction 

and are the total concentrated values of stiffness which represent beams or 

combination of beams and a composite slab. The input of beam stiffnesses 

is more completely discussed in the example problems of Chapter 4. The beam 

stiffness characterizations and inputs are identical with the models of pre­

vious beam-column developments (Refs 8, 10, 11, and 16). 

Load Q is concentrated on a per joint basis and may be apportioned at 

each joint by the contributory area loaded around each joint. Positive loads 



act upward. Loads that occur between joints may be fractionally proportioned 

to the adjacent joints. Support springs S are concentrated values input 
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and apportioned exactly like loads. A rigid support may be specified by intro­

ducing a large value for the support spring. A maximum 'va1ue of 1 x 1025 is 

suggested to ctVoid computational difficulties for some computers. A uniform 

sub grade of modulus k can be specified by application of this relationship 

S = kh h 
x Y 

(3.2) 

Multi-valued subgrade moduli or foundations with voids may also be modeled 

by entering the appropriate spring stiffnesses. 

Table 4 is for input of rotational restraints and applied couples. 

These are input as concentrated effects in either the X or Y direction. 

An effective rotational restraint could be computed for a slab supported by 

a column which is framed into the slab, or for a girder which is framed into 

its support members. Both restraints and applied moments are used and input 

the same as in previous beam-column programs (Refs 8, 10, 11, and 16). 

Table 5 is for input of the twisting stiffness associated with the slab 

portion of the structure. Since it is a quantity that represents stiffness 

between joints of the model' (Fig 1) it is input in'a separate table from the 

bending stiffnesses constants. 

The twisting stiffness Ct is input on a per unit width basis for each 

mesh surrounded by four joints. When the geometric edges of the actual slab 

do not fallon a station line, proportionate values of unit twisting stiff­

ness may be input similar to bending stiffness apportionment~ Computations 

of twisting stiffnesses for slabs or plates are at best still approximate 

procedures. This is due to uncertainty in the defining of the shearing 

modulus of rigidity. One procedure is to ascertain the twisting stiffness 

experimentally as outlined by Hudson (Ref 4). The formula shown below for 

reference is correct for uniformly thick isotropic plates. 

12 (1 + \I) 
(3.3) 

An approximate value for twisting stiffness for orthotropic slabs or stiffened 

plates may be obtained by using procedures outlined by Huffington (Ref 5) or 
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computations slDIDllarized by Troitsky (Ref 17). Fortunately, precise values of 

twisting stiffness are unnecessary to model a slab. The main load-carrying 

capabilities of a slab are due to its bending stiffness which is easier to 

define. 

Table 6 is for input of the axial thrusts in either the slab or supporting 

grid-beam network. All the thrusts are 'concentrated 'va1ues, and therefore any 

distributed axial thrusts in slabs must be concentrated over the appropriate 

increment width. As previously stated, since the slab and grid systems have 

a common deflection reference, the effect of slab or beam axial thrusts is 

the same. The provision for inputting them separately is made so that they 

are easier to 'visua1ize and also to allow the independent solution of either 

grid-beam assemblages or slabs. In either case, the output is shortened, as 

discussed later. 

The beam and slab axial thrusts (Fig 4) have exactly the same effect as 

their counterparts in previous beam-column solutions (Refs 11 and 16). 

Axial thrusts in bridge decks might be due to differential temperature 

between a slab and floor system, closing of an expansion joint, or traffic 

braking and acceleration forces. There is no provision in the program for 

automatic distribution of applied axial forces since no in-plane supports 

are used which would restrain them. The user must specify the distribution 

of the axial tensions (+) and compressions (-) in each X-bar and Y-bar of the 

model (Figs 1 and 4). Since these are bar forces, no data should be input 

which would represent forces outside the boundaries of the actual slab. A 

brief sample of data input is given in Fig A2 in Appendix 1. 

Table 7 is used for input of loads if they are to change position or 

magnitude for two or more problems on the same structure. Its use is strictly 

for convenience. Loads appearing in Table 7 could also have been input as 

Table 3 loads, and that is why the data field for the load value is in 

columns 61 through 70 for both Tables 3 and 7. For offspring problems (mul­

tiple load option equal to -1), the loads must be input in Table 7, and 

loads or stiffnesses input in Table 3 are retained. 

parent problems (multiple load option equal to 0 

input in either Table 3 or 7. 

For normal problems or 

or +1), loads may be 

Table 8 is used to define the lines or areas of selected tabulated and 

plotted output for deflection, bending moments in the X and Y directions, 

and either the maximum principal moment or stress, depending on the stress 



option in Table 1. Thus, concise printout for a specific location, such as 

near wheel loads and support points, can be obtained. The number of cards 
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is as specified in Table 1 and may include up to a maximum of 10 cards. Each 

card can encompass up to a maximum of 300 points; for instance, coordinates 

from 11,11 through 20,40 or from 0,0 through 11,24 could be specified. 

If a larger area is required, another card covering the adjacent area can be 

added. 

The major advantage of Table 8 is that a crude printer plot display can 

be obtained for each area specified, if the option in Table 1 is 0 or 2. 

This feature is discussed more completely under Computed Results. Table 8 is 

especially useful when the deflection and moment variations along a line or 

over a local area are being studied. Table 8 can be omitted, if desired, 

since all selected output ·values appear in the complete printout of results, 

but caution should be used; if all or part of the complete printout of results 

is suppressed in Table 9, discussed below, a significant amount of computer 

time will be used but no printout of results will be made. The type of 

printer or line plotted output depends on the plot control option in Table 1, 

as discussed above. 

Table 9 allows the user to have only selected sections of the complete 

output printed. This is sometimes very desirable for a problem series in 

which local areas of the structure are under study for various positions of 

loads, supports, discontinuities, etc. When Table 9 is omitted the complete 

output is printed. A partial output is printed when the sections to be 

printed are specified within the Y-bounds designated on the Table 9 cards. 

Up to 10 different Y-bounded sections can be printed. The sections may over­

lap; the doubly defined areas are printed only once. This option is useful 

for study in areas near span centerlines and in areas near supports for con­

tinuous structures; the printout can be deleted for the noncritical areas. 

Caution is again advised, to assure that output which might be of interest 

is not suppressed. 

General Data Input Comments 

As previously stated, it is wise to obtain a listing of the data input 

for verification prior to program submission, especially for large and time­

consuming problems with complex data input. 
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All data in Tables 3, 4, 5, 6, and 7 are algebraically accumulated to 

storage as needed and values therefore may be added or subtracted regardless 

of other 'values input or held from previous problems. 

For offspring problems, only Tables 1 and 7 are required, but Tables 8 

and 9 may be again specified if different output areas are desired. When 

solving an offspring problem, the user must hold Tables 2, 3, 4, 5, and 6, 

adding no cards. As discussed in Chapter 2, the multiple-loading recursive 

technique offers a considerable computer time advantage for a problem series 

in which only the load magnitude and position change. If the user adds any 

data to that in Tables 3 through 6, the problem must then be considered 

another parent or independent problem. 

Data Errors 

All data are checked for compatibility with the geometry of the specified 

slab and consistency of coordinate input. A count is made of the number of 

data errors in each table and the problem is then terminated with a message 

showing the number of data errors. Typical errors are (1) misusing the 

multiple-load option, such as inputting a -1 to follow a 0 in the pre­

ceding problem; (2) having the number of increments in the X-direction 

exceed those in the Y-direction, which would result in an inefficient and 

time consuming computer solution; (3) specifying a negative or zero increment 

length; (4) inputting a negative Poisson's ratio or thickness; (5) making 

the Through X or Y coordinate in a data specification numerically less 

than the From coordinate; (6) specifying data outside the geometric limits 

of the slab; (7) specifying a'zero X or Y coordinate for a twisting 

stiffness; (8) using a zero X coordinate for X-bar axial thrusts or a zero 

Y coordinate for Y-bar thrusts; (9) specifying a number of increments 

greater than the dimensioned storage with which the program can operate; and 

(10) misusing the selected output option. 

Computed Results 

The computed results are headed by a line which includes the program 

title, specific version, and latest program revision date. Immediately 

below are the two alphanumeric information data header cards, followed by the 

problem number and description. The importance of using run dates and 

descriptive alphanumeric information for the problem series header cards 



and problem number cards in order to avoid confusion when running a large 

number of problems cannot be overemphasized. 

Data cards for each table, including those kept from previous problems, 

are echo printed with explanatory headings exactly as they were input. It is 

good practice to recheck all data for possible errors prior to inspection of 

the results. 
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Tabulated Results. The computed results are listed in Y-station groups, 

in reverse order because of the computation arrangement set up in the program 

and for convenience in correlating of results with the sketch of the problem 

input. The output is arranged to give the X and Y-joint coordinate, the 

transverse deflection at each joint (upward deflections are positive), the slab 

and beam bending moments, the slab twisting moment, the principal slab moment 

or stress and its direction, and either the concentrated value of support reac­

tion or the statics check. Output values of slab moments are per unit width; 

beam moments are total per beam. Bending moments and stress are positive for 

compression in the top of the beams or slab. The X-bending moments act in the 

X-direction and the Y-bending moments in the Y-direction. 

The output for the slabs is automatically given in a reduced form if the 

input data did not include any beam stiffnesses. The reverse is true if no 

slab stiffness data were input. The output is arranged so that the X and Y­

beam moments are printed directly below each value of slab moment when both 

slab and beam data are present. 

Twisting Moments. The per unit width X-twisting moments are tabulated and 

are exactly equal to the Y-twisting moments with opposite sign. The X-twisting 

moments act in the X-direction and are about the Y-axis. Even though the input 

values of twisting stiffnesses were specified for each mesh, the output values 

of twisting moment are the average of four adjacent mesh areas and are given 

at the joints. The user is cautioned that the output values of tWisting moment 

along the edges or other discontinuities of a slab or plate reflect the average 

and may be a one-quarter, one-half, or some other proportionate value. The 

output values of largest principal moment or stress at edges are also affected 

by this averaging. 

Principal Moments or Stresses. A Mohr's circle analysis is made at each 

joint, using the orthogonal slab bending moments and twisting moments to yield 

the larger numeric value (positive or negative) of principal moment per unit 
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width and the angle from the X-axis of the coordinate system to the acting 

direction of this larger value. Counterclockwise angles are positive. The 

principal moment values are converted to the larger numerical value of princi­

pal stress if the stress option was specified in Table 1 and a thickness is 

present in Table 2. A positive stress indicates tension in the bottom of the 

slab, which follows the same sign convention as do the bending moments. The 

stress option is properly used only for slabs or plates of constant thickness. 

A direct conversion can be made for principal stress from the principal moment 

for plates of variable stiffness and thickness. The output value of stress 

does not include any in-plane forces that may be present. The user must con­

sider axial thrusts (tension or compression) input in Table 6 when interpreting 

stress results. 

Stresses in Composite Slabs. Figure 11 presents a typical situation when 

interpreting combined beam and slab results. The input value of beam stiffness 

was computed from the complete composite section, using appropriate transformed 

areas, effective flange widths, etc., but excluding the stiffness of the slab 

about its own axis. The input value of slab stiffness was computed on the basis 

of the slab thickness and estimated elastic constants for the concrete. The 

output value of maximum slab stress, which was internally computed, was probably 

not in a major orthogonal direction due to the presence of loads between beams. 

Assuming it was nearly orthogonal, it is desired to compute an estimate of the 

slab stress in the direction of the beam from the results of the computer model. 

First, the bending stress in the slab in the beam direction is determined; the 

output value is taken or the stress is compute9 from the slab bending moment 

and slab section modulus in which MS is the slab bending moment in the beam 

direction. This stress is shown as fS in Fig 11. Second, this stress is 

modified by the ratio of twice the computed depth to the neutral axis of the 

composite cross section divided by the slab thickness, also shown in Fig 11. 

This total slab stress could then be further modified for added stresses due to 

axial thrusts. The output values of transverse slab bending moment and the 

slab twisting moment can then be converted to stress and a Mohrrs circle analy­

sis made to determine the maximum slab stress and its direction. All of these 

calculations could have been made in the computer, but that would require the 

input of estimated depths to the composite neutral axis at all locations in the 

slab-beam system or an even more complex input, with all areas, moduli, etc., 

at all points. A version of the program developed specifically for special 
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applica tions would be best for an automatic stress ca 1cubtion. However, 

when local slab stresses have been computed, it has been found that they 

usually occur in directions which are transverse to the relatively stiff 

beams. That is, the beams act as almost rigid supports to the slab (Ref 12), 

and the calculations as shown in Fig 11 are not normally required. 

Moments. The values of beam moment in the printout are concentrated values 

rather than distributed, as are those for slab moments. Slab moments are typi­

cally in kip-feet per foot, or in units consistent with the input; and beam 

moments are in kip-feet. The user can obtain predicted beam stresses by apply­

ing usual section modulus values consistent with the input stiffnesses. 

Reactions. The last column of output lists the support reactions at each 

station if the statics check option in Table 1 is blank. The support 

reaction is the concentrated value of resistance to displacement offered by 

any support springs that are present~ A subgrade modulus spring will reflect 

the concentrated value of pressure under the slab. If the spring is specified 

with a large value to represent a rigid support (which is unrealistic, since 

all structural supports have some degree of elastic response), then the value 

printed is the rigid support reaction. 

A statics check is printed instead of support reaction if the Column 50 

statics check option in Table 1 is exercised. This statics check is the sum­

mation of all the computed shears, twisting moment forces, restraint and 

applied moment forces, subgrade reaction, and applied external load at each 

joint, as shown in Fig 5. The value printed represents the amount of error 

at that joint which is inherent in the computer solution. This option has no 

practical application, but if it is suspected that there are computer inac­

curacies which are being generated by roundoff, truncation, or errors, this 

option will help to determine their magnitude. 

As a check on the back-substitution process in the computer solution, 

and as a check on the total load input to the grid-slab structure, a final 

result is printed at the end of the detailed output. This is the algebraic 

sum of all the reaction values and should be equal to the sum of all the 

applied loads. This check should always be inspected to verify that the 

desired load system was specified and that the problem was properly solved. 

Another value is printed following this, the maximum statics check error and 

the station at which it occurred. This value is always printed, whether the 

statics check option in Table 1 is exercised or not, and can act as an 



immediate flag to the user if some error has occurred in the computer. The 

error would normally be expected to be less than about 10 orders of magnitude 

smaller than the largest load applied. The user should not concern himself 

with the significant digits of any remnant (approximately zero) values of 

output. 
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Profile Output. After the detailed output, areas of selected profile 

output designated by Table 8 are printed. No tabulated values will be printed 

if the plot option in Column 60 of Table 1 was 1 or 3. Profile tabulations are 

obtained if the option was 0 or 2. These tabulations are printed in consecu­

tive groups associated with the largest number of increments designated in 

the Table 8 rectangular area. For instance, if the area desired is from 

10,16 to 12,20 then there would be three X-groups, each with five values. 

If the area is square, the groups would be for consecutive Y values, which 

is the same arrangement as the normal output discussed abave. Adjacent to 

the coordinates is the numerical value of the deflection, moment, or stress. 

Printed to the right of the output ·va1ues is a series of asterisks whose 

placement relative to one another is based on the numerical ·va1ues. Thus, 

a crude plot of the output values is obtained. The plot has a width of 20 

printer characters and a length equal to the number of nodes encompassed by 

the area specified. The plot has no scale and no zero; the values are rela­

tive to one another, increasing positively to the right. The 20-character 

width is based on the minimum and maximum values in the area to be plotted. 

The user is cautioned not to misinterpret apparent changes in plot curvature 

which might be due to very slight numerical changes. 

The printer plots have been found to be especially valuable because the 

user obtains them with the rest of his printed output; unnecessary time is 

not spent waiting for line plotter output or in hand plotting. They are also 

useful in understanding slab behavior for areas adjacent to concentrated wheel 

loads and supports. Deflection areas are printed and plotted first, followed 

by bending moment areas, which are tabulated and plotted adjacent to each 

other with a set of cammon coordinates if both X and Y-moments desired 

were in the same area. The final selected profile output is for the prin­

cipal moments or stresses, again depending on the Table 1 option. Plots of 

principal moments or stresses along slab lines are somewhat misleading since 

the direction of the moment or stress usually varies along the line. They 
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are valuable, however, in pOinting out maximum values which might be 

overlooked when inspecting a mass of numbers in the normal detailed output. 

The final printed output is the computer time used for the problem and 

the total accumulated time for the problem series. The user should record 

run times for parent and offspring problems for each problem size run on his 

computer system to estimate run times required for future problems. For 

small problems, the offspring times will be from 20 to 50 percent of the 

parent problem times. Fortunately, the offspring problem time decreases to 

a 'very small proportion of the parent problem time as the problem size 

becomes large. A time as low as 4 percent is possible. 

Three-dimensional deflection plots are obtainable with the program if 

the appropriate plotter routines and hardware are available. The subroutines 

which generate the three-dimensional plots have been written using standard 

routines available for Ca1comp plot systems. Each plot is arranged to fit 

within a 7-inch by 10-inch area. The receding angle of the plot measured 

from the X-axis has a tangent of 0.9 (approximately a 42 degree angle). The 

receding Y-axis lengths are reduced by a factor of 0.75 of their true length 

relative to the X-axis lengths. The vertical deflections are distorted 

(magnified) so that the maximum deflection is 1 inch on the plot. These 

automatic 'values for these three parameters were fixed to yield what has been 

found to be a reasonably optimum implied position of the 'viewer's eye for most 

problems. These values can be changed if necessary since they are variables 

in the subroutines that generate the three-dimensional deflection plots. A 

typical plot is shown in Fig 12, which is taken from one of the problems in 

Chapter 4. The problem number is plotted to the left of the plot, for 

reference. It should be noted that on the plot some areas are hidden due to 

the magnification of the vertical deflections. The small tics superimposed 

around the edges of the plot are of the undeformed structure and thus com­

parisons of relative deflections can be made. 



Fig 12. Three-dimensional plot of deflections, Example Problem 1003. 
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CHAPTER 4. EXAMPLE PROBLEMS 

Application of the SLAB 49 program to actual bridge structures is demon­

strated by a series of problems which present some of the steps required for 

the analysis of a typical highway bridge structure. The structure is similar 

to those currently being designed by the Texas Highway Department and is shown 

in Fig 13. It consists of a concrete deck resting on a system of longitudinal 

main beams which are continuous over two intermediate supports with transverse 

diaphragms framing between the beams. 

The structural system is analyzed for 

(1) the dead load of beams and concrete deck (PROB 1001). 

(2) the maximum positive moment in the center span of the main beams 

due to HS20 truck loading (PROB 1002). 

(3) the maximum negative moment due to HS20 lane loading (PROB 1003). 

(4) the maximum negative moment in an interior beam due to two HS20 

truck loadings in adjacent lanes of two spans (PROB 1004). 

The structure geometry as given in Fig 13 must be slightly modified for 

application of the SLAB 49 program. Slight changes in dimensions are required 

so the actual geometry may be fitted to suitable increment lengths in both 

directions. The number of increments and increment lengths in the transverse 

X-direction is primarily governed by the spacing of the main beams. The 

7.25-foot beam spacing is subdivided into five equal increment lengths h 
x 

of 1.45 feet. The concrete deck is extended two increments (2.9 feet) trans-

versely over the outer beams whereas the actual' deck overhang is 3.125 feet. 

The effect of the 0.225-foot excess can be included by using proportionate 

stiffness and load input data for the exterior stations. If an integral 

parapet or curb were present, this would also be included by adding its con­

tributory stiffness to the exterior stations (Ref 12). 

The selection of the increment length in the Y-direction is influenced 

by the diaphragm spacing and span lengths. The interior diaphragms are 

spaced uniformly at 22 feet whereas the end spacing is 24.646 feet. The main 

beams have a total length of 160 feet and rest on four supports with spans as 

indicated in Fig 13. The Y-direction increment length was adjusted to 

h = 5 feet by resetting the exterior span lengths to 50 feet and relocating y 
the diaphragms at alternating 25-foot and 20-foot intervals. The schematic 
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Fig 13. Three-span highway bridge. 



plan of the structure as modeled is shown in Fig 14. The interior dia­

phragms are not offset from their original locations by more than 2 feet, 

which will not appreciably affect the final distribution of loads among 

adjacent beams. The exterior span lengths were increased by only 1 percent, 

which is also a negligible effect. 

Stiffnesses are computed for the main beams, which are 33 WF 118, and the 

transverse diaphragms as well as for the 7-inch slab. Note that the end dia­

phragms are 14 WF 34 sections with cut bottom flanges whereas interior ones 

are 15 [ 33.9 sections. The slab bending and twisting stiffnesses are com-

Et3 t Et3 
puted by the conventional formulas D and C = ~~~--~ 

12(1 _ ..}) 12(1 + \I) 

with \I = 0.15 and 3 
E = 3 X 10 kips per sq. in. All stiffness values are 

given in Fig 14. 

Supports are specified as large springs to effectively restrain the 

beams vertically. If a support were assumed to settle a given amount, the 

imposed settlement can be set by applying an appropriate, large downward 

load at the location of the large support spring. FO.r instance, to set a 
14 O.l-foot displacement, a load of-1 X 10 kips is placed over the support, 

which has a fictitious large modulus of 1 X 1015 kips per foot. Thus, the 

load completely overpowers any other restraint offered by the structure and 

45 

is resisted directly by the support at the equilibrium deflection of -0.1 foot, 

which counterbalances the load. A much more realistic simulation of a support 

settlement problem would be to input an elastic support spring which, when 

subjected to the actual structure's dead load, would deform to about the same 

location. If the support is drilled shafts or pilings, load-settlement curves 

can be used directly to estimate a support modulus. The elastic shortening 

of the columns can also be included as part of the support spring moQu1us. 

Problem 1001. Dead Load, Non-Composite 

The given structural system is first analyzed for the dead load of the 

33 WF 118 beams and the overlying 7-inch concrete deck, by considering a grid 

system composed of the main beams and the transverse diaphragms. The beams 

carry dead weight of the slab and beams as line loads. It should be noted 

that the dead load carried by the outer beams is somewhat less than that 

carried by the interior ones, because the contributory area of the slab is 

smaller. 
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Fig 14. Problem 1001. Three-span structure as modeled, showing 
dead load beam moments. 
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Moment variations from the computed results are plotted along the main 

girders (Fig 14). For the center Beam No.3, the maximum positive moments on 

center and exterior spans are 112 and 136 kip-feet, and the maximum negative 

support moment is -228 kip-feet. Note that the moment curves follow the 

same pattern for all the beams, with the maximum difference in ordinates not 

exceeding 3 percent. These moment 'va1ues are in almost perfect agreement 

with those obtained from a conventional three-span continuous beam solution 

(Ref 11). Since the dead load is shared almost equally by all five beams, 

the diaphragms do not participate. 

Problem 1002. Two HS20 Trucks, Maximum Positive Moment for Beam No.2 

Next the structural system is analyzed for the maximum positive moment 

47 

in the center spans of the main beams, considering HS20 truck loadings (Ref 1). 

Two trucks are positioned in adjacent lanes with the center axle of the 

standard three-axle trucks placed at the center line of the middle span, as 

shown in Fig 15. The wheel loads are apportioned to adjacent stations, as 

depicted in Fig 15, since the wheel spacing and the lane boundaries do not 

directly fit the stationing and the increment lengths chosen for the analysis. 

This spreading or apportionment of the loads causes no appreciable error in 

the results for the bending moments in the main beams. Local slab results 

are affected and can be adjusted for actual loadings or another solution run 

with a fine mesh in the local slab area, considering only a portion of the 

slab (Ref 12). The "'~:.:.. :::>ads shown in Fig 15 are increased by an impact 

factor of 27.0 percent, which is computed using the length of the loaded 

span under consideration (Ref 1). 

In addition to bending stiffnesses computed and input for the slab and 

diaphragms, a composite-beam stiffness is described for the main beams and 

the overlying slab. After the concrete deck has hardened, the beams and the 

slab within an appropriate effective width act compositely when subjected to 

positive bending. The effective slab width for composite action for this 

structure is taken to be the beam spacing of 7.25 feet (Ref 1). The composite 

stiffness is input at stations which fall within the approximate positive 

moment areas, which are from Y-station 12 through 20. Note that the com­

posite stiffness along the exterior beams is less than for the interior 

ones, because the slab area on the overhangs is smaller. 
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I I 
---1---1-0----
___ --L ___ ...L~ __ 

Composite 
Beam Stiffness 
Stas 12 - 20 

all Beams 

16 ft. 

{
Interior 3.108 x 106 kip-ftZ 

Exterior 3.056x 106 kip_ftZ 

14ft. 

Typical Wheel 

14ft. 

16 x 1.27 = 
20.3-

14-L--v~~---~~-J 

Load Apportionment ------

Moment 

Kip- ft 

___ 480 Beam 2 

--
16 

-

Beam I 
Beam 3 

Beam 4 

Beam !5 

Fig IS. Problem l002A. HS20 truck loading for maximum positive 
moment in center span. 
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TL~ ~omputer results of this solution are summarized by the plots of 

main beam moments in Fig 15. Dead load moments are not included. As might 

be expected from the chosen position of the loads, the maximum positive 

moment occurs in Beam No. 2 and is 480 kip-feet. This value was compared to 

the conventional line-member analysis obtained from a beam-column solution 

(Ref 11) using the standard AASHO distribution (Ref 1), which gave a slightly 

conservative moment value of 495 kip-feet. This demonstrates that the 

standard distribution formulas are indeed appropriate when applied to this 

type of structure with these spans and beam spacing. 

Problem 1003. Lane Loading, Maximum Negative Moment 

The system is next analyzed for the maximum negative moment in the main 

beams, considering an HS20 lane loading (Ref 1). Two spans are loaded with 

the uniform lane loading of 818 pounds per foot on two adjacent lanes, which 

includes an impact factor of 27.8 percent. In addition, two concentrated 

loads with impact of 23.0 kips are placed at the mid-spans. Both the con­

centrated and the uniform loads are distributed over a lO-foot lane width as 

shown in Fig 16. 

49 

Slab and diaphragm stiffnesses are the same as in the preceding problem 

except that the composite stiffnesses of the beams are now input at Y-stations 

along the center and first spans, which are within the approximate positive 

moment areas. 

The computed moment variations are plotted for the first four main 

beams in Fig 16. The maxUnum value of -236 kip-feet can be compared to 

a conventional analysts value of -247 kip-feet, which was obtained from a 

beam-column solution considering the specified AASHO distribution (Refs 1 and 

11) • 

Problem 1004. Alternate Truck Loading for Maximum Negative Moment 

An alternate solution for possible maximum negative moment is illus­

trated by considering a two-truck HS20 loading condition in adjacent lanes of 

the first two spans, as ·shown in Fig 17. 

Wheel loads of the two trucks moving opposite to each other in adjacent 

lanes are increased by the same impact factor, 27.8 percent, as in Prob 1003. 

The trucks are positioned to produce the maximum negative support moment for 
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2.30 kips/ft Line Load 

'---1-- 1--

~ ___ 1 __ 2-

o-
Il ft. Lane I 

- -i:- - - - ----.J-o-
0.0818 kips/ftl Uniform Load 

Composite Stiffnesses 
All Beams 

Stas 1-7 and 12-20 

Moment 
kip-ft. 

{
Interior 
Exterior 

3.108 X 106 kips/ftl 
3.056 x lOS kips/ftl 

---,. ... 

16 

Beam 4 

Beam I 
Beam 3 
Beam 2 

.... 

M~2 -- -.. ~ - - -- - - ------~ ----

Fig 16. Problem 1003. HS20 lane loading for maximum 
negative moment. 

32 
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16 x 1.28 = 
/ 7. 20.45'. x 1.28= 

f-14 ft.+14 ft. ~ ~ 16 ft. -1-14 ft. -14 ft. -J 5.1' 

--I -r--
I 

TO~ft.Lane I 6ft.-OT--l-- '-
----;--I~ - -2ft'-°t---r--2-

o II ft. Lane .- t--- - -- - -0- - - r -- 3 

~~-+~] -r-i---<>l-----. 
1_

0 
II ft. La~ _ ~ __ _ __ 0 1 __ 1 ___ 5 

Beam No. 
Composite Stiffness 

Sta to Sta 

Moment 
Kip-ft. 

20.45' 

I 2 
12-20 1-7 

and 
12-20 

Beam 4 

-139 Beam I 
-157 Beam 3 

--186 Beam 2 

3 4 5 
1-8 1-9 I-II 
and and and 

13-21 16-24 20-31 

~----341 Beam I 

Beam 2 

Fig 17. Problem 1004. Two HS20 trucks in adjacent lanes for 
maximum negative moment. 
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Beam No.2. The beam composite stiffnesses are adjusted to include the 

stations indicated in Fig 17. 

The computed moment variations in the beams are shown in Fig 17. 

The lane loading condition of Problem 1003 is seen to have created a larger 

maximum, but this arrangement of truck loadings might possibly control for 

other bridge configurations. In addition, it is a more realistic loading 

condition than the lane loading of Prob 1003 which is an approximation used 

for the convenience of designers (Footnote to .Art 1.2.7, Ref 1). 

Fig 18 shows the moment in the first interior diaphragm which has the 

central truck wheels of one load pattern placed over it (Fig 17). Note that 

even though the beams act as supports for the diaphragm, no negative moment 

occurs at Beam No. 3 since the adjacent beams are also deflecting. The maximum 

moment of 23.2 kip-feet corresponds to an approximate diaphragm stress of 

6600 psi. 



3.125 ft. ~ 

Moment 
Kip- ft 

2 

1 
7 

33.0 ft. Roadway 

3 

4 spa at 7.25 ft. = 29.0 ft. 

15 [33.9 Diaframs 
33 WF 118 Beams 

1 
12 

4 

I 
17 

5 

.. I 

I 
22 

~ 
71n . .-

3.125ft. 

Fig 18. Problem 1004. Moment in first interior diaphragms. 
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CHAPTER 5. SUMMARY AND RECOMMENDATIONS 

The problem of analysis of orthogonal bridge floor systems has been 

presented. A computer program with documentation is included. This program 

could be considered the cuLmination of work on this research project in this 

area. The method is not limited to bridge floor systems, however. Pavement 

slabs, building slabs, stiffened and anchored bulkheads, and other two­

dimensional plate or grid systems are among the structures to which the 

analysis can be applied. 

The computer program is written and organized in a manner which will 

facilitate its modification and extension for specific applications. Of 

primary need is a series of user-oriented data-generation routines which will 

use this program as the basic solver. Among these would be data generation 

routines for constant thickness slab structures, and beam and slab systems 

such as presented in the included example problem. 

The existing discrete-element model requires the user to know and specify 

the distribution of axial or in-plane thrust throughout the slab or plate. A 

'valuable extension of this work would be the modification of the model to 

include axial deformations, and the development of the force-deformation 

equations for in-plane thrust. Not only could the axial and bending solu­

tions be coupled for combined axial-bending analysis of plates, but the in­

plane analysis could be applied to plane-stress problems. Furthermore, an 

in-plane solution would be required for the analysis of plates subjected to 

thermal gradients. 

A further valuable extension of the program would be to automatically 

include the nonlinear stiffness properties of reinforced concrete beams. This 

would allow the user to make a more realistic determination of the ultimate 

capacity of the structure. Correlation with experimental data would be ex­

tremely useful. Carefully controlled model studies such as those currently 

being made in Research Study 3-5-71-158, '~iaphragm Requirements for Pre­

stressed Concrete Bridges," could easily be compared to analytical solutions 

using the included computer program. Adjustments in estiMated stiffnesses 

could then be made for application to prototype concrete structures. 
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SLA B 49 GUI DE FOR DATA INPUT - CARD FORMS 

IDENTIFICATION OF RUN (2 cards per run) Page 1 of 9 

inter descriptive alphanumeric information - - date of run, user's name, 

and the chosen units should always be included 

IDENTIFICATION OF PROBLEM (1 card each problem; program stops if PROB NUM is left blank) 

PROB~UM Alphanumeric problem description 

TABlE 

2 

2 

5 11 

1. CONTROL DATA (2 cards for each problem) Multiple 
+1 for Parent Problems 

Enter " 1" to KEEP prior TABLE Load -1 for Offspring Problems 3 4 5 6 7 8 9 Option 

5 10 15 20 25 30 35 40 46 50 
Enter " 1" for Plot 

Number of cards added for TABlE Statics Principal .options 
3 4 5 6 7 8 9 Check Stress Profiles 3-D 

*1 *-1< I ~<** 1 

5 10 15 20 25 30 35 40 46 50 55 60 65 

* Number of cards added must be zero if preceeding table is kept or if this is an offspring problem. 

** Profile plots are for areas specified by Table 8. If option is zero or blank, printer plot is made; if 1, 
microfilm; if 2, printer and microfilm; if 3, paper. The IBM 360 program version has only option zero. 

*.'<* Enter 1 to obtain exaggerated isometric (three-dimensional paper plot) display of deflections. 
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TABlE 2. 

Ntml 
X 

5 

TABLE 3. 

From 
X 

5 

TABLE 4. 

From 
X 

5 

TABLE 5. 

From 
X 

5 

TABLE 6. 

From 
X 

5 

CONSTANTS (one card, none if Table 2 of preceding problem is kept) 

Increment Length in Poissonls Slab 
Incr X-Direction Y-Direction Ratio Thickness 

Y h h \.I t 
x Y 

10 21 30 40 50 60 

JOINT BENDING STIFFNESSES, LOADS, AND SUPPORTS (Maximum of 300 cards including those 

Through Slab Bending Stiffness Beam Bending Stiffness 

y X Y DX DY FX FY 

~ 
10 15 20 30 40 50 60 

JOINT RESTRAINTS AND APPLIED MOMENTS (Maximum of SO cards including those kept) 

Rotational Restraint 

RX RY y 
Through 

X Y 

10 15 20 41 50 60 

MESH TWISTING STIFFNESSES (Maximum of 100 cards including those kept) 

Twisting Stiffness 

Ct 
Y 

Through 
X Y 

10 15 20 30 

BAR AXIAL THRUSTS (Maximum of SO cards including those kept) 

Through 
Slab Axial Thrust 

y X Y 

10 15 20 41 50 60 

Page 2 of 9 

kept) 

Load Spring 

Q S 

70 

Applied Moment 

T
X 

TY 

70 

Beam Axial Thrust 
-x p 

70 

80 

80 

80 
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TABLE 7. MULTIPLE LOADS (Maximum of 100 cards including those kept) Page 3 of 9 

From Through 
X Y X Y 

5 10 15 20 

TABLE 8. PROFILE OUTPUT AREAS (Maximum of 10 cards, including those kept) 

From Through Princ Mom 
X Y X Y Den X-Mom Y-Mom or Stress * Enter 

*1 *1 
5 10 15 20 25 30 35 40 

TABLE 9. PRINTED otrrPtrr LIMITS (Maximum of 10 cards including those kept) 

"1" for 
"2" for 

61 

Load 
Q 

slab moments, 
beam moments 

From 
Y 

Through 
Y If this table is omitted, all results will be printed. Each 

Y-bounded area specified includes the complete X-width. 

6 10 16 20 

TERMINATION OF &UN (one blank PROB NOH card) 

Alphanumeric information may be punched here if desired such as "END OF DATA". 
5 

GENERAL PROGRAM NOTES 

The data cards must be assembled in proper order for the program to run. 

A consistent system of units must be used for all input data. for example. kips and feet. 

70 

All 2 to 5-space words are understoOd to be right-justified integers or whole decimal numbers ... 1+ 4 3 2 11 

All lO-space worda are floating-point decimal numbers . . . 

Any number of problems may be run together. 

~+ 4 . 3 2 1 E + 0 31 
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TABLE 1. CONTROL DATA Page 4 of 9 

If the KEEP option for Table 2 is set equal to 1, there must be no card input for that table. 

For Tables 3 through 9, any data from prior problems may be retained in card image storage by the KEEP 
options. The number of cards input for each table is independent of the KEEP options, excel- that the 
cumulative total of cards cannot exceed the specified amount for each table. 

Card counts for Tables 3 through 9 should be carefully rechecked after coding is completed. 

The multiple-load option is exercised for problem series in which only the load positions and magnitudes will 
vary. This is done by input of new loads in Table 7. Tables 2 through 6 must be held and no cards may 
be added to them. The first problem in a series is the Parent and is specified by entering +1; succes­
sive loadings are the Offspring and are specified by entering -1. If the option is left blank or zero, 
the problem is complete within itself. Tables 8 and 9 may be used as desired for all problems. 

The options for Statics Check or Principal Stress may be exercised by entering 1. If the Principal Stress 
is to be used, then a slab or plate thickness must be available in Table 2. The option is useful only 
if the real slab is of uniform thickness with no discontinuities. The output value of principal stress 
has the same sign as the principal moment from which it is computed. 

Profile plots may be designated for areas specified by Table 8. If the option is left blank or set equal to 
zero, the printer creates profile plots along with tabulated values; if the option is equal to 1, the plot 
is made on microfilm with no tabulation; if the option is set equal to 2, the combination of 0 and 1 is 
obtained; if the option is set equal to 3, only paper plots are made. The IBM version of the program has 
only option zero which yields printer plots. 

A pseudo three-dimensional paper plot of the entire set of deflections may be obtained by exercising the 3-D 
option (IBM and CDC veTsions). 

TABLE 2. CONSTANTS 

Variables: h , h 
x y 

\I t 

Typical Input Units: in. none in. 

This table is omitted for Offspring problems 

Poisson's ratio will be taken as zero unless specified (always positive). It is not needed when running 
grid-beam type problems since no Poisson's effects are considered for the beam elements. 

Slab or plate thickness must be entered if the Stress Option in Table 1 is used. The stress is computed 
directly from the 'value of principal moment and has the same sign. 



 

 

 

 

 

 

 

 

 

 

 

 This page replaces an intentionally blank page in the original --- CTR Library Digitization Team 



TABLES 3 and 4. JOINT BENDING STIFFNESSES, LOADS, SUPPORTS,RESTRAINTS, AND APPLIED MOMENTS DATA 

Variables: 

Typical Input Units: 

Q 

lb 

S 

lb 
in. 

R
X

, RY 

in-lb 
rad 

in-lb 

Page 5 of 9 

Unit stiffness values DX and DY for a slab or plate and concentrated stiffness values FX and FY 
for beams are input at all joints. The values are reduced proportionately for edges. 

Customary relationships for isotropic slabs or plates and beams of known cross section are given here for 
reference: 

= = 2 
12(1-\1 ) 

= 12(1+\1) F = EI 

E is the Modulus of Elasticity, t, the plate or slab thickness, \I is Poisson's ratio, and I is 
the total beam cross section moment of inertia including composite effects if present. 

Load values Q and support springs S for any joint are determined by multiplying the unit load or unit 
support value by the appropriate area of the real slab assigned to that joint. Hinged supports are 
provided by using large S values. Concentrated loads that occur between joints can be apportioned 
geometrically to adjacent joints. 

All data are described with a coordinate system which is related to the X and Y-station numbers. To 
distribute data over a rectangular area, the lower left hand and the upper right hand coordinates must 
be specified. Figure A2 illustrates a sample data input. 

To specify data at a single location, the same coordinates must be specified for both the "From" and "Through" 
coordinates. 

The "Through" coordinates must always be equal to or numerically greater than the "From" coordinates. 

The user may input values on the edges of the slab and the corners to represent the proportionate area 
desired as illustrated in Fig Al. 

There are no restrictions on the order of cards. The values input are algebraically accumulated at each 
coordinate. 
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TABLE 5. MESH-TWISTING STIFFNESSES Page 6 of 9 

Variable: Ct 

lb-in2 
Typical Input Unit: in/rad 

Unit twisting stiffness Ct is defined for the mesh of the plate or slab surrounded by four rigid bars and 
four joints. The mesh is numbered according to the joint number at the upper right corner of the 
mesh as shown in Fig Ai. 

The same general notes as listed for Tables 3 and 4 are applicable. 

TABLE 6. BAR AXIAL THRUSTS 

Variables: PX, pY ~ Py , 

Typical Input Units: lb lb 

All data in this table are concentrated. Distributed data must be summed over the width of the increment 
involved. Proportionate 'values can be used along edges. 

x 
All tension (+) or compression (-) 'values P are specified for each ~bar in the X-direction. Since it is 

a bar force, no coordinate should be used which would specify a P 'value in a bar outside the real 
plate or slab. The 'vars are numbered according to the joint number at the increasing station end of 
the bar as shown in Fig Ai. pYvalues are specified in the Y-direction. 

The same general notes as listed for Tables 3 and 4 are applicable. 

TABLE 7. MULTIPLE LOADS 

Variable: Q 

Typical Input Unit: lb 
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Page 7 of 9 

When a problem is such that only the load changes from problem to problem, it is appropriate to enter it in 
this table and hold all other stiffness, load, and geometrical data of Tables 2, 3, 4, 5, and 6 from 
the previous problem, thus creating an Offspring problem. Any loads entered or held in Table 3 are 
added to the loads of Table 7. 

The multiple-loading options are specified in Table 1. The greatest amount of computer time is needed for 
the first problem in a multiple-loading problem series and subsequent problems are then solved in a 
fraction of the solution time. 

Each card may encompass up to a maximum of 300 points. For larger areas, additional cards may be used to the 
limit of 10, including those kept from previous problems. 

If profile plot options in Table 1 were set to 1 or 3, no tabulated output of Table 8 areas is printed. A 
blank or 2 option will cause tabulated and printer display of the selected profiles. 

Anyone or all four types of profile output may be selected by entering a 1 for those desired. Beam moments 
may be chosen by entering a 2. One limitation for the moment options is that all areas entered or kept 
from the previous problem must be either for slab or beam X and Y-moments. A mixture of slab and beam 
profile output within a problem is disallowed. Parent-offspring may have beam-slab options. 

TABLE 9. PRINTED OUTPlIT LIMITS 

If this table is omitted, the complete printout of results is obtained. Partial output may be obtained by 
specifying the sections to be printed within the Y-bounded limits designated on each card. Up to, 10 
Y-bounded sections may be printed. 

Y-bounded areas may overlap or be contiguous. 
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4 

3 

2 

y=o 

X=O 

Page 8 of 9 

I rJ "..1 1,1, Joint Data: D, ,F ,r ,Q,S,R ,R', T ,T 

X-Bcr 3,4 
Joint 3,4 
M .. h 3,4 
V-Bar 3,4 

V-Bar 3,2 

X-Bar 1,0 

X 

to' and 0' are per unit width, all others are concentrated valu .. ) 

Me.h Data: Ct 

tct i. per unit width) 

Bar Data: p', p', pi, P' 

( all values are concentrated) 

Fig AI. Data coordinate numbering system. 
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Page 9 of 9 

~ ~ , , • • l , ~ ~ , , ~ ''----Uniform Allal ComprHllon In 

,- 3Iin'-1 
B - ----------.-____ ----...-__ -t --.... 

7 

6 -

48 in. 

Y Direction of 600 Ib per 

inch of Width 

Uniform Load II.:: 20 pil 

Ellulv. p.r Joint Load 

Q = 20," (6 • 10) IrI: 

• 1200 Ib 

Plot. Stlffn ... 
I rJ and ri' : 300 k - In: 

In. 

2-r-:-1I-T~~~~~l-_ I 8 • kip Concentrated Load 

I -~-4-..._+-..._+--~--~--~ 

-t -+-
I 
2 

I 
3 

tttttttttttttt 
Prom Through DX 

and DY Q 
X Y X Y 

0 0 2 8 7.500E+o4 
0 1 2 7 7.500£+04 
1 1 2 7 1.500£+05 
3 0 3 8 9.000E+04 
3 1 3 7 9.000E+04 
1 4 1 6 -1.200E+03 
2 4 2 6 -3.600£+02 
2 2 2 2 -8.000E+03 
0 1 0 8 
1 1 2 8 
3 1 3 8 

data incomplete for this sample 

Fig A2. Sample data input. 

-3.000E+03 
-6.000E+03 
-3.600E+03 

79 
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C···· ••••• NO'ATION 'OR ILA, •• AND I •••• 

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 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
e 
c 

Al.n 
AU ,I ) 
AL' 
AMI( , I) 
AMIC .1) 
AMI( ) • ANII 
ATI ,I) 
II( ,I) 
IIIIX , lIMY 
II" 
ILIIII 
IliA 
IIIIXC 
1"1'11 , 
1141'114" 
1141'1"1( 
114011 
11111 
1110 
1141 
1M' 
11111 
IMYC , 
IMYMIC 
1"'1" I ) 
cee ,I) 
CMI ) 
eMil 
CMIII ) 
CM"" ) 
clIDe ) 
DOl ,I) 
DU ) , 0'11 ) 
OXMI I ) 
OllP" ) 
OXliIC ) , DYNI 
OYMIC ) 
0'1"" , 
lie ,1) 
'PC ,1) ne ) , PYI ) 
nNI ) , PVNI 
,.,111( ) 
""IC ) 
MX 
141014' 
MXOM" 
MY 
HVOHX 
M'OMn 
1,1l,1f 
IIDI 
IIOIT 
IIU" ) 
10 
101 THIIU 10. 
101 TMIIU lOt 
III" 
lllUI ) THIIU 

INIII ) 
INn( , THIIU 
hilI) 

10"1 
I'D' 

eONTI~UITY COI"ICIINT 
COE" IN STI"NIII MATRIX 
ANGLI ON "01411' CIRCLI 
CONTINUITY COI"ICIINT AI .1' AT J·I 
CONTINUITy COI"ICIINT AI ,I' AT J-I 
10INTI'ICATION AND III"AIIKI C AL'HA-NUM ) 
TIM' ITOIIAGI '011 AI ,1) CONTINUITY COE" 
cal'" IN .TI"NI •• MATIIIX 
AL'MANUMIIIIC, •• IAM X, .IA .. Y 
HAL' TMITA I COUNTIR CLOCK"I'f II • 
AL'HANUMIIIIC, •• 'LANKI 
AYIIIAGI 0' X ANa 'I IINDING HO~INTI 
.rAH IfNDINI HOMINT IN X OIIlICTION 
IIAM .INDING MOHINT IN 'I DI111CTI0N 
.... Y AT J-I 
1M." AT J., 
AL'HAIiUMIIIIC, • MOMINT 
I .. X MIIIUI IHA 'DR MOHR I CII1CLI 
'IIIIT 'IIINCI,AL .INOINI "O"INT 
RAOIUI 0' 14014111 CIRCLI 
IICONO 'IIINCI,AL .INOING NOMINT 
'LAI .fNOINI MO"INT IN TNE I DIIIICTION 
'LAI IINOINO MOMINT IN T"I 'I DII1ICTIDN 
IMY AT J-, 
I'" AT JtI 
COI"I ~N ITI"NIII HATIIIX 
"LATI TNIITIMG ITI"MIII 'IR UNIT ~IOTH 
AL'HANUHIIIIC, a CHICK 
IN"UT ~ALUE 0' CH IN TAILI , 
eH AT J., 
CIIOII ,!NDING ITI"M!II '011 '11 E"!CTI 
COI"I IN ITI"HlII .. ATRIX 
ILAI .INOING ITI"NI •• !. "III UNIT ~IOTM 
OX AT J-t 
OX AT JU 
IN'UT YALUE. 0' OX AND 0'1 IN TAILI I 
OY AT J-I 
OJ AT J.I 
COl" IN ITI"NI'I MATIIIX 
COl" IN LOAO ~ICTOII 
I!AM lENDING .TI"MI.111 
III'UT ~ALUI' 0' 'I AND 'Y IN TA'LI J 
Py AT J., 
,., AT JU 
IMCRIM!NT LIMGTH IN X OIIlICTION 
MX OIYIOID IY MY 
MX 0lVI010 I' 14' CU.IO 
INCIIIMINT LINGTH IN , DIRECTION 
14' 01~1010 ., HI 
MY DI~IOIO 1'1 MX CU.IO 
X DIIIICTIOM INOlXII IIITA.') 
II AM 011 ILAI ~ONINT '"0' ILl "LOT INITCM 
TfM' VALUI 0' 1.01 
"LOTTIII IU"U 
TIM" ~ALUI 0' 101 THRU lOt 
AL"HANUHIIIIC IOlNTI'IEAI 'OA IU'AOUTI~' 
IIA~OOM INOIXII '011 ,ILII I TKAU • 
II' .110 TY'" INITCH 'OR J-D 'LOTI 
.'AOK_ I ,TATION UI!O IN 

UBLII J THRU • 
·TMRU- X .TATION UIIO IN 

UIILU I THRU • 
IN'UT O"TION TO 'IIIMT '"INCI"AL IT RIll 
IN'UT "LOT O"TION 

lOT I CDC 
18K 

C 
C 
C 
C 
C 
e 
C 
C 
e 
c 
c 
c 
C 
e 
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 
C 
C 
C 
C 
c 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I "'III NT 
IROLL 
UTA 
till 
ITlM' 
lUll 
ITM" 
nil 
110 
J , Jl • JI 
IN 
JNUI ) THIIU 

JN19( ) 
JNIJ( ) TMIIU 

IN''I , 
JIU 
JTlH" 
M 
ICAI" 
UII .. 
MAIn, MAllY 
Krr'l THIIU lin'" 
ICLONI 
MML 
ICIHOIIT 
IC""OI 
1l1I0" 
LL 
Lei' 
Ll 
LI 
MC 
"L 
MOl' 
III 
141'" TMIIU IIX'" 
MY 
MY'" THIIU MY'" 
N 
NCOI THIIU 'ICII' 
NCTI THIIU Ncn 
NCU THII" 

NCI' 
Non 
NOli THRU Non 
NINO 
N' 
N""OI 
NI'I 
OOHX 
OO!'_HY 
001111 
OO!'XI 
DO!" 
OO!'VI 
OOHn 
"'HX! , l 
"114'1 • ) 
"*X I ) 
"UNI ), "ITNI 
"Y( ) 
"'Y"lI 
"OM lin 
""MAX 
"I 
"UOOI, 
"WI , ) 

PRINTING CONTROL AT fACH J .TEP 
O'TIO~ TO MOVE TO A Nrw 'LOT 'RAM! 
X nATION 
I~ITCH OIPENIIA"T ON E"D VALUES 0' J 
IITA AT MAX STATIC' CHECK EAROR 
AL"HANUMARIC 'LANKS UIIO TO TER~INATf 
TfM" PRINT IWITCM '011 OfIUGGI"G 
IN"UT O"TION 'OR ,~ "LOT 0' OE'LECTIO". 
SWITCM UIED TO TIRNINATI "LOT 'ILE 
, OIIlECTION INDfXII (JITA.2) 
ACTUAL , ITA, IOU ALI J., 
.'1101'. Y ITITIOM UIID IN 

TULIt J THAU • 
-TMIIU- Y ITATION uIID 1M 

TULU J THIIU • 
Y IUTION 
JITA AT MA. ITATICI CHICK ERAOA 
TIMX 011 TIMY INOlX '01 '''LOTI OR I"LOTO 
TI'LI I "RINCI"AL MOMINT OR ITAEII O"TION 
TI'LI I Ol'LICTION O'TION 
TAILI I .INIIINI MOMINT O"TIONI 
ICEI" D"TIONI '01 DATA TABLEI Z THRU , 
MAXIMUM NUMBIII 0' Y ITA. 
MULTI"LI LOAD O'TION IN "RIOR "ROBLE" 
MAXIMUM NUM.IA 0' X ITAI 
"RO'LIM NU".II '"0M "ARENT "AOILI" 
IN"UT O'TION TO 'lINT ITATICI CHICIC 
DO LOO' INOIX '011 II!VERIEO J 
LINI DR "OIMT "LOT O'TION 
KIHORT.'. USIO 'OA VARIAILE DI"tNIIONING 
IILONO.', USID '011 VARIABLE OI"ENIIONING 
NUM.III 0' CHARACTEAI IN "LOT TITLI 
MULTI"LI LOIOINO IWITCH 
MIC~O'ILM (a,) OA "A"IR (al) "LOT D"TION 
NUM.IR 0' INCIIIMIMTI IN X DIRICTION 
14"1 THIIU NI+' 
NUMIIII 0' INCRlIIfNTI 1M Y OIRECTION 
Mhl THAU NUS 
IHOlX 'OR RIIDIN' CAADI 
NUM CAIIOI IN TABLII 2 THAU •• THII PROB 
TOTAL NU~I[II 0' CAROl IN TAILEI ] THAU , 
ITAATINO VALUI '011 IIIADING CAROS, 

"ILIt J THAU • 
TOTAL NU~'IA 0' DATA IRAORI 
NUM.IA 0' DATA IRAOIII IN T'ILEI 1 THRU • 
MIX NUK.III 0' "OINTI, IACH TA'L! I CARD 
INITIAL COUNTIII, SOLUTION ROUTINIS (ai' 
"ROILEM NU".IR ("RO' ITO"I I' 'LANK) 
NfNO • Z 
ONI DIVIDED I' HI 
ONI DIVIDED I' 141 TINEI HY 
ONI OI~IDID I' HX 10UARED 
0,,1 OI~IOEO BY KX Cu'ED 
ONI DIVIDED ., MY 
0141 OIVIDIO IY HY 10UAREII 
ONI OIVIDID 'Y M' CUBID 
"LOTTINO ARRA' 'OR 8HX OR 8Mlx 
'LOTTIN' 'ARA' 'OR '''Y OR 8".' 
AXIAL THAUIT IN IIAH IN X DIAECTION 
IN"UT ~ALUII 0' "ax AND "" IN T'ILI • 
AXIAL THRUIT IN lEA" 1M , DIRECTION 
'IV AT J+l 
'OI.IONS AATIO OIVIOIO 'Y HX TI"II HY 
LARGIIT "AINCI"AL MONENT (+ OA -, 
'OI"ONI AUlD 
"LOTTINO AAIIAY '011 SIGO 
'LOTTING ARRA' 'OR 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 
C 
C 
C 

PXC , 
PXII( , , "N( , 
PY( , 

P"" ) III , 
IIIMU • QI"IY 
IIIMX ,111M' 
IIMC , 
IIMN( , 
IINC , 
II,.X , II,., 
II'. , II" 
IIR. • lillY 
IITIIX , IITM' 
lin • IIU 
RCT 
IIDr 
IIIACT 
1I0CII 
RDlet • 1I0lea 
RXC , 
RXNC , , R'NC 
R,M" , 
R"" , R" , , THRU 

RJC • , 
II) 
IDTI 
IUD 
ILax, ILlY 
ILOPE 
IN( , 
10M 
IUCH 
IUT 
ITlM' 
ITIII 
IUMR 
IUP 
1.1 
1.1 
UMX( ), nll'( , 
THUA 

THII 
TMX 
TM' 
TXC , 
UN( ) , UN( , 
TVM' ( , 
TVPI C , 
U 

VIP 
.( ) 
.M\( 
.MZ( 
.PI( 
"PI( , 
.IUHM, 
.IU"Ma 
.. IUM' , .IUMI 
iliUM' 
XXI ) 

AXIAL THRUST IN Sl.1 IN X DIRECTION 
INPUT VALUEI OF PX AND P, IN TASlE 6 
AXIAL T~RUST IN SlAS IN , DIRECTION 
" AT- .I.' 
APPLIED LOAD PER JOINT 
LOAD ASSORIEO IN lEA" BENDING 
LOAD A810RIEO IN ILAI IENOINII 
APPLIED HULTIPLE LOAD PER JOINT 
INPUT VALUEI 0' LOAD IN TABLE , 
INPUT VALUE 0' TRANIVERIE LOAD IN TASlE S 
LOAD UIOIIIEO DUE TO lEAH AXUl THRunl 
LOAD AIIORIEO DUE TO ILAI AXIAL TH~USTI 
LOAD AIIORIEO DUE TO ROTATIONAL REITRAINTI 
LOAD AIIORIEO IN T.IITIN' 
LOAD AIIORIEO DUE TO APPLIED COUPlEI 
ALPHANUMERIC, • REACTION 
REDUCTION 'ACTOR IN , DIRECTION, SO PLOT 
IUPPORT REACTION pER JOINT 
REACTIOII OR ITATICI CHECII 
PORMAT CONTROLI (IAIEO ON KROPT' 
ROTATIONAL REITRAINT IN X DIRECTION 
INPUT VALUEI 0' RX AND R' IN TABLE 4 
ROTATIONAL REITRAINT IN , DIRECTION AT .1.\ 
ROTATIONAL REITRAINT IN , DIRECTION .T .1.\ 
RECURIIOII COE"ICIENTI AND HUlTIPLIERI 

UIIO IN 10LUTION PACKAIE 
IPRIIiI IUPPORT, VALUE PER JOINT 
IIOMENT MULTIPLIER 'OR PLATE ITREII 
LAR'EIT PRINCIPAL HOHENT OR ITREII 
ALPHANUMERIC, • IlAI X, IlAI , 
TAN 0' 'RID ANGLE, '0 PLOT 
INPUT VALUEI 0' IUPPORT IPRINGS IN T.ILE , 
ITREII OR HOHENT 'ORHAT CONTROL 
IUTICI CHECII 
ALPHAIIUMERIC •• ITATICI 
HAXIMUM VALUE 0' ITACM 
ALPHANUMERIC, • ITREII 
IUH"ATIOII 0' IUPPORT REACTIONI 
ALPHANUMERIC, • SUPPORT 
I.ITCM TO COHPUTE AND PRINT IEAM OUTPUT 
I. ITCH TO COHPUTE AND PRINT IlAI OUTPUT 
TIMPORAR, PLOT ARRA, 'OR IUIROUTINE ZOT 
MOHRI CIRCLE ANGLE IET.EEN X DIRECTION 

AND PRINCIPAL MO~ENT 
THICKNEII 0' ILAI 'DR ITREII CAlCULATIONI 
T.IITIN' IIOHENT IN X DIRECTION (ASOUT " 
NEil TtVE 0' THX 
APPLEO COUPLE IN X DIRECTION 
INPUT VALUE I 0' TX AIIO T' IN TABlf 4 
APPLIED COUPLE IN , DIRECTION AT .1-\ 
APPLIED COUPLE IN , DIRECTION AT .1.\ 
HAKEI 'ILEI , THRU 4 RAN~OM INDEXED .ITH 

VARIAILE LENGTH RECOROI 
VERTICAL EXPANIION 'ACTOR, SO PLOT 
OIPLICTION AT EACH JOINT 
• AT .,-, 
• AT .1-' 
• AT .I.' 
• AT .1., 
.IUH\ AT .,-, 
.IUHi AT .I-I 
iNO 01" 0' OE'lECTIONS 'DR "OMENTS 
'NO 01" 0' OE'lECTIONI FOR TollT 
INOEPENOENT VARI.8lE 'DR IUSROUTINE ZOT \ 

C·········NOTATION 'DR SUSROUTINE DATA 

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 

AN\( , , AN2( , 
CHI , 
CHN( , 
CHPI ( , 
OX( , , 0,( , 
OX",( , 
OXN( , , O'N( 
OXP" , 
O'H' ( , 0"" , 
'X ( , , 'Y( , 
'XN( , , "N( "H'( , ,,,,, , 
I , 1\ , U 
INU( , THRU 

INU( ) 
INn( , THRU 

INII( , 
IPRINT 
.IN 
JNU( , THRU "N"( , JNU( , THRU 

JNn( , 
KUEP 
KUr-
KAIEX , _ KAlE, 
L' ML 
HXP, 
N 
IICU THRU 

NC" 
IIcn THRU Ncn 
NOEl THRU Non 
PU( , 
PUN( " pnN( 
PlY( ) 

PI"" PX( , 
PXN( , , "N( , 
"( , 
"fI( , 
III ) 
1111 ( , 
IIHN( ) 
IIN( , 
RX( , 
UN( , , llYN ( , 
R,H\( , R",( , 
II' 
I'I( , 
TX( , 
UN( , , TYN( , 
TVH' ( , 
UPI ( , 

IOENTIFIC.TION AND REMAR.I ( AlPMA·~UM ) 
Pl.TE TolSTING STIFFNESS PER U~IT _10TH 
INPUT VALUE OF CH IN TAllE 5 
CH AT H\ 
IlAI BENDING ITI'FNEISEI PER UNIT _10TH 
OX AT .1.\ 
INPuT VAlUEI 0' OX AND 0, IN T.Slf J 
OX AT .I.' 
0, AT .1-, 
0, AT .1.\ 
BEAH lENDING ITI'FNEIIEI 
INPUT VALUEI 0' 'X AND " IN TASlE J 
" AT .1-, 
" AT .I., 
X DIRECTION INOEXEI (1ITA.i' 
-,ROH- X ITATION UIEO IN 

TAILEI , THRU I 
-THRU- X ITATION UIEO IN 

T"LEI , THRU I 
PRINTING CONTROL AT EACH .I ITEP 
ACTUAL , ITA, EIIUALI .1-, 
_,RO"_ , ITATION UIEO IN 

TAILEI , THRU • 
-THRU. , ITATION UIEO IN 

T "LEI S THRU • 
TAILE I PRINCIpAL HOHENT DR ITREII OPTION 
TAllE I OE'LECTION OPTION 
TAllE I lENDING ~OMENT OPTIONI 
KIHORT.'. UIEO 'OR VARIABLE DIMENSIONING 
HULTIPlE LOADING I.ITCH 
HX • S 
INDEX 'DR READING CAROl 
ITARTINI VALUE 'DR READING CAROl, 

UILEI , THRU • 
TOTAL NUHIER 0' CAROl IN TAllEI , THRU • 
NUIIIER OP DATA ERRORI IN TAllES \ THRU • 
.IIAL THRUST IN IE AM IN X DIRECTION 
INPUT VAlUEI pax AND PI, IN TAllE • 
AXIAL THRUIT IN lEAH IN , DIRECTION 
PlY AT .I.' 
AXIAL THRUIT IN ILAI IN X DIRECTION 
INPUT VALUEI 0' PX AND P' IN TAllf 6 
AXIAL THRUIT IN ILAI IN , DIRECTION 
" AT .I.' APPLIED LOAD PER JOINT 
APPllEO MULTIPLE lOAD PER JOINT 
IhPUT VALUEI OF LOAD IN TABLE , 
INPUT VALUE 0' TR.NSVERIE lOAD IN TABLE S 
ROTATIONAL REITRAINT IN X DIRECTION 
I~PUT VAlUEI 0' IIX AND R, IN TABLE a 
ROTATIONAL REITRAINT IN , DIRECTION AT J·t 
ROTATIONAL REITRAINT IN , DIRECTION .T .1+\ 
IPRING IUPPORT, VALUE PER JOINT 
IhPUT VALUEI OF IUPPORT IPRINGS IN TABLE 
AP-lEO COUPLE IN X DIRECTION 
INPUT VALUEI 0' TX AND T, IN TASlE 4 
APPLIED COUPLE IN , DIRECTION 
APPLIED COUPLE IN , DIRECTION AT .1+\ 



C·.· •••••• NOTATION 'OP IUBROUTINEI SPLOT3 AND IPLOTI 

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 

IIU 
I , I( , L 
II 
IOU 
III 
II 
ilKI' , UKI" , 

U.I'T , 11111'1 
UU 
III 
IK 
II 
II 
JI 
J.U 
Jl 
JI 
IIfllD 
OllEU 
01 
UGMA 
II'ACf: 
ITMI 
IYMD 
IYMOI 
II 
TIIIYA 
n 
1II0TM X, , 
Yc , 

TRANSFORMED YALUE OF PLOTTING ARRAY 
00 LO:ll' 1I.01CfS 
GENERAL INDEX 
'iXfO YALUE 0' 8ETA 
II!:MUNO[ll 
INDEX OYfII • 
'OUII·CHARACTER BLOCkS usrD 

'Oil II'AtlNG 
X IUUOII 
MIOTH 0' "LOT , CHARACTE~I 
IN OIYIOED IT • 
IN1 .. 1 
IN'h, 
INDO OYER T 
Y .UTlON 
IN,,'' 
JNZIoZ 
LENITII 0' AIIIIAY TO If "LOTTED 
MAXIMUM YALUE IN "LOT ARRAY 
OMEGA 'OR SECOND "LOT 
SCALI: fAcrOR 
EM"TY DATA ILOCI( 'Oil IKIP'ING C"ARACTERI 
ARRAY 0' 'OUR LAIT ILOCIIS TO Bf PLOTTEO 
lAST IlOCK TO If: "LOTTED 
SYMO 'Oil I£CONO "LOT 
IIGMA 'Oil .ECONO "LOT 
MINIMUM YALUE IN "LOT ARRAY 
TH!TA 'Oil IECONO "lOT 
'LOATEO YALUE 0' I. 
ARRAY TO II: "LOTTED 
IECONO ARRAY TO IE PlOTT!O 

C.····-··.IIOTATION '0' aUIROUTIN! lOT. 

e 10 
C IIIC 
C II 
C UOLL 
C III , ITI 
C LO" 
C MC 
e MO" 
C lie 
C iI" e II 
c II' 
C X'I , 1'1 
e' IL 
e XII 
c XO 
c Y 
C " e Y'I , Yfl 
e YL 
c Y" 
C YO 

VARIAIL! 011 ARIIAY CONTAIMING TITLE 0' ~LOT 
IT!I' Ill! 'OR SCANNING I'LOT ARRAY 
I'lOTTIN, IYMIOL SELfCTOR 
I'LOT I-ITC~ 'OR 'RAHE pOIITION CONTROL 
IWITCHl:a 'OR I'OSITIONIIiG I'lOTTER 
LINE OR I'OINT PLOT Ol'TIO. 
NUMIER 0' CMARACTERI IN 'LOT TABLES 
MICRO'ILH OR "ApEII PLOT OPTION 
TEMI'ORARY 'OR MC 
NUMIER 0' I'OINTI TO IE PLOTTED 
X AXil I'OIITIOIII:R 
ARRAY CONTAINING 'HE X • COORDINATES 
TEMI'ORARIEI 'OR X, 
X 'XII LENGTH IN INCHES 
• UII I'OIIT!ON 
ORIENTATION AT X AXI' 
Y AX!, I'OIITIONfR 
A~RAY CONTAINING THf Y • COORDINATE. 
TEMPORARIEI 'OR Y' 
Y AXil LfNIT" IN INCHES 
Y UU I'OSnION 
OAI!NTATION AT Y AXIl 

C··.---o--NOTATIO~ FOP SUIROUTINE 01") 

c 
~ 
C 
C 
C 
C 
t 
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 

~ 
HI 
101' 
I 
IOEI.. 
IUN 
IN 
INn 
10" 
IOPY 
11'01' 
II 
J 
J. 
KN 
Lt 
LI 
"X "X" MT 
M'I'I 
NI'ROI 
I'LlMIN 
RD' 
11..0l'! 
ITUT 
YIP 
YI' .e , 
X' xx v, 
r 

HEIGIIT OF PLOT 
INCREME~T LEN'T" IN r DIRECTION 
INCREME~T LE~GTM IN y DI~ECTION 
GENERAL INDEx 
DISTANCE I£TWEEN POINTS IN x DIRECTION 
RE' GRID TYI'£ SWITCH 'OR JoO PLOTI 
Nu~8ER 0' Y I'ARTITIONI 
INITIALIZATION SWITCH 
O"lfT IN • D!RECTION 
O"IIT IN Y DIRECTION 
INI'UT I'LOT Ol'TION 
THE HUK 
GENERAL INOn 
ROTAHON Iwnell 
NUMIEA OF X I'ARTITION' 
KIMORT.3, utE!) 'OR yAR!ABLE OIMENIIONING 
KLONG_I, uSED FOR YARIABlE OIIiENIIONING 
NUMIER 0' INCREMENTI IN X DIRECTION 
MhZ 
NUMIER 0' INCREMENTI IN , DIRECTION 
MY_Z 
I'ROeLEM NuH8ER (pROG STOPS IF SLANK) 
MINIMUN Y COORD 0' MASK 
REDUCTION 'ACTOR IN , DIRECTION, )0 PLOT 
TAN 0' GRID ANGLE, 30 PLOT 
INITIALIZATION YARIAILE FOR PLOT 'YLE 
VERTICAL EXI'AN$ION 'ACTOR 
VfRTIC'L ICALE 'ACTOR, JO PLOT 
_10TH 0' PLOT 
• COORD 0' RELATIYE ORIGIN 'OR GRID 
TEMP OIITANCE ALONG ILOl'E 
Y CO ORO 0' RELATIVE ORIGIN FDA GRID 
'uNCTION TO IE 'LOTT!O 

C-------ooNDT.TION 'OR IUIRDUTINE GRO 

C 
C 
C 
C 
C 
C 
C 

10ft 
IGe_ 
10'., 10" 
LOP 
14.. MY 
SLOpt: 
.. ,n 

OIITANCE aET.EE~ POINTS IN r OI~ECTION 
RE' GRIO TYI'E !~ITC~ FOR J-O PLOTS 
O"IETI IN X AND y OIRECTIONS 
LINE Ol'TION , I • 10LIO, e • OlSHED ) 
NUNIER 0' INCR!:MENTS IN I AND Y DIRECTIONS 
SlOl'E 0' Y DIRECTION ARM RELATIVE TO x 
COOROI 0' RELATIYE ORIGIN 'OR GRID I 

00 
VI 

. . 



C 
C 
t 
C 
t 
C 
C 
C 
C 
C 
e 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
e 
C 
e 
e 
C 
e 
C 
e 
C 
c 
c 
c 
c 
c 
c 
c 

AT 
C 
DEL 
Drl.. 
OILY 
I 
IDEI. 
UNO 
II 
IN 
INIT 
un 
10H 
I'EN 
I'D' 
Itc 
II 
.r. 
IC 
III. 
11M' 
liN 
I. 
1.1. ", 
NU 
O'X on 
I'LTMIN 
1'0Y 
II y., 
• XH , 
'H 
Z 

C •• ~-·····NOTATION '0. 

C OIL 
C I 
C lOlL 
C 10'., Ion 
C IIX, "' r: o,x. 0" 
C IUt: 
C x, , 
C X., VI 

ASICISSA 0' .lAL POINT 
L I I." 
lOti. I til 
X 'HI'T AT ORIGIN 
Y 'HI,T AT ORIGIN 
GENUAI. INon 
DIITANCI IITNEIN 1'0lNTS IN x DIRECTION 
LEN"H 0' MUK 
NU • 1 
NUMIIR 0' Y 'ARTITIONI 
INITIALII4TION aWITCM 
O"IIT IN x DIRECTION 
O"'IT IN Y DIRICTION 
'EN IUTUI 
I'D' • 111 
DlaTANCI AIOYI TMI CURIIINT HORIION 
THI !!AlK 
ROTATION IIIITCM 
hon OYER liN 
liN • 1 
II • MI' (I'OINT CONTIGUOUI TO I'OINT ~) 
NUMIIR 0' X I'ARTITIONI 
.. ICUIA 
INOIX ovn lOlL 
Ol'TIMIZINS tWEII' IWITCM 
ROil NUMln 
10'X I t .. 
10" I '" MINIMUM Y COORD 0' MAIK 
MINIMUM YALUE 0' I, aCALEo, IN INC"II 
11.01'1 0' CURRENT X ILICI 
YIRTICAL ICALE 'ACTOR 
)( COORD 
TEIII' YICTOII 'Oil VEIITIC4L ILICEI 
Y COOIIO 
TEMI' YECTOII 'D. ,E.TICAL ILICII 
'UNCTION TO IE I'LOTTIO 

SUBAOUTINI 1051 I 

10EL • 1.11 
00 LOOP INOIX TO INCREMENT IN • DIRECTION 
OIITANCI IITIIEIN 'OINTI IN • OIRECTIDN 
O"IETI IN • AND , OI.leTIO"1 
NUHaER 0' INC.EMENT. IN • A"O , DIRECTIONI 
MAL' 0' x AND , TICK MAliK LINGT"' 
TICK MAIIIl SIIE CO~T.OL 
COORD I 0' CINTEII 0' TIC~ HARK ( GLOUL 
COOROS 0' .ILATIYI ORI'IN fOil GRID I 

C·········NOTATION fOR SU8ROUTINE CRNRI 

C 
C 
C 
C 
C 
C 

c 
c: 
c: 
c 
c: 
c 
c. 
c 
C 
c 
c 
c 
c 

Ion 
IO~x, tOfY 
MX. MY 
Ill! 
X, Y 
XI, YI 

OIl. 
I. J 
IOEI. 
10", 10ff 
III' 
IIX, MT 
IIX'" 
IIYI'I 
0", Off 
lUI 
X. , x. 
XI, VI 

C.·······~NOTATI0N 'Oil 

C I 
C lOll 
C IMI 
C IN 
C INI 
C Ion 
C 10PY 
C IlN 
C Kilt 
C 1.01' 
C "I' 
C xx 
C .e. VI 
C X" n 
c u. n 

DISTANCE 8ET"EEN POINTS IN x DIRECTION 
OffSETS IN x 4NO Y DIRECTIONS 
NUMBER Of INCREMENTS IN X 4NO Y OI~ECTIONS 
TIC~ M4~~ SIZE CO~TROL 
COOROS Of CENTE~ Of TICK .4R~ (GLO~4L 
COORDS 0' PELiTIVE ORIGIN fOR GAID I 

IDEL • 1.11 
DO 1.00" INOUEI 
OIITANCE IETwEEN I'OINTS IN X DIRECTION 
O"IETS IN • 'NO Y OIRECTIONI 
RIYIRIINS IWITCH 
NUMIIR 0' INCREMINTS IN X AND Y DIRECTIONS 
MX I'LUI ONE 
"Y I'LUI ONI 
HAL' 0' X AND Y TICK M'R~ LENGTHS 
TICK MARK IIZE CONTROL 
COOROI 0' CINTIR 0' TICK HARK (GLOIAL 
x 'LOTT'. COOROINATE 
COOROS 0' RELATIYI ORIGIN fOR GRID 1 

IUSROUTINE SRIOI 

'ENEUL I~OEX 
OUTANCE BETwnN 'DINTS IN • OIRECTION 
I • I 
NUNln 0' ,.RTlTlONI 
IN • , 
Offln I~ • DIRICTION 
OHIET IN Y OIIIICTlON 
NUMIU 0' x 'UTlTlONI 
IlN • I 
I.INI Ol'TION ( 1 • 101.10, I • OASHEO ) 
Ol'TI~IZINS SWIE' SWITC" 
UMI' CONSTANT 
COOIIO 0' RELATIVE ORIGIN 
COORO 0' eECINNIN' I'OINT 
COORD Of INOING I'OINT 

00 
0\ 

. , 



C·········NOTATION 'OR SUIROUTINf "ARK2 

C 
C 
C 
C 
C 
C 
C 

ARM 
SlZf 
SLO~f 
ITf~ 
X, Y 
XX, n 
Il,yt 

LfN'TH 0' AR. OF TICK .ARK 
TICK MARK SIZE CONTROL 
SLO~E 0' Y OIRfCTION AR. RELATI~E 
1.2 Hili. 

TO X 

COOROS 0' CENTER 0' 
~LOfTfR COOROINATfS 
COOROS 0' TICK HARK 

TICK HARK (~LOIAL 
( GLOIAL ) 

ENOS, AEL TO (X, Y) 

········.NOTATION 'OR SUSROUTINf OAIH! 

011 
I 
IIiC 
IIICZ 
I' 
II 
LO' 
X, Y 
XD, YO 
n, YT 
Xl, yt 
lI,n 

DIIT IfTNffN ~OINTI 
HNfAAL INDU 
NO 0' INCRf"fNTI IfTNEEN ~OINTI 
INCd 
~fN IUTUI 
~fN ITATUI SNITCH 
LINE O~TIOII ( 1 • SOLID, I • DASHED I 
COOAD 0' ~fH ~OIITIOIi 
~ROJfCTfD LfNGTH 0' OAIH 
Tf"~ COORD 'OR 'IRIT DASH 
COORD 0' If GINNING ~OINT 
COORD 0' fNOllia ~OINT 

C.···_··-·NOTATION FO~ 5UIROUTINf F~IPS 

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( ,11 
AHI( '" 
AHZ( '" 
ATH( ,11 
CC( ,SI 
CHI ) 
CH" , 
OT 
OX (lOY( I 
OXHII 
DX~lI 
OyHl( 
OY~lI I 
fft ,11 
ITl 
nz 
,PI ,1) 
'X ( I , 'Y ( I 
'YHI ( , 
'Y~ 11 , 
I 
101 THRU 101 
1111 
ITH~~ 
J 
JJ 
Jl 
JZ 
K , L 
Ll 
LI 
ML 
.. , 
HII 
HIIII 
HL 
IILHI 
Nl 
HI 
NS 
~ .. ( 
"YC , 
~'Y~l 
~X( I 
~y( I 
~Y~lI 
I( , 

IH( I 
RX( I 
RYH1' 
RY" , 
RlI, THRU 

Rl' , I 
S( ) 
TX( ) 

TVH1( 
TY~lI 
.N( , 

CONTINUITY COEFFICIENT 
CONTINUITY COEFFICIENT A' .1) AT J·I 
CONTINUITY COE,FICIENT A' .1) AT J-l 
TEH~ STORAGE FOA A' .1) AECU~510N COEFF 
CDfFFS IN STIFFNE55 .ATRIX 
~LATE T.ISTIN~ STIFFNES5 PE~ UNIT _IOTM 
CH AT Jol 
00 TRANS~OSf AT J 
SLAI IENDIN' STI'FNESSfS ~fR UNIT WIDTH 
OX AT J.l 
OX AT JOl 
DY AT J.l 
DY AT Jol 
COE" IN STIF'NESS HATAIX 
ff TRANI~OSf AT J.l 
fl TAANS~OSf AT J.! OR AA AT J 
COf" IN LOAD VECTOR 
IfAH IfNDING STI"NESSfl 
FY AT J.l 
FY AT JOl 
X DIRECTION INDEX ("STAoZ) 
RANDOH INOfXfS 'OA 'ILES 1 THRU 4 
T!H~OAARY INOEX 
TEH~OAARY ~RINT SNITCH 'OR DEIUGGIN~ 
Y DIRfCTION INDEX (JSTAoZ) 
J 'OA SUIAOUTINf "ATAIX 
JZ·l 
TNICE THE INDEX J 
DO LOO~ INDEXn 
KIHORTol. USfD 'DA VARIAILf DIMENSIONING 
KLO~Go], UlfD 'OR VARIAILf OI"ENSIONIN~ 
HULTI~LI LOAD IN' SNITCH 
ITARTING VALUE 'OR HAIN DO LOD~ 
OROfR 0' IUIHATRICEI 
TfH~DRARY INDfX 'OR NK 
HATRlx ORDfR 0' OVERALL COEFFICIENT .ATRIX 
NL "INUI I 
lAND .IDTH 0' !! 
lAND wIDTH 0' DO 
lAND NIDTH 0' CC 
AXIAL THRUST IN IfAH IN DIRECTION 
AxIAL THRUIT IN If A" IN DIRECTION 
~IY AT JOl 
AXIAL THRUST IN ILAI IN DIRECTION 
AXIAL THRUIT IN SLAI IN DIRECTION 
~Y AT Jol 
A~~LIED LOAD ~ER JOINT 
A~~LIED MULTI~LE LOAD ~ER JOINT 
ROTATIONAL RESTRAINT IN X DIRECTION 
ROTATIONAL RESTRAINT IN Y DIRECTION AT J-I 
ROTATIONAL RfSTRAINT IN Y DIRECTION AT JOI 
RECUASION COE,FICIENTS AND "ULTI~LIERS 

UlfD IN SOLUTION ~ACKAGE 
S~RING SU~~ORT. VALUE ~fR JOINT 
A~~LIED COU~LE IN • DIRfCTIDN 
A~~LIED COU~LE IN Y OIRECTION AT J·I 
A~~LlfD COU~Lf IN Y DIRECTION AT JOI 
CO"~LfTf ARRAY 0' N VECTORS NEEDfD 

FOR ~LDTT ING 
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GENERAL FLOW DIAGRAM FOR SLAB 49 

All variables are dimensioned in this main 
driving routine. For different sized problems 
only the cards labeled RE-DIMEN columns 73 
through 80 must be changed. The main program 
and all subroutines are variably dimensioned. 

I 
KSHORT = xx 
KLONG = yy 

Ll = KSHORT + 3 
L2 = KLONG + 3 

II CALL SB49S II 

91 



C PRCGKAM SLAB~9 ~ I,.PUT. OUTPUT. TAPEI. IAPEZ. lAPEl. TAPE<> L OZN,)OCDC 
C 
C-----~CR CTMfR PRO~Lf~ SiltS. DNLY THIS DRIVER NEED BE RE-OIMENSIONEO. 
C ~Ok EXAMPLE. AAIS.3.11. CCIS.3,51. ODIS'J,'" RIIS.l,S.". 
C [XIS'31. P.I~.3,L'31. KSHORT ~ S. AND KLONG • L wHERE SAN~ L 
C ARE THE MAxlMUN X.AND Y SllES OF THE PROBLEM. 
C 
C-----H·IS PRO\iRAII IS .<C.i DIMENSICII.EO TO SOLVE A H 8Y ~8 GfIIO. RE-OIMEN 
C 
C-----T~IS PROGRAM WilL OPERATE ON CDC 6000 SERIES OR IBM G-LEVEL 
( SYSTEMS. TkE CARDS NEEOEO fOR CDC OPERATION HAVE A C IN COLUMN 
( I AND CDC IN (OLUMN 18 THRU 80. THOSE CARDS NEEDED fOR IBM 
C OPERATICN ARE TA'GEO WiTH IBM. WHEN CONVERTI~ fROM ONE SYSTEM 
( TC ANOTHER, T~S~ CARDS NOT NEEDED SHOULD BE RETAINED AND NULLED 
C ~ITH AN ACOEO C. SUME CARDS NOW TAGGED IBM ARE PUNCHED IN THE 
C NECESSARY EBCDIC CODE. rHE CDC CARDS AND THE REMA1NOER Of THE 
C CARDS WHICh ARE NOT SPECIALLV TAGGED ARE PUNCHED IN BCD WHICH 
C IS COMPATI~E WITH BOTH SYSTEMS. ASA fORTRAN IS uSED THRUDuT. 
C 

) 
OOU8lE PRtCISION U. 

Rl. 
27 • 1 
27 • ) 
21 • 1 
27 • I 
27 • 1.1 
1.1 10 
21 ), 
ll)' 
1.7 .. 
1.1 I. 
21 It 
27 It 
21 I. 
21 10 
27 I. 
211 

I 
OI~ENSICN UI 

1 001 
2 .tTl 

'3 A. 

'" RII 
tlMENSION OXI 

l' !lYI 
2 HI 
J fYl 
'" 01 
5 RXI 
.. TIl 
7 CHI 
II Pxl 
9 P8l11 
A OMI 

CllIENSltN _I 27 " 
I 
2 
J 

6MXI 21 I. 

" 5 
~ 

BMYI'lI 21 It 
8M8YMll 21 I. 

PWI 11 • 51 I. 
P51GOI 21 • H , 

CC. 
Rl. 

00. 
W. 

Bill 
EEl 

AMII 
Rli 

OXMlI 
DVMli 

FYMII 
SI 

RVMII 
HMl! 
tHPIl 

PYI 
paYI 

IlMII 
.PII 

8M811 
&MYI 

8M8YI 
paMXI 

fE. FF. AT. A. Alii. AMlt 
WMIt ...a. WPl. WP1. PW 
21 • 1 I, Ctl 1.1 • 5 
1.1 • I I • ff I 21 • 1 

10 
I. 

21 • I I. 
21 • 1.1 I. 
21 I. 

AMll 
It), 

OXPII 
O\,Pli 

21. 
21 • 
21 I. 
11 10 

I 10 
21 I 

1.1 10 

21 " 21 I. 
27 I. 
21 I. 
11 I. 
1.1 I. 
21 10 

11 I. 
21 lo 
11 10 
17 " 10 11 

fYPIl 1.7 I. 

ItYPII 21 I. 
r\'PII 21 I. 

PYPIi 21 I. 
paY"1I 11 I. 

Willi 17 I. 
.. P21 21 I. 

8MYPli 21 It 
8118'''11 11 I. 

21 • 51 I. P811YI 21 • 51 I • 

FDLlOWI~G 5 CARCS PERTAIN TO DIRECf ACCESS FILES A..o MUSr 8E 
CHANGED WhEN PROGRAM IS REOIMENSIONfO. fOR tXAMPlE, fHE DEfiNE 
filE CAIIO PAIlAMETfIlS ARE 2.CU:U. 2I1S.31"21. U. 101 THRU 100ft. 
C(MMON lUI 101. 102. 101. IO~ 
CEflNE fILE I I 101, 1458. U. 101 
DEfINE FilE 2 ( 102. 1~58. U. 102 
DEfiNE filE 3 I 102. I"S8. U. 101 
CEflNE filE" I l02. l"Sa. U. 10" 

,,5 .. 0RT • H 
KUlNG • ~. 
Ll • KSH(,RT • 3 
l2 • KLC~G • 

CAll 
1 

58"95 AA. 
A, 

01. 
fit. 
RX, 

88. C~. DO. EE, FF. Ar. 
." •• AfII2. Fli. R2, R3. 

2 , 
~ 

5 

" 1 
e 
'l 

E"'D 

CHPI. 
OM. 

811X. 
dMdYMI. 

P ... 

Ol~l. DXPI. DY. DYMI. DYPI. 
FY, FYK1. fYP1, Q, S, 

MYMl. Itypl. TX. TY"l. fVPI, (H, 
px, pv, PYP1. P6X, PBy,PBY'>l. 

.... MM 1. "M2. IIIP1, l1li'2. 
8MB •• BMYMI. dMy.dMYPI. 
8"BY. BMBYPI. 
P8~X, P6MY,PSIGO. ll, L~ 

L,MV 11811 
UMYI IBM 
IIE-OIMEII 
IIE-DIMEII 
ItE-DIMEH 
IIE-OIMEN 
ItE-DIIIEH 
RE-DIMEN 
IIE-DI"EN 
RE-DIMEII 
RE-OIMEII 
IIE-OIMEN 
RE-DIMEII 
IIE-OIMEN 
IIE-DIMEN 
RE-OIIIEIi 
II E-D I lIE II 
liE-DillEN 
IIE-DIMEII 
IIE-OIMEN 
IIE-OIMEN 
RE-IUMEN 
RE-DIMEII 
RE-OIIIEN 
IIE-OIMEN 
I~JA2nM 

I"JAlI8M 
I"JA218M 
HJ.2I11M 
R£-O III" 
il.E-O 18" 
IIE-O Ja" 
IIE-j IBM 
IIE-OI"E'" 
IIE-OIMEN 
OSJAB 
I2"YO 

2lAG9 
22AC,Q 

10"C'I 
100Ce; 
10')C9 
IOOC'l 
I o LlC 'I 
10'::C9 
21;AI 
IHE I 
O~JA~ 

. . 



93 

SUBROUTINE SB49S 
This is the main computational program 

READ Program identification 
and first problem number 

Yes 

PRINT program identification 

PRINT problem identification 

READ and PRINT Table 1 - control data 

READ and PRINT Tables 2 thru 9 

Check for data errors within each table 

NDES 

9980 

1875 

= Sum of NDE2 .thru .1 
NDE9 

+ 

o 

Check for total 
number of data 
errors 

Return for 
new problem 
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I 

I 
I 

I 
I 
I 
I 
I 
I 
I 

I 
I 

• I 
I 
I 
I 
I 
I 

I 
I 

~ 

compute stiffnesses 

and solve equations 

CALL DATA 
Retrieve Data at 

J = MY 

Print headings for slab 
am. or combined output 

,----------- Do in 
~--~~~~~--~~~~~ 

Compute and 
Print results 

( 
I 

I 
I 

• I 

A(I) 1) - AT(I.J) 
WP2(I) .. WPl(I) 

WPI "" W(I) 
W(I) = WMl(I) 

WMl(I) • WM2(I) 

Reset deflection 
vectors 

I 

.... _------

Retrieve deflections 
at this J step 

Yes 

Compute bending moments absorbed 
loads and twisting moments at this J step 

Compute support reactions by subtracting 
applied load from sum of absorbed load 

Compute principal moments or stresses 
if slab exists 

See separate 
diagram on 
page 93 



I 
I 
I 

• I 
I 
I 
I 
'-------

95 

PRINT results of this J ste~ 

CALL DATA Retrieve data at 
the next J step 

8900 

--- CONTINUE) 

PRINT summation of reactions 
and maximum statics check 
error 

~ PLDT three-dimensional I 
deflections if required 

rRETURN for new problem I 



96 

Compute Principal Moment and Direction 

8060 

BMA = 0.5 * (BMX(I) + BMY(I» 
THY = -TMX 
BMP = BMX (1) - BMA 
BMR = SQRT(BMP * BMP + TMY * TMY) 
BMO = BMA + BMR 
BMT :r:: BMA - BMR 

+ 
o 

+ 

8200 

= 57.29578 * ATAN(TMY/BMP) 
8400 

Principal 
Moment 

57.29578 * ATAN (TMY/BMP) 

o +, ________ ~ ________ _, 
THETA = -180.0 - ALF 

THETA = +180.0 - ALF 

8300 

8450 
BETA = 0.5 * THETA Direction 
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( 
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SU8ROUTINE 
I 
2 
3 

• 
5 
6 
1 
8 

• 

S8.9S AA. 
A. 

OX. 
fit. 
~X. 

tHI'I. 
Oil. 

8MX. 
BMIlYMI. 

PII. 

eB. CC. 00. EE. 
A'I. A"2. RI. R2. 

OX'I. OXPI. OY. OVMI. 
FV. fYMI. FVPI. Q. 

"nil. RYPI. TX. TVIH. 
. PX. PV. PYPI. PBX. 

w. Will. 11M2. liPl. 
B'BX.BMY~I, 8MY,BMYPl. 
B~BY, BII8YPI, 
PB~X. PBMY,PSIGO, Ll. 

fF. AT. 
"3. 

OVPl. 
S, 

TVP1. t.H. 
PBY,PBYP I. 
IIP2, 

L2 

21JAI 
22AG9 
lOOC9 
100C9 
lOOt'll 
lOOC9 
100t9 
l00C9 
21JAl 
I1Hl 

I FORIIAT 
I 
811 

5211 PROGRAM SLAB '9 -rEX HIIY DEPT DECK- MATLOCK,IINOI 
33I1P,,"A)(, EIIDRES REY DAlE 29 FEB 12 REYISEO 

2lJAl 

00U8LE 
I 

OCU8LE 
I 
OOU8lE 

paECISION AA, B8. CC. 00. EE, ff. AT. A, AMI. A1I2. 
al. RI. R). II. 11111. 11112. WPl, IIP2. Pli 

PREC1SICN POHXHY. HYCHX3, ODHX3. ODHXl. OO"l, 
OOHXHY, HXOIIY3. OOIlY3. ODHYI,.OOHT. caD 

PREOISIOIol WSUMI. IISUMMl. WSUM1. IIYD"X. tlXOXY. 
• 08MX. OBMY. OPX, OPY. OTIIX. OTIIY. OTX. OTY. 
• • 

OBMBX, 08~BY. 'PBX, OP8Y. ORX. QRY. REACT. 
Su"a. fMX, BMA. TIIY, BMp, BIIA. BND. BIIT. 
ALF. S012, PMMAX, THK, STACH. SUIIR. ROCK 

DOUBLE pRECISIOIol ROSCI. ROSC2. SaM. SUP. STAT. STas. RCT. CHk. 
. I BMCM. $l8X, SLaY. 8UK. 8EMX. BEMY. IIEST. NPROB. KPR08 

DOUBLE PRECISION 101. 102. 10. 104 
OOUBLE PRECISIO~ STE"P 
DIMENSION AAI LI • I I, 

I 0111 II • J I. 
e ATI LI I I. 

BBI LI , 
EEl II • 

I, 
I. 

CCILI.S 
FFILI,I 

I. 
I. 

3 AI LI I " 
4 RUll L11. 

D I MENSIGN OXI II 

AMII 
R21 

eXIIII 
OYMII 

II • I I, 
II • II I. 
II I, 

AM2C 
R)I 

OXPII 
OYPlI 

LI • I I. 
II • LI I 
LI I. 

1 O'C LI LI I. LI I. 
2 FXI II 
1 FYI II flMII LI I. 

II I. 
II I. 
LI I. 
II I. 
LI I. 
LI I. 

FYPli LI I. 
4 01 LI SI 

RYMII 
TVPlI 
CHPII 

6 
1 
8 
'it 
A 

RXI II 
IXI Ll 
CHI LI 
PXI LI • PYI 

PBYI 

RYPlI II I. 
lY'U Ll I. 

PYPlI II I. 
PBYP", LI I. 

DIMENSICN 
I 

PBXI II I, 
OMI 1I I 

III Ll I. Willi LI 
IIPli II 

BPUI U 
BMYI 11 

e~BYI II 
PBMXI II 

I. 
I. 
I. 
I. 
I. 

11M2 I II I. 
IIP2. II I. 

I BMXI II I, 
) 8M'"II LI I. BMYPlI LI I. 
" BMBYMli LI I. BMBYPLI II I, 

P811YI Ll , L2 I, S Pile LI • LI I. • II •• 
6 PSIGOI LI , L2 I 

DIMENSION IEMX 13001, TEMY 
OIME~SION IBUflSOOI 

nool. XXIlOOI 

(CMMOII 
CC II liON 
tCIIMOIi 
COMMOIol 1 ~ 

2 
) 

• 5 
I> 
1 
8 
9 
A 
a 

((MMDIII 
1 

tOMMON 
I 

CCMIION 

I lOT I LOP, PC, IROlL. IIOP 
IpLOTI II. 12. JI, J2 
IpLT I II. 12. JI, J2 
ICAROSI AIIII.OI. A1I21I&1, 

11011)1)001. J~lrlioOI, IN211)001. JII2)13001. OXNI300l, 
OYNI3COI. FXIoIOOOI. fYN1300l, 010113001. SIU3001. 

1111'1 !tal. JNI'1 !tal. IN2" 501. JIIl'l 5DI. 
RXNI 501. RYNI '01. TXNI 501. TYIII SDI. 

INI51100l, J1I1511001. IN2511001. J1I2511001. CHNIIOOI. 
INI61 501, JNII>I 501. IN21>1 501, JII21> I SDI. 
PXNI 501, PYIII 501. paXli1 501. PBYIII 501. 

11011111001. J1I1111001. IN2111001. JN2111OOl, OMNIIOOI, 
IN151 101. JN181 101. IN281 101. JN281 101, 

"ASE .. I 10l,KASEXI ICI.USEYI 101.KASEPI 101, 
JNI91 10,. JN291 IDI 

IUBLE/NCll. NCll. NCI •• NCT4. NCI5. NCT5. Nt16. NCTIo. 
Nell. NeT1. NC1B. NOT8. NCI9. NCr. 

ISTIFf/POH'Hl. HYDHXl. 00HX3. OOHX2. OOHX. 
OOHJHY. HXOHY3. 001lY3, OOHY2. OOHY. CROI5) 

I al I NXP3. MYP3. NF. ITMPP 

UNYlIBM 
ll"VlIBM 
UMYllBM 
I)IIYliB" 
UMYlIB" 
13MY11B" 
13MYlIBII 
IlMYllB" 
UMYIIB" 
Z3fEllBM 
23fE1I811 
30NO11 BM 
OIOE liB" 
21> see 
16SE8 
21>5E8 
26SE8 
llAG9 
l00C9 
100" 
100" 
100" 
100" 
lOOC9 
100" 
100" 
lOOC9 
100" 
100" 
100(9 
100(9 
100(9 
100(9 
11Ft I 
I1fEl 
l1FEl 
liF£l 
OIoDEllBM 

15JEO 
25N09CDC 
OIOE IIBM 
2lJAI 
23SEO 
235EO 
2351:0 
235EO 
235EO 
llSEO 
235EO 
l1fEl 
I1FEl 
I1fEl 
I1fEl 
10IIC9 
l1FH 
100C9 
2lo11Y 1 
230EO 

C 

o 
C 
C 

C 

(A TA 
I 
2 
3 

tATA 
I 

S~P 
RCT 

SLU 
8EMX 
101 • 

e fORMAl I 

I lHS~PPGR T I. 
I SHRE'" TlONIt 
I I>HSLAB X I. 
I bHBEAM X I. 
102. II)), 104 

SlAT I lHSTAfIC~ I. STRS I I>HSfRfSS 
OHK I 6H CHECK I. 8MOM I bHMOMENT 

SLBl I bHSLAa Y I. BLNK I IoH 
BE~Y I bHBEAM Y I. If EST I 5H 
18~DEfLECT~. BHBN MOM X. 
BHB~ MOM Y. BII S IGO 

11 FORMAT I SHI • 80X, IDHI-----TRIM 
12 FOR"AT I 20A' ) 
13 fOR"Al I 5X. 20A4 I 
14 FORMAT I AS, 5X. l1A4. A2 
15 FORMAT 1II110H PR08 • 15X. A5. 5X. I1A'. A2 I 
16 fORMAT $11111H PROB 'CONIOL. 15X. AS. 5X. I1A~, 1.2 L 

I, 
I. 
I, 
I 

16 FORMAT 1II111H PROIl ICONTO). 15X. A5. 5X. I1A4. 
I'll FORMAT III150H KEEP RUN liME RECOROS fOR fUTURE 

A2 ) 
ESIIIIAHS OF 

1 3111 PARENT AND OFFSPRING RUN TIMES I 
20 FORMAT I 815, 5X.IS.25X. 15.1. 8IS.5X.)15.ll.13.)f5.0 
21 fORMAT I 21!t. lOX. 'El0.) I 
33 fORMAT I "I 2X. 13 I. 6ElC.) I 
43 fCRMAT 1 41 2X. I) I. 20X. 4EIO.3 I 
53 fORMAT 1 41 2X. 13 I. EIO.3 I 
63 fORMAT' " 2X. 1) I. lOX. ~EIO.) I 
13 FORMAT' 41 2X. 13 I, 40X. EIO.3 I 
B3 fORMAT I 41 2X. U I. " ,x. 11 I I 

OafEl 
OafEl 
08FEI 
OSHI 
15JEOCOO 
ISJEOCDO 

04MYl 
l1fE I 
18MYO 
IBMYO 
IIJAI 
01OEO 
010EOCOt 
ObOEIIBM 
IIJAl 
21JU 

93 FORMAT 1 2110 I 
C 100 fORMAT' 1130H TABLE I. CCNfROL DATA 

IABLE I. CO~TROL CAIA 
TA8LE NUMBER 

ObOE! 
llJAI 
I'lIAG8 
21JAl 
2lJAI 
21JAl 
llJAI 
03fEl 
OIoOCO 
21JAICOC 
ObOE11BM 

C 

c 

100 FORMAT 1 1130M 
I I SSX. ~OH 
2 I 40X. 45H 
3 /I SX. "OM 
3 /I SX. 'OH 
4 I SX. 4011 
5 II SX. 2SH 
6 I SX. 25H 
1 I SX. 2511 
8 I SX. 25H 
9 I 5X. 2!tH 
\ I SX. 2511 

23' !t I> 1 8 
KEEP fROM PRECEOING PROBLE" II'YESL 
KEEP fROM PRECEDING PROBLEM (lsYES' 
NUM OARDS INPUT THis PROBLEM 
MULTIPLE LCAD (PTION 15X, 
STATICS CHECk CPTION ISX. 
PRlloI STRESS OPT 1011 ISX. 
PROFILE pLCT OPTICN ISX. 
3-0 PLOT OPTION 15X. 
3-0 PLOI OFTICN 15X. 
TABLE 2. CONSTANTS I 

15. 
15. 
IS, 
IS. 
15 
15 

q • 

" 815. 
, SIS, 
.. 815, 

21JAl 
21JAl 
21JAICOC 
ObDHIBM 
21JAI 
21JAl 
llJAI 
2lJAI 
21JAI 
21JAICOC 
ObOE 116M 
IUG8 200 FORMAT I 1124H 

201 FDRMAT I I 4SH NUMBER OF INCREMENTS IN X DIRECTION • 21JAI 
21JAI 
21JAI 
21JAIlBM 
21JAICOC 
2lJAllBM 
21JAICOC 
IIJAIIBM 
2lJAICOC 
IIJAlI aM 
2lJAlCOC 
lODE! 
100H 

c 
C 

C 

C 

I 35X. 15, 
2 I lOX. 3511NUMBER OF INCREIIENTS IN Y OIRECTION • 
3 I lOX. 15HINCREMENT LENGTH IN X DIRECTION • 30X. 
1 I lOX. )5HI~CREMENT LENGTH IN X DIRECTION • 30X. 
4 I lOX. 35HINCREMENT LENGTH IN Y OIREOTION • lOX. 
" I lOX, 3SIlI~CREMENT LENGTH IN Y DIRECTION • 30X. 
5 I lOX. 3511POl5SCNS RATIO • lOX. 
5 I lCx. )5HPCISSCN5 RATIC • 30X. 
~ I lOX. 35HSLAB THICKNESS • 30X. 
I> I lOX. 35HSLAB THICKNESS • lOX. 

300 fORMAT 1149H fABLE 3. ~OINT BENDING STIFFNESSES. 
£ 15HANO SUPPORTS 
1 II SOH FROM 
2 35H FY 

I 20H JOlhT 
311 fORMAT 1 5X. 21 IX. 12. IX. 

THRU Ox 
II 

JCINT • I I 
13 10 IPbE11.) 

DY 
S 

C HI fORMAT' 5X. 2' IX. 12. lX, 

lSX, IS. 
IPE 10. 1, 

EIO.3. 
IPElO.3. 

HO.3. 
IPEI0.3. 

flO.3. 
IPElO.3 I 

E10.3 L 
LOAOS. 

FX • 30AG8 
30AG8 
30AG8 
llJAllBII 
2lJA1Cot 

400 FOR"AT I 115111 fAaLE 4. 
Il L. bEll.) L 
JOINT RESTRAINTS 

THRU 
AND APPLIEO MOMENIS IOOfl 

I II SOli fROM 
2 35H RY 
1 I 2011 JOINT 

411 FORMAT I 5 •• 21 IX. 12. IX, 
C 411 fORMAT' 5X. 2, IX. 12. IX, 

500 FORMAT I 115011 TABLE 5. 
I II 3011 fROM 
2 I 20H MESH 

511 fORMAT I 5X. 21 IX. 12, IX, 
o 511 FORMAT' 5). 2' IX. 12. IX, 

bOO FORMAT I 1140H TABLE 1>. 
I II 50H FROM 
2 35H PY 
3 20H 8AR 

IX 
JOTNT , I I 

lY 

13 I. 22X. IP~EII.3 
I) L. 22X. 4EI1.) L 
~ESH TWISTING SlIFfl4ESSES 

THRU C 
HSH • I I 
U " IPEIl.3 I 
U L. Ell.) L 

BAR AXIAL THRUSTS 
THRU 

PBX 
eAR 

PBY 
• I , 

RX • 30AG8 
30AG8 
30AGe 
21JAlIBM 
21~AlCoc 
10DH 
30AG8 
30AG8 
21JAli8M 
2lJAlCOC 
10DEl 

PX • 30AG. 
30AG8 
10AC8 



1>11 FOR".T 
C 611 feRMAt 

10C FORMAT 
I /I 
2 
J I 

111 fall"'" 
C 111 fOR "AT 
C 800 fORMAT 

, 
C 

800 fOR"'" 
I 1/ 
2 
3 
4 
3 

I S~. 21 IX. 12. Ix. Il I. 22X. IP4EII.] I 
• 'X. 2. I •• 12. IX. Il l. 22K. 4Ell.3 l 
1 113,H TABLE t. MULTIPLE LOADS 

50H F~OM TH~U 

20H C". 
20H JOI~T JCINT. I I 

I 5X. 21 lX, 12. IX. n I. 44X. IPEll.3 
I 5X. 2. IX, 12, IX, 13 l. 4'X, EIl.3 L 
I 113'H TABLE.. PROFilE OUTPUT AREAS 
I /l35H TABU.. P~OFILE OUTPUT AREAS • 

40H f~O" THAU DEFL X MOMENT 
)5H Y MC"ENT PRIN "C" OR ~TRESS • 
42H JOINT JOINT IIIYESL II'SLAB. 
35H2.8EAML 'I'YESL L 
42H JOI NT JOlin II-YES I II-SlA8. 

4 )SH2-8EAMI II-YESI 1 
811 fO~"AT 5X. 21IX.12.IX,131. 4X. 12, 9X. 12, lOX, 12, 14., III 

I 
SHA 
• TO 

812 FOR"AT I 4SH 8£A~ MCMENTS ARE TOTAl PER 8EAM 
813 fORMAT I 25X, A6. 5X. A6, 13X, 20H LARGEST 

I I 25X. A6, 5 •• A6, SX. A6. 2X. 20H PRINCIPAL 
2 I 2SX. A6. 5X, A6, 3SH TWISTING SLAB URGEST 
I Al. 

21JAl18M 
2lJA1CDC 
lODE! 

, 30AGB 
)OAG' 
)OAG' 
21JU18" 
21JAICOC 
2IJA,ICDC 
06 DEl IBM 
21JAl 
21JAI 
2UElCOC 
Z.fElCDC 
060E 11811 
06DE1I8" 
IUPI 
22JU 
22JAI 
10DEl 

• 10DEl 
22JAI 

2 2SH X • V DEFL 
3 A6. 'X. A6. 2X, A8 I 

, A6, 5X, A6. 5X. A6. ~X. 22JAI 
22JAl 

81~ fO'MAT 25X A6. SX A6. 3'X .,. 
, I 2SH X ,V OEfl , A6. 5X A6, ,JX A8 I 

C ~15 FORMAT I I 50H SLAB X MO"ENT AND X TWISTING "DMENT ACT 
C 1 )5HI~ TrE X DIRECTION .ABCUT V AXISl • 
C 2 I lOX. 50HV I_ISTING MOMENT I -X TWISTING MD"ENT. CDUNtERCLO 

C 

815 ~ORMAT I I SOH SLAB. MO"ENT AND X TWISTING MOMENt lCT 
I 35HIN ThE X DIRECTION IABOUT V AXISI , 
2 lOX. 50HV T_ISTING MO"ENT - -X TWISTING "OME~. COUNTERCLO 
J 2SHCK.ISE 8ETA ANGLES ARE 
, I lOX. SOHPCSITIVE fROM THE X AXIS TO THE DIRECTION Of THE L 
S I1HARGEST PRINCIPAL. A6 • 
6 I lOX, 35HSLA8 MO"ENTS .RE PER UNIT WIDTH 
6 I lOX, 3SHSLAB "C"ENTS ARE PER UNIT MIDTH 

L 
1 

851 FOR"AT I 5X. 12. I., 13. IP3Ell.3. 28X, IPEII.3 
C 8~1 FOR "AT • 'x, 12. U. 13. Jell.], 28X. Ell.) L 

852 FOR"Al I 5 •• 12, lX. 13, IP5EIl.'. OPF6.I, IPEIl.3 
C "2 FORMAl 1 5 •• 12. IX, 13. 5EII.3. F6.1. Ell.) 

85) FORMAl I 2iX, IP2EII.3 I 

10DEl 
lODEl 
12fEICOC 
22JAICOC 
22JAICOC 
06DElI.M 
060E1I8" 
06DE1I8M 
22JAI 
22JAI 
22JAl 
22JAlCOC 
06DE 118M 
2UAU8M 
21JAlCDC 
21JA1l8M 
21JA1CDC 
21JA1l8M 

C .53 FORMAl' 22X, 2EII.' L 
, 860 FOR"AI 111150H STATICS C~£CK. 
C 1 6HS' • E10.3 L 

2lJAltDC 
SUMMAlloN Of REACTION. 13SE"DC 

21JA1COC 
,.60 FOR"AT III/SOH STATICS CHCK. SU"MATION Of REACTION, 06OEII," 

I 6HS· • IPEIO.' I 
C e61 fO~MAT I I 29X '5HMAXINUM ST.TICS CHECK ERROR AT STA 
C I 2H I. Ell.) L 

861 fORMAT 291 3SWMAXlMUM STATICS CHECK ERROR AI STA ,213. 
I 2H -. IPEII.3 1 

Bt, FC~MAT III 25H PROFilE CLTPUT .RE'S 
C 865 fORMAT. SOH X "("ENTS ACT IN • DIReCTION 'ABOUT T AX 
C 1 )HI5L,I,IOX, 35HTHE PLOTTED RESULTS INDICATE THE RE 
C 2 ~DHlATIVE VALUE EACH HAS WITHIN THAT LIST l 

865 fORMAT SOH X MC~ENTS ACT IN X DIRECTIOM IABOUT T AX 
1 )HISI,I,IOX. )5HTHE PLOITED RESULTS INDICATE THE RE 
2 ~OHLA1IYE VAlUE EACH HAS WITHIN THAT LIST 1 

C E66 FCRMAT III .2H 8ETWEEN 
C 1 2H I. U. 2H •• 13, 8H L AND I. n, 2H .. U. 2H L L 

'f66 FORM'" III 42H BETWEEN 
1 2H I, 13, 2H •• I), 8H I AND I, I), 2H ,. 13, 2H 

£61 FORMAT lH+ ,IIX. II~DEFLECIIONS 

060E1I8" 
09FElCDC 
l6"'ICDC 
06DElI." 
06DE1IM 
15fEl 
15FIiICOC 
ISMR lCDC 
15fE ICDC 
06DE1I8" 
060EII8M 
06DE 118M 
I5fElCOC 
06DElCOC 
29H218" 
29FUII" 
10DElIS" 

1 II 25H X • Y DEfLECTION • 
C f61 fORMAl I IH'. I1X. llhDEFLECTIDN$ 
C I II 25H X • Y OEfLECTICN • 

868 fORMAT IH+. 9X, A6. 5H AND ,A6, lX. A6, 
II/12M X , V • A6, SH MCM • 21X A6. 

C 868 fOR"AT. IH£. 9l. A6, 51i AND .A6, IX, A6, 

I I lODE 118" 
100EICOC 
IDOElCDC 
10DE1I8" 
100EliM 
10DEICOC 

I 

SH MOM • I J 

C I /I 12H X • V , A6, 5H MCM , 21K A6, 
869 fORMAT lH+ • 20X. A6. 1 •• A6. 

I II 12H x , Y • A6.51i MOM, 
C 869 fORMAl. IHI. 20X. A6, IX. A6. 
C 1 II 12H x • V • .1>. 51i MOM • 

SH MOM • 

I 

I 

10DElCOC 
lODE 118" 
10DEll,M 
100ElCOC 
10DEICDC 

el0 FOA"AT IH' ,17X. 10rPRINtIPAl. AI> • 
I " I1H ), , 't Plltl" , A6, I J 

C 81C fO~MAT I IHt, I1X. ICHPRI"tIPAL, A6. 
C I II 11H X , V PAl" , A6, I L 

t 

90C fORMAT II.OH 
I" 20M 
2 I 20H 

903 fORMAl I 25H 
~05 feRMAT 'I>H 
910 fORMAt I ')M 
911 FORMAl 12IS~.1511 
920 fCRMAt I 1I15H 
921 FOR"AT I 113SH 

I 22HfllCM 
98C fORMAT IIII'OM 
981 FORMAl I 1151M 

I 35H fOR 
982 FORMAl I 1150H 
98) fORMAT 1I150H 
98, FOR"AT I 150H 
965 FORMAT I )5H 
986 FOR"AT« 150H 

tABLE 9. PRINTEO CUIPUT 
fROM THRU • 

V st. Y STA I 
1'j0~E I 

USI~G DATA FROM THE 
ADDITIONAL CATA fOR 

RE~ULTS J 

PReVIOUS PROBLE" 
THIS PRDDLEK I 

RESULTS--~SING STiffNESS DATA, 
PREviOUS PR08LEM. AS I 
•••• UNDESIGNATED ERROR STOP •••• I 
.... CAUTION. MULTIPLE LOAOING OPTION MISUSED 
THIS OR PRIOR PRCelEM •••• I 
•••• MIS~SE CF MULTIPLE LOACING OPTION •••• I 

•••• IMPROPER NO OF CARDS INPUT OR KEPT •••• I 
•••• X I~CREMENTS EXCEEO Y INCREMENTS •••• I 
•••• ERIIC~EOUS DATA INPUT •••• I 
•••• THE DIMEhSIChED STORAGE IS TOO SMALL FOR 

I )OH IHIS SIZE OF PR08LEM •••• I 
99C FO~MAT 35H 

I 10H 
•••• TCTAL hUPBER OF SPECIFIEO 

PCINt SIS, IS, 
2 25H 

991 fORMAT 11PH 
I 33H 

992 fORMAT 1II130H 
I 20H 

101 • 0 
102 • 0 
ID] • 0 
ID •• 0 
140 • 0 

• 300 IS ~AX •••• 
•••• , 14. 

tATA ERROIIS I" THIS IABlE •••• 
•••• PRe8LEM TERMINATEO • 14 

tATA ERRORS •••• I 

C-----PROGRAM AND PR08LEM IDENTifiCATION 
C 

C 

CALL TIC TOC III 
KML - 0 

READ 12, IANllhl, " • I, ,01 
1010 READ I" NfR08. IA"21"1. N 0'1. 181 

IF ( NPRD8 - IIEST I 1020, 9990. 1020 
1020 PR INT II 
1021 PR INT 1 

PRINT 13, IANII"" N • I, 401 
PAIHT 15. ~PR08, «AN2INI. h • I, 181 

INPUT tABLE 1 C(hTROL OAf A 

U.D 20. KEEP2, K'EEPh KEEP~, KEEP5. KEEP6. KEEPl, KeePS. 
I KEEP9. ~L. 1TMPP. hCD2, NCD3, NC04, NC05, NCD6, I'jCD1. 
2 ~08. hCD9. KROPf. 10PPS,IPOP,IGSW. 130.VEf.RDF.SlOPE 

140 • 140 • no 
PRII'jT 100. KEEP2, KEEP3. KEEP~. KEEP5. KEEP6, KEEPI. KEEPB. 

I KEEP9. NC02. NCO), NCD4, NCD5, NCD6. NCDl, 
1 ~OB, NCD9, ML, KIICPT. 10PPS. IPOP. UD 

IoOEI • 0 
IF IKPLI 117,. 1110. 1112 

Ille IF I ML I 1171. IllS, 1115 
1111 NOEl· "DEI' I 

PRINT 982 
GO TO 1116 

1112 If I NL I 1116. 117), 1113 
liB PR INT 981 

GO TO 1115 
1114 If 1 ML I 1116, 1115, IllS 
IUS If I KEEP2 I 1119. 1111, 1I1_~ 
1116 IF I KEEP2 I 1119. 1179. 1118 
1111 If INC02 I 1111, 1119, 1180 
1118 If I NC02 I 1119, 1180, 1179 
1119 "DEl • NDEl • I 

PRINt u) 
11'0 KML • Ml 

lODE 118M 
IDDEI18M 
10DElCDC 
100EICOC 
2.FEI 
21JAI 
2lJU 
I1FEl 
Uftl 
]JOe. 
03FEI 
12fEl 
12fEI 
2lJAI 
19JEII 
02fEi 
02FEl 
OZfEl 
02FEI 
02fEl 
02fEl 
02FEl 
02fEi 
I2fEl 
O)FEl 
12fEl 
24FEl 
19AG8 
2UG8 
2UG. 

30NOI 
3DNOI 
)DNOI 
30NOI 
06DEl18" 

l1FEI 
OSFEI 
23FEl 
2JFEl 
040EO 
UfEl 
UFEl 
ZJfEl 
HfEl 

02fEl 

18MVO 
02FEl 
06MYl 
06DEl 
18MVO 
06OCO 
02FEl 
02FEl 
02FEl 
02FEl 
02FEl 
05F£1 
02FEl 
02fEl 
02FEl 
02F£1 
OlFEI 
02FEl 
02fU 
02fEl 
02fEl 
02fEi 
05Hl 
02FEl 



IF I~DEII 9980, IZOO, 1182 
118Z PlllNI 'I'll, ~DEI 

C 
C-----I~PuT TABLE 2 -- CC~STA~TS 
C 

e 

1200 PRI~T 200 
IF • KEEPZ I 9~80, IZOI, IHO 

1201 ~DEZ 0 
IF • ~eDZ - I 1 IZ03, IZO~, IZ03 

1203 NDEZ = NDEZ • I 
PR I~T 98~ 

1205 REAO 21, "I, MY, HX, HY. PRo THK 
PIilINT 201. MX. "V. HX. HY, PR, THK 

IF I MX - MY 1 1211. IZII. 1210 
IZIO ~DE2 • ~DEZ • I 

PRINT 98~ 
1211 IF I HI • HY I 1212. 121Z. 1213 
1212 ~OE2 ~ NOE2 + 1 

PRI~T 98~ 

1213 IF I P~ • THK I lZI~. 122~, IZ25 
121~ N0E2 • NOE2 + 1 

PRINT 98~ 
1225 IF I Ll - 3 - ~x 12Z6. lZ21. 1221 
IZ26 ~DEZ NDEZ + 1 

PR I~T 986 
IZ2.1 IF I LZ - 3 - ~Y IZ28. IZ~O. IZ~O 
IZZ8 NDEZ NDEZ + I 

PR I~T 986 
GO TO 12~0 

1240 PR I~T 905 
PRINT 201, "X. ~y. HX. HY, PR, THK 

lZ~O IF I ~DEZ I ~~EO. 1300. IZ10 
lZ10 PRI~T 991. ~OEZ 

C-----INPuT TABLE 3 -- JOINT STlfF~ESS ANO LOAD DATA 
C 

1300 PRINT 300 
IF I KEEP3 I 9~80. 1301. 1310 

1301 ~C13 = 1 
heT3 • NC03 
~DE 3 = 0 
SWS 0.0 
slOe = 0.0 

GO TO 1335 
IHO PRI~T 'i0~ 

00 13Z~ ~ = 1. NeT3 
PRI~T 311. INI31~I. J~13I~I. I~Z3I~I. J~Z3I~I. OI~.NI. OY~.~I. 

I FX~I~I. fY~.NI. ~NINI. S~I~I 

13Z~ CO~TI~UE 
PRI~T 910 

~C13 NC 13 + I 
~CT3 = ~CT3 + NCD3 

133~ IF • ~C03 ~980. 1331. 13~0 
1331 PRI~T 903 

GO TO 1312 
13~0 00 1310 h = ~CI3. ~CT3 

READ 33. 1~13.NI. J"13I~I. INHINI. JNZ3INI. OlNI~I. DYNI~I. 

1 FX~I~I. FY~I~I. '~INI. S~I~I 
PRI~T 311. 1~13I~I. J~131~1. I~HINI. JNZ3INI. DININI. OYNINI. 

1 FX~lhl. FYNI~I. ChINI. S~I~I 

IF I 1~13I~1 - I~Z31~1 I 13~Z. 1HZ. lHI 
13~1 ~OE3 • ~OE3 + 1 

PR I~T 'iB~ 
lH2 IF I JN13I~1 - JNZ31NI 13H. 13H. lH3 
13~3 ~OE3 • NDE3 + 1 

PRI~T 9B5 
lH4 IF I I~HI~I - MX I 13~6. 13~6. IH~ 
13~~ ~DE3 • ~DE3 + 1 

PRI~T 9B5 
13~6 IF I J"Z3(~1 - HY I 1350. 1350, 13H 
13~1 ~DE3 = NOE3 + I 

PRI~T 9a5 
1350 SWS S.S + A8S CX"I~I' OYhlNI 

S .. 8 = S.B • ABS FX~I~I + FY~I~I 

23FEI 
05FEl 

OZFE I 

OZFEI 
2~FEI 
Z6AG8 
Z8AG8 
26AGB 
HFEI 
Z6AG8 
19AG8 
19AG8 
16AG8 
O~FEl 

19AG8 
16AG8 
O~FEI 

23FEI 
16AG8 
OUEl 
23FEl 
OZFEI 
Z3FEl 
2UEI 
OZFEI 
O~FEI 

19AG8 
16AG8 
19AG8 
16AG8 
16AG8 

OZFEl 

05JE8 
0~JE8 
05JE8 
05JE8 
19AG8 
19AG8 
19AG8 
O~JE' 
0~JE8 
28JE8 
19AG8 
19AG8 
0~JE8 
0~JE8 

0~JE8 
05JE8 
05JE8 
05JE8 
19AG8 
0~JE8 
19AG8 
19AG8 
19AG8 
19AG8 
O~JE 8 
19AG8 
OUEI 
05JE8 
19AG8 
OUEI 
0~JE8 
19AG8 
O~FEI 

09 SE 8 
19AG8 
O~FE 1 
0~SE8 
0~SE8 

~ 

1310 
131Z 
131~ 

CO~T I ~Uf. 
IF I hOE3 I ~980. I~OO. 1315 

PRI~T 'I'll, ~0E3 

C-----I~PcT TABLE ~ -- JCINT STlff~ES5 A~C LOAD DATA CU~TO 

C 

C 

I~OO 

1~01 

HIO 

PRI~T ~CO 

IF I KEEP~ 1 ~~eo, 1~01. I~IO 
NC I~ = I 
~Ch = ~eo~ 

hOE~ = 0 
GO TO I~H 

PRI~T 905 
00 I~Z~ ~. I. ~CT~ 

PRI~T ~ll. INHlhl. J"I~I~I. I"Z4INI. J~HI~I. RX~I~I. RY~I~I. 
I TX~.NI. TYNINI 

I~Z~ COhTI"uE 

I~H 

1~31 

IHO 

14H 

1HZ 
lH3 

I~~t 

I~~ 1 

1~ 10 
1HZ 
1~15 

I 

P~I~T 910 
PIIIC'" • PIlleT" + 1 
NCT~ = NCT~ + ~CO~ 

IF I NCO~ I ~S80. 1~31. I~~O 
PR I~T 903 

GO TO 1HZ 
00 1~10 N = ~CI~. NCT~ 

READ It3. INI"''')' Jflr.lO\'N •• IN2"lNI, JNl'dNI. RXNINI, RYN(N~. 
TXNINI. TY~I~I 

PRINT HI. 
1 

INl"I~J, J~l"(N'. 1~241~1, JN2ltIN •• RXNINJ, RYNlNJ. 
TX~lhl. HNINI 

IF I 1~1~1~1 - INZ~INI 

~OE~ • NOE~ + 1 
PRThT 98~ 

IF I JNI~INI - JNZ~INI 
NOE~ = NOE~ + 1 

PRINT q8~ 

1"4". 144". 

If I I"Z~I~I - "X I 1~~6, 1~~6. 1~~5 
~OE~ • NOH + 1 

PRI~T 985 
IF • J"Z~INI - MY I l~lC. hl0. HH 

~DH ~OH + I 
PRI~T ge~ 

CO~T1 ~LE 
IF • ~OE~ I S~80. 15JO. IH5 

PRI~T ~91. ~OE~ 

C-----I~P~T TABLE ~ -- MESH STIFF~ESS DATA 
C 

1500 PRI"T 500 
If I KEEP5 I ~980. 1501. I~IO 

1501 NCI~ • I 
NC T5 = NC05 
"OE5 = C 

GO TO 15H 
ISIO PRINT 905 

00 15Z5 N = 1. NCT5 
PRINT ~II. IN151"I, J~151~1. INZ~.NI. JNZ5INI. CHNINI 

15Z5 CONTINLE 
PRlhT 'lIe 

"C15 = NeT5 + I 
NCT5 • hCT5 • NCO~ 

1535 IF I ~CO~ I 9980, 1531. 15~0 

1531 PRINI 903 
GO TO 151Z 

IS~O 00 1510'" NCI5, NCT5 
READ ~3, IN1501ll. J1I.151NI. INl!;(NI. JN25(NJ, (HNINJ 
PRI~T ~Il. INI5Ihl. J"15INI. I"ZSI~I, JNZ5INI. CHNINI 

IF I IN1~INI - IhZ51~1 I 1~~Z, I~~Z. 15~1 

1541 hOE5 = NOE5 + I 
PRINT 9B~ 

15~2 If I JNI51NI - JNZ~INI 15~~. 15~~, 15~3 

1~~3 ~OE5 • ~OE5 + I 
PRINT 9B~ 

15~~ IF I I~Z~I~1 - MX 1 1~~6. 15~6. I~~~ 
15~5 ~OE5 = NOE5 • I 

P'I~I 9f~ 

05J E8 
19AG8 
19AG8 

02FEI 

05JE8 
0~JE8 
Z6HR 5 
190C~ 

19AG8 
O~J E8 
0~JA5 
0~JA5 

19AG8 
19AG8 
O~JA~ 

0~JA5 

ZIOC~ 

190C~ 

0~JA5 

0~JA5 

19AG8 
05JE8 
19AG8 
19AG8 
19AG8 
19AG8 
O~JE 8 
19AG8 
OHEI 
0~JE8 
19AG8 
O~FEI 

05JE8 
19AG8 
OHEl 
Z9JL9 
19AG8 
OHEI 
O~JA~ 

19AG8 
19AG8 

OZFE 1 

190C~ 

0~JA5 

Z6HR5 
190C~ 

19AG8 
0~JE8 
G~JA5 

O~JA~ 

19AG8 
ZlJE8 
ZOJA~ 

06NO~ 

190t~ 
O~JA~ 
0~JA5 

19AG8 
05JE8 
19AG8 
19AG8 
05JE8 
19AG8 
O~FEI 

0~JE8 
19AG8 
O~FE I 
05JE8 
19AG8 
OHEI 



C 

154! 
1549 

1510 
1512 
1515 

IF I J~l5INI - ~Y I 1548. 1548. 1541 
NOES • ~OE5 • I 

PRINT 985 • 
IF I INI51NI • IN25CNl • J~15!NI • JN25!NI I 9980. 1549. 1510 

NOES NOE5. I 
PR INT 9f5 

CONTINUE 
IF 1 NOES 9980. 1600. 1515 

PIIIIIT Q91, NOES 

INPUT TA8lE 6 -- BAR STIFFIIESS DATA 

1600 PIlINT 600 

1601 
IF I "EEP6 I ~980, 1601, 1610 

NC16 • 1 
NCU • NC06 
IIOE6 • 0 

GO TO IUS 
I61Q PR lilT 905 

DO 1625 . II •. 1. 
PRIIiT 611, 111161111, 

I PBXNINl. 

NCT. 
JNI6INI. III261NIo JN261111. PXIIINI. PYNIIII. 
P8YNINI 

1625 COIITINUE 
PRINT 910· 

HCI6 & 10(16 + 1 
IICT6 • NtT6 • NC06 

IU5 IF I NC06 ~980. 1631. 1640 
16)1 PRINT 90) 

1640 

16U 

1642 
164) 

1644 
1645 

1646 
1(:"1 

1641 
Uu 
1666 

GO TO 1612 
00 ·1610 N - NCI6. NtT6 

READ 63. INI6INI. JNI6INI. IN26INI. JN26INI. 'XNINI. PYIIIIII. 
1 PBXNINI. PBYNIHI 

PRINT 6110 INI6INI. J"16INI. IH26INI. JII261HIo PXHINI. PYNIN'. 
I P8XNCNI. P8YIIIN' 

IF I INI61NI - 1~261NI 1 1642. 1642. 1641 
NOE6 • HOE6 + 1 

PIIlHT ge5 
IF I JN161Nl - JII261NI 

NOE6 • NOE6 + 1 
PRINT 985 

16~. 1644. 1643 

IF I IN261HI - IIX 1 1646. 1646. 16 .. 5 
HOE6 • HOE6 • 1 

PRINT 985 
IF 1 JN26CNI - IIY 1 16 .... 1648. 1641 

NDE6 • NOE6 + I 
PIlINT 985 

1 F 1 PXIII NI + P8XN I HI 1 1665. 1661. 1665 
If 1 1/III61NI • IN261NI 1 9980. 1666. 1661 

N0E6 • HOE6 + I 
plllNT 985 

1661 IF I PYNINI + PBYNINI I 1661. 1610. 1668 
1668 IF I JN161111 • JII26CNI I 9980. 1669. 1610 
lt69 IIOE6 • HDE6 + 1 

1610 
1612 
1615 

PRINT 985 . 
COIITINUE 
IF 1 liOU I ~980, 1100. 1t.15 

PIIINT 'I'll, NOE6 
C 
C---INPUT lABLE 1 -­ 1I0lTIplE leAD JOINT OATA 
C. 

I1CO 

1101 

PRINT 700 
IF I KEEPl I 9980. 1101. 1110 

Ncn • I 
Hen. NCOl 
Hon • c: 

GO TO nn 
1110 PIIIIII 905 

1725 

1135 

DO 112' N· I. NCTl 
PRINT 111. INI7INI. JNllINI. IN21IHI. JNZlINI. Q"NIH' 

CONTINUE 
PR INT 910 

IIetl • Nen • I 
NCTl • HCTl • HeOl 

IF I NC01 I ~980. 1131. 1140 

OSJE8 
19AG8 
04FEI 
IUG8 
19AGS 
O"FEI 
04..1A5 
l'IAG8 
19AG8 

02FEI 

01JE5 
o 5..1 EI 
OSJEI 
05JEI 
19"G. 
05.1EI 
05..1ES 
05.1E8 
19 .. G8 
19AG. 
05JES 
05.1E. 
05JE8 
05JE8 
05JE8 
05JU 
19AG8 
05JEa 
02FEl 
19AGI 
19AG8 
19AGI 
05JE8 
19A" 
04FEl 
05..11:' 
19AGS 
04FEI 
05JEI 
19AGI 
Ot,FU 
19AI;, 
19AGI 
04FEI 
19AGI 
19AGI 
19AGI 
04FEl 
19AGe 
19AG8 
19AGI 
04fEl 
05JU 
lUGS 
19AG8 

02FEI 

19A(;I 
19A(;I 
19AGI 
19AGI 
19AGI 
19AGI 
19AGI 
19AG8 
19AG. 
19AG8 
19AGI 
19AG8 
19AG8 
IUGI 

C 

1131 

IHO 

11101 

11102 
1143 

1144 
1145 

11"6 
11101 

1110 
1712 
1115 

PRINI 90:; 
GO TO 1712 
00 Il7C N' HCll. NCrl 

READ 13. INllIHI • ..INlliNI. 
PRINT 111. INI1INI. JNllINI. 

IF 1 1~lllNI - I~ZIINI I 
Non· NOEl. I 

PRINT 985 
IF I JNllINI J~21I~1 

NOEl· Hon • I 
PR INT ges 

IN21INI • ..IN211NI, Q"NINI 
IN27INI. JN21INI. O"NINI 
17102. 1142. 1141 

IF I 1~2J1NI - Ml 1 174b. 1146. 1145 
HOEl • NOEl + I 

plIlNT 985 
IF I JN211NI - MY 1 1110. 1110. 11 .. 7 

IIOEl • NOEl' I 
PRINT 985 

CONTI HUE 
IF I NOEll ,980, 1800. 1115 

PlIlllT 'I'll. NOEl 

C--IIIPliT TA8LE 8 
e 

PROfiLE CUTFUT AREAS 

1e00 

1801 

PIIIHT 800 
IF I KEEP8 "BC. 1801. 1810 

NC 18 • I 
NCTS - NC08 
IIDES • 0 
18CS • 0 
180ST • 0 

GO JO IUS 
1810 plIlIIT 90S 

00 1825 N. I. "CT8 
PRINT 811. INI81~1. J,..8INI. 1"28IHI • ..IN281NI. KASEWIHI. 

I kASEYINI. KASEPI'" 
1.2~ CONTINuE 

PR INT 910 
NCII • NC18 • I 
NCT8 • NCT8 • NCOS 

1835 IF I NC08 ~980. 1831. IS .. O 
1837 PIlINT 903 

GO TO 1812 
1840 DO 1810 N • Nt18. "CT8 

19AG8 
19AG8 
19AG8 
19AG8 
19AG8 
IUGI 
19AG8 
04FEI 
19AG8 
19AG. 
04FEI 
19AG. 
19AG8 
04FEl 
19AGI 
19AG8 
04FEI 
19AG8 
19AG8 
IUG8 

02FEI 

02FEI 
02FEl 
1911YO 
19/1YO 
1911YO 
08FEI 
08FEI 
02FEI 
02FEI 
02FEI 

KASEXINI,12FEl 
02FEI 
02FE I 
19"YO 
1911YO 
19"YO 
03FEl 
OlFEI 
09FEl 

READ 83. IHI8C~I • ..INISINI. 1~28IHI. JII28IHI. KASEWINI. KASEXINI. 
I "ASEYIIU. KASEPINI 

04FEl 
Ot,FEl 
04FEl 

1841 

1842 

1f45 
1846 

PRINT 811. INIIIIII • ..INI8INI. IN281~1. JN28INI. KASEWINI. 
I kASEYIHI. KASEPINI 

NENO· 11~28INI-I~18INI'II.IJN28INI-JNI8INI'I) 
IF I HENo - JOO) 1842. 1842. 1841 

HOE8 • NOE8 • I 
pR lilT 990. HENO 

IF I 1~281NI .GE. IH181~1 
NOEl· "Ote + I 

PRIN! 'as 
GO TO 1843 

IF I J~181111 - JN281111 I 1845. 1845. 1844 
NOE8 • ~OE8 • I 

PRIH! 985 
IF I 1~281NI IIX I 1841. 1841. 1846 

NOE8 • ~OE8 • I 
PR INT .e5 

18107 IF I J~281NI - ~Y I fa"9. 1649. 1848 
1841, NOEl • HOE8 • I 

1e50 
18~ I 

PR INI 985 
COHI~uE 

IF I KASE~IHI • KASEYINI 9'180. 1810. 1650 
IF I KASEXlhl • KASEYlNI - 1 I 1852. 1851. 1852 

HOEI • NOES • I 
pR IHT <;65 

GO JO 1810 
IF I KASElC~j,fC.l 
IF I KASEYI~I,H.2 

I8CS • I 

GC TI: 1856 
GO TO 1856 

IF 180ST .EO. 2 I GO TC 1851 
180ST • I 

KASEXlNJ.04FEI 
04FEI 
04FEl 
04FEI 
04FEl 
04FEl 
26FEI 
24FEI 
04FEl 
O~F~I 
04FEI 
04FEI 
O .. FEI 
04FEl 
04FEI 
liFE! 
04FEI 
04FEl 
l1FE I 
08FEI 
OIFEI 
08FEl 
08FEI 
06FEl 
16API 
16API 
08Ffl 
09FEl 
OIFEI 

..... 
o 
o 

, . 



C 

U56 

1810 
1812 
18 IS 

GO TO 1810 
IB()S • 2 

IF I 18t~T .EO. I I GO TC 18S1 
IBIlST - 2 

CGNlIh~E 
IF I hOE81 H8C. 1900. 1~IS 

PRINT 991. NOE8 

C-----INPUT TABLE 9 -­ PRI~TED OUTPUT ll"ITS , 

C 

1900 

1901 

1910 

1925 

1935 
1931 

19~0 

19~) 

1910 
1912 
1915 

PRINT 900 
IF I KEEP9 I 9~80. 1901. 1910 

NCl9 - I 
NeT9 • NC09 
hOE9 • 0 

GO TO 1935 
PRINT 905 

DO 1925 N - I. NCT9 
PRINT 911. ~NI91~1. J~291NI 

CIlNTINUE 
PRINT 910 

NCI9 -
NeT9 -

IF I NeM I 
PRINT 90) 

GO TO 1912 

NCT9 • I 
NCT9 • NC09 
~980. 19H. 19~0 

00 1910 h· NCI9. NCT9 
REAO 9) • JNI9INI. JN291NI 
PRINT 911. JNI91~1. JN291NI 

IF I JNI91NI - JN291NI I 19". 19H. I") 
NDE9 - ~DE9 • I 

PR INT 985 
I' I Jh2.'NI - "Y I 1910. 191'.19~1 

NOE. • NOE9 • I 
PRINT 985 

CIlIITl_ 
IF I NOE9 I ~980. ~810. 1915 

PRINT 991. NOE9 

C-----'Il"~UTE FOR CONVENIENCE 
C 
~810 

~815 

~880 

IF , ML I ~ef6. ~elS. ~815 

MXPl - M. + 1 
"YPI MY' I 
"XPZ - IIx • 2 
IIYPZ - IIY • 2 
!liP) • IIX • ) 
".,PS - flY + 3 
MXP4tt - III. + .. 
"YP~ - ~Y • ~ 
"XP5 • "X • 5 
!lIP5 - "Y • S 
NF • 
IlDHX - 1.0 I HX 
1l0HY - 1.0 I HY 
1l0HXHY - COHX • 1l0HY 
POHXHY - PR • 1l0HXHY 
OOHX2 - OOHX • OOHX 
ODHY2 • OOHY • ODHY 
OOHX1 • ODHX2 • OOHX 
00HY1 - 00HY2 • OOHI 
HXCHY • HX • OOHY 
HYDHX • HY • (OHX 
HYOHX) • HYDHX • 00HX2 
HXDHY) • HXOHY • 00.HY2 
KPR08 hPPOB 

DO ~B80 J. I. MYP) 
PB"XIl.JI • 0.0 
P8MYIl.JI • 0.0 
PSIGOII.JI • 0.0. 
P8"YI"X~).JI - 0.0 
P8~XIMXP).JI • 0.0 
PSIGOI"XP).JI = O.c 

CONTINLE 

08FE I 
OBFEI 
OBFEI 
08FEI 
08FEI 
03FEI 
03FEI 
061lCO 
03FEl 
06atO 
03FE I 
03FEI 
16MI 
16"RI 
061lCO 
03FEI 
03FEI 
16MI 
03FEl 
03FEI 
O6OCO 
060CO 
060eO 
OlFEI 
OlFEI 
03FEl 
OlFEI 
060CO 
OlFEl 
OlFEI 
OlFEI 
03FEI 
OlFEI 
OlFEI 
OlFEI 
OJffl 
16M1t1 
OlFEl 

16II1t1 
2211R I 
29NOI 
080ET 
29NOI 
O.OET 
08DET 
080ET 
08DET 
08DET 
080El 
HOEO 
I~SE6 

I~SE6 

14NOI 
14NOI 
I~NOI 
I~NOI 

)0"Y8 
)0"Y8 
22MI 
I~NOI 
I~NOI 
I~NOI 

O~OEO 
O)FEl 
O)FEl 
03FEl 
O)FEl 
O)FE I 
03FE I 
O)FEI 
04DEO 

~8~6 DC 4e88 I - I. ~XP3 
W"2111 - 0.0 
PB"XII.~YP31 = O. 
PB~Xlldl • O. 
PB"'(I,MYF~I = O. 
PBMY",1I a O. 
Hlldl - 0.0 
BMXIII .0.0 
BMYMIIII 0.0 
B~YIII • 0.0 
B~YPIIII - 0.0 
8M8XIII - 0.0 
8M8YM1I11 - 0.0 
8"8YIII - 0.0 
8"8YP 1111 • 0.0 

~8B8 CONTINuE 
SIE"P • 0.0 
NOES • ~DEI'NDE2'NDE3'NDE~'~DES'NDE6'NDE1'NDE8'NDE9 

IF I NOES I ~980. S~OI. ~900 

~900 PRINT 9~2. hOES 
GO Til 1010 

C 
C----~AIN SOluTlllN 
C 

--FeRM STIFFNESS MATRiX ANO SOLVE EQUATIONS 

II • l2 ,frl ,1 • 3 • 5 S~OI CAll FRIPB 
I .. ,Alii. & .. 2 ,AT ,Rl. R2 • R3 
2 AA • Be • CC ,00 • EE ,Ff I PW 
) ox • OX~l. OXPl. OV • OYMl, OYPI. 
~ fX • FY • fV"l. fYPl, Q • S • 
5 
t 

RX • ItV.,l, RYPI. TX • TV"l. TYPl. CH • 
CHPI. PX • PY ,PYPI. PBX. PBY , PBYPI. 

1 
C----- Sf T 

'M 
DEFlECTICNS AT CCRHER ST.TICNS OLTSIOE THE MOUNIlARIES 

""I I. II - 2.0 • PWI I. 21 - PWI I. )1 
P.I~XP). II' 2.0 • PWI"XPl. 21 - Pwl"XP). )1 
PWI I.~YP)I - 2.0 • PWI 1."YP21 - PWI I."YPII 
P~I"XP).MYP31 • 2.0 • PWIMXP)."YP21 - pwl"XP3."YPII 

C 
C-----C[~PUTE A~O PRI'T RESULTS 
C 

CAll 
I 
2 
) 

IS~ - 0 
SU"R - O. C 
J~ • "Y 

DATA I IN. I. MXP3. 
DY. OYPI. fX. FY"I. 

O. S. 
RYPI. TX. ""I. TYPI. 

~ 

ll. 
OX. 
FY. 
RX. 
CH. 
PX. 

DVMl. 
FYPI. 
RY"I. 
CHPI. OXPl. OXfiH. 

5 
6 

PRINT II 
PR IIH I 
PR I"T 13. A~I 
PRINT 16. "PROB. A"2 

PY, PyPl. 

'M. IPRIU 

IF I H I til!. 6110. 6110 
611e PRI~T 920 

GO TO 6120 
611S PRINT 921. KPR08 
6120 RDSCI • S~P 

IF 
IF 

ROSC2 • RCT 
KPOPT.EO.I I 
KROPT.H.I I 

POSCI SlAT 
ROSC2 • CHK 

SC" • 8~O~ 

IF 10PPS.EO.11 SC~ 

IF I SwS I ~~80. 612S. 6130 
C---PRINT HEADINGS FOR 8EA" O"lY euTPUT 

612 S PP INT 6 
PRINT 812 
PRINT 6 
PRINt 81~. BEMX. BE~Y. Rosel. B~O~, 

GO TO 61~S 
6130 If I S.B I ~gec. t13S. 61~0 

C-----PRI~T "EADINGS FOR SlA~ CNlY (uiPuT 
UB PR I~I 6 

STRS 

8MO ... 

P8Y. P8YPI. 

ROSC2 

O~DEO 

09FEI 
ISJlO 
ISJlO 
15JlO 
15JlO 
2~"YI 
C8Jl8 
08JlB 
08Jl8 
08JlB 
08Jl8 
08Jt.8 
08Jl' 
08Jl8 
O~DEO 
OI>OCO 
12FEl 
O~DEO 
O~DEO 

HAG8 

09FEl 

08FEI 
08F E! 
OBFEI 
08FE! 
08FE! 
08FEl 
08F E I 
21>FEl 

06"YI 
06"Yl 
06"Yl 
06"YI 

2~Jl8 
12DEI 
2~Jl8 

O~OEO 

HJE8 
HJE8 
HJE8 
OUG9 
HJE8 
15"RI 
ISSE6 
21Jll 
060CO 
O6OCD 
O~SE' 
12FEI 
0~SE8 
12FEI 
ISMI 
08FEI 
08FE! 
08FEI 
08FEl 
08FEI 
is''RI 

08FEI 
08FEl 
08FE! 
lODE! 
08FE! 
08FEI 

OBFEI 

I-' 
o 
I-' 

.. 



t 

PRJ~T 815. S(lM 
PRINT 6 
PR I"T an> BL~~, BL~_, BLNK, BLN~, SLBX, 

SLBX, SL8Y, ROSCI, 8MON. BNDM. aMOM. SON, SCN. ROSt2 
GO TO 61~5 

C-----PRI~T HEADINGS feR CCN81"ED SLAB A~C eEAN CUT PUT 
6140 PRI~T 6 

U~5 
un 
U16 

, 
PRINT 815> SON 
PRINT 812 
PIII"T 6 
PIIINT 811, SLBlI. SLBY, 8NO~. B~CN. SL8X, 

BEHX. BE~Y. ROstl. BKO~. BNOH. 
IF IIOPPS' ~~BO> 6110> 61J5 
IF I THK t ~~8C> 6180> 61J6 

SOU • 6.0 I I TH" • THK I 
GO TO 6200 

BHON. SON. SCM. ROSC2 

6110 
C 

SOU - 1.0 

C-----COHPUTE BENDING MOHENTS, IIERCTltNS AND TNISTING HONENtS 
c; 

6200 

6250 

6100 

6 .. 00 

6UO 

6500 

00 B650 lL. I, MYP) 
J • MYP. - U 

DO 6250 I - 1. NXP) 
111'211' .. loP lilt 
""11 II • 11111 
NIII .. IIHIIII 
"HIli I • IIM2111 

CONTINUE. 
DO 6300 I· 1. HXP) 

IIN2111 • PIIII.J. 
CON II NilE 
If I HYPI - J I e650. 6~00. 6500 
DO 6 .. 50 I. 2. NXP2 

CRDI21 • AHINI I DXIII. DYIII I 
IISuHNl • ODHX2 • I IIM111-11 - 2.0 • IIN1111 

IISUHIIZ 
'NYNIUI 
8"IYNIII1 

CONTINUE 
GO '0 1650 

+ IINIII+" • 
.. 00HW2 • I IIH2111 - 2.0 • IIN11 •• + 11111 I 

OYIII • IISUNN2 > CROI2' • PA. IISUNNI 
FYIII • 115UHNZ 

00 1200 I. 2. "Xp2 
CRDlll - AMINI I DXIII. OYIII • 
CROI .... A"I~1 I 01"1111. eYMIll1 
8Mypl111 - 8NYII. 
I"YII. • BNYNIIII 
8NBYPlll. .. 8NIYIII 
8N8YIII • INBYN1111 
IISWlI • OIlHU • I 1111-11 - 2.0 • 11111 • 1111>11 
IISIIN2 • ODHY2 • I NN111. - 2.0 • NIII • 111'1111 
IISWINI .. GOHX2 • I ""111-11 - 2.0 • IIN1111 

> W~III+II I 
IIS~H2 • 00HY2 • I IIH2111 - 2.0 • IIMIIII + NIII 
8NIIII • OXIII • IISUNI > CROl21 • I'll • IISUN2 
8MYNIIII .. OYNIIII • IISUN"2 + CROI ••• pR • IISUNNI 
B"8XIII .. FIlii. IISUNI 
8MaY"1111 .. fYHIII ••• SUHH2 

C---P8I'X ... NO paNY ARE S10llEO HERE FRO" J • HYP2 TO ) 
If I IBOS .Et. 2 I GO '0 6525 

C 

7200 

P8MXII.J+21 .8NXIII 
P8"YII,J+21 .. IMYIII 

GO TO 1200 
PB"XII,J+21 • INIXIII 
PI"YII,J>'I • 8HIYIII 

CONTINUE 
JSlA .. J 

1)00 If I IPIIINt I '980. J'IO, 1)05 
nos "IIIN' 6 
1HO 00 8550 I. 2. HlP2 

ISu-I-2 
oa"x • HYOHX • I 8"X II-II - 2.0 • 8MIIII > 0.000 
OB"X HYDHX • , B"I'I-IL - 2.0 • 8KK_IL 

> I~"I>II I 
Qa"Y • HXOHY • I B~Y"IIII - 2.0. 8"'111+0.000 

16API 
08fEI 
IDOEl 
100EI 
OafE! 

08FE! 
IUPI 
OIFU 
OIFEl 
100El 
100El 
OI>OCO 
09fEl 
060CO 
09fEI 
060CO 

151Ull 
2"JLI 
OIJLI 
OIJLI 
05JL. 
OSJLI 
05JLI 
oaJLI 
12NYO 
12NYO 
12NYO 
02NAl 
2~JLa 
~AG9 

05JLI 
05JLa 
OSJL' 
05RG9 
26JLI 
Z4JLI 
09FEl 
OIJL' 
0~AG9 
0 .. AG9 
OIJLI 
OULI 
DULl 
OIJU 
OUll 
O.JLI 
05J18 
05J18 
05JLI 
05AG9 
05AG9 
08Jl8 
26JLI 

llFEl 
IIFU 
IIFfl 
IlfEl 
IIFfl 
IIFEl 
OIJLI 
08JLI 
15NIII 
IS"III 
ISHRI 
29NOl 
08JL818" 
08JL8COC 
08JLa 
08JLIIBN 

C 

C 

C 

1 
2 
3 .. 
5 
6 
1 
I , 
I 
2 

I 
2 

I 
2 

H50 
I 

1500 
1550 

I 
2 

160(; 
I 
2 

7650 
I 
2 

IF 

~e~y I HIOHY • I SHY"llll - 2.0 • 8MYtil 
+ 8~YPIIII I 

08MBX OOHl • I 8M8XII-11 - 2.0 • 8MBI(11 • 0.000 
OBMSX I DUNI • t BM8'11-IL - 2.0 • 8NBxtiL 

• 8"S>l1+1I I 
OBH8Y • DOHY • I BHBYHIIII - 2.0 • 8MBYIII • J.OOO 
OBH8Y OOHY • I dHSYl'lIIL - 2.0 • 8MBYtiL 

• 8~8'PIIII I 
OTHX OOHXHY • I WMIII-il • CHili 

eTMY 
OPX 

OPY 

CP8X 

OPIY 

I - 2 
OItX 

- WII-II • I CHili> ChPI'11 
+ "PIli-II. ChPIlU 
- ,,'UIII • I CHIli * CHIl+" I 
> NIII • I CHIli> CHPIIII * CHII.II 
+ CHP1I1+1I I 
- WPIIII • I CHPIIII * CHPIII>II 
• W~III.11 • CHII+II 
- 1111*11 • I CHII*II + CHPIII.II 
• WPIII>II • CHPIII>II I 

• O"'X 
.. OOHX • I 1111-11 • PXIII 

- Wilt. I PXlIl • PXII+II 
• Nil'" • PXII>II I 

COHY. I .1'1111 • PYIII 
WIll. I PYIII * PYPIIII I 

• WPIIII • PYPIIII I 
• OO"X • I Nil-II. PIXII. 

11111 • I PBXIII • PIXII'II 
+ 1111+11 • PBXII+II I 

.. COHY • I IIMIIII .P8YIII 
- 11111 • I PBYIII • PBYPIIII 
• WPIIII • P8YPIIII I 

9~8C. 14S0. 1500 
• 0.25 .OOHX2 • I IIXII-II. 101111 

+ IIXII+II • I 11111 + 10111>21 I 
GO TO 76S0 
IF I HXP2 - I I 9980, 16QO, 1550 

ORX • 0.25 • CDHX2 • I - RXll-ll • I 

GO to 1650 
ORX 

ORY 

IItx 

- 1111-21 + 11111 I 
• 11111+11 • I - NIII + 1111>21 I • 

• 0.25 • aOHX2 • I - RXII-II • 
- WII-21 • we II I 

RJlII +II • will I 
* 0.25 • 00HY2 • I - RYNIIII • 

I - "M2111 + Will I 
> II,Pll1l • 1- 101111 • NP2111 I I 

• 0.5 • COHX • I - TXII-lI + TXII+lI I 
OTY 

c--ceMPure nol SliNG 
..sUN' 

• 0.5 • COHY • I I'NIIII > IYP1111 I 
"C~E~TS ' 

• 0.0625 • aOHXHY • I IINIII-il - IIPIII-il 
- IIHIII>II + WpIII+1I I 

• wSUH) • I CHilI, CHPIIII 
I • CHII+II • CHP111>1I I 

t-----CCMPUl£ SuFPORT REACTIONS 
REACT. -Sill. 11111 

C-----Ct"'111£ SIATICS C~£C~ ERIIOII 
SUCH" " • ,BHI > C8"' • 08M8X + ~8"BY • OlMX + OTMY 

- OP. - cPY - OP8X - OPBY ORX ORY 
- ~T) - OTY - 0111 - OMIII - IIEACT 

If I Sill .LT. I.E>19 I GC 10 1100 
REAC r • 5 IACH 
STACH. C. 

C-----SuMMAIICN OF REAC11CNS 
1100 SL"II • SUMR + IIEACT 

ROC" • REAcr 
IF I ~RCPT .EO. I I ROC~ * SIACH 
IF I OAISISUCHI .LE. OABSISlEMPI 

C IF' ABStSTACHL .LE. A8StSTE~Pl 
S TENP • STACH 
I TEMP· I SU 
JTENP • .IS TA 

t-----PRINT 8EAH C~LY ouiPuT 
80 .. 0 IF , S.S I ~~8C. B050. 8060 
8050 IF I IPRINT I ~980. 8058. 805~ 

GO TO 'O~O 
GO TO 10 .. 0 

08JL/$CDC 
OIJLI 
01AG118" 
()8AG8COC 
08JLI 
08AG818M 
OdAG8COC 
08JL8 
08JL8 
08JL8 
OUl8 
OIJLI 
0lJL8 
OIJLII 
08JLI 
OaJLI 
oaJL8 
OIlJLI 
08JLI 
OIJL8 
OIJlI 
08JLI 
08JLI 
OIJLI 
08JL8 
OIJLI 
08.JLI 
08JLI 
0lJl8 
08JLI 
08JL8 
29JLI 
29JLI 
2.JLI 
2"JU 
29JLI 
29JLI 
29JL8 
29JL8 
29JL8 
29JLI 
29JL8 
29JL8 
29JU 
29JL8 
29JLI 
29JL8 
29JL8 

08JL8 
08JLI 
08JLI 
OULII 

060CO 

060CO 
29JLI 
06OCO 
010E! 
01OE! 
DlDEl 

OIOEI 
09FEI 
liFE! 
I~YII8N 
I~YlCot 
060CO 
060CO 
060CO 

O .. SEB 
lSHlll 

..... 
o 
N 

.. " 



8054 P~INI 851. ISlA. JSIA •• 111. 8M81111. 8M8YIII. ROCK 
80'1 GO 10 8550 

C 
C-----CCMPUIE PRINCIPAL MCMENIS DR SIRESSES 
C 

8060 BIIA • (.5 0 I 8~1"11I + 8MYlil 
IllY • - 1111 
BliP • 8MIIII - e~A 

BIIR 'OS~RI I BliP • BliP • IllY • lIlY I 
C B~ • SgRI I .IIP • BliP IllY. IllY L 

BIIO • ellA + BIIR 
BIIT - 811A - B~ 

C-----IESI 10 PRINI O~LY IHE IIAIIMU' VALUE 

C 

C 

8160 

81.0 

8200 

'ZZO 

B240 

.300 
8120 

8140 

8360 

8400 

IF I .IIA I B160. B180. 81BO 
PllllAl - Bill 

If 

IF 

IIIP I B400. Bl00. B200 
PIlllAII • ello 
IIIP I 8200. B300. B400 
ALF - IllY I BliP 
ALF -DAIAII I ALF I • 51.29518 
ALF • AIAII I ALF L • 51.2951B 

IF ALF I 8220. IZ40. 8240 
IHETA - ALF - 180.0 

GO TO "8450 
IHETA 

GO TO '4'0 
• lBO.O - ALF 

IF I IllY I 8320. B340. B360 
IHEIA • 90.0 

GO 10 B450 
lHETA • 0.0 

GO 10 8450 
IhEIA - - 90.0 

GD 10 B450 
ALF - lilY I BliP 
ALF .OAUN I AtF I 
AtF • AlAN I ALF L 
lHEU • - ALF 

• 51.29518 
• 51.2951. 

C-----CLDCKNISE ANGLES ARE NEGATIVE 
B4'0 BElA - 0.5 • IHEIA 

c--
SIGD - PIlIlAI • SOl2 
PSIGDII,J'21 • SI~O 

SLAB DillY (;II IPUI 
IF I I~IIIT I ~~'O, .45B. B454 

B4'4 ,.1111 .52. ISlA. JSIA. NIII, BIIIIII. BIIYIII. 1111, SIGD. 
I BElA. ROCK 

C-"--PRINI BEAll OUIPUI IF COIIBlNEt 
145' IF I 5... I ~"O. B550, '460 
B460 IF I I~INI I ~9BO •• 550. B .. 65 
B465 P~INI 853. BIIBIIII. BII.YIII 
B'50 COIITIIlUE 

8600 

BUO 

8620 

(ALL 
I 
2 
3 
4 , 
6 

IF I ISN I ~'BO, .600. 8650 
IN - J - I 

DAU LI. IN. 
01. OYIII. 
FY. FYPI. 
ax, AYMl. 
CH, CHPI. 

I. 
OY. 
g, 

RYPI. 

PI. PY. PYPI. 
Q~. IPRI"I 

IF I J - I I 
ISN • I 

9~fO. '610 • • 650 

00 B620 I. I. IIIPJ 
NP21 II • wP 1111 
.PIIII • WIll 
Nil I •• 111111 
Nil 11 II •• 112111 
NII21 Jl • 0.0 

CONTINUE 
DO B630 I' 2. MIP2 

MXP1. 
OYPI, Fl. 

S. 
IX. IYIII. 

P,., PlY. 

CROl21 • A'INI I 01111, 
BIIYPIIII • BMYIII 

DYlII I 

8MYIII • BIIY"IIII 
B~YMIIII • 0.0 
8MBYPIIII .8MBYIII 

FYIII, 

"PI. 
DIPI, 

PIYPI. 
01111. 

15MRI 
15~1 

14NOl 

08JLI 
OlOEO 
08JL8 
OlDEOIBM 
OlOEOCDC 
OIJLI 
08JL8 
150El 
08JL8 
OIJLI 
08JL. 
O.JLI 
08JLI 
OlOEO 
OlOEOIBII 
OlOEOCDC 
OlOEO 
OlOM 
O • ..IL. 
OlOEO 
O.JLI 
OlOEO 
OlOEO 
08JLI 
O.JLI 
08JLI 
OlOEO 
OI..lL. 
01010 
OlOEOIBII 
01DEOCDC 
OlOED 
l50n 
09FEl 
O.JLI 
15JLO 

15I1RI 
15M1 
OWU 

15~1 
15~1 
15I1Rl 
O.JLI 
09FEl 
24JL' 
09FEl 
24JE8 
14JEI 
24JE8 
05AG9 
Z4JU 
15M I 
OlDEO 
OlDEO 
09FEl 
Z4JLI 
05JLI 
05JLI 
05JLI 
24JLI 
OlDEO 
OlDEO 
04&e9 
O'JL' 
08JL' 
14JL, 
O'JL' 

BMBY III • dM8YMIIII 
BMBY~IIII • 0.0 
.SuMI .. ODHX2 • • 11-11-2.0 • WIll • lilt 1.11 
WSUM2 GilHY2 0 .MIIII - 2.0 0 WIll • loP 1111 
aMXll1 • oX111 • I.SUMI • CRol21 • PR • WSUM2 
BM81111 • FIlii 0 .SUMI 

C----B~X AND 8MY A~E AI STATION O. ~BMX AND P8MY A~E SIORED AI J • 2 
IF I IBOS .EQ. 2 I CO Ie 8625 

PBMI II, 2 B~X III 
P8MY II • 2 BMYlII 

CO 10 e630 
8625 P8MIII. 2 • BIIBXIII 

PBIIYII, 2 • BMBYIII 
8630 CCNIINUE 

JSU - 0 
J - 0 

GO 10 HOO 
8650 CONIINUE 

P~ INI 860. SUM 
PRINI 861, IIEIIP. JIEMP, SIEIIP 

t ••••••• NO lOT. SPLOT (~LY. FOR J8M ••••••••••• 
I POP -0 

C 

IFIIPCP .GI. 0 .O~. 130 .EQ. II CALL PLOTSI lBUF.500,101 
IF I NCTI I 9980, 8950, B660 

C---- PRINI PROFILE IlLIPLI .IIH PRINIE~ PLCIS 
C 

8660 PR INI II 
PRINI I 
P~INI U. ANI 
P~INI 16, ~PROB, Ah2 
PRINI 864 
P~I"I 865 

00 e610 I - 1,300 
XXIII • I - I 

.610 CONII~UE 
LIlP - -I 
11(. 10 
I~OLL • I 
II0P - 0 

IF I lI'OP.E'.3 I NOP • I 
IPOP - IPOP - I 

C----PLOI DEFLECIIC ... ~EAS 
DO ell8 N· I, NCI8 
IF I USE.INI I ~~80. 8118. 8102 

.102 P~INI 866. 11I111hl, JhIIINI. IN21INI, JN281NI 
PRINI 861 

II - I"IBINI • 2 
12 - 1"281"1 • 2 
JI - Jhl81NI • 2 
J2 • JN281NI • 2 
NEhO • 112-Jl'"0IJ2-JI'" 
K • 0 

IF I IJl-JlI-1I2-11I I 8104, 8104. 810a 
8104 DO 8106 J. JI, J2 

00 8106 I· II. 12 
K :II: K • 1 

IEMXIKI - P.II ,JI 
8106 CONIINUE 

CO 10 flll 
8108 DO 8110 I' II. 12 

DO el10 J. JI, J2 
K • K • l 
IE~XIKI • P.II.JI 

8110 CONIINUE 
8112 IF I IPOP I f1l4. 8116. ell6 
8114 CALL SPLOI 3 I lE~I, NEND. 20.0 

CO 10 811B 
8116 ceNII~LE 

10 • 101 
CALL lOI I I IX. IE~I. "ENC, 10 I 

NP2 - NEho • 2 
DO el11 I - I, NP2 

8111 11111-1-1 

08JL8 
24JLI 
08JLI 
08JLB 
0~Ae9 

08JL8 

llFEl 
21API 
2UPI 
lIFEl 
2UPI 
21API 
OlDEO 
26JLI 
15JLO 
24JL' 
OlDEO 
USE8 
09FEI 
301101 
30NOll8M 
30NOllBII 
1511Rl 

09FEl 

09FEl 
24SE9 
06OCO 
06OCO 
09FEl 
09fEl 
12fEl 
15JEO 
IlFEl 
l5JEO 
15JEO 
15JEO 
15JEO 
15JEO 
20MYO 
lIFEl 
llFEl 
lIFEl 
llFEl 
IIFEl 
26FEl 
16FEl 
26FEl 
26FEl 
20APO 
20APO 
09DEO 
090EO 
09DEO 
20APO 
llFEl 
09DEO 
09DEO 
090EO 
09DEO 
20APO 
lIFEl 
09DEO 
09DEO 
03llAI 
09DEO 
09DEO 
15JEO 
15JEO 
19JEO 
090EO 
09DEO 



If I IPOl'.£,.1 I GO Ie 8H~ 
8118 COIITlIII.IE" 

C-----PLOT MO~EIIT AREAS SLAB If IBOS • 1. 8£A" IF IBOS • 2 
00 8780 II * I. NCT8 
IF I KIoSUI"" • KIoSEU"" 1 9980. 812~. 8121 

un IF I KIoSUIIII - I I 9980, 8722. 8123 
1122 PRINT 866. 111111"" • .110181101. 11I28[hl. JN2BfNI 

PRINT 868. SLBX. SLB~. 8"0". SL81. SLBY 
GO TO 8132 

1723 P~II1T 166. 11111''''1 • .1"'111111. 1"'281111. JN281111 
P~IIIT 861, 8EMI. 8EMY. 8MOM. BEMX, BEMY 

GO TO 8732 
1724 IF I .ASEX'NI - I I 8721. 8125. 8126 
1725 P~INT 166, INlaINI, JIIIIINI, 1~21'NI. JN211NI 

PRINT 869. SLBX. BNCN, SLBX 
GO TO 1132 

8726 PRINT 166. INIIINI, .I11111NI, IN21INI. JII211NI 
PRINT 869. 8EIIX. 8I1CN. 8EMX 

GO TO 8732 
112? IF I IASEYCIII - I I .732. 8721. 112. 
1721 PRINT 166. INI.CHI • .INlalNl, IH28CN' • .IN281NI 

PRINT 8". SL8Y, 8MCM. SL., 
GO TO un 

112. PlUIIT 864". INUIllIl • .IIlUIN', IIIZSCNI • .11128"" 
PRINT 16., BEllY. '~M. BEll' 

uu 

U)4 
1736 

CONTI HUE 
11 • INUU" + 2 
12 • IN281NI + 2 
.11 • .INI&INI + 2 
.12 • .IN281NI + 2 
NEND • 112-11+11-1.12-.11+11 
• • 0 

00 .736 .I • .11 • .12 
00 8734 I· It. 12 

K • K .. 1 
TEIIXI.I P8MIII • .I1 
TEMY.XI • P8M'II • .I' 

CONTUIUf 
CONTINUE 
IF I IPOP I 8731. 8765. 8765 

8738 IF I KASEX'NI • KASEYINI I .980. 8742. 8140 
C--PLOT I ANO Y NOIIENTS 

1740 CALL SPLOT 4 J nllx. TEn. NEND I 
GO TO n80 

1142 IF I KIoSEXINI - I 1 8744. U430 87U 
C-----fLOT • MOMENTS ONLY 

8741 CALL SPLOT 3 'TE'X. IIENO. 20.0 I 
GO TO UIO 
IF , KASEY'NI - 1 I .780. 8746. 8746 
IF I 1.12-.111-112-111 I" U,.. 1754. 8148 

•• 0 
00 nn I· 11. 12 
00 8150 .I • .11 • .IZ 

It • It .. 1 
JEII'I&I • P8M'II • .I' 

8150 CON TI IlUE 
87!Z CONTIIII.IE 

C--FLOT , 1I0~EIITS CHI., 
!754 CALL SPLOT 3 I TE'Y. NEilD. 20.0 , 

un 

U70 

• 712 

GO TO H80 
CONTIIlUE 
IF I KASEXIIl'.GE.I , 
IF 1 KASEXINI.GE.' I 

NPl - "'EIIO + Z 
00 8770 I - 1. NPZ 

"111-1-1 
IF I KASE"~'.GT.' 1 
IF I .ASEYI"'I.GT.I I 
00 8772 I· I. NP2 

XXIII. I - • 
IF I IPOP.EO.I 1 

8780 CCNTINUE 
GO Til 

10 • 102 
CALL leT 

10 • 10) 
CALL lCT 

8nl 

C-----pLeT PRINCIPAL M("ENl CR ST_ESS AREAS 
00 888~ N· I. ~CT8 

I xx. TE"X. NENO. 10 I 

I xx. TE"', NEIIO. 10 I 

I5MRI 
090EO 
llfEi 
I1fU 
lIFU 
UFU 
IlFEI 
IlfEi 
IIFEl 
IIfta 
lIFU 
IlfEl 
lIfEi 
IIFEl 
I1FEI 
I1FU 
lIFEI 
llFU 
lIFEl 
IlFEl 
11FE! 
IlFEI 
IlFEl 
IlFEl 
llFEl 
O"lOEO 
090EO 
090EO 
090EO 
HOEO 
IUIG9 
2Sf109 
110EO 
26FEl 
2'1<109 
llFEl 
liFE! 
IUIEO 
1I0EO 
1I0EO 
llFU 
IIFEI 
OJ"Al 
1I0EO 
I1FEI 
lIFEl 
OJIIAl 
1I0EO 
IlFtI 
11010 
11 OED 
26FEI 
1I0EO 
120E. 
lIFEl 
1I0EO 
llOEO 
llFEI 
O)"A! 
UJU 
110EO 
I2FEl 
12FU 
1"1.1 EO 
IIDEO 
1I0EO 
llFEl 
UFEl 
1I0EO 
1I0EO 
1I0EO 
1I0EO 

liFE! 

IF [KASEPINl ) 9980, 888<, 8181 
8781 IF [ 10PPS ) SHe. 8182. 8183 
8182 PRINT 866. INI8(~'. JNI8t~l. IN28t"'" JN2SINI 

PRINT i70. 8~C". B~O" 
CO TO H8'" 

8181 PRINT 866. IN18(~I, .IN1S!NI. 1~28INI. JN281NI 
PRINT 810. STRS. SIRS 

8184 CONTI~~E 
11 • Ihl8l~1 + 1 
12 • Ihl81hl + 1 
JI - JN18INI + 2 
J2 • JNl81NI + 1 
~E~O • Ill-ll.11.IJl-JI+11 
K • 0 

IF I 1.12-.111 - 112-111 , 8785. 8785. 8781 
87.5 00 8n6 .I • .II • .IZ 

00 8186 I - U. 12 
It III k + 1 
TEIIXIK) • PSIGOII.J' 

87e6 CONTINUE 
GO TO 8190 

87.1 00 8188 I. 11. IZ 
00 8788 .I • .II. JZ 

K • k + 1 
TENXIKI - PSIGOII.JI 

8188 CCNTlNI./f 
879C CONTINUE 

IF I IPOP 1 886'. 8870. 8870 
8St, CALL SPLOT ) 1 TE'X, NENO. 20.0 

GO TO !884 
8870 CGNTINUE 

10 - 10~ 
CALL lOT I 'XX. TE'X. NENO. 10 I 

NP2 - t;EIjO • 2 
OC te12 I· I. ~P2 

ee7Z XXII' • I - I 
IF I IPOp.E'.1 GO TC 8865 

8.84 COIITIHUE 
88e' COli TIIlIiE 
8.'0 CONTINUE 

IF I no. EO. I I 
.CALL 0lM3 Ip~, ll. L2. ~X, MY. HI, H'. VEF • ROF. SLOPE. 
1 IPOP, NPRC8. IGSW , 
UU TIC Toe 141 

GO TO 1010 
9980 P~INT "180 
9"1.0 COIITINUE 
999. COIITINI.IE 

If I IPOP.'T.O .OR.I~O.GE.I I CALL PLOTIO., 0 •• 99.' 
C IF I IPOP.GT.O .0~.130.EO.1 L CALL E"'OPLT 

PIIIIIT 11 
PUIIT I 
PUNI 13. Alii 
'ALL TIC Toe 121 
PRINT 19 
RElUIIN 
ENO 

11 FE I 
lULl 
life I 
lIFU 
IIfU 
liFE! 
I1FEI 
1I0EO 
2cFU 
26FEI 
20FEI 
26FEI 
12"'0 
12'1'0 
110EO 
ilOEO 
110EO 
02JEO 
liFE! 
1l0EO 
II OED 
110EO 
1I0EO 
02.1EO 
liFE! 
1I0EO 
1I0EO 
110EO 
03MA! 
1I0EO 
110EO 
15JEO 
15.1EO 
I"IJEO 
IIOEO 
1101:0 
1I0EO 
llOEO 
110EO 
12M'O 
26OCO 
261'E! 
06MYI 
25SE6 
26") 
19JEA 
19M5 
O"'MYJ 
060EII SM 
1"'''Y1COC 
D8MYl 
21JL 7 
06OCO 
26SE6 
26AG) 
23NOI 

., 



I 
I 
I 
I 
I • I 

I 
I 
\ 

SUBROUTINE STIFF 

".,-----

.... _------

Yes 

,-- - --
I 
I 
I , 
• I 
I 
I 
I 
I 
\ 

Compute: 
cc ( I, 1 thru 5 ) 
DD ( I, 1 thru 3) 
ET1( 1,1 ) 
EE( I, 1 ) 

.... _-----

Repack ends of 
submatrices for 
use by nIP 8 

105 

Define y-station for 
data at this J-step 

Retrieve data 

Define load vector 

Define AA submatrix 

Define remainder of 
stiffness submatrices 



C 

SUBROUTI NE 
I 
2 
3 

ST IF Ll AA 
EE. FF. JIll, 
OX t DY"l. DY, 
FY, FYPI. Q, 

Ell 
JI. 

DYPI. 
S. 

CC 00 
Ni. ~2. 
FX, FYMI. 

Nl. 

4 RX. RYMI. RYPl, 
PX , PY, PYPI. 

TX. T,(MI. TVPl, CH, CHPl, 

5 PBX t P8Y, PBYPl, QM, 

" oOUllLE PRECISION 
I 

00U8LE PRECISION 
oUIENSION ""I Ll 

I 001 LI 
DIMENSION oXI Ll 

I oYI Ll 
2 fXI Ll 
3 FYI LI 
4 01 LI 
S RXI Ll 
6 IXI Ll 

DXPI. DXMl I' 
POHXHY, HYDHX), OOHX1, OOHX2. 
OoHXHY. HXoHY3. ODHY3. ODHY2. 
AA. Ell. CC. DO. EE. Ff 

• I I. ETII LI • I I. 
• 3 I. EEl Ll • I I. 
I. OXMlI Ll I. 
I. DYMII LI j. 
I. 
I. 
I. 
I. 
I. 

HIIII 

7 CHI Ll I. 

SI 
RYMII 
TVMII 
CHPII 

Ll I. 
LI I. 
II I. 
II I. 
II I. 
II I, 
Ll I. 

8 PXI Ll I. 
9 P8XI Ll I. 
A 0111 LI I 

P,(( 

P8,(( 

COMMON RI I MXP3. MYP3. NF. ITMPP 

ODHX. 
ODHY. CRo 

CCI 
FF I 

OXPll 
OYPll 

II , 5 
LI • I 
II I. 
LI I. 

FYPll II I. 

RYPll Ll I. 
TVPlI Ll I. 

PYPll LI I. 
P8YPll LI I. 

.COMMON ISTlFF/POHXHY. HYOHO. OoHn. 00HX2. ODHX. 
I OoHXHY. HXOHY3. ODHY3. 00HY2. ODHY. CRDI51 

I. 
I 

23NOI 
26SE 8 
26SE 8 
26SE8 
26SE8 
29JL9 
o5AG9 
24MY 118M 
24MYII.8M 
23N~1I8M 

26SE8 
26SE • 
03MA! 
03MAI 
OlMA! 
o lilA! 
o3MA! 
0301AI 
03MA! 
C3MA! 
o]MAI 
o3MAI 
looC9 

02MA! 
02MA! 
24'1,(( 

C 
C--A 
C 

SPRING I S PLACED AT PTS 8EYONo 8W .. ORIES OF THE REAL SLA8 
TO MAKE SOLUTIO .. OF NON-RECTANGULAR SLA.S OR SLA8S WITH 
HOLES POSSI8LE. THIS IS DONE 8Y TESTiNG ON THE C"I.3L 
TERIIS. AND IF ZERO. SET EQUAL TO 1.0 

C 
C 
C 

12FEl 

~8 FORMAT I 1140H ••• UNoESIGNATEo ERROR STOP ••• 25SE8 
llSE8 
12fEl 
24JE. 
24JE. 

2.402 

CAU. 
I 
2 
) 

4 
5 
6 

240) 
2404 

I 
2 

2405 
240. 

I 
2401 

240il 

2421 
I 

2440 
24401 

I 
2 

1 

IN - JI - 2 
DATA I Ill. 

OY. 
Q. 

RYPI, 

I'XP3. 
oYPI. 

S. 
FX, FYMI. 

TX. TYMI. TVPI. 

ll, JH, 
OX, OYMI. 
FY, FYPI. 
ax. RYMI. 
CH, CHPI. 
PX , PY I P'(P1. PBX, 

oXPI. oXIII, 
P8Y. PBYP 1. 

24JE. 
05AG9 
24JE. 

DO 2407 I· 
IF I I - I I 

FFII.II 
GO TO 2406 
If I IIXP) - I 

Ffll .11 

Oil. I PRI .. T 
I. MXP3 
9980. 2402. 2403 

• 0.5 • ODHX • TXII'II 

9980. 2405. 2404' 
• 0111 • OMIII 

15MII 
18JL8 
18JL' 
i8JL8 
18JL' 
18JL' 

• 0.5 • ooHX • 1- TXII-II • TXlhll 
24JE. 
24JE' 
24JE8 
I8JL8 

• 0.5 • OoHY • I - TYMlll1 • TYPIlII 
GO 10 2406 

FFII,II 
AAII ,II 

CONTINUE 

0.5 • OOHX • lXII-II 
• HXDHY3 • oYMIll1 • ooHY] • FYMIIII 

- 0.25 • 00HY2 • RYMIIII 

If I ML I 2700. 2408. 2408 
DO 2500 I • I. MXP) 
If , I - I I 99.0. 2421. 2422 

CCII.31 • HyoHX3 • DXII'II • oDHX3 • FXII'II 
• 0.25 • 00HX2 •. RXII.II 

CRol31 • AMINI I oXII.II • oYII.II I 
If I COII,31 I 2441. 2440. 2441 

CCII.)I • 1.0 
CCII.41 • - 2.0 • I HyoHX3 • oXII.II • :IOHO • 

Ctll.5' 

0011.2' 
DOll ,11 
ElIlI.11 
EEII.II 

GO TO 2500 
If I lIaP' - I 

• PoHXHY • CRoll1 , 
- OOHX • I PXII'II • P8XII'1I I 

• HYDHO • oXII'11 • OoHXl • FXII.II 
- 0.25 • 00HX2 • RXII.II 

• 0.0 
• PoHXHY • CRol31 
• EEII,II 
• 0.0 

9980. ,2429. 2421 

i8JL8 
18JL8 
24JE8 
18JL8 
I3SE8 
18JL8 
I3SE. 
25SE. 
24JE. 
29JL9 
24JE8 
29JL9 

FXII'1I2IJE8 
29JL9 
24JE8 
24JE. 
24JE8 
08oE7 
29JL9 
25SE. 
01JA8 
24JE8 

~ 

2423 

C 

I 
2 

4 

I 
2 
] 

4 
5 
6 
7 
8 
9 
A 
B 
C 

C I 
C 2 
C 3 
C 4 
C 5 
C 6 
C. 1 
C • 
t 9 
C A 
C 8 
C C 

2424 
2425 

I 
2 
] 

4 

I 
2 
3 
4 

2 "2b 
I 

2427 
2428 

I 

2429 

244] 
2444 

CRD'II 
CRDI21 
CRolll 
CR~151 

CClI.21 

CCiI. ]) 

AMINi 
AMINI 
A~INI 

AMINI 

DXII-II DYII-II 
OX II IDYl J I 
OXII'II oYII.iJ 

I OXPl'l ).OYPIII) 
2. Q • I HV DrlX 1 • I DX I I - II • ox I I I 
• ODHXl • I FXII-II • FXIII I 
• PQHXHY • I CROIII • CRoI2) 
• OoHXHY • I CHII) • CHPlII) ) ) 
- OOHX • I PXIII • P8XIII I 

• HVoHXl • I OXIl-1l ,4.000. oXII) • OXII'1) 
• OOHn. I FXII-i) ,4.000. HIli' 
FXII'I) ) • HXoHY3 • I OYMIII) • 

4.0DO. OYIII • OYPIIII I • 00HY3 • 
I FYMIIII .4.0000 FYIII • FYPIIII 
• PDHXHY • 4.0 • I CROl21 'CRo121 ) 

29JL9 
29JL9 
29JL .. 
29JL9 
29JL9 
19JE 8 
29JL9 
19JE8 
19JE 8 

119JE818M 
19JE818M 
19JE818M 
21JE818M 
19JE818" 
29JL918'1 

• OOHXHY • 2.0 • I CHIli' CHII'II • 0.JOOI9JE8IBM 
• CHPIIiI • CHPIII'I I I 
• CDHX • I PXlII • PJlII'1I • P8XIII.0.000 

19JE8181' 
21JE818M 
23 .. 011 3M 

IF I CCII.31 
CCII.1I 
CClI.41 

IF 

DoII,31 

DOli ,21 

0011.11 

E T ill .11 
EEII .. , 

I - 2 I 
CCII.1I 

• PBXII'II " OoHY • I PYIII • PYPIII) • 
0.000 • P8Y III • P8YP 1111 ) • Sill 

- 0.25 • 00HX2 • I - RXII-II - RXII'II I 
- 0.25 • OOHY2 • I - RYMIIII - RYPIIII I 

HYOHX] •• OX'I-IL & 4.0 • OX,IL t oX.I&IL 
& OOHX] •• FX'I-IL & 4.0 • FX.IL t 
FX.I&IL L & HXOHY3 •• oYMI,IL & 
4.0 • OY.IL & OYPI.IL L & DoHY] • 
~ FYMI.IL & 4.0 • Fy,IL & FYPI,IL L 
& PDHXHY • 4.0 •• CRo.2L &CRo.2L L 
& CoHXHY • 2.0 •• CH.IL & CHU&lL 
& CHPI.IL & tHPnl&1 L L 
& DDHX •• PX.IL & PX.I&IL & P8X.IL & 
P8X.I&IL L & OoHY •• PY.IL & PYPI.IL 

P8Y.IL & P8YPI.IL L & S.IL 
- 0.25 • 00HX2 •• - RX'I-IL - RX.I&IL 
- 0.l5 • 00HY2 •• - RYMI,IL - RYPI.IL 

2425. 2424. 2425 
• 1.0 

2.0. I HyoHX3. I oXIII' oXII'1I 
• OOHO • I HI II • FXII'II I 
• PoHXHY • I CRol31 • CRol21 ) 
• DDHXHY • I CHIl'1I • CHPIII.iJ I I 
- OoHX • I PX 11'11 • PBX 11.11 I 

• PDHXHY • I CRolII • CRol51 I 
• OOHXHY • 2.0 • CHPIIII 
2.0 • I HXoHYl • I OYIII • oYPIl1J 
• COHYl • I FY III • FYP 1111 I 
• POHXHY • I CRol21 • CRol51 I 
• OoHXHY • I tHPll11 • CHPIl 1,11 I I 
- OOHV • I PYPlllI • P8YPII I I I 

• POHXHY • I CRDI31 • CRol51 I 
• OOHXHV • 2.0 • CHPIII'II 

-EEII .. , 
• HXOHYl .OVPIIII 

- 0.25 • CoHY2 
9980, 2,,2.7, 2426 

00HY3 • F YP IIII 
RYPIIII 

• rlVOHXl • oXII-iJ • 00HX3 • FXI I-II 
- J.25 • OOHX2 • RXII-II 

IF IIXP3 - I -
CCII.51 

I 9980. 2500. 2428 
• HyoHX3 • OXII.II • OoHX] • FXII.II 

- 0.25 • DoHX2 • RXII'II 
GO TO 2500 

19JE81BM 
19JEBIBM 
19JE813M 

LI9JE8COC 
19JEacOC 
19JE acoc 
21JEBCOC 
19JE acoc 
29JL9CoC 
19JE8CoC 
19JE IICoC 
21JE8CDC 
19JEBCOC 
19JE8CoC 
19JE 8COC 
19JE8CDC 
21JE8 
29JL9 
05AG8 
05AG8 
29JL9 
19JE8 
19JE8 
29JL9 
19JE8 
05AG8 
05AG8 
29JL9 
21JE8 
19JE8 

CRolII - A~I"I I OXII-II • oYII-11 I 

29JL9 
19JE8 
25SE8 
19JE8 
19JE8 
19JE8 
24JE8 
19JE8 
02JUI 
19JE8 
19JE8 
19JE8 
29JL9 
25SE8 
21JE 8 

I F I 

CC 11.11 - HVOHO • OXII-ll • DOHn • 

CCI 1.21 

CCII.]) 

CCII031 
CCII,31 
DolI.31 
0011.21 
EUII.II 
Elil 1.11 

- 0.25 • 00HX2 • RXII-II 
• - 2.0 • I HyoHX3 • oXII-11 

• POHXHY • CRolII I 
• HYDHXl • oXII-11 • 00HX3 • 

• 0.25 • 00HX2 • RXII-II 
2444, 2443, 2444 

• I. Q 
• PDHXHY • CRolII 
• 0.0 
• EEll,l. 
• 0.0 

HII-II 

• DoHO • 

FXII-II 

FXII-1119JE8 
29JL9 
21JEB 
19JE8 
19JE 8 
29JL9 
29JL9 
o8UEl 
25SE6 
OlJAI 



2!>00 CONTINUE 19JE8 
DO lfllO 1. • 2, ~XP3 13SE8 

J • ~XP3 - L • 2 210C8 
OOIJ.l1 · DOIJ-Ioll I3SfS 

21110 CONT I NI.E 13SE 8 
0011 .II '* 0.0 13SE8 

DO lfl2e J ~ 1. ~XP3 I3SE8 
OIlIJ .31 • 00IJ+I.31 I3S£ 8 

21>20 CONTINUE I3SEe 
ODII4XP3.31 • 0.0 I3SES 
DOII.1I • OOII.ll 135E8 
OOII.lJ • 0011.31 13SE8 
0011.}1 • 0.0 13S£8 
CCI1.1I • CCIl.31 USE8 
CClI.2) • CClI, .. , USES 
CCIl.3) • CCIl.51 IlSEe 
CCll.11 • CCI2.21 13SEI 
CCl2.21 • CCU.}I USEe 
CClZ.ll • CCl2 ... , USEe 
C(;12.41 • tCl2.!U usee 
tClZ.51 • 0.0 Ilsn 
tCI1 .... • 0.0 usee 
ttll.!>1 • 0.0 usee 

I . MXP} usee 
0011.)1 • 0011.21 usee 
0011.21 • 0011011 Ilsee 
0011 .11 • 0.0 usn 
Ctll.!>1 • CCIl.31 USEe 
CC (I '''1 • CClltZI usee 
cell.}) • CCII,ll nSEe 
Cell-I.!>I • CCII-I.'" usee 
CCIl-lo"l • CCll-I.31 USEe 
CClI-1o }I • CClI-I.21 USEe 
tell-I.21 • CCII-I.ll USE8 
Ctll 1.11 • 0.0 USES 
CCII.21 • 0.0 USEe 
(Clloll .. 0.0 usee 

2700 CONTINue USEe 
RE TUlIN USEe 

9980 PRINT 98 Z!>SEe 
END I)SE8 
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SUBROUTINE DATA 

This routine is called at each J (y-direction) level to 
distribute data from tables 3, 4, 5, 6, 7, and 9. 
Z(I) refers to the distributed value in each table. 
ZN(I) is the data input from the data cards. 

r---­
I 
I 

• I 
\..._----

o 

DO N = 1 Net 

if data card 
this J level 

9980 

.. 



SuBkOUTI "I' OAT4 I LI. J", ~l • "x~3t lie c' F Y~IIII ~ ;.y '<1111 • FY.~INI IU' 
I LX. OVI1I. CV. OVPI. n. f"'~l. 24JE;' 3'00 CG"U "uE r? JL ," 
2 Fy, HPI. Q. S. 24Jft 3'05 1< I I J'" II - J"I ~ I ~ I I 3t~ 11 341 t ~ ... 7 f"''\Jll. 
3 Ill. RV"I, Fo't Pl. H. Tv", I. I"Ph 24tJfh 3" 7 IF ( IN?31 "I I J;-" II I )b .. , 3;':..'t 3S r ( "JI • 

" eli. CliPI, OIPl, 1),\":1 t 05A(,.Q HO DO 355 ! • II. I Z UJ' 
5 Pl. PV. "PI. pel. 1'S'1. PBY? I, 2"J<P OlP1l11 UXPI t II .. 0"-'>41 r..:) 2 "JI... 
b Q". IPRI NT 15"'0i; 1 ~'PI (II ~DYPI(lI • OV~(NI 02Jl. 

C f HilI! f YP I (II > fY!<C ~I 12J~ ~ 
C-----THIS SUBROUTINE IS CALLED AT EACH J STiP I~ THE Sf lff"esS ··u~ Ix 12Jt ~ 355 CON" NUE ( ? Jl . 
C GEHERA TI ON ANO At; AI N AT EA'1i J S IEP "i<Eh COI1PUTlHG RE SUL TS. 12Jfb 360 COHTI NOE 12.J( r: 
C t 

OI"eNSloN OXI 1I " OK"II 1I I. OKPll LI .. lotte, (-----OISTRI6UTE DATA fRI.J~ TABlE " IlJF. 
I OYI LI I. OVMII 1I " Oyoll 1I " 10et e 

C 
1 fXI LI I. 100t'< "00 00 "05 I · I. "xP3 26JU 
3 FYI U I. fV1111 LI I. fYP II LI I. 100t9 IIX 111 • 0.0 I ZJ' " 

" 01 Ll " 51 1I It loot9 RYMIIII ·0.0 12JU 
5 RXI Ll I. IIY"11 LI I. RYPII LI I. loot9 RVPIIII • 0.0 IZJ' " 
6 III LI .. "MIl Ll It TVPII L1 I. 100t9 T XIII If: 0.0 12JE h 
1 CHI Ll I. CHPII LI I. IOCt'> "011111 • 0.0 12JEe 
8 PXI Ll It PYI 11 I. PYPII LI I. 100C 'I "PlIlI .. 1).0 12JF t 
9 PBXI LI It PBf! Ll I. PBYPII Ll I, IOOC9 .. os 'ONnNt"E 2 6JE t 
A OMI UI 100C9 If C HCT" I 960. 500. "10 l5M~ 1 

tOllMOH IC.IWSI .HlIltOI. .11211111. 12fEi "10 DO "60 N • 1. Jl4:CT4t 21 J. " 
I INIl13001. JHI)13001. 11.2313 00 I , J .. UI lOOI. OXNnOOI. nSE!' II • INI"I"I + 2 03Jl" 
1 OYN13001. fXN13001. ffN1300 I. QIH 3COI. S"13001. 23SE() 12 • 1"241'" · 1 12JF. 
) INI"I 501. JNIltl 501. I"l"! 501. JH1"1 SOl, 21S::~ IF 1 J" - Jltl"INI I tt .. s. "IS • .. 15 C1JI. " 

" RXH! 501. RYNI 501. UNI SCI, TVN! 50" 23S!=C IoU. IF I JO;l"I"1 - J" I "30. lt20, 420 2IA'),t' , IHISIIOOI. JN1511001. IN2511001. JN2S11001. tHNIlOOI, 135EC, "10 ;)0 425 I = II. 12 02JL l-
f> INI61 501. JNlbl 501. IN2bl 501. JN261 sell. 23SEO 111111 #< RlU J + IIXNI'" 11J<b 
1 PXNI 501. PYNI 501. P8XHI 50" PBYNI SO); l1SEO Hili • fill) + TlNINI 11JE8 
6 IN1111001. JN1111001. IN2111001. J"lflIOOI, QMltIICIOI. 0301AI "25 COHTII.UE 024L ~ 
'it 11j181 101. JHI61 101. 11'128 C 101. J"181 101. If HI HO IF I 1 IN-ll JNI"IH' J ...... 5. 431. "33 llAGI! .. KASEWI 10l,KUEU 101.KASEY! 101.KASfPI 101. IfFEI H) If 1 J"l"INI IJ"-II I ""5. 435, "H l1A~8 
/I JIII9I 101. Jlj291 101 If FE I ,,]5 DO " .. 0 I * II. 12 21AG~ 

COItltON ITABLE/NtI3. H'f3. NCI", HCT' .. N'15. NCT5. Ntlb. NtTb. 100'9 RY"1I11 • RYMIIII • IIY"I"I 02Jl" 
I NtI1. Nt If. Nt18. N"fI. Ntl9, NCT9 LSMRI lV'lIl1l • TYMICII • ""INI 11Jf8 

C ""0 CONTINUE 21AG~ 
98 fOIl"U 1 IIl0H UHoES IG ... TEo ERIIOR STOP 21A~8 ,,"5 If C 1 IN>II IN'''IN' ) ... 60t 4 .. 1, ""1 OlJll! 

C 
"" 1 

If I JN2"IH' I IN' 11 , ... 6,0. 450. "'>0 03Jll: 
C-----OISJRIBUTf O.TA I'1I0M TABLE J UJf8 450 00 ,,55 I · II. 11 OlJI ~ 
C RYPI (II • RYPIII, • RYNINI OlJl b 

300 00 )05 I • I. "xP) 12Jf 8 "PI III • TYPI'LI + TYN'H) 12JE-
OXIII • 0.0 I2JH "55 'ONTINUE OlJl" 
OXPII1 , • 0.0 l'1JL 9 "f>0 C.ONTlIIUE 11J= ~ 
OX"IIII • 0.0 O~A~'1 C. 
OY"IIII • 0.0 28JE@ t-----0ISfRI8UTE DATA fRO" TABLE 12J~" 
OVClI • 0.0 12JE8 C 
OVPIIII • 0.0 Il.lf8 500 00 50S I • 1. JI"'P~ Z6J,b 
HIli . 0.0 12Jf~ CHili .. 0.0 12JE~ 
fYM1l1l • 0.0 11JE8 tHPllI1 • 0.0 IZJE6 
f VIII • 0.0 12JE8 505 COHTlNUE 28JE .. 
f'YPi II I • 0.0 30MY8 If I Nt" I 980. bOO. 510 21Ac,e 

. QUI • 0.0 I2JE8 510 DO 560 N • I, NCT5 2IAG. 
5111 • 0.0 12JE8 11 • INISINI • ()3Jlo 

)05 COHJlNUE 28JE8 12 • I "251 ~I · 12JE h 
IF I Hcn '180. "00. 310 2IA~" IF I .IN - JI<UI"I I ~4t5. 515. ~15 O)Jl • 

310 00 3ftO N « I, Ntn 28Jf e ~15 If I J~2S' "I - IN I 5"5. S20, 520 ~3Jl f 
II • U,U'HI • z <ll....u. ~ 520 00 SZ5 I • II. 12 1)2Jt !:'I 
12 ... IHZ3IN. • 2 IlJ<8 tH111 • CHili. CHNIHI 12Jt: 6 

If I IN - JN13INI I ' .. 5, 115. H5 02Jl ~ 525 CONTI NOE 02Jl" 
115 If I JN231 NI - JH , :130> 320. 320 O'1JL' '''5 If 1 I.lN+l1 - JN151'" I ~OO, 5H. '''1 C3Jl( 
320 00 J25 I • II. 12 OlJLI> 5'" IF I Jt.:2SI"I1 - I IN>II I 5bO. 550, ~5() 03Jt" 

OXIII ., OXIII + OXHINI IlJE e 550 00 555 I · II, 12 02JL ., 
OYIII ., oY1l1 • OYHINI IlJE b CHPIIII • CHPIIII • CHH.H' 03Jl b 
flUI « fUll + fXNINI 11JE d 555 CONTlJiUf 02JL. 
fYllI • FVIII > fYNINI 12JE ~ 5f>0 CONTlNU~ 12Jt8 
0111 • QIII + IININI 21.1£8 C 
5111 « 5111 > SHINI IlJ"~ C-----0ISTII18UTE aAfA fliOOl fABLE 6 12J< .. 

325 COIHIHUE ('llJt 0 , 
no If I IJ ..... II - JNIH"I ) 34tS, 13;, }}J C"JI" bOO 00 6f'5 I ~ I, H)l.P3 2BJf B 
3J3 If I JN2HNI - IJ"-II t 3 .. 5, 33~ • 135 C9Jl PXIII « 0.0 12J~ p 
US 00 3"0 I = II. Il (;~Jl ' P>III ... 0.0 !2Jf >I .... 

OY"IIII • DYMUIl + (I't, .. t~) 02Jl" P.PIIiI • 0.0 12' J' 0 
OX"lIl1 • OX"IIII > O'NI~I (\5Aljt.t PUll I • 0.0 llJ:: ,. \0 



...... 
Pi!V'I' & C.O I2Jf 8 ...... 
P,BWPlllI .0.0 11J~" 0 

6O~ CONTINUe 2eJ~ n 
IF I Nt T6 , 9bO. 700. 610 21J:j@ 

010 00 600 ~ • I. "'To 12J!5t: 
II . 1"161Nl • ()lJlo 
12- I~lol'" • 12Jf g 

IF I JII JNI61NI , 645. "15. 615 ZHGd 
1115 IF I JIIZ6111' - JII , ea.4S. 610. 620 30A(;& 
620 00 1125 I • II, 12 OlJl<> 

PXIII • PXI" • PXIIIII' IZJH 
PVIII • PHil • PVIIIII' IlJ!:8 
PSKI I, .. PBXIII • PBXNIN' 11J'6 
PBVII' • PSVIl' + PBVNIIO IIJE6 

61S COli" NUll OZJlS 
645 If I 1.111+11 - JNI6IN' , 660, 647. 647 ZUGS 
641 IF I JNZ6III' - I JII.U , 660. 650, 650 2lAG6 
6S0 00 655 I • II, 12 2UGe 

PVPIIII .. PVPIIII • PVNINI C3Jl S 
PBYPIIII .. PBVPlll. + PBYNINI 12Jf8 

655 COIITINUE 21AGB 
660 COII"NUE 11Jf8 

C 
C-----OISTRIBUTE OATA FROM fABLE 
C 

·100 00 105 I .. I, AXP) lUGS 
Qilill • 0.0 11JE cl 

105 CONTINUE 2UGu 
IF I lien I 980. 800. 110 2UG~ 

110 00 160 N • I, NCTl 2UGS 
II .. 11111111' • 2 llAIi~ 
12- 11121111' • 1 ZUG, 

IF I IN - Jill JIll. I 160. 115. l1S 21AG8 
115 IF 1 JN211N' - JII , 160, 120. 110 21A::;0 
120 00 12S I • 11. 11 llAr.b 

0111 .... 011111 • QIIIIIII' 21Jf8 
125 CONTlIIUIl 21AGI 
160 CONTINUE 2UG8 
800 COllnllUE 2UGe 

C 
I$TRlBuTE DATA FIlOM TABLE 9 

900 I PRill' .. 0 I ... RI 
IF I NC'9 , .,10, 965, 910 1 ... ·1 

910 00 960 M-l.NCT9 IS'"\ 
tF I JII - JN19111\ , 910. 965. 915 16,,!~ 1 

915 IF I JNZ91Nl - JII I 920. 965, 965 161'1R I 
920 IIi'RIlIT .. 0 I5"R I 
960 COllnllUE 15"~1 

co TO 915 16MR I 
965 IPRllil .. I 111"'.1 
915 CONTINUE I;"'. 

RETURN 12JE 6 
980 PIUII' 98 110\08 

EIIO IlJfl> 
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PRINTER PLOT ROUTINES 

These subroutines generate plots of the selected profile output areas 

specified by Table 8. Subroutines SPLOT3 and SPLOT4 control the printer plots. 

SPLOT 3 is used for single column plots and SPLOT 4 for double column plots. 

The columns of values are tabulated vertically at the left of the printer 

plot display. Subroutine ZOT 1 utilizes the same profile values and creates 

only line plots on either microfilm or paper depending on the plot option 

control of Table 1. The IBM version of the program does not have subroutine 

ZOT 1. 



s~aROUTINE SPLOT J I X. NEND, wlOTH I 
C •••• THE LATEST REVISION OlTE FOR THIS ROUTINE IS 12 OEC ~. 

OIMENSION XINEN01, SPACEII~I. SY~8141 
COMMON IPLT I II, 12. JI. JZ 
eOM~ON IPLOT! 11, I Z. JI. J2 
OA TA SPAeE I 15.4H I, SYMS I 41'. .4H. ,41' •• 41' • I 

e •••••••• THIS ROUTINE PRINTS ANO PLOTS THE NENO VALUES OF X 
C BEGINNING wITH THE INITIAL VALUE TRANSFER~EO. 
C TI'E PAPER SI'OULD 8E POSITIONEO PROPERLY AND UL 
t HEADINGS PRINTED BEFORE CALLING. F. L. E. C.... INPUT - X. THE FUNCTION TO 8E PLOTTED 
C NENO. TI'E NUMBER OF X TO BE PLOTTED 
t wIDTH, WIOTI' OF PLOn LESS THAN 1>1 L 
t •••• OUTPUT- NO ACTUAL VALUES A~E RETURNED TO THE 
t tALLING ROUTINE - THE VALUES ARE PRINTED 
t ANO PLOTTED VERTICALLY. 

10 FORMAT I U, 12, lX, U. 1Il, IPElO.).IU'Io 1 
C 10 FORMAT I !IX. 12, IX. 11, 1Il. HO.),.U'Io L 

15 FORMAT I 5X,12,lX,U.IX, lPElO.3 1 
C 15 FORMAT I 5.,12,IX,1),IX, EIO.) L 

I FINE III) .LE. 0 I GO TO 9.0 
IF I WIOTH.GT.60 •• OR. WIOTH.LT.I. 1 WIDTH. 60. 

ISKP • WIOI" I 8 • I 
SVII) • $VMaIU 
OMEGA • XIII 
THEU • XIII 

If I NEND .EQ. I I GO TO UO 
00 50 I. 2. NENO 
If I OMEGA.LT.XIII OMEGA' XIII 
If I T"IEJA.GT.XIIi THETA. XII! 

50 CONTINUE 
IF I OMEGA.EQ.TI'ETA I GO TO 60 

SIGMA, I WIDTH - 1. ,I IOMEGA - THETA 
60 CONTI Nut: 

IF I IJ2-JI-12+111 .GT. 0 GO TO 150 
I • 0 

OD 110 JS - Jl. J2 
JSTA - JS - 2 

00 100 IS • II, 12 
I STA • IS - 2 
I - I + 1 

IF OMEGA.EQ.THETA GO TO 80 
BETA, SIGMA. XI1I - THETA 1 • 1. 
IOU - 8ETA 

If 18ETA - IOTA1.GE.0.5 I IOTA. IOTA. 1 
I Sr.P • I IOTA - 1 I I '10 
IR - IOTA - '10 • ISXP 
UKI' • ISII.' • 1 
SYNC. SYMallRI 

80 PRINT 10. ISTA, JSTA. XIII. I SPAeElli. l-lt ISII.' " SYMO 
100 eONTI NUE 
110 eONTI NUE 

GO TO 990 
150 tONTINuE 

1-0 
00 210 IS - 11. 12 

ISTA - IS - 2 
00 200 JS' Jl. J2 
JSTA - JS - 2' 
I • I + 1 

IF O"EGA.EQ.THETA I GO TO 1&0 
aETA • SIGMA. I XIII - THETA I • I. 
IIlTA • 8ETA 

IF 18ETA - IOTAI.GE.0.5 I IOTA. IOTA + I 

ISND. 
REVISED 
100e9 
010EI18M 
Z5NJ9COC 
100C9 
100C. 
100C9 
100C' 
100C9 
100C9 
14OC. 
14OC9 
IDDt9 
lOot. 
IODt9 
25N09l8" 
25N09COt 
25110918" 
2SN09COt 
liND. 
150C9 
I<\OC. 
100C9 
100C. 
IODC9 
25"0' 
100(;9 
100(;9 
IODC. 
lOOt9 
25N09 
100(.9 
25N09 
120ft 
25N" 
25NO. 
25110. 
25N0. 
25NII9 
25N09 
IOIJC. 
looe. 
IODe9 
100e9 
100e9 
lODe9 
IODe9 
100(;9 
UNO. 
25N09 
2SN09 
UN09 
120£9 
120E9 
120E9 
120E. 
120E. 
I2DE. 
25N09 
120E9 
100C9 
loot9 
IOOe9 

I SKP I IOTA - I I 4 
IR lOT A - 4 • I SK P 
I SKP • I SKP • I 
SYNO • SYM811 RJ 

ISO PR I"T 10. I STA, JSTA, xc II, C Si'ACfll.l, LAl. ISKP I. SYMO 
ZOO CaNT I NUE 
!IO CONTINUE 

GO TO 990 
120 PR INT I!;' II, JI, XII J 
990 RETURN 

C END SPlOT ) 

END 

SUBROUTINE SPUl1 4 « X. Y ... END I 
e •••• THE LATEST REVISION DATE feR THIS RCUTINE IS 25 NOV ~. 

DIMENSION XI"ENOI. YINENOI. SPACEI 81. SYM2141 
eCMMON IPL T I II, 12, JI. J2 

e CD"MON IPlOT! II, 12. JI, J2 
eArA SPACE I a.ItH I, SYM8 I 'tHe 'litH. ,ltH • ,4H • I 

C •••••••• THIS ROUTINE PRINTS AND PLOTS THE NENO VAL~ES OF X ANO Y 
C 8EGINNING WITH THE INITIAL VALUE TRANSFERRED. 
e THE PA'ER SHOULO BE POSITIONEO PROPERLY AND AlL 
C HEAOINGS PRINTEO BEFORE CALLING. F. L. E. 
C.... INPUT - X, T~E FUNCTION TJ BE PLOTTED 
e V, THE FUNCTION TO 8E PLOTTEO 
t NENO, THE NUM8ER OF X OR Y TO 8E PLOTTED 
e.... OUTPUT- NIl ACTUAL VALUES ARE RETURNED TO THE 

lOOC9 
100(;9 
100C9 
100C9 
120E9 
120E. 
12DE9 
12DE9 
2,>,,)9 
IIN09 
18NYO 
IODC9 

18~J' 
REVISEO 
150~9 
OIOfllBM 
25N09(;OC 
150C9 
100C9 
100e9 
lODe. 
100C9 
100(;9 
140C9 
140C9 
100C9 

,.... ,.... 
tv 



C 
C 

C 

CALLING ROUTINE - THE VALUE~ ARE PRIN~EO 
AND PLOTTED VERTICALLY. 

10 FORMAT 
10 FORMAT 
15 FORMAT 
15 FORMAr 

I 5X, '12,IX,I3,IX, IPEIO.3,lA~, IPEI0.3,lA~ I 
• SI. 12,II,ll,lX, EIO.l,lA.... ElC.l,lA'" l 
I 5X,12,IX,13.IX. IPEIO.3,28X, IPEI0.3 I 
'5X,12.IX,13,IX, E10.3,28X, EIO.3 L 

so 

60 

10 

.0 

IF I NE NO • LE. 0 J GO TO 990 
IW - 20 
IX • Iw I ~ 

I S~P - Iw I 
ISKP2 - ISKP 
ISKPT - ~ 
ISKPF - ISKP 
SYMO - SYM81l1 
SYM02 • SYMBllI 
WIDTH. IW 
C""GA • X III 
THETA. Xill 
02 - Yill 
T2 - Yill 

IF I NEND .EO. I I 
00 50 I - 2, NENO 
IF I OMEGA.LT.Xlll 
IF I THETA.GT.XIII 
IF I 02.1T.YIII 
IF I T2.GT.YIII 
CONTI NUE 
IF I OMEGA.EO.THETA I 

SIGMA - I WIDTH - I. 
IF I 02.EO. T2 I 

52 • I WIDTH - I I I 
CONTINUE 

I • 0 
00 110 JS • JI, J2 

JSTA - JS - 2 
DO 100 IS. II, 12 

ISTA-IS-2 
I • I • 1 

CD TO 120 

OMEGA - XIII 
THETA. XIII 
02-YIII 
T2 - Y III 

GO TO 110 
IOMEGA -
GO TO 10 

02 - T2 I 

THETA I 

IF OMEGA. EO. THE TA 
BETA - SIGMA. 

GO TO 80 
XIII - THETA I • I. 

IF 
IOTA. BETA 
IBETA - IOTAI.GE.0.5 I 
ISXP - I IOTA - I I I ~ 
IR • IOTA - ~ • ISKP 
I SXP - I SKP • I 
SYMO • ~YMBIIRI 

IOTA - IOTA. I 

IF 02.E O. T2 I GO TO 90 

IF 

IIETA • Sl • I YJ 11 - T2 I • I. 
IOTA. BETA 
IIIETA - IOTAI.eE.0.5 
ISXP2·IIOTA-II/~ 
IR • IOTA - ~ • ISKP2 
SYM02 - SYMBIIRI 
I~KP2 - ISXP2 • I 
ISKPT - Ix - ISKP • I 

IOTA' IOTA. I 

10, ISU, JSTA, XIII. ISPACEI~I,x'I"~KPI, SYMO 90 PRINT 
I , ISPACEILI,L-I,I~KPTI, YIII, ISPACElxl,x-I,ISKP2I, 

CONJINWE 100 
110 

"120 
990 

CONTINUE 
GO TO 990 

PRINT 15, II, JI. XIII, YIII 
RE TURN 
END SPLaT ~ 

END 

SYM02 

100C9 
100C9 
25N091QM 
25N!l9(OC 
25N0918'" 
25N09(OC 
lIN09 
IBN)9 
I.oC9 
I~OC'9 
IIN09 
I~N09 
I.oC9 
I~OC9 

HOC 9 
I.oC9 
100C9 
lOOC9 
I.oC9 
I~OC9 
25N09 
lOOC9 
loot 9 
100C9 
I.oC9 
HOC9 
100C9 
25N09 
100C9 
I.oC9 
I~OC9 
25N09 
25N09 
25N09 
25N09 
25N09 
251109 
25N09 
100C9 
100C9 
IOot9 
lOOC9 
100C9 
IOOC9 
100C9 
100C9 
I.oC9 
150C9 
I.oC9 
I~OC9 
I.oC9 
I.oC9 
I.oC9 
I~OC9 
150C9 
25N09 
25N09 
25N09 
251i1J9 
25~09 

25N09 
IIN09 
18MYO 
100C9 

~UBRaUTl"E luT I (XF, YF, NP. ID I 
C •• •• THE LATE~T REVI~ION DATA FO~ THI~ ROUTINE I~ 

COM"'ON I lCT I LOP, "'t. IROLL, HOP 
13 OEC 11 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 

C 
C 

C 

o I ME NS I ON If III, YF III. ID (II 
DAYA INC. IQ, X t V, XL. YL., )'.U, YG / 1,12.0.,O •• 9 •• .c...,Q.,qo. 
OA TA I Tl, IT 2 I -I, 0 I 

XF ARRAY CoNTAINI~G THE X - CooROINATE~ 
YF ARRAy Co~TAINING THE Y - (OOROINATE~ 
NP Nu~BER OF POI~T~ TO BE PLCTTEO 
LOP LINE OR POINT PLOT OPllON 

10 
Me 
IROLl -

MOP 

• 0, 1I NE PLOT 
• -J , POINT PLOT AT EVERY J-TH POINT 
• tJ , LINE PLOT WITH A POINT PLOT AT EVERY J-TH PT. 
VARIABLE OR ARRAY CONTAINING TITLE OF PL()T 
NUMBER OF CHARACTERS IN TITLE' 0 IF NO TITLE L 
OPTION TO MOvE TO A NEW FRAME - AFTER THIS PLaT 
• 0 • SAME FRAME ~ 
CREATER THAN 0 , NEW FRAME 
LESS THAN 0 , TERMINATE 
MICROFILM OR PAPER PLOT OPTION 
• I , PAPER PLOT~ 
ii, MICROFILM 

•••• FRANK L ENDRES PAX 1892 •••• 

20 

50 

NC - Me 
ITl-ITl. 

IF I I TI.NE.O I 
IF , HUP.EO.I L 
IF , MOP.NE.I 
IF ( ~C.NE.O 

He - 10 
10 • 10H 

CONTI NUE 
XFlNP.lI • IFI 
XFINP.21 - XF2 
YFINPoII • yfl 
YFINP'21 • YF2 

POSITICN ORIGIN 
IF , 112.EO.OL 
IF I IT2.EO.I I 
SCALE X - AXIS 

GO TO 20 
CALL BGNPL T 
CALL BGNPLT 
GO TO 50 

, bLFILMPL L 

CALL PLT U.O. 1.0. -3L 
GO TO 100 

CALL SCALE I XF, XL, NP, INC I 
XFI. XFI"P'II 
XF2 • IF INP.2 I 

C - - - - ~CALE Y - AXI ~ 
CALL SCALE I YF. YL. NP. INC I 

YFl • YFI"P'" 
YF 2 - YF I ~p. 2 I 

C - - ~ET UP X-AXI~ 
Y'I • - YF I ~P.ll I YF I NP.21 

CALL AXIS I Xt YM,lH , -i. XL. XO, XF(NP+l •• XFINP+2' 
- - SET uP Y-AXIS 

XM • - XFINP'lI I XFINP'21 
CALL AXIS 11M, Y, IH I 1. YL, YO, YFlNP+1J, YFINP+2J • 

C - - PRINT lITLE 
CALL SYMBOL' I •• -.15 •• 1"". 10, XO, Nt 

C - - - - PLOT THE FUNCTION 

C 
C 

100 CALL LINE I XF, YF, 
IF I IT2.EO.' I 
IF' I ROll. G T. 0 L 
IF , IRUlL.ll.O 
IF IROLL.EO.~ 
IF IROlL.LT.O 

RE TUR~ 
END 

NP, I. L("P. lQ J 
IT2 • 0 
CALL PLY , .0, 
CALL ENOPL T 
IT2 • I 
ITI • -I 

.0, q99 L 

II JEO 
REVI~Eo 

II JE 0 
OQJEO 
09JE 0 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JfO 
09.1EO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEOCoC 
09JEOCoC 
09JEO 
09JEO 
09JEOCOC 
09JEO 
13 DEl 
130EI 
13 DEl 
nOEl 
09JEO 
09JEOCOC 
09JEO 
09JEO 
09JEO 
l30El 
130E I 
09JEO 
09JEO 
130E I 
l30E I 
09.1EO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
09JEO 
29NOI 
09JEO 
09JEO 
09JEO 
09JEOCOC 
09JEOCOC 
09JEO 
llJEO 
09JEO 
09JEO 
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3-D PLOT SUBROUTINES 

These nine routines are used to generate the paper plot display of the 

exaggerated deflected shape of the slab or grid. The routines default to 

values that have been found to give a reasonable optimum implied position of 

the viewer's eye. The plot may be controlled by input of different options in 

the second card of Table 1. The IGSW reference grid switch may be input in 

column 62, the value of the plotted maximum deflection in columns 66-70, the 

reduction factor of Y lengths relative to X lengths in columns 71-75, and the 

tangent of the receding plot angle in columns 76-80. 

DUO 

TD2 

GRD 

EDGE 1 

CRNR 1 

MESH 1 

GRID 1 

MARK 2 

DASH 2 

Defines the plot size and orientation and controls subsequent 
routines. PLT and SYMBOL are CALCOMP routines. 

Plots the relative deflection value at the appropriate 
position, connecting all grid points. Hidden points are 
masked out. 

Controls the reference grid to be plotted as a function of 
the reference grid switch IGSW: 

° = Tic marks at edge points only (default) 
1 = No reference marks 
2 = Tic marks at the 4 corner points 
3 ... Tic marks at all grid points 
4 = Dashed lines along edges only 
5 ... Solid lines along edges only 
6 = Dashed grid lines throughout 
7 = Solid grid lines throughout 
8 = Dashed grid shifted 12 inches to right 
9 = Solid grid shifted 12 inches to right 

Plots tics at edge points 

Plots tics at the 4 corner points 

Plots tics at all grid points 

Plots dashed or solid lines at edges or throughout 

Plots four arm tic oriented in the proper direction 

Plots a dashed or solid line 



SLJAR.OUHI'JE ~rlrilj I It 1.1, LI, IIoiX, MY, HK t ~y_ VEF , AOf, SL)!>E. 
I IPOP, NP~OS, IGS. I 

( 

t-----81 TEMPORARILy N"LLING OUT THIS ROUTINE, THE 3 0 PLOT IS 
C EL IMINAIED, AND THESE ROUflNES MAY BE RfMO~EO fRO~ THf OECt< 
( 01"3. 102. GIlIOI, GIlO, CRNRI, fOGEl. MESHI, MARK2. AND OASH2. THUS 
C SAYING 1150 OCTAL STOR AND 4,00 OCTAL STOR FOR SYSTEM PLOT CALLS. 
C 
t 
C-----THE tAROS TAGGED WITH PLT ARE FOil COt SYSTEM PLOT ROUTINES A~O ARE 
( IN GENERAL tOMPATIBLE WITH ALL SYSTEMS USING STANDARD CALCOMP PLOT 
C ROUTINES. MOOIFltATIONS fOR PARTICULAR PLOTTER INSTALLATIONS MAY 
t BE NEtESARY HO""~ER. 
t 

DOUBLE PREtlSION l, NPR08 
DIMENSION lCL1,L21 , Ill25001 

t IF , IPOP.LE.o .10. STlRT.NE.1.3H L tALL BGNPlT 
CALL PLOT '1., 1., -3 I 

C tALL PLT , I., I., -] L 
tAll SYMBOL '-.1, 1., .11t. HPROfh 90., 5 ) 

If 1 AIlS 1 ~EF I .LT. 0.01 I ~EF • 1.0 
IF 1 loBS ISLOPEI .LT. 0.01 I SLOPE· 0.9 
If 1 ROf .LT. 0.01 I IU)f • 0." 
H • boiS 
IOFY • H • 100 I MY 
IOFX - IOFY I SLOPE 
xx - IOFX _ IOFX • Ion _ 10FY 
10EL • SQRT' xx I • HI I , HY - ROF I 
II - .01 • , 10EL • MX • IA8SilOfXI • NY 

If I II.LE.l0 I GO TO 5 
tt • 10 •• H I W 
IOFY • H • 100 I MY 
10FX - 10FY I SLOPE 
10El - 10. I W • 10El 
II • 10. 

, VSf' • O. 
MXP2 • M)( • 2 
MYP2 - MY • 2 

DO 10 I· 2. M)(P2 
DO 10 J - 2. MYP2 
IF IOA8S1 l'I.JII.GT.YSF I YSF -OA8SI lll.JI I 

( IF , A8S' lll.Jll.GT.YSF 1 VSf' ABSS nltJL 1 

t 

10 tONfiNUE 
VSF - VSF YEF 
IN :. My • 
KH - flU( • 

JS • 1 
Pt.TMIN· -.5 
I NIT • 1 

00 100 I • I, IN 
100 CAll T02 1 lI2.1>11. IN. KN, IOH. YSF, 10FI,IOFh Il,PLT~I".JS. 

I INI T l 

If I 
tALL 6110 
tAll PLOT 
tALL PlT 

RETURN 
END 

xs • 0 
IOfX.lT.O I 

C IGSfIiI. "'X, "'t" 
115., 0., -J 
115.,0 •• -) 

HART· 1.314 

IS •• 01 • 1A8S IIOF)(I 
10FX, 10FT, 10El. IS. YS I 

I 
1 

O'lFE I 
06P'1YI 

lODE 118M 
2I>OtO 
190tOtOt 
260C018M 
260tOtOt 
12"Yl 
12FEl 
llfEl 
UFEI 
02NOO 
290CO 
290tO 
3ootO 
3ootO 
lOMY! 
29OtO 
021100 
290tO 
290tO 
02NOO 
290(0 
290tO 
02NOO 
02N:l0 
110EO 
110EO 
2Io0t018" 
260COCOC 
260tO 
091'£1 
260CO 
260CO 
260tO 
2Io0CO 
260CO 
21>0tO 
260tO 
21>0tO 
HOEO 
liFE! 
06HYl 
300(018M 
300COCOC 
26OCO 
260tO 
21>0CO 

S0HRCUTINE T02 (l. l~, (N, [DEL, V~Ft IOFX. lafY, II, 
1 1/1,1 T J 

DOUBLE PRECISION l 
o I foIE illS I 01< Z I 11. III II 
DIMENSION X~150J. YMI5JI 

DO 5 J ~ 1. KN 
XP'l111 ; PlTHIN - I. 
lEND ~ t<N - 10El • IABSIIUfXI _ liN - I) • 1 
I ~IT • 0 
IIIU • 0 
1 • 0 
MP • 1 
"'l ~ "'''' - I 
POV • PLTMIN I ~5F 

1 PO~ ; PO~ - IDa. 
DH • I DEL I 100. 
OfY • 10FY I 100. 
OFx a 10FX I 100. 

IF I HIFI .OE. 0 I GO TO 8 
1 • -IOFX - liN - 11 • 1 

a tONTlNUE 
DO 9 I· I. lEND 

11I11 • IPO~ 

9 CONTINUE 
I PEN = 3 

10 CONTI III ... E 
II • NU-
Nt,; z N\J • 
II-NU­
OEn=OFY·II 
DELI • on • II 

<:)0 31 1 - I, "'l 
IF I MP I 15, 15, I I> 

15 I<. • I<.N • I - I 
GO TO 11 

11> K • 1 
17 CONTINUE 

t-----tOMPUTE INTERPOLATION tONSTANT 
KMP .. K .. MP 
51 • I lIKMPI - llKI I I ~SF 

SI •• 01 - SI I DEL 
AT· lIK' I ~SF • OElY - SI 

C-----I"'Tt~POlATf POINTS 
DO 30 ll· I, IDEl 

l ,. II .. PIP 
AT'AT>SI 

C-----tOMPUTE NE~ ATTITUDE 
IR • AT - 100. -ilill 

GO TO 19 IF I IR .LE. 0 I 
IlILl • SION II A8S I" T - 100.' • .5 J • AT J 

19 CONTI NUE 
C----GENUUTE ASse I SSA 

( • L •• 01 
GO 10 I 24. 25 I , JS 

X t 
Y • Ilill - .01' 

GG TO 26 
25 Y • -t 

x • IllLl •• 01 
26 CALL PLDll X, Y. IPEN I 
20 lAlL PLi , x, Y, IPEN 1 

IF I I.EQ.) .DR.Ll.EO') 
X~Hq ~ x 
Y~(" Y 

26~ IPEN • 2 
30 tONTI NUE 

GO TO 21>5 

Pll/lllllN, J S9 2bOC,J 
IIHI 
24~Yll BM 
260eo 
20QCO 
21>0e 0 
260CO 
21>0CO 
260e 0 
2boe c 
21>0CO 
260(0 
2611CO 
260CO 
260tO 
21>0(0 
260(0 
260tO 
260CO 
26OCO 
260tO 
261l(0 
260(0 
260tO 
HOto 
260&0 
12fE I 
260(0 
260CO 
260(0 
260CO 
260CO 
260CO 
260(0 
260CO 
260CO 
260CO 
liFE I 
260CO 
260(0 
260CO 
260CO 
liFE I 
260CO 
260CO 
260e a 
12FEI 
12fE I 
12fEi 
260CO 
260CO 
lifE I 
260CO 
26010 
260CO 
naco 
260(0 
21>OtO 
260tO 
2bOtOl BP'I 
260(OCOC 
260&0 
260(0 
260CO 
2611CO 
03MAI 

.. 



IF , XHIKHPI.GE.PLTHIN 
C IF • XH'KHPL.GE.PLTHIN 

CAll PLOT 'I X, v, 3 I 
C CAllPLT IX,V,3L 

XHIKHPI a X 
YH' KHPI • V 

31 CONTINUE 

RETURN 
EIID 

l ;. l + I Of X + "~ 
IiIIP • - HP 

CAll PLOT IXHIKHPI.VHIKMPI.ZI 
CAll PL T lXH'KHPL. VH'KHPL. ZL 

5111ROUTINE 'RO I IG5W. HX, IIY, lOn, IOfY, lDEL. X5, Y5 I 
COMMON IPGRIDI SLOPE, SIZE 

SLOPE. ICI'v I 10FII •• 01 
1'511 • IG511 • I 

IF I 11;511 I 999. 999, 105 
105 GO TO 1110, 300, I~O, 1.0, 150, !e.o, 170, lBO. 190, 200lolGSW 
110 CALL EDGEI lilli, IIY, 10FII, IOFV, IDEL, liS, 0.01 

GO TO 100 
130 CALL CRIIII '"11, II", 1 .. 11, 10FY, IOEL, 115, 0.01 

GO TO 300 
1.0 CALL IlESHI 11111, IIY, 1"11, 10fY, IDEL, IC$, 0.01 

GO TO 300 
150 LOP - 0 
155 CALl GRIOI CI, I, 10Fxo1IY, ICFyoIIY, IOEL.IIII, x5. O.O.lDP I 

GO TO 100 
160 LOP· 

GO TO 155 
170 LOP. 0 
175 CALL GRIDI IllY, 1111, IOFII, lon, IDEl, IS, O.O.LOP I 

GO TO 100 
1111 LOP -

GO TO 175 
190 IS • lIS • 1A851l0fXI ° ~X ° .01 • 2. 

GO TO 170 
ZOO liS - 115 • 1A85110FIII ° !IX •• 01 • Z. 

GO TO 110 
300 COIITCICII: 
999 COMTJIIII: 

RET~ 
EIIO 

IlFEIIBH 
12FEICOC 
260COl8H 
260COCOC 
12fE I 
12FE I 
260CO 
260CO 
l6PCO 
l60CO 
260CO 

27API 
27API 
27API 
15API 
27API 
23110 I 
10llYI 
15An 
10HYI 
15AP I 
IOIIYI 
154'1 
15A"1 
IflA. I 
15AP I 
15AP I 
15A' I 
15A'1 
lOllY! 
15API 
15AP I 
15AP I 
15AP I 
15A'1 
15AP I 
15AP I 
15AP I 
15AP I 
2bA'l 
2bAoi 

~UBRDJTINE b..lGEl I MX, "W, L ... rA. IC~Y. rD~~ ... c. v;\ I 
COHMON IPGRIDI SLOPe. SllE 

x s xo 
Y : vo 
SIZE • Z. 
OFX 10FX ° .01 
OF V = I OF V 0 .01 
OEl : 10tl ° .01 

CALL HARK2 ( X. V I 
DO 100 I: I. HX 

X • X + DEL 
CALL HARK2 I x, v I 

100 CONTINUE 
00 200 I. I. HV 
X.X+OFX 
y .. y + OFY 

CAll HARK2 , x. v I 
lOO CONT I NUE 

DO JOO I' I. HX 
X : X - DEL 

CALL HARKl I X. v I 
JDD CaNT I NUE 

DO "00 I a I, HV 
X • X - OFX 
V.V-OFY 

CALL HARll , x. V I 
"DO tONT I NUE 

RETURN 
ENO 

SUBROUTINE (.RNRI ("X, MY, ICFX, IOFY, IOfl. lO. "(0 , 
C0HMON IPGRIOI SLOPE. SIZE 

X • xo 
V • VO 
SIZE - It. 

CALL 'lARK2 I X, V I 
J( s X + MX. 1 DEL • • u I 

CALL HARK2 X. V I 
y y + MY • lOFV •• en 
x • x + "If • I OF X • .0 I 

CALL HARKl X, V I 
J( ::& X - HX • I DE l •• C'l 

CAll HARll 
ME TURN 
END 

X, Y ) 

I' . 
_ 1:'" I, 

15A:l I 
15AO> I 
1~ft,;J! 

1 5.~ 7 1 
1"1"1·'1 
I C

" •• 

lH.-,l 

1 ~j:> I 
15A·1 
Z 'AP I 
II)A"I 
15API 
15Al) 1 
15A::> I 
27A_I 
15A'1 
15AP I 
15API 
27AP I 
154> I 
15AD I 
15A'1 
15A'1 
l7AP 1 
15A.) 1 
15AP I 
15A'1 

15A0 1 
27A 0 1 
15A" 1 
I,A'I 
15",~ 1 
2 7/1~ 1 
15APl 
nAPl 
1 ~",: I 
15API 
1 lAP I 
l~.o.°l 
27AP I 
15AP I 
15A P I 

t-' 
t-' 
0-



SUIIROUTI Nt: "E ~~I I .. a. "Y. lOfX.', IGFY, IOfL. XD. v J I 
CO""ON IPGRlo( SLGPb SIH 

SIZE . I • 
OFX - 10FX • • 0 I 
OFY . IOFY • .0 I 
aEl = I DEL • .01 
"YPI . "Y , I 
"KPI - "X 

, I 
XX· XQ 

"P - I 
Y • yo - (lFy 

DO 2000 J • I • "YPI 
X - XX - DEL • '!P 

Y -
Y , OFY 

DO 1000 I - I. "XPI 
X -X + OfL • ", 

CALL "A RItZ I x. Y , 
1000 CONTINUE 

XX • xx , Of X , DEL • "X • "P 
lOOO MP • -MP 

RETURN 
~HO 

SUBROUTINE GRIOI C 11\1. KI\I. IOFa. 10fY. 10EL. XO. YO. LOP I 
·XX - 10EL • KN •• 01 
I NI - IN' I 
"P • -I 

DO 100 I • I. I NI 
1"1 • I - 1 
XI - XO , 10FX • 1"1 •• 01 
YI - YO , 10FY • 1"1 •• (11 
X2 • XI , XX 

IF I "P 1 80. 100, 90 
BO CALL 0A5H2 I XI.YI • Xl.YI. LOP 

GO TO 99 
90 CALL OA5H2 I Kl.Y1 • XI.YI. LOP 
99 MP • -MP 

100 CONTI NUE 
XX - IN • IOFX •• 01 
KN'I • KN , I 
YI - YO 
Yl • YO , I" • 10FY •• 01 

DO 200 I - I. KNI 
'"1-1-1 
XI - XO + 10EL • 1"1 •• 01 
Xl • XI ' XX 

IF I "P 1 180. 200. 190 
180 CALL OASHl I XI.YI • X2.Y2. LOP 

GO TO 1~9 

190 CALL OASH2 I X2.Y2 • XI.YI. LOP 
199 "P • -liP 
lOO CONTINUE 

RETlJIN 
E"o 

1 ~A91 
27API 
15AOI 
15API 
I ,AP I 
15AP I 
15AC'1 
15AP I 
15AP I 
15A~1 

15AOI 
15A"1 
15AP I 
I SA"I 
15AP I 
15API 
21AOI 
15API 
15AP 1 
15AP I 
ISAOI 
ISAPI 

290:0 
29C~O 
290CO 
l~[):C 

29'lC0 
190cr 
2c;.:;.:r· 
290:r 
190:t 
290CO 
290cr 
290([; 
290Cl 
2 c I: r 
2qOCC 
2~0:(j 
29,,)(" 
290C(' 
lQOr:, 
29(1(C 
200:~ 
2QOCf'" 
2~r):( 

29J(( 
2~r,(( 

29r: r 
2~l~r' ~ 

2'1~: 1'1 

2QOL J 
2Q~C(\ 
2 '1r"!( .. , 

C 

C 

C 

C 

5 
b 

10 

C 

t 
100 
10 I 

t 

C 
999 

SlJBR OUT! I\IE ~ARX2 I X. Y , 
CO""ON IPGRlol SLOPE. SIH 

STEP - .02 
ARM. STEP • SHE 
XI .... ARM· SCRT I I. I. , SLOPE-SLOPE 
Y I - XI • SLOPE 

If 1 XI.EO.O. , Yl . AR" 
XX- X - AR" 

CALL PLOT I XX. Y. ] , 
CALL PLT , XX. Y. 1 l 

XX • X , AR" 
CALL PLOT I XX. Y. 2 
CALL PLT • •• , Y, 2 

XX- X , Xl 
yy • y • YI 

CALL PLOT I U, YY, 
CALL PLT • ••• yy. 

XX - X - XI 
YY - Y - YI 

CALL PLOT I U. YY. 2 
CALL PL1 , U. YY. 1 
RETURN 
~HO 

SUBROUTINE oASHl I X',YI . X2,Y2. LOP , 
LOP , I FOR SOLIO. OTHER~ISE oASH~o 

tALL PLOT I XI. YI. 1 1 
CALL PLT • Xl. YI. 1 L 

I P .;. 2 
1 S - -I 

IF I LOP - I 1 b. ,. b 
IS- 0 
DIS -SQRT I I X2-X 11 •• 2 + IYZ-Y11"l 
INC • 01 S • S. 
XO · I Xl-XII 1 IINC'II •• 5 
YO · IY2-YII I II I'IC 'I I • .5 
X · XI 
Y -YI 

IF I INC I 101. 101. 10 
I J\lC2 • INC • 2 
XT . XI , XO I 4. 
Yr- YI , XO 1 4. 

CALL PLOT I Xl. YT. 1 , 
CALL PLT ,XT.YT.l L 

DO 100 I · I. INC2 
X - X , Xo 
y · Y , YO 
1 S • - IS 
I P - IP , IS 

CALL PLOT I x. Y. IP 
CALL PLT , X. Y. IP 

CO"TlI\IU 
X • X , I X2-XI 
Y '"" y • I Y2-YI 
IS· -I S 
I P - IP , IS 

CALL PLOT I X. Y. I P I 
CALL PLT , X. Y. IP L 
CALL PLOT I X2. Y2. 2 I 
CALL PLT • X2. Y2. 2 L 
RE TURN 
END 

, I 

IbAP I 
IbAP I 
21API 
21AP I 
28AP I 
21AP I 
2BAP I 
21API 
IbAP 11 B" 
IbAP IC lC 
21AP I 
IbAP liB" 
IbAP ICOC 
21AP I 
21AP I 
IbAP liB" 
IbAP ICOC 
21AP I 
l1AP I 
IbAPIIB" 
IbAP ICOC 
IbAP I 
IbAP I 

290CO 
291JC 0 
OloE 118" 
OloE ICOC 
290CO 
290CO 
290CO 
19I1C 0 
290CO 
290CO 
290tO 
290CO 
29OCO 
290CO 
290CO 
290CO 
290CO 
290CO 
290COIB" 
290COCoC 
290CO 
290CO 
290CO 
290CO 
290CO 
290COIB" 
290COCOC 
29otO 
290CO 
290CO 
290CO 
290CO 
290COIB" 
290COCoC 
290C01B" 
290COCoC 
290CO 
290CO 
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SUBROUTINE FRIP8 

This subroutine is a general version of the FRIP4 Five-Wide Recursion­

Inversion Solution Process which is documented in Research Report 56-19, 

"An A1egebraic Equation Solution Process Formulated in Anticipation of Banded 

Linear Equations," by Frank L. Endres and Hudson Matlock (Ref 3). 

This group of 14 subroutines provides an efficient solver for a sparsely 

banded matrix of equations. It can handle up to 5 groups of bands. each of 

arbitrary width. As used here, the matrix is assumed to be symmetric and 

positive definite. 

These routines are called by FRIP8 and are completely documented in Ref 3. 

RFV 

MBFV 

ABF 

MFFV 

ASFV 

SMFF 

DCOMI 

INVR6 INVt.Tl 
MLTXL 
FIX1' 

CFV 

KFB 

MFFT 

Replaces a full matrix or a vector by another 

Multiplies a banded (packed) matrix times a full 
matrix or a vector 

Adds a banded matrix to a full matrix 

Multiplies full (square) matrix times a full 
(square) matrix or a vector 

Adds or subtracts two full matrices or two vectors 

Symmetric multiplication of a full times a full matrix 

Takes inverse of symmetric positive definite matrix 

Multiples of full matrix or a vector by a constant 

Multiplies a full matrix times a banded (packed) 
matrix 

Multiplies a full times the transpose of a full matrix 



SUBROUTINE FRIP8 

Clear storage and rewind tapes 

,..------- DO J :: 

Shift appropriate storage 

Parent or 
Regular 

Compute recursion 
mUltipliers D and E 

Compute recursion 
coefficie~ts Band C 

NF = land 
NL "" MYP3 

119 

Form submatrices 
at this J step 

Offspring - - - --- \ 
I 
I 

- ,; 

- .... 
Parent Offspring 

\ 
,I 

I 
I 
'- - --

I 

Regular 
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,- -
I 

I 

I 
A 

Compute deflections 
in reverse J-direction 



Sv8ROUTlNE FRIP8 L I · Ll , 'ML · 1 A · AMI . A~2 · Z H2 · HI . {'C · 1 OX · DXMI. OXPI. 
4 FX , FY , FYJlt':l. 
5 RX , RYMI. RYPl, 
(0 Ctipl. pX ., py · 1 OM 

C 

Nl . ~2 · AT II . 1\1 . 
OT . H · OY , DYIII, 
fYPI. Q · IX TTHl. 
PYPl, PBX · 

~3 
R2 

FF . 
DYPl, 
S 
TVPl. 
P8Y . 

. 113 
WW 

CH , 
PBYPI. 

OSFE 1 
OBFEI 
08FE! 
08F E I 
08FE! 
OBFE! 
D8FEI 
OaFEI 

C.18M.1811.IHIS VERSION OF FiliI'S HAS BEEN MOOIFIED TO USE THE DIRECT IBM 
C ACCESS CAPABILITIES OF THE 360 SERIES -- CARDS TAGGED WITH IBM 
C IBM ARE NOT ASA FORTRAN AND THEREFORE NDT GENERAllY COIIPATIBlE IBM 
C THE CARDS TAGGED CDC ARE ASA FORTRAN AND MAY BE USED. BUT lB. 
C DIRECT REfRENCING Of filES IS MORE DESIREA8LE. IBM 
C c·· ..... C··.···. C 

THE LATEST REVISION DATE FOR THIS PROGRAM IS - -
TltlS'GROUP Of H SUllltOUTlNES PROVIOES THE USER WITH AN 
EfFICIENT GENERAL SPARSELY BANDED EQUATION SOLVER 

C 
C 
C 

• THE MATRIX IS ASSUMED TO 8E SYMMETRIC AND POSITIVE DEflNITEL 
WHICH CAN HANDLE UP TO ~ GROUPS Of BANDS • EACH 
OF ARBITRARY WIDTH c··· •.•• , THIS ROUTINE SUPERVISES 14 SUBROUTINES. 13 Of WHICH 
ARE SELF-SUFfiCIENT AND COME AS A PACKAGE. THE 
REMAINING ONE GENERATES AND PACKS THE STifFNESS 
MATRIX IS OUTLINED IN THE APPENDIX OF REPORT 56-19. 
FilE 4 IS WHERE THE SOLUTIUN VECTOR IS STORED 

C 
c •••• • •• C··.· •.. C . 

E~JtlL • AAUUL.8~.l--ll t BUJUL 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 

D',1l • -I I ~ AUJl."J-2L t nJL.B~.l--ll CceJl l 
C UL • O'JL .EUJl 
B'Jl • D'JL.ECJtILT 
AUL • DUL.' EllJL.ACJ-lL t AAllJL.AU-2L 

DOUBLE PRECISION El2. Ell. CC. OT. H. fF. A. AMI. AM2. ATM. 
I Rl. R2. R)' WW 

DIMENSION AILl.NII • AMlCLl.Nll • AM21L1.NlI • ATMIL",," 
2 RIILI.lII R2ILl.LII R3ILl.LII 
~ DTCLleN21 Ccell.H),. ETIILl.IU' 
5 ffillol.. ET2111,NlI 

DIMENSION DXllll. DYMlILlI, DYIlII, DYPlCLlI. FXIL U. 
1 FYMlILl'. FYllll. FYPlClil. Qlll)' SILII. 
2 RIILII. RYMIIL11. RYPIIL1,. 
3 TXIl1l, TYMlIlll. TYPIILU, 
4 CHILI'. CHPllll,. OIPlILllt DllMlllIIt 
S PXIlll. PYllI,. PYPIILI', 
o P8Xlll,. P8YIL1'.P8YP1IL1,. 
1 aMllIl 

DIMENSION WWI L1, L2 • 
COMMON IRII N« • Nl , NF. ITRPP 
COMMON IDAI 101. 102, 103. (~ 

92 fORMAT 111.IPE10.,. lX.IPEI0.3. 1I,IP5EIO.', 11.IP3EIO.3. Ix. 
I IPEIO.3, lx,IPEI0.3 I 

92 fORMAT UX. EIO.l. IX. ElO.3. lX. 5EIO.3. Ill, lEIO.3. U. 
I EIO.3, IX. EIO.3 l 

93 fORMAT III lX.IPllElO.l I I 
9) FORMAT ~/' IX. l1E10.3 L L 

REWiND 1 
REWIND 2 
REWIND l 
REWIND 4 

220C9 
20llYi 
~JAI 
12I1R8 
j)4JAI 
~JA8 
201!YI 
04JA8 
04JA8 
28"YI 
22AG9 
22AI>9 
22AG9 
22A(;9 
2UG9 
22A(;9 
25MY0C8M 
01JU1l8M 
05K.l 
22AI>9 
2lMRI 
05K .. 
HJEI 
HJE8 
24JE' 
24JE8 
05AG9 
Z~JEI 
2~JE8 
24JE8 
25MYO 
12ffl 
HJA218M 
29JL 91811 
29JL918" 
29Jl9CDC 
29Jl9COC 
29JL9J9M 
29Jl9CGC 
04JABCDC 
04JABCDC 
17JA8CDC 
22AG9COC 

1 F' "L I l'tO, lOa. 10Q 04JA6 
C SET INI1IAL CONDITIONS 04JA8 

100 DO 135 J = I · NK 0lFE8 
DO 130 I : I · NI( 0lFE8 

Rill .JI = 0.0 22AG9 
R311.JI 0.0 ZZAG9 

110 CONIINUE 04JA8 
135 CONTI Nue 0"JA8 

WH ITf I 3 , I RIIl.KI . I, NI( I. I( • 1. N" 18" 
wRITE I 4 . I J I Rl II ... ' , • 1 .. NK I, K = I. NK OWElISII 

C WRITEll3l ., Rnl,Kl . I • I.NI<l • K , I,NI< L 22AG9CDC 
C IIRITU4l n RUI.KL • I , I,NKl , I< • I.NK L 22AGIIC:>C 
C REIo"'IO 3 22AG9COC 
C REiliNG ~ 22AG'!iCDC 

HO 00 150 I • 1 • loll< 0lFE8 
AII.1I -0.0 nNOI 
AM1I1.l1 - 0.0 l3~DI 

150 CONTINUE ~JA8 

c····················································· ..•••..•••............•... 
C 8EGIN fORWARD PASS SOLVE fOR RECURSION COEffiCIENTS 0~JA8 

c·.································· .. ••·•·••••••··••• ......................... . 
C • • • • • • • • • • • • • • • • • • • • • 

C 

C 

C 
C 

C 
CEEEE 

220 

C 
2lD 

DO 1000 J - Nf • Nl 
JJ. J 
J2 ~ J • J 
JI-Jl-l 

fOR" SU6-MATRICES 
CALL STIF I Ll. ET2. ETI. 

1 EE. fF, ML, JJ. 
2 DX. DYMI. DY. DYPI. 
3 FY, FYP1. Q. S. 

CC , DT 
loll. 1012. 
FX, FYMl. 

. 
loll, 

~ RX. RVH1. RYPI, TX, TV"l, TYP1. CH, (HP1, 
5 Pl(. PY. PYPI. P8l(. P8Y. PBYPl, ,,'I. 
(0 DXPI. DXMI I 

If I IIMPP.GE.I I PRINT 92, IET211.II.ETIII.II. 
1 II:CII.J •• .s-l.~ 1.IDTlI,JI.J-I.3hEEII.I),ffll.lI,l-loNKI 

CALL RfV I AM2. AMI. II • I • NK I 
CAll RFV I Alii, A • II • I • loll< • 

IF I '1L.GE.O I GO TO 220 
READ E AND 0 MULTIPLIERS FROM filE 1 

READ I 3'JlI II Rll1,KI. 1-1.1011<" I<· .. NK 
READ I 3'J2' II R21l.1<" I-I.NKI. K-I.NI< 
READ ~lL "RUI.KL. I , I.NIlL • I< , I.NI< 
READ HL "R2'I.Kl. I • I.NKl • I< , I.NI< 

GO 10 230 
CALCULATE RECURSION MULTIPLIER El'l 
£PI • ETZ.BMI t DT 

CAll M8f V I E Tl , Rl. R2. II • Ll • NI< • N 1 I 
CALL A8f I 01. RZ. R2. LI , NK • N2 I 

IF I IT"PP.Gbl I PRINT 93, tlRlIl.JI.J-I.NI<I,J-I.NI< 
6fLIN CALUlATION RECURSICN CCEFFIECENT A 

CALlMFFV 101,A,..l,A .ll.1 ,NKt 
IF , U"PP.GE.2 I PRINT 93. I AIl.l',}-I.NK' 

CAll MijFv I Ell. AM2. ATM. II • I • NI< • loll I 
CALL ASFY I A • ATM. AM.2. II • 1 • loll< • '1 I 
CALL ASfV I AM1, Ff • ATM. II • I • NK • -I I 

If I Ml.U,O j GO TO 280 
.. ~IlE I 1'1 I II R211.1<1. 1-I.NIlI. I<.hNK I 

0lFE8 
04JA8 
25MY018!'1 
ZS"YOIB" 
04JA8 
2310101 
26SE8 
26SE8 
26SE8 
26SE8 
29JL9 
05AG9 
29JL9 
l3NDI 
20MYB 
lOllY 8 
lZAG9 
HAG9 
OIDE 118M 
DIDUI8M 
2lAG9CDC 
12AG9C !lC 
22AG'I 
2lMR8 
2lAG9 
UAG9 
Z2AG9 
22AG9 
22AG9 
2lAG9 
29JL9 
20MY8 
lOMY8 
lDMY8 
22AG9 
DIDE 118M 



t 
C 
C 
COODO 

C 
C 

C 
t 
t 
C 
t 

t 
ccett 

C 

C 

C 
C 
C 
C 
C 
t 
C811811 

C 

WRUECll 
REWI NO I 

1: t R ZIt ,I<L • I , 1 t fliKL • t<. , 1, ~K l 

CAlCUlA1E RECURSIOh MUlllPllER 0 
o , -I I I ETZ.CM2 t E.6MI tCC l 

CAll S!lFF I R I • Rl • RZ • LI • NK I 
IF I ITMPP.GE.2 I PRINT 93. IIRZII,JI.J*I,NII),[·I.IIK 

READ lilt 1111 RUl,Kl • I , I.NU , K , 1.IIIl l 
8ACKSPACE 1 
'READ I l'JII II R11I.KI. 1-I.NKI. 1I·I,IIIl 

SAVE RECURSION MULTIPLIER E 011 'TAPE 3 
101 • JI 

WRITE I 1'101111 RII1,KI, I.I,NKI, II·I,NII 
READ I "'II II 1Il1l.1l1. l·l,NKI, K·bIlK 
WRitE I ... ·1 1 II R311.KI. I·I.NKI, K-hllll 
IIIIUTEIlt II. RliII,Kl , I I I ,Hill , Il • I,NII l 
READ I"l II RIIIl,lIl , I • I,HKl , K , I,NK l 
REWIND " 
WRITEII"L II. RJIIl,Kl • 
REWIND " 
CALL M8FV I ET2, Rl, 

IF I ITMPP.GE.2 I 
CAll A$FV I RZ • R3 , 

IF I ITIIPP.GE.2 ) 
CALL A8F I tt , RZ , 

IF I ITMPP.GE.I 1 
.CAll I NVIt(. I RZ • Ll , 
CAll CFV I R2 • II • 

IF I ITMPP.GE.I I 
CAltUUTE RECURSION 
C • O~E 

113 • U , II , 111\ , NI I 
PRINT 93, IIR3I1,JI,J-I,NKl.l a l.NK 

R2 • II , II , • , +1 , 
PRINT 93, IIR2I1,JI,J-I,NKI.I-I.NK 

RZ , II , NK , Nl , 
PRINI 93. IIR211.JIoJ-I.NKI,I-I,NK 

Nil 1 
ll, NIl. -1.1 

PRINI 93, tlR21 .. JIoJ·I,NltI.I·I .... 
tOEFFlECENT C 

CAll IIF8 I RZ , E£ , R1 , Ll , Nil , NI I 
SAVE RECURSION COEFFICIENT C ON FilE 2 

WRITE I Z'JII II RIII,III, I-I,NIII, K·I,NK ) 
WHITEIll I. RIIl,Kl , I • I,NKl , K , I,Nk 1 

IF I lTIIPP.'E.2 I PRINT 93, IIRlII,JI.J·l.NKI,a·l,NK 
SAVE RECURSION MULTIPLIER 0 OM TAPE 1 

WRITE I 3'103H' R211,KI, I-I,NKI. Kal •• 
IF 1 J.EQ.Nl I GO TO 210 

WRITE I 3'101111 RIII,KI, I-I,NK" K-I,. 
READ I 1'1 I II RlIl.lO. I.I,NIII, II-I,NK 
WRITEI)L II R211,IIl , I • I,NKL , II' I,NK l 
WRIIEI3l II RIll ,Ill , I , I,NlL , K , I,NK l 
8ACKSPACE 3 
READ III II RIll ,Ill , I , I,Nkl , K , I.NK l 
REwnl!) I 

CALCUl.ATE RECURSION COEFFIECENT B 
B • O-Etl 

CAll !lFfr I R2 , RI , Rl , U , Nil • 
SAVE RECURSION COEFFICIENl 8 ON FilE Z 

WRITE I 2'..121 " R3I1,KI, I·I,NKI, K·I.NK 1 
WRITEI2l II R3111,Ill , I , I,MKl , K' I,NK l 

IF I llIlPP.GE.2 I PRINT 93, IIR3U.JI.Ja I.NKI,J-I,NK 
C FINAL CAlUUTlOH RECURSION COEl'flECENT A 
CAAAA A' D-II E-AIII ... EI 2-AII2 - FF l 

28D CAll ICfFY I R2 • ATII, A ,lI. I ,',,' I 
If I ""PP.GE.2 I PRINT 91, I AII.1I01-1.NKI 

NKK • NK + NF I 
DO 300 I • NF. NKK 

22AG9COC 
25MYOC)C 
0~J&8 

21A&9 
22&G9 
22AG9 
220C9CDC 
ZZAG9CDC 

IBM 
22&G9 . 
010E1I811 
01 Del 1811 
OlOEll811 
OIOE 11811 
220C9CDC 
220C 9C DC 
UAG9CDC 
2Z0C9COC 
22AG9CDC 
22OC9 
220t9 
ZZAG9 
ZZAG9 
22AG9 
22AG9 
22AG9 
22&G9 
22AG9 
04JAB 
224G9 
22AG9 
2UG9 
0lDE1I811 
22AG9CDC 
22AG9 
22AG9 • 
01DE1I811 
OIDEIIB" 
OlOE 118" 
OIDE lIBII 
22A''ltot 
2ZAf09COC 
22&G9Cot 
22AG9tDC 
25"VDCDC 
0"..148 
22AG9 
12AG9 
ZZ&G9 
01DElI811 
2lAG'ltOC 
21"9 
22&G9 
22AG9 
2lAG9 
29Jl9 
251no 
2511VO 

C 
C 
C 

300 

1000 
C 

I I I I : I - N' • I 
~"I I ,J) AIIIII.I) 
IIL.GE.O l GO TO IF :I 

READ "2l 
READ :l2l 

CONTINUE 

1000 

23,.01 
23"101 
2lAG9C,)C 
Z2AG9COC 
UA(,9COC 
04JAS 

.. . . . . .. .. . . . . .. . .. . .. .. .. .. .. .. .. '" .. .. .. .. .. .. .. .. .. 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C BEGIN BACK .. ARD PASS COMPUTE RECURSIO"l EOUATION 04JA8 
C·····················.· •.. ······ .••• ·.·.·· ••................................... 

C 
C 
C 
C 
C 
C 
C 
C 

C 

2100 
C 
t 
C 
C 
C 

C 
C 

2000 
C 

102 & 2.m. ) 
READ I 2'102111 RlIl,lll, I.I,NK). K-I,NK I 
READ I 2'IOZIII R11I.K). l-l,NKI, Kal.NK I 
8ACKSPACE 2 
&AtKSPACE 2 
UCK SPACE 2 
8&CI\ SPACE 2 
READ 112l 1111 RUI.Kl ,I * I.NKl, K I I,NK l 
READ III II RlIl.Kl , I , I.NKl , K , I,NK l 
UCK SPACE 2 
BACKSPACE 2 
CALL MFfV I Rl, WWIIIF,Nll, AMI, LI, I, NIl I 
CAll ASfY I WWINF,IIL-Il. AMI, WWINF,Nl-II, ll. It 11K. +1 

Nlll2 • III - 2 

00 200.0 l· /IF 
J .. ~LJlC2 .. 

If I J .EO. 1 I 
FINO I 2'2'J - 3 I 

CONTI NUE 
6ACKSPACE 2 
BACKSPACE 2 

• NlM2 
NF l 

GO TO Z100 

READ C AND B CDEFFICIE~TS FROII filE 
READ 12l II RIII.Kl , I • I,NIll • K , 
READ 12l II R3U ,Kl • I , I,NIll , I' • 

102 - 2*J - 1 
READ I 2'1D2111 RIII.KI. I*I,NKI, K-loNK I 
READ 1 2'I021l1 R311.KI. I·I,NKI. K-ltNK I 
8ACKSPACE 2 
8Atll SPAt E ':/: 
CAll IIffY I 
CALL !'IffY I 
CAU ASFY ( 
CAll ASFY I 

CONTINUE 

RElURIi 
END 

R), WWlHf,J+IJ. AMI. ll. 
Rt, ~W(NffJ.2). AM2, Ll. 
A~l. 4M2, AMi, It, 1. 
W~(NF,J). AMI, W.fNf,4J, 

I, Nil 
1" HK 
NKt +-1 

Lt. 1, NK, +. 

OIOE 11&14 
OIOE 11&11 
OIOE 118M 
2OMV8Cf)C 
22AG9C'>C 
20HVSc)C 
20MVSCDC 
22AG9CDC 
22AG9CDC 
20MV8Cf)C 
2DMV8CDt 
2511VO 
25MVO 
20llV8 

20HVS 
2OMV8 
0lOElI6M 
0lDEII8M 
OIOE 118" 
17JA8COC 
22AG9C!)C 
22AG9 
22AG9CDC 
22AG9COC 
OIOE 11811 
OIOE 116M 
OIOE II&M 
17JA8CDC 
22AG9CDC 
25MVO 
251'1VO 
22A:;9 
251'1VO 
0~JA8 

O~JA& 
04JA8 



Svb~OU'I~~ ~fv ( x , Y , II , L5 • L2 , 
UOue~~ PR~CI510N X. V 

c •••••• • THIS ROUTI~E REPLACES A FULL ~AI~IX ~q A VECIOR 
C " •• V L 

ul"~"SION XllI.lSI • Y11I.L51 
1'1 , I 

If I 1I .E". L, I 1'1 " U! 
OU 110 J. 1.1' 
00 100 I' I • L2 

Xll.JI • vII .J, 
100 CONTINUE 
lIO CONTINUE 

RE IURN 
END 

SUBROuTINE I'ISFV I X8 • H • IF • II • l; • l2 • l' , 
DOUBLE PRECISIO" x8. YF, IF. 5U~ 

C ••••••• THIS ROUTINE MULIIPLIES A BANO~O !'IAIRIX 
C liMES A FUll MATRIX OR A VeCIOR 
C " XB • YF • IF l 

OUIEltSION XIII ll.l~ I • vFI ll.l5 I • IFI ll.l5 I 
I'll ~ I 

IFI II .fC/. l5 I'll & L2 
L" s lB/2 
l.6 • lo\ + I 
NI • L2 l .. 

00 110 M' 1,1'11 
00 105 I. lb,NI 

J ~ I - lb 
SUM • 0.0 

00 100 K = l.lB 
SUM ;;t; )(61 •• '0 • YfIK+J.JIII. + SUiltt 

100 CO"II NUE 
I.F II _1'1' • SUN 

105 COIHtNUE 
II 0 C;ONTINUE 

III 0 
11 • I 
12 • l" 
13 • I 
t ... lB 

IFI 12 I 150. 900. ISO 
150 00 Z10 M. 1.1'11 

00 205 t - 11.12 
SUM • 0.0 
N • I 

00 200 II • I). I .. 
SUN • XBII.NI • YFIK.M, + SUM 
N • N • 1 

200 CONTI NUE 
IFII .11) • SUM 

205 CONTI "UE 
210 CONTI ~UE 

1Ft 1\1 I 900.)00.900 
100 II • Lil - l ... I 

12 • L2 
I,} • 12 - L8 • I 
I" ~ l2 
KI = 1 

[;0 TO 150 
900 RE TUIIN 

EHO 

23.\/:';; I!' 

23"'~ b 
? 3";' ) 
2(\vy" "' ...... 
l1-" , 
l3'!{'':;' 
Z3~~o 
23~~' 
23"~ t'" 

2C"yc 
2 :H-''''-; 

('INI 

13" 
010e 1 
('10E 1 
(I IDE 1 
010£1 
2(o~V€ 

20""'6 
01~E 1 
010f 1 
010E 1 
13~, 1 
13C~ 1 
C 10,1 
Ob~Y8 

01~E 1 
("o~Y8 

10'1)1 
06~Y& 
1("<)1 
1(1,,;) 1 
10· ... 1 
if ,,·'1 
~1, . 1 
("-1\r.l 
(1~'- t 

01Ct 1 
13:-~ 1 
J .)!:I: 1 
[b" .,;. 

rr -1 
('1;.- 1 
(e-#'rl-

{ l;Jc.. , 
tc'\ !J 
({,,,,,y. 

ICNr 1 
1('~"1 

10', ; 
01C~ 1 
JD,l 
01J':: 1 
(10.1 
1('10,,1 
1(''- Jl 

I C"'= 1 
1 c"tJ 1 

!:nJ-' .... vTll'Ift: A&f I Yh • x.;':: , IF t l: .. l2 , LA ) 
OLJillE PREU,ION Vd. XF. Zf 

L ••••••• THIS ROuTINE ADOS A bA~DfD ~Afkrx 
C' 10 A FUll HAIRI' 
C ~ '/8 t Kr If If OR )f;f [. '1''") 4 If l 

Lit Ht:: N~ I UN YtH L 1 tl e- ) • J( r { ll, L 1 j iF it 1 f l ! • 
l4 l612 
~I lZ l4 
lo l ... I 

00 50 I • l.lZ 
1)040 J. l.l2 

lFII.JI • Xfll.JI 
.. 0 CO"TI"IUE 
50 CONIINUE 

00 110 I' Lo.NI 
J • I - ll> 

00 100 K ~ IolB 
lFII.K+JJ:= YBff,KJ + lCFC1,K+J. 

loe CONII NUE 
110 CONTINUE 

1\1 • 0 
II • I 
12 • l" 
13 • 1 
14 = lB 

IFI 12 I 150. 900. 110 
1'0 00 210 1 • 11.12 

N • I 
00 ZOO K • 13 .... 

lFlI,KI • vBII.HI • XFII.KI 
k *' Pc + 1 

ZOO CONTI NUf 
210 CONTINUE 

IFIKII ~OO. )00. 900 
300 11 • lZ l'" I 

.12 • l2 
13 • l2 - la + I 
14 • L2 
Kl • 1 

(0O 10 I~ 
900 RETURN 

f:PCO 

)UbD~UT1NE 'IFfY t .l, Y • l" II • LS • l2 
lIUu& lc P5<EC 1 51 Oh Xy Su",. Y, l 

L ••••••• I~IS ROuTINE KUlIIPlIE5 A fUll ~AT~I' 
t lIMtS A FUll "URI>( O~ A VEt TOR 
C ~X.Y'lL 

OP"E"'SION XIlI.llI • Y11I.l51 .111l.L51 
~ • I 

If I LI .E 0. l5 I ,. , l2 
00 110 J. 1.1'1 
OU 10; I • 1.12 

SUM ~ ('.0 
00 ICO K. I.ll 

SUM' SUM + X".KI • y,K.JI 
100 CONTINUE 

lll • .J1 • SU" 
10~ CONTINUE 
110 CONTINuE 

RE fUR" 
END 

1 

{Ill r- ~ 
\.. {'If- 1 
(1 

[ 71 
fj 1'"' _ l 
( 11)'- 1 
(1i . 1 
(lvL "1 

01L I- 7 
G 1:r ., 

l.lf '. ' 
flCc 7 
01e01 
( 1:)E 1 
(;lr~ 1 
I L~l 
10,,)1 
l( ~ J 1 

ION01 
1!'''01 
G1'::f' 
Cdl F 1 

"1(U 
r7Df 1 
teN'll 
CoDf 7 
(6f!~ 1 
lIe,1 
("HOt: 1 
1(." :1 
IO~Jl 
I O~Ol 
lI'et. 1 
c 1C~ 1 
CIDE 1 
(JICc 1 
o 1[>E 1 
l(o~~ 1 
lc",r 1 
l( \ ,1 

1~;,~~7 

I >l E 1 
Dr,l 
I ~:,: 1 
;y""" 
2( \'vc: 

1 ,Lli: 1 
• ':1~ 1 
(3"~t' 

1 jJL 1 
(;3'4.( ; 

\ 30£ 1 
C3MRS 
\3DE 1 
13Df 1 
130:' 1 
130,1 

I-' 
N 
W 



SUBROUTINE ASFV I X • Y • l • 1I • <', • L? • SII;~ 
DOUblE PRfCISIUN x. Y. l 

C.·· •••• THIS ROUTr~ ADOS OR SU8TAA~TS 2 FULL ~ATRICES LR 2 VfCTQRS 
C 

SO 

100 
110 

190 

200 
210 
100 

IX-Y.l OR X t Y • l l 
DIMENSION XllI,tSI . Y III .l51 . lILl.t~1 

M • I 
If I II .EQ. LS I M a t2 
If I S 1(,11 I 190. SO, 50 
00 110 J • I.M 
00 100 I . l.l2 

til • J. • XII.JI • YII.JI 
CONllllUE 
CONTlN~ 
GO TO 300 
DO 210 J - 1.11 
00200 I • I,ll 

ZlI.J. - IlII,JI - YII.J. 
CONTINUE 
CONTlIWE 

IlfTUII.. 
END 

SUBROUTINE SlIff I •• Y , l • L1. t2 I 
DOUBLE PRE~ISIDN X. SUM, Y. l 

C ••• • ••• THIS ROUTINE "ULTlpLIES TWO fULL "ATIlICfS UNDER T~E ASSUMPIION 
C T~AT THEIl PIlOO~T WILL 8E SY"METRIC I X.V, AI';C I ARE FULL 
t OIMENSIONEO BUT ONLY THE tOwER HALF OF EAC~ IS USED l 

OlftENSION Xltl,lI', Y1l1,tll • 1I11.L11 
00 110 J. I • II 
00 10~ I • I • J 

SUI! - 0.0 
00 100 K. I • L2 

SU" • SUM + XIJ,KI • Vlll." 
100 C.ONTINUE 

llJ,1l • SUM 
lOS CONTINUE 
110 CONTINUE 

RE TURN 
ENO 

2')l \', 
(.;1,,' 

20*"Vt 
13u< 1 
13rl7 
2C"'Vt; 
20MV" 
DI)~7 

I 3[,E 1 
"30E} 
130E} 
130E} 
130E} 
130E 1 
130E 1 
DDE1 
DOH 
130E 1 
130E 7 
13~E 1 
130E 1 

19H& 
18N 

05JO!R8 
05"~6 
05"~P' 
• f;.f 7 c 
I QF; d 
I Qf ~ ~ 
19f! 8 
19f!:o 
19Ft8 
1 <If" ~ 
I qf' , 
lqF.:: c 
19Ho 
19f' • 
I'lho 

suBROUTiNE 1>'VRb I X • 1I • LZ • 
DOu8LE PRECISION x. S. SI 

C ••••••• THIS ROuTINE TA~ES THE INlfkSE OF A SYMMETRIC POSITIVE - OEF 
~ MATRIX uSlhG A COMPACTED CHOLES~1 DECOMPOSITION PROCEDURE. 
C A FULL OI"E~510~EO "ATRI. 15 REOUIQEO 8UT ONLY THE LOwEQ 
C HALF 15 USED 8Y THE 3 RCUTlNE5 DRIVEN BY I~VAb 

C 

e 

10 
10 

OIMENSION lILI.LII 
IF I L2 - I I bOO. 10. 20 
IF (DA8S IXlloI".LT.I.OE-lil I 
IF , A8Sf'.'I.lll.LT.I.OE-IO l 

XII,II • I. 1 XII.II 
GO TO 500 
I F I l2 - 2 I 30. 30. 40 

GO TO 
GO TO 

bao 
l>OG 

20 
30 Sic X I 1.11 • X 12.21 - X (1.21 • X (2" I 

If (OABS ISll.LT.I.O"e-IO I GO TO 600 
IF , A8Sf'5Il.LT.I.OE-10 l GO TO 600 

51-1./51 
S • XII,Il 
XII.II SI. X12.21 
X12.21 • 51 • S 
XII.21 • -S1 • XII.21 
Xli,ll • -51 • XI1,ll 

GO TO ~OO 
40 CAll flXI I X. LI, Ll 
40 'ONTI NUE 

CAll OeOHI I X , Lt. L2 
CALL INVLTI I X • LI • L2 
CALL MLlXL I X • LI • t2 
CAlt FIXI I X. LI. II I 

00 100 I· 2 • II 
I(C". I - I 

00 50 J. 1 • "" 
XlJ.1 I • XII.JI 

50 CONTI NUE 
100 CONTINUE 
500 IIETUIt .. 
600 PRINT bOI.IIXII.JI. Jal.lZI, 1-I.l2) 
601 fORMAT I IHl.30H SI"GUtAR MATRIX ENtOU"TEIlEO ,1.2ISX.lP2EI5.7, 

C 601 FORHAT 'IHl.301< SINGULAR MATRIX ENCCUNTEREO ,I.~5X. lE15.1l 
STOP " 
ElliO 

19fE8 
3IMY 118" 
05"~8 
05'1R8 
05"R8 
0511118 
19fE8 
010C8 
020f 118M 
02JUICOC 
051'111 
010C8 
010C8 
051'1'1 
020E 118" 
02JUICOe 
0lOe8 
0511111 
05"RI 
010C8 
0lCC8 
010C8 
010C8 
0411R018M 
190COCOC 
04""0 
l"fE8 
05M~8 

29JL 918" 
19fE8 
19FE8 
19FEe 
19fE8 
19FE8 
19FE8 
010C8 
010C8 

.0ICCSI8M 
LOIOC8C,}C 

I'»". 



SuBROUTINE !XOMI I X • LI • l2 I 
DOUBLE PIIECISION X, S, SI. T 
DI .. ENSION . XlL 1.1I1 • TlIOOI 

10 FORMAT II, 4tH N~N-POSITIVE DEFINITE MATRIX ENCOUNTERED 
15 FORMAT I 1.5X,IPI1E9.2 I 

C 15 FOR".T ',,5X, 13EIO.3 L 
DO 20 I. I • L2 

Till - XII,II 
20 CONIiNUE 

IF I XI1,II .LE. 0.0 I GO 10401)0 
XII,II - DSQU I XII,II I 

C XII.Il' SQaT I XIl,ll l 
SI - 1.0 I XII.II 

t 

t 

C 

C 

DO 50 I - 2 • Ll 
XII.II - XII.11 • SI 

50 toNT1NLE 
lZ"1 - LZ - 1 

DO ZOO J - Z , LZ .. I 
S - 0.0 
J .. I - J - I 

DO 1Z0 K - I • JNI 
S - S • XIJ.KI • XIJ.kl 

llO to .. TlNUE 
IF I XIJ.JI .LE. S I GO TO 4000 

XIJ,JI - OSQal I XIJ.JI S 
XIJ,JL' SQ. I I XIJ.JL - S L 

$1 - 1.0 I XIJ.JI 
J!'I - J • I 

DO 190 l - JPI • II 
S - 0.0 

DO 1.0 II - I • JMI 
S - S • XII.III • XIJ.III 

no tONTlNUE 
XI •• JI • I Xll.JI - S I • SI 

1.0 CONTlIIIIE 
ZOO tONTlNUE 

S - 0.0 
DO Z50 K - I. Ll"l 

S - S • 1I111.kl • 1I111.kl 
Z50 CONTINUE 

S - xlll.LZI - S 
IF S .LE. 0.0) GO TO 4DOO 

XILZ.lll - OSa.II S I 
XIL2.LZl. SORII S l 

RETURN 
.000 PRINT 10 

• 11.11 - Till 
00 .00 r. Z • lZ 

... • 1 - I 
XII.lI - Till 

DO '50 J - I • K 
XIl,.,u - XI J.II 

350 CONTI NUE 
400 CONTINUE 

DO 500 1. I, lZ 
500 P.INT IS. I XI1.J', J-l,LZ 

STOP 
END 

19FE8 
OIOHIBM 
12MR8 
0514111 
19FElI8M 
ZOMR'lCDC 
12M~8 
1214111 
lZMlla 
OS"U 
19FU .... 
19FElCo( 
19FU 
19FEe 
lWEI 
lWEI 
lWEI 

19FU 
19F£I 
19FU 
19FU 
lWEI 
'9FU 
051'111' 
19FElIIM 
I.FncO( 
19FU 
I.FEI 
19FEI •• 
I.FEe •• 
I.FE •••• 
19FE .... 
19FEI ••• 
IUE. 
19FU 
IWU 

19FU 
IWU 
19FU 
I.FE. 
05 ... . 
05 ... . 
05,.. •• 1" 
OSlIIIltoC 
19FU 
12"" 
12l1li • 
09.P. 
12 .... 
121'111' 
121'11' 
12M .. 
121'11' 
12MR' 
ZOMII9 
ZOIIU 

19FE8 

SIJBROl.>lI"'E INVLTI I )( . Ll . l2 I 
DOUfiLE PRECI SI ON X. SUM 
DIMENSION Xlll.LII 

DO SO I ~ I , L2 
x 11.11 ~ 1.1. I XII'\I 

50 CONTI NUl' 
L2MI • l2 - I 

DO 200 J • I . LZMI 
JPI • J+l 

DO ISO I .. JPl . L2 
IMI • 1-1 
SUM - 0.0 

00 120 1\ - J , 1141 
SUM • SUM - xu .KI • X{K,J) 

120 

150 
200 

CONTINUE 
XII,JI • XII.lI • SUM 

CONTINUE 
COl'llI NIJE 

RETURN 
ENO 

SU6110U TI NE OIL TIL t I • 1I • l2 ) 
DOUBLE PIIECISIJN I, SUM 
OIMENSION XILI.lll 

00 200 I 0 1 • L2 
DOlSO Jol,l 

SUM .. 0.0 
00 100 K· I • L2 

SUI4 • SUM. IIK,II • 'IK,JI 
100 CONTINUE 

XII,JI-SI./M 
ISO CONfiNUE 
200 (ONTI NUE 

IIElUIIN 
ENO 

SUBROUTINE CfV I I • II • LS , l2 , ( I 
DOUBLE PRECISI~N X 

C··· •••• THIS ROUTINE MULtiPLIES. FUll MATRIX OR • VECTOR e~ A 
C I x • CU L 

DIMENSION xIL1.LSI 
" • 1 

1Ft II .EQ. L5 1M' l2 
DO 110 J. 1.11 
DO 100 I - I.Ll 

III,JI • XII.JI • ( 
100 (ONJINUf 
II () CONIINUE 

RE JUlIN 
END 

1':<t' 
fUr-' 

19i'fb 
I'IFfe 
1 "IF:: t: 
1'1:1'c-

ft;f!:c 
19F' , 
19f< ~ 
\',f < b 

19FE8 
19f~~ 
19FH 
19f~t:i 

19HB 
1.fEB 
19FE8 
19FE8 
19ffd 
19fF" 

L 9FF c 

Ijr4 

IqH~ 

1 Q~t- r' 

19fE ~ 
1'i~1=,l 

19Fh 
1 'iF ~ ~ 
l~fE -
lQ;::c r:t 

19FI= 1 
1 QF;::.1 

19F ~ b 
1 'fF ~ B 

2r'~H 

CO,,"S TANTl3DE 7 
nOEl 
Il0E 1 
20-Yo 
Zt'MV~ 

nOEl 
I )OE 7 
IlN'l 
l1D'1 
1 :sr';: 1 
I 3D~ I 
1.\( 7 

I" " 



SUBROUTINE 11ft< I XF • T8 • IF • LI • L2 • LB • 
OOUBlE PRECISION XF. TB. IF. SU" 

C ••••••• THIS ROUTINE MULTIPLIES A fULL MATRIX 
C TIMES A 8ANDED MATRIX 
C , Xf • n I If L 

DIMENSION Xfl L1.ll •• T81 L5.Ll •• lFI L1.L1 • 
L4 • L8/2 
L ft • Lit to 1 
NI • L2 - l4 

DO 110 I • L •• NI 
J • I - l. 

DO lOS II - I.Ll 
SUM. 0.0 

00 100 Il - l.lI 
SUII - ,811l.11 • XFIM.Il+JI + SUM 

100 CDllTlIIUE 
ZFIII.II - SUII 

lOS CONTI NUE 
HO CONTINYE 

1t1 - 0 
II - 1 
I2-U 
13 - 1 
14 - lB 

IFI 12 I UO. 900. ISO 
ISO DO 210 I - II. 12 

DO 20S II - I.U 
SUM - 0.0 
N • I 

DO 200 Il • n. 14 
SliM - Y8IN.1I • XFIM.1l1 • SUM 
H • H • 1 

200 CONTINUE 
lFIM.1I - SUM 

2DS CONTI NLE 
210 CONTINUE 

If I III I 900.300.900 
100 II - L2 - l4 + I 

12 - L2 
13 - L2 - lB + I 
"'-L2 
III - I 

GO TO ISO 
900 RE TURN 

END 

SUBROuTINE MFFT I x .' • l • 1I • l2 I 
DOUBLE PRECISION X. SUM. ,. l 

c ••••••• THIS ROUTINE IIUlTIPllES A FulL MATRIX 
C TIMES THE TRANSPOSE OF A SECOND FULL MATRIX 
C , X • YT IlL 

DIMENSION XllI.lIl • "L1.L1 •• ZlLI.LII 
00 110 J - I • l2 
00 105 I • I • L2 

SUII - 0.0 
DO 100 It - I • l2 

SUM - SUM + XII.1t1 • YIJ.1lI 
100 CONTINUE 

III .J I - SUM 
lOS CONTINUE 
llO CONTINUE 

RETURN 
END 

010" 7 
I~'-

01DE 1 
(,7fH:. 7 
C 1')c 7 
o nIt 7 
~lUl 

('I7i.H: 1 
(HOd 
o~r< 7 
070U 
01l)f 7 
ObMY8· 
07DE7 
0.MY8 
ION07 
ObMY8 
ION07 
ICN07 
IDN07 
ION07 
070E7 
080E7 
C7DE7 
070E7 
1()'j07 
C70El 
0/IMY8 
0lDE7 
080E 7 
Ob"n 
DSDf7 
ION07 
0."'8 
ION07 
11)"~7 
ION:l7 
07()E 7 
070E 7 
07DE7 
C70E 7 
ION07 
JC·~:!7 
1('~07 

ION07 

I."~ e 

16"~ 8 
18"H 
1 (olll~ A 

10 ...... C 

18 V ::t. ~ 

I HIII:ttl 
18"/4 cs 
18"~8 
I8"R~ 
U"K8 
16"·8 
18".8 
18"· ~ 
I dill" 0 
I ElIIIIIIK 8 

I~" 

SuSkOuT I NE F I XII D • Ll • NK • 
DOUBLE PRECISICN 0 
DATA L3.L4/-1.-1/ 
DIMENSIOl'< DILI.LlI.IFIXIiOOI 

l3 - L3.L4 
IF IU.LT.OIGO ro 500 
DO 100 I z I. NK 

IFIXIII • a 
IF I DABS I 011.11 '.LT.I.OE+19 ';0 TO 100 

C IF , A8S' 0'1.1 L L. LT. I. OE &19 GO TO lOa 
00 SO L- I. Nil 

OII.U • 0.0 
Oll.1I - 0.0 

50 CONTINUE 
011.11 - 1.0 
IFIXIII - I 

100 CONTINUE 
GO TO 900 

500 CONTINUE 
00 .00 I • I.NIl 
IF IIFIXIII;EQ.II 011.11 - 0.0 

.00 CONTI NUE 
900 CONTINYE 

RETURN 
END 

SUiROuTlIE TIC TOC 1.11 
C--THIS ROUTINE IS SPECIFICALLY FOR THE Coee..OO. WHEN USING THE 
C 11113.0/50 SYSTEM THE INDICATED IBM CARDS WILL CALL THE Su8ROUTl~E 
C PRTIME TO PRINTCUT THE REQUIRED TIME. 
C 
C---- TIC TOC 'IL I COMPILE TIME 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TIC roc UL I ElAPSED CPU TIME 
TIC TOC UL I TIME fOR THIS PROBlEII 
TIC TOC '4L I TIME FOR THIS PROBLEM ANa ELAPSED CPU TI~E 

10 FORMAT'IIII0XI9HELAPSED CPU TIME I 15.8H MINUTESf9.1.8H SECONDS 
II FO."AT'IIII0XI5HeOMPllE TIME' .15.8H IIINUTES.f9.1.8H SECONDS 
12 fORMAT'IIIJOX24HTIME FOR THIS PReBLEII •• 15.8H IIIN~TES.F9.1. 

I IH SECONDS l 
I • J - 2 

If , I-I l 40. 30. 30 
30 F 14 • F 
40 CALL SECOND ~l 
40 CALL PRTlME 

GO TO 990 
III • F 
11.111/.0 
f 12 I F - 11.1.0 

IF , I l 50. 70. 1.0 
50 PRINT II. II. FI2 

1i0 
GO TO 990 

FU'f-FI4 
12 • FI3 I .0 
fJ1 • FJ3 - 12*.0 

PRINT 12. 12. FU 
IF , I-I L 990. 990. 70 

70 PRINT 10. II. FI2 
990 CONTI NUE 

RETURN 
END 

01JL9 
aiDE 118M 
03JI9 
D3JL9 
03JL 9 
OlJL 9 
03JL 9 
01JL9 
29JL 91BM 
29Jl9CDC 
03Jl9 
D3JL9 
03Jl9 
03Jl9 
03Jl9 
03Jl9 
03Jl9 
03Jl9 
03Jl9 
03JL 9 
03Jl9 
03JL9 
03JL9 
03JL9 
03JL9 

015£7 
0lSE7 
0lSE7 
01 SE 7 
01 SE 7 
01 SE 7 
015El 
0lSE7 
01 SE 7 
0lSE1CDC 
01 SElCOC 
0lSE7CDC 
01 SE 7CDC 
01 SE7COC 
OISE7CDC 
01 SE7COC 
01 SE 7CDC 
OIDElIBM 
aiDE llBM 
01 SE lCDC 
01 SEiCOC 
01 SEleOC 
OISEICOC 
OISEICI)C 
a ISE ICDC 
OISEICDC 
01 SElCDC 
OISEICDC 
01 SE ICOC 
01 SE ICDC 
OISE ICDC 
01 SE I 
01 SE I 
a ISH 

...... 
N 

'" 
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APPENDIX 4 

LISTING or INPUT DATA FOR PROBLDm 
1001 THROUGH 1004' 

i-" 
'f , 



~,' ;Zl~H1'~'!"f,(' 
... ..-c 



.. 

1-'[1" 'TIIUCTU~I: "ANI 5 ••••• 5., ]] " ROWV, IIS2. LOG l'IlA 2 HSl. 1RUC~S .. "" POS ~OMENT CNTA SPAN, GIIIOfR "0 Z 
AMALV'l. 0' '"0 1H~f'.'PAN CONTI"UOu' RUN 19 'E8 '9Tl JJP n·KIP u .. ns • • • e e 0 e e I 
I'"A DEAD LOAD 0' 'IROE~. AND NO"-CD"POst1E DECK I 55 • , • ~0 5 ~ • • • • • • • • l4 ]Z ,,~58E." 5,010E.01 1.500E-11 I ., • • • • 3 • • • 24 JZ l.n0E"] 1,83.E.n 

I' u 1,.5"." 5 •••• £ ••• • , 21 II 1.831£+'3 1,8Je£+U • • u u I.uer·n I, .. IE-n I • n n l.n.ft13 1,II30E'11 
I • 2 11 '.13'£.'5-1.771£.0' I I n 31 I,n'hn 1,1I3'£+1l I I I Jl •• 13'f •• 5-1.772£ ••• I • 2 U '.135£.'5 
7 • , 11 '.115E •• S-I."I£." I I I 31 •• 135E • ., 
T I , II ',11,1:+.5-1."11: ••• I II I " 1 •• 29E ••• 

II • II II ',11'f+'5-'.II'I£." T • , 11 •• 115£ .. 5 
II I lZ Jl '.ll'f+'5-1."I£." T I , 11 '.115(+15 n • " 51 '.11If+"-I."II:+" T II , II 1."lh •• 
IT I " lS ',ll~E.'5-1.88If." SI • lZ Jill '.135£+15 II • II U '.11'f+.5-1.772Et" II S U Jl ',lJ'£+'5 II S II II ',115f+'5-1.11If ••• II II. II " I.ellf+" I • II • 2.'.U." IT • " 11 •• un •• '1 J • IS • ••• Uh •• 17 I " 11 '.13'1h'S • I II I J •• ln+ •• 17 II " I. 1.811£+" 1 I II I J,I,.f ••• II • II JI '.115h''I I • II • J.Z,.h •• II I II 11 ,.uu •• '1 
J • II • J.Z5U." II SI II I' 1,829Et" I I' .. S' J,Z!"h" I • .. • Z ••• JE.'I 
1 S' IS S' J.n'h •• J • .1 • I, •• n ••• 
I II .. S' J.n'l:t" I I II 5 1.Z!I.t:+ .. 
1 I' II I' 3.l5Ut" 1 5 11 !I J.2S.t:+ •• 
I n II n 1.Z!lU." I " .. 9 1.Z5U." 
1 n II IS J.".I:+ •• J " II 9 1.Z5.f." 
I 17 .. IT 1.t!lU.'1 I I' .. S' 1.I!lU." 
1 IT II 17 1.2,.h •• , I' II I' J,z,.t:+ •• 
I 11 l1li ]I 2,'''U'' I II l1li .. 3.25'f+" 
J II II ]I I."U." 1 II II ,. J •• ,.(+ •• 
I • I • 1 .... 1:+1. • n II n l,l5.f ••• 
1 • 1 • 1,'lIettl' 1 IJ II IS 1.Z5.h •• 

II • II • 1 .... 1:+1. I 17 II IT 1.1,.1:+" 
I' • " • 1 .... 1:+1. 1 IT II 17 3.II.h •• 
II • l1li • I .... hl. I JI II 11 1."lh" I I' I I' 1."11:+11 I 11 II sa I ••• n ••• 

T I' , I' 1."11:+14 I • I • t.eUE'h 
II II II I' I .... US. , • , • 1 .... £.14 
17 I. " II 1 .... £+11 II • II • 1 .... £0\4 
II II .. I' I •••• f+l. " • n • 1.IU£.\4 
I II I II I •••• f+l. II • U • I,UII£.U , II , II I .... hl. I "" I I' I .... £.U 

II .. II II 1 .... 1:+11 , II , II 1.IUf+I~ 
IT .. " II 1 .... 1:+11 II " II S' 1."n£+l~ 
II II II II 1 .... UI. " .. IT II 1,1iI0e£.u 

I II I II 1 .... 1:+11 II II II II '.Bn£.I~ 
T ]I , sa 1 .... UlI I II I U I,'II£H~ 

II SI II 11 t."lf.11 , II , II 1.111111£+1" 
I' JI IT 11 t •••• f.'. II II II II 1.0~B£.I. 
II SI II JI I .... h'. 17 II IT II t."'0£.U 
II • II JI I • I • 12 1/1 II II 1.IIII'f.l~ 
IT • " JI '1 • I • I SI I JI t.IUhl" 
II I .. ]I , • I • , ]I , JI I.III!+I" • • " U II n 1 .... f.\4 • I 17 JI 17 sa 1.UIE+U , .. II JI ,. II 1,011£.'" 

It .. I I ,. 11 '.lIIU., 



2 U I U ·1.nlE." IZ • IZ 3Z •• I3U •• 5 ...... 
) u ) U -2.enE.011 IZ I IZ ]I •• 135E .15 W 

• U • 11 -7.eUE·II IZ I IZ 7 1.8e1E.III 0 
7 IS 7 U ·].~nE.II IZ 12 12 ZI 1.8e1E ... 

• IS • U ·1.701E.at 17 • 17 J2 •• U5E •• 5 
II IS II U ·2.AUEtU 17 I 17 ]I •• 115E+I5 
U U U U ·I.IUE.I, 17 I 17 7 1.88IE.I. 
I. U I. U ·) .... E ••• 17 12 17 ZI I.UIE ... 

I I. I I. ·).UIE·II ZI • U 3Z ..U5h.5 
2 I. I I. -7 .... E·.1 iI I U II '.1S5h.5 • I. • U ·2 .... E·1I .. I .. , 1.82'E ... 
7 I. , I. • ••• U£·.I .. II n ZI 1.82.E.0. • ,. • I. • ..... E·II I • zz • 2 ••• JE •• 4 

II ,. II ,. • ••••• f-II ) • I' • 2."U." 
U ,. U ,. ·) .... E·II I 5 .. 5 ).Z5U.'. ,. ,. ,. U -7 .... f-1I I 5 U 5 ).nU.'4 

I " I ,. • •• 3 .. hll I • Ii • 3.Z5U.'. 
) ,. I " ·I .... hll ) • I' • ).Z5U •• 4 

• " • " -).5 .. E ••• I II .. ,. ).Z5U.'. , 
" 

, ,. ·' •••• hll I It I' ,. ).UU.'. • " • ,. • ..... h .. I U II II ).25U ••• 
II " II " ·I.".hll I II 2' U ).25U." 
U " U " ·5 .... h .. I II II n ).2511(.'. ,. " ,. ,. ·I.n.hll I n u n ).25U." 

I ,. I U ·1.3I.h .. I 17 .. 17 ).25'E." 
I II ) U ·2 .... E ... ) 17 I, 17 ).Z5U.'. • II • II • •••• U.II I ]I .. U 2 •• Uf •• 4 , II , II ·) .... h" ) ]I I, ]I 2."U.'. • II • II ·1.7 •• h •• I • I • 1.0~0E.11 

U II U II ·2 •• '.E •• ' 7 • 7 • 1.0e~E.\o 
U II U U ·I.I .. E ••• II • II • 1.0~0E+I" ,. II ,. U ·2 •••• E ••• 17 • 17 • 1.0~0E.U 

I " I " ·S .... f ... .. • .. • 1.000E.U 
) " I " ·1.I2.h'l I II I II 1.000E.1A • " • " ·2 .... h •• , II , II 1 •• 00E.1I , 

" 
, 

" ·1.U.hll II U II II I.I0IhU • " • " ••• 7"h •• 17 II 17 II I.II00E.11 ,. " II " ••• IIIEt •• II II .. II I.U.E.U 
U " I) " ·4.5 •• E ••• I .. I n 1 •• e.hU 
I. " ,. ,. ·I.U'E.II 

, II , zz I.'~'E.U 
I • I II I 'I .. II II 1.0UE.\O , • , II I 17 II 17 II I .... E.U 

,I • II II I II .. .. II 1.0UE.U 
17 • " II I I ]I I ]I 1.000E.U 
II • II II I 7 ·11 7 U I.I00E.\o 

• • " ]I II ]I 1.0~0E.I. 

• II " ]I 17 ]I 1.0f1I1E+I" 
U ,. n ]I .. ]I 1.~0'E.\o 

I' II , , u ]I •• 2I1E.n 
]I ]I I • , U .5 .... E·.2 ".U I.'"E 1.0'DIIi. 1'011 IIU lin "O"ENT CO"POUTE OECK ~HfIlE "0" IS PO, I , I Zl ·5.110.£·12 

• • • • • • • • • 15 • 15 zz ·1.790£·11 , .. • , • II I • 15 I 15 Zl ·1.7'0E·1I 
I. ]I ,.451[." 5 .... f ... 1.5I1f·1I I • ,. • ·2.9UE·II • • .. ]I ,.n.hll ,.n.hll I n ,. u -2 .... E.1I 

• , .. )' ,.n.hll ,.n.hll I , ,. II .5.93.E.II , • II ]I ,.n.hll ,.n.hll , I , 5 .'. )]lE·"1 , , .. II I.n.hll ,.n.hll 15 5 II 5 ·2 •• UE ... 
I • I II '.UIEt15 I 5 ,. I .3.335h" 
I , I II •• IISE • ., , 

" 
, 

" ••• n.E·1I 
I , I , I.UIE ... II " II ,. ·2 •• I3E ••• 
I 'I I II I.n.h" I " ,. " .).335E." , • , ]I •• 115£+15 , , , )' •• UShlS , I , , 

'."!!." , 
" 

, I. I."!!." 



r • , JZ • I • I lIZ I 21 1,~Pl'E'I. ., • T n • l • T 22 T 2l 1,0~~E'I. 
II I 1l SZ • l e Ii U Il 21 1,~0H'I. 
IT 8 11 Sl e I e t1 iI2 t1 II '.0"""'[+1-'1 
Z2 I Z2 32 I Z e Zl U lZ II 1,01!~E'I. 

I I Z 11 I U 1,0~0E'I" 

• • 1 U 1 52 1,IlIl11E.I" , U lZ U U 52 1.~1'I0E'I" 
II 111 11 U 11 52 1.1l0~Eol" 
n U U 3' U U I ."'0Eo to 
U U I I It n ',uehn 

tllU r HU. Tlluen ST."EREO 1M AOJ.CENT SPANS FOil II .. NI!G SUPPORT IIOME"" , Z , , -I,1UE"~ • I • • • e • II Z " 2 -2,unoee 
I " I I • •• • • 11 , IS I -1.1I8f.1I1 

It n 1,'5110+11 5.eeehee 1,5e1lE.el II I ,. 2 -3,Iee£.1l1l • • ,. n I,nllhl) I,UIE.IS , 5 , ) -4,lle0E-1l1 
I I ,. SI l.nlhlS 1.I)lEol1 tI S II 1 -',lIeeE-1l • I I) )1 I.UlhlS I,Ulhl) U 5 U 5 - 3. lillIE-II 
I I 11 SI l.n.£+IS I.n.hll II 1 a- t .7 •••• E.8I r I r JI •• 1Uhll • , , , -1.51IE.I. 
I I r Jl ',un+15 II , tI 5 -1.Z.,rolll 
I II I II 1.II29h •• U 5 U 5 -5.61l.E OIl1 
T I 1 n •• 1351:+15 II S I' S -I,aeIE'11 
'/' I 1 51 6. U!lhllS , 1 , ., -1 • .",E •• e 
1 I ., 1 1.IIIE+" II ., II 1 -2.41.E.II. 
1 U 1 II I.SlIh •• 13 1 U 1 -1.III1E ••• 

II I II n •• I)Shlll a- 1 ,I 1 -1.0110E.II" 
II I U Jl •• U5f+15 , • , • -',e011£+', 
III I U • 1,811£0" II • II " -q •• Il.E+ee 
u U tz Zl 1.lIIlhl. U • U • -a.50I1E."0 
IT I " n 6,U5ftl5 I' 8 II • -I,I&0E.1l1 
11 I 11 Jl '.135£+.5 I U I U -5,10I1E.8. 
IT I 11 • I.UIE ... ) IS ) U -I,1l8r+" 
11 It 11 II I.Ulh .. • 13 • U -2,U8E.8, 
II I U Jl ',un • ., ., u 1 13 -1.158[.'1 
U , U )1 I.U5h., I a- I " -1.1UE+I. 
U , II II 1.1129£ ••• ) II 1 a- -1.'UE.n 
II II U 11 a.U9h .. I II I II -1.811I1E-1I 

Z • II • Z,6Uhll 1 a- 1 II -],4l1li£+81 
3 • Itt • 2.bUE+IA Z " Z " -b,488E.1I11 
I , U , 1.2'5lh .. 3 It 5 " -1.al.E.1I1 
) , II I ).ZlU ••• • " • It -],'UE ... 
I , II , 5,ilSU." 1 II 1 II -1.lq.E." 
) • II , 5,IU,. .. 2 II I II -l,.".E-1\ 
I U II It ),'''£.'' 5 ',. 1 II -l,0~'E·et 
) II II I' S,iSlE+'. • II • \I -2,neE-el 
I II ZZ II ),251£." '7 II 1 III -,.ee~E-1\ J II I' II 3,"1£+'4 II I' Z I' -',]00E.00 
I IS II IS J,nu ... 5 It 5 I' -2,e~0r.00 
5 II II II 1,251£+" I " • I' -l,II"E-01 
I 1I7 II 11 ),UIU .. '7 

" 
1 I' .J.~~eE·il" 

) 11 U 17 ",,.£+11 /I • /I Jl 2 
I II U JZ 2.IUE ••• '7 • 1 52 I 

,3 JZ II II 2, .. 'h .. II • \I 52 I 
! • I • I."'f"" ,T • 11 II 2 , • ., • ',eleE"" u • U 51 , 

II • II • I.UIE.ta • !I Ie , 2 
-11 • " • I •••• E+\ .. • • II • II • 1.,811!.ta , I 

I II I I' , •••• !+I. ' • II 
7 II ., II I,'"E+,,, I' U 

II II lZ I' 1."""f.l. II n 
11 II " II 1.leu.", JI 12 
II II II II I.'"'h,,, 
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APPENDIX 5 

SELECTED OUTPUT FOR EKAMPL! PllOBLDIS lNCLUDDfG 
'l'RR!!- DDlENS tONAL PLCJES 





PIlOGIIAI! SLAB <1>9 ::'TEK HWY DEPT DECK- IIATLOCK,PAH.U REV DATE 29 FEB 12 

I-IIEAII STIW{. TUllE SPANS 51)-61)-50. H fT ROMY, HS20 LOG 
AtlAUS15 OF THO THIIEE-SPAN CIJHINI.OUS RUllI 29 fEB 1912 JJP FT-KIP UNITS 

PR08 
IDOlA DEAD LOAD Of GIRDERS AND NON-COIIPOSITE DECK 

TAILE 1. CONTIlOL DATA 
TABLE """8E11 

2 • 5 6 , 

~EEP fllOM PIlECEDING PROILE" 'I-YES. 
...... CAllOS INPUT THl$ PltOlLE" 

IIULl IPL E LOAD IM'TlOIII 
STATICS CHECK IM'tlON 
PRIN snns OP"OIII 
PIlOflLE PLOT OPTIOIII 
3-D PLOT IM'TlOIII 

o 0 

1 "" 
o 
o 
o 
o 
1 

o 
• 

o 
o 

o 
o 

TABU 2. C;OIlSUNlS 

IllUIIIIEIl Of INCaEIIEIITS III X DIIlECIIOIi 
MUlleEIl Of INCIlEIIENIS III Y OIIlECIIOIi 
INC;aEllEIiI LENGTH IN X O'IlECIIOli 
lNCRENENI LENGTH III Y OIREC;TIOIII 
POUSQNS U"O 
SLAB THICXNUS Theu~ _11 ''be .. 1f .Uffu •• ea 

added .0 that 3-1l plot 
will bl clear 

TAILE S. JOIIiT OEMOING STlfAMESSES. LOADS. AMO 

fltQlll THRU 
JOINT JOINT 

o 
2 
2 , 

. ., 
12 
12 
lJ 
11 
22 
22 

2 
) 

2 
) 

2 
) 

o 24 JZ 
o 2 U 
I 2 J1 
o ., 32 
1 1 Jl 
o 12 32 
1 12 II 
o U 32 
1 11 31 
o 22 32 
1 22 J1 
o 22 0 
o 21 0 
5 22 5 
5 21 5 
9 22 9 
9 21 9 

H 2J. U 
I"' 21 14 
11 22 11 
11 21 18 
n 22 23 
23 21 23 
21 22 2., 
21 21 21 
32 22 32 
!l2 21 II 

OX OY o 

0.0 1.000E-OJ 1.0ooE-03 0.0 
0.0 0.0 /To'U5E 05 -l.7TU 00 
0.0 0.0 / ~.ll!IE 05 -1.112f 00 
0.0 O.OBe_ 6.U5E 05 -l.lItE 00 
0.0 0.0 .. Ufn" .. 6.U5E 05 -1."lE 00 
0.0 O.Oam! 6.U5E 05 -I.IIU 00 
0.0 O.Od","" 6. U5E 05 -l.'I1E 00 
0.0 0.010,"" 6. U5E 05 -1.lIn 00 
0.0 0.0 \1.135E 05 -1.88IE 00 
0.0 0.0 6.USE 05 -l.7Tn 00 
0.0 0.0 6.135E 05 -1.7TH 00 0.0 jW66U 0.. 0.0 0.0 
0.0 2.663E 0.. 0.0 0.0 
0.0 3.2S6f 0.. 0.0 0.0 
0.0 3.256E 04 0.0 0.0 
0.0 1.25bE 0.. 0.0 0.0 
0.0 1.2SbE 0.. 0.0 0.0 
0.0 3.256E 0.. 0.0 0.0 
O.ODlafr_ 3.256£ 0.. 0.0 0.0 

g:g"Uf\Ifnelt:m E g:g g:g 
0.0 1.2S6E 04 0.0 0.0 
0.0 3.256E 0.. 0.0 0.0 
0.0 3.256E 0.. 0.0 0.0 
0.0 2.663£ 0"' 0.0 0.0 
0.0 663E 04 0.0 0.0 

o 
o 

8 

o 
) 

o 
• 

2. 
3Z 

1.450E 00 
5.000E 00 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

S 

J. 
J 
2 
3 
2 
J 
a 
J 
z 
J 
2 ., 

U 
17 

020 
010 
o 12 0 
o 17 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 0.0 0.0 
0.0. 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 mOOOE 14 

I.OOOE 14 
I.OOOE 14 
I.OOOE I"' 

22 0 22 0 0.0 
2 It 2 10 0.0 
1 10 1 10 0.0 

12 10 12 10 0.0 
11 10 11 10 0.0 
22 10 22 10 0.0 

2 22 2 22 0.0 
1 22 1 22 0.0 

12 22 12 22 0.0 
11 22 11 22 0.0 
22 22 22 22 0.0 

2 32 2 32 0.0 
1 32 1 )2 0.0 

12 32 12 32 0.0 
11 32 11 )2 0.0 
22 32 22 )2 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

TABLE 4. JOINT RESTRAINTS AND APPLIED MOMENTS 

fllOll THIIU Rl 
JOINT JOINT 

NONE 

TABLE 5. MESH TMISTING STIFFNESSES 

F_ 
IIESH 

THRU C 
IIESH 

NONE 

TABLE 6. BAR AKIAL THRUSTS 

fllOll 
BAil 

'ULE 1. 

flUlli 
JOINT 

TABU 8. 

Flail 
JOHn 

12 0 
11 0 
22 0 

IUl~ 9. 

FIlOM 
YSIA 

o 
4 
9 

14 

TIIIlU 
SAR 

NOllIE 

IIULTIPLE LOADS 

THRU 
JOIN' 

NONE 

PX 

PROFILE OUTPUT AREAS 

THltU 
JOIIH 

12 J2 
11 32 
22 32 

DEfl 
II-YEU 

1 
1 
I 

X MOMENT Y MOMfNT 
II~SLAB,2-8£ANI 

o 2 
o 2 
o 2 

P~INTED OUIPUT LINIIS 

IHRU 
Y STA 

o 
!I 

10 
1. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

RY 

PY 

PRIN 

0.0 / I.OOOE 14 
0.0 I.OOOE 14 
0.0 / I.OOOE 14 
0.0 1.0:)Of 14 
0.0 I.OOOE i'o 
0.0 1.000f I .. 

~:~ SUP\Porra ::~~~~ :: 
0.0 I.OOOE 14 
0.0 I.OOOE 14 
0.0 I.OOOE 14 
0.0 I.OOOE 14 
0.0 I.OOOE 14 
0.0 \8.000E 14 
0.0 I.OOOE 14 
0.0 I.OOOE 14 

P8. PIIY 

QM 

11011 OR STRESS 
(l*YESI 

o 
o 
o 



PROGRAM SLAB ~9 -TE X H~Y DEP T DECK- MATLOCK,PANU REV DATE 2'1 FEB 1Z ... ... , ....... •• "~-01 5.9BlE-08 0.0 1-' 
\....l 20 1~ -1.597D-02 2.929E-Ol 5.93IE-08 0.0 (j\ 

21 1~ -1.5820-02 1.~b~E-OI 5.825E-OS 0.0 
I-BEAM STRUCTURE SPANS 50-bO-50, H FT RO~Y, HS20 LOG 22 1~ -1.5bbO-02 1.~92E-05 1.051E 01 0.0 
ANAL YSlS OF THO THREE-SPAN CONTINUOUS RUN 29 FES 1912 JJP FT-KIP UNITS 23 I~ -1.5510-02 b.~2SE-09 5.S4~E-OS 0.0 

2~ 1~ -1.51~0-02 -1.b50E-20 5.S9IE-OS 0.0 

0 10 - 3.~2 SD-04 -5.1bbE-22 -1.~19£-01 0.0 
PRDB ICONTOI I 10 -I. ~210-0~ -2. 190E-OS -1.bl~E-Ol 0.0 
IDOlA OEAO L DAD OF GIRDERS AND NON-COMPOSITE DECK 2 10 -~.J~lD-1) -9.~b9£-OS -2.150E 02 ~. 1410 01 

3 10 -5.1000-05 -9.101E-09 -I. 120E-Ol 0.0 
~ 10 -1.331>D-0.. J.281>E-OS -1.bll>E-Ol 0.0 

RESULTS 5 10 -1.UOD-o.. 3.M~-OS -1.1>89E-Ol 0.0 
I> 10 -1. 181>D-05 l.lJlE-09 -1. lblE-Ol 0.0 
1 10 -~.51>3D-13 -1. 191E-08 -2.250E 02 ~.5blO 01 

Bet MDRENTS AIlE TOTAL PER BEAM I 10 -9.199D-05 3.558E-09 -1.112E-Ol 0.0 
9 10 -I. 11>5D-0~ ~.119£-08 -1.112E-Ol 0.0 

IIEAII II BEAM Y SUPPORT 10 10 -1. 1~~D-0~ ~.OHE-OI -1.118E-Ol 0.0 
II • Y OEfL IIOMENT HOMEN' REACT 1l1li 11 10 -1.11bD-05 5.2HE-I0 -1. 18TE-Ol 0.0 

II 10 -~.I>OID-U - 1.3~8E-OI -2.21SE 02 ~.b080 01 
0 18 -1.51..0--02 -5. n6E-li 5.191E-OI 0.0 13 10 -I. nl>D-05 5. 233E-I0 -1.l81E-Ol 0.0 
1 18 -1.551D-02 •• ~211E-0'l 5.I~U-OI 0.0 1~ 10 -1. H~D-O~ ~.023E-08 -1.11SE-Ol 0.0 
2 18 -1.".D-0I 1.~'l2E-O' 7.051E 01. 0.0 15 10 -1. 11>5D-0~ ~.119E-OI -1.112E-Ol 0.0 
3 18 -1."20-.01 I.U4E-Ol '.RSf-OI 0.0 II> 10 -'1.l'l'lD-0' 3.55eE-0'l -1. n2E-Ol 0.0 
~ 18 -1.5'llD-02 2.'129£-01 '.93lE-OI 0.0 11 10 -~.'I>3D-13 -1. 19lE-OI -2.250E 02 ~.5blO 01 , 18 -1 •• 11D-02 ~. 3'13E-Ol '.'181E-08 0.0 18 10 -1.181>D-0' 1.211E-09 -1.lbIE-Ol 0.0 
I> 18 -1 •• 2~D-02 '."JE-Ol '.9811E-OI 0.0 19 10 -I.~IOD-O~ 1.b~5E-OI -1.b89E-Ol 0.0 
1 II -1.I>35D-02 1.llIE-01 1.32U 01 0.0 20 10 -1.33bD-0~ 1.211>E-08 -I.b lbE-Ol 0.0 
I·· 18 -1 •• ~~D-02 •• 805E-Ol •• 011lE-OI 0.0 21 10 -5.1000-0' -9.101E-0'l -1.120E-Ol 0.0 , 18 -1 •• '00-02 I>.2111E-Ol 1>.1 "E-De 0.0 ~2 10 -~.3~1D-13 -'1.~I>.-01 -2.150E 02 ~_3~10 01 

10 18 -1 •• '..0--02 ,. JJIE-O 1 •• l'l9£-De 0.0 23 10 -1.~21D-0~· -2. 1911E-OS -1.U~-Ol 0.0 
11 18 -1.I>51D-02 '.2"E-Ol •• IUE-OI 0.0 2~ 10 -3.~28D-0~ -1.031E-22 -1.~19£-01 0.0 
12 18 -1 •• 51D-02 ~. nllE-OI 1.~'1IE 01 0.0 
U II -1.I>51D-02 '.255£-01 •• 143E-OI 0.0 0 9 -2.~I>0D-03 1.882E-21 -1.002E-Ol 0.0 
H II -1 •• '~D-02 '.nlE-Ol 1>.1'19£-01 0.0 1 'I -2.~11D-Ol - 1. 30.-09 -9.59lE-08 0.0 
15 II -1 •• 'OD-02 •• 28I1E-ol •• H'f-De 0.0 2 'I -2.~'1'1D-03 2.31>lE-0l> -1.13"' 02 o. 
16 18 -1."..0--02 6. 10'E-0 1 6.010E-De 0.0 3 'I -2.'21>D-03 2.11>9£-02 -'1.55I>E-OI 
11 II -1.""D-02 7.321E-Ol 7.32~ 01 0.0 ~ 'I -2.552D-03 '.'31E-02 -'1.'ll9E-0 
18 18 -1.1>2..0--02 ,." 1(-01 '.'l8I1E-De 0.0 5 'I -2.'"D-03 1.1 
1'1 II -1.611D-02 ~.3'13E-Ol '.'1nE-De 0.0 
20 II -1.'97D-02 2.'29£-01 '.UlE-OI 0.0 
21 18 -1.'1I2D-02 1.~~-01 '.12,E-OI 0.0 
22 II -1.'660-02 1'~'2E-0' 7.051E 01 0.0 
23 18 -1."1D-02 I>.~21E-0'l '.I~~E-OI 0.0 0.0 
2~ II -1.53~0-02 I. 251E-22 '.S91E-OI 0.0 z.sS8E-22 0.0 

is -J.91TE OB -2.129E-14 I. 1~90 01 
0 H -1.810D-02 -'.16JE-Zl 1."'"'-01 0.0 --, 0 -2.~51D-13 8.'OlE-09 -1.188E-22 0.0 
1 t7 -1.851D-02 3. 23 I>E-O 'I 1.182E-OI 0.0 ~ 0 -I>.'l21D-13 8.~1 lE-O'l -1.3811E-22 0.0 
2 11 -1.IUD-02 1.00Of-01 '1.109E 01 0.0 , 0 -8.0UD-13 1.1)0E-OI -1.388E-22 0.0 
3 11 -1.190D-02 ~. lll>E-O'l 1.nJE-OI 0.0 I> 0 -~.H3D-13 ~.135E-12 -1.388E-22 0.0 
~ H -1.'1010-02 2.1>19£-0'1 8.031E-OI 1 0 -1.~21D-13 -2.51>.-01 -~.251E-I~ 1.~210 01 , 11 -1.'l2'D-02 ~."1IE-09 I.I02E-OI I 0 -1.2~0D-13 2.1b5£-0'l -1.188E-22 0.0 
6 H -1.'UD-02 1.087E-OI I 'I 0 -l.~13D-ll 1.588E-OI -1.388E-22 0.0 
1 11 -1.'''D-02 10 0 -1.3J~D-12 1.~'llE-08 -1. 388E-22 0.0 
I 11 o -l.~J5D-U -'.b311E-I0 -1.388E-22 0.0 

12 o -1.~1lD-13 -l.OblE-OI -~.251E-I~ 1.~1l0 01 
.0 II 0 -1.U'0-13 -5.b3DE-10 -1.)88E-22 0.0 

0.0 1~ o -1.3HD-ll 1.~'11E-OI -1.188E-22 0.0 
0.0 15 o -1.U3D-12 1.5111E-OI -1.318E-22 0.0 

'.9JlE-OI 0.0 II> o -1.HOD-13 2. 3b~-0'l -1.UIIE-22 0.0 
2 ~. 393£-01 '.'187E-OI 0.0 11 o -1.~210-13 -2.51>9£-01 -~.251E-l~ 1.~210 01 

1. -1.62~D-02 '."7£-01 '.'l8I1E-OI 0.0 18 o -~.H1D-13 ~.11'E-12 -1.388E-22 0.0 
1 1~ -1.6"D-02 7.UIE-Ol 1.U~ 01 0.0 l'l o -8.0l>]()-13 1.13DE-08 -1.l88E-22 0.0 
I 1~ -1.6~~D-02 6.105£-01 I>.OIIlE-OI 0.0 20 o -b.'121D-13 8.~11E-0'l -1.l88E-22 0.0 
9 1~ -1.I>50D-02 6.2UE-Ol b.1 "E-08 0.0 21 o -2.~51D-13 -8.50lE-09 -1.388E-22 0.0 

to 1~ -1.65..0--02 ,. nlE-Ol b.199E-OI 0.0 22 o -1.H'ID-13 -1.937£-08 -2.129E-I~ 1.3~90 01 
11 1~ -1.657D-02 '.255£-01 6.1UE-OI 0.0 23 o -1.132D-12 -1.291E-OI -1.388E-22 0.0 
11 1~ -1.651D-02 ..-.n.-Ol 1.UIE 01 0.0 2~ o -2.1HD-05 8.051E-H -1.388E-22 0.0 
11 1~ -1.6' lD-02 5.255£- 01 6.143(-01 0.0 
1~ 1~ -1.65oW)-02 '.l11E-Ol 6.l'l9£-01 0.0 
15 1~ -1.6'0D-02 6.211E-0l 1>. 179E-OI 0.0 
II> 1~ -1.I>~oW)-02 I>.805E-Ol I>.OIOE-OI 0.0 STATICS CHECK. SUMMA TJ ON OF RE AC TI OIlS • 5.8800 02 
11 t~ -1.I>35D-02 1.321E-Ol 1.32~E 01 0.0 
.1 1~ -1.b2~D-02 5."7£-01 5.9111E-De 0.0 MAXIMLfI STATICS CHECK ERROR AT STA 11 10 • -b.95bD-05 



PROliR"" ~LA6 ~9 - TE X HI/Y DEPT oECK- MATLOCK,PANAK RE~ DATE 29 FEB 12 11 11 -1.222E 02 • 
11 12 -1.S2SE 01 • 
11 13 2.1>90E 01 • 

1-8E"" STRUCTURE SPANS 5o-I>o-SO. H FT RoNY, HS20 LOG 11 I~ 1.3HE 01 • AIiAl '51 5 Of THO THREE-SPAN CONTINUOUS RUN 29 FEB 1912 JJP FT-KIP UNITS 11 IS 1.01SE 02 • 
11 II> 1.109E 02 • 
11 11 I.OUE 02 • 
11 IB 1.12~E 01 • PR08 (tONTO) 11 19 2.1>90E 01 • 100U DEAD LOAD OF GIROERS AND NON-COMPOSITE DECK 11 20 -3.82SE 01 • 
11 21 -1.222E 02 • 
11 22 -2.250E CI2 • PIIDF Il E OUTPUT AREAS 11 2l -l.IUE 02 • X MOMEIITS ACT IN X DIRECTION 1A80UT Y AUS) 11 2~ -1.05I>E 01 • THE PlOTTED RE SULT 5 INO"A TE THE RELATIVE VALUE EACH HAS NlTHIN THAT LIST 11 2S 1.851E 01 • 
11 21> 1.811E 01 • 
11 lJ 1.202E 02 • DEFl ECT I 011 5 BETNEEN I ll. o ! Alii I 12 • 12 I II 21 1.n1E CI2 • 
II 29 1.286E 02 • X • , OEfLECTlml 11 10 1.0~5E 02 • 
II 11 1>.11>1>E 01 • 12 o -l."UE-U • II 12 -2.119E-l~ • II 1 -B.Un-CB • II 2 -1.511E-C12 • 17 1 -1.99BE-C12 • 8EAM Y MOMENT 8ETNEEN I 22 . 0 , AND I 22 , 32 , 12 .. -2.2UE-02 • 

12 5 -2.151E-02 • X , Y BEAM Y MOM 
II • -1.U2E-02 • II 1 -1.1"BE-C12 • 22 0 -2.129E-l~ • 12 B -1. 1~9E-Ol • 22 1 5.159E 01 • 12 9 -2.65lE-Ol • 12 2 9.9~5E 01' • 12 10 -~.I>08E-U • 22 3 1.226E 02 • II 11 -1.990E-Ol • 22 ~ 1.280E 02 • 12 12 -1>.501E-0) • l2 S 1. ISlE 02 • II 13 -l.lBlE-C12 • 22 I> 8.S0~E 01 • 1.1 1 .. -1 •• 51E-CIZ • l2 1 l.UlE .01 • 12 15 -1.9BlE-C12 • 22 B -2.951E 01 • II II> -2.095E-02 • 22 9 -l.U~E 02 • II 11 -1.9BlE-02 • 22 10 -2.150E 02 • II lB -1.1>51E-02 • l2 11 -l.lHE 02 • II 19 -1.lB2E-02 • l2 12 -1.U2E 01 • 12 20 -1>.501E-Q) • 22 U 2.510E 01 • 12 Zl -1.990E-CB • 22 U 1.051E 01 • 12 22 -~.I>OBE-lJ • 22 15 9.109E 01 • 12 2J -2.65lE-01 • 22 II> 1.059E 02 • U 2~ -1.1~9E-Ol • 22 11 9.109E 01 • U U -1.)UE-02 • 22 lB 1.051E 01 • 12 2. -1 .... 2E-02 • 22 19 2.510E 01 • 12 21 -2.l5)E-02 • 22 20 -l.I>I2E 01 • 12 21 -2.2UE-02 • l2 21 -l.lnE 02 • 12 29 -1099BE-02 • 22 22 -2.l50E 02 • II 10 -1.511E-02 2l 2l -l.IHE 02 • 12 11 -s. 22 2~ -2.9S1E 01 • 

22 25 1.66lE 01 • 
22 21> 1.50~E 01 • 
22 lJ 1.lS1E 02 • 
22 28 1.2BOE 02 • 
22 29 1.221>E 02 • 
22 30 9.9~5E 01 • 8EAII , _ENT 8ETNEEN I 11. 0 I AIIO III , 12 I 22 31 5.159E 01 • 

X • , BEAll , MOil 
22 12 0.0 • 

11 0 -~.251E-l~ • II 1 1>.11>1>E 01 • ..... TlME SINCE BEGINNING OF EXECUT ION IS 233. B2 SECONDS , 11 2 1.0~5E 02 • 
11 1 1.2B6E 02 • TIME SINCE LAST CAlL OF PRnME IS 233.1Il SECJNoS ••••• 
11 ~ 1.nBE 02 • 11 S 1.202E 02 • 
11 I> 8.811E 01 • 
11 1 1.B5lE 01 • 
11 I -3.05I>E 01 • 
11 9 -l.lUE 02 • ~ 
11 10 -2.250E 02 • W 

....... 



c...J 
C) 
~, 

t-' 
W 
(Xl 



PIfOGKAII ~L AI! <,9 -TEX "NY OEP T DE('K- "ATLaK,PANAK REV DATE 29 fEB 12 (I 22 0 v.O C.O f"'" a. 0.0 0.0 0.0 
0 II 0 V!lJ 0.0 2. bo3E o. 0.0 0.0 0.0 

2 ~ U ; 0.0 0.0 1.2~oE 0<' 0.0 0.0 0.0 
I-ileA" ,II!U(.TURE ~PAN5 ;0-00-50, H fT KUWY ... 520 lOG 1 > 21 ; O.U 0.0 1.LSbf 0<, O. a U.O 0.0 
ANAU~I~ Of .THO Tti!\H;-~PAN (.ilHTlNUDU~ RUN 29 fE8 1'!I12 JJP fT-KIP UNI T~ 2 .. ,,2 ~ 0.0 C.O 1.256E 04 0.0 0.0 0.0 

) 9 .11 9 0.0 0.0 1.Z~6t ~ 0.0 0.0 0.0 
2 I .. i:Z I .. (1.0 C'(;Dlatr ... 1.250E ~ 0.0 0.0 0.0 
1 14 21 I. 0.0 0.0·. ,Hln ... 1. 250E ~ 0.0 0.0 0.0 

P!lU8 2 18 zz 1<1 0.0 0.0 3.256E ~ 0.0 0.0 0.0 
1002A 2 h520 TRU(.I(~ - MAl( POS *»i£NT (.NTR ~PAN. GUDER NO 2 1 II! 1I 18 0.0 0.0 3.256£ a. 0.0 0.0 0.0 

2 21 Zl 23 0.0 C.O 3.25,,£ 04 0.0 0.0 0.0 
3 23 21 Z3 0.0 0.0 3.250£ 04 0.0 0.0 0.0 

TAIllE I. COlll'lUll OAT A Z 27 Z2 21 0.0 t.O 3.250E 04 0.0 0.0 0.0 
TA8LE NUM8ER 1 27 Zl 21 0.0 0.0 1. ZsoE ~ 0.0 0.0 0.0 

2 3 4 5 6 1 • 9 l 12 "Z lZ 0.0 C.O 2. bblE 04 0.0 0.0 0.0 
1 12 21 3<1 0.0 0.0 .bblE 04 0.0 0.0 0.0 

KHP fJWIII PR£(.fOINC PRUtlLEII 11-\'£51 a a a a a a a a " a 2 0 1.1.0 0.0 0.0 0.0 0.0 I.OOOE 14 
IOU" ('MOS INf'UT fins 1'111111.1. I !is 0 I a .. 0 s s 7 0 1 0 0.0 0.0 O.u 0.0 0.0 I.OOOE 14 

12 a 12 a 0.0 (l.0 0.0 0.0 0.0 I.OOOE 14 
I41JLflPlE LOAII OPTION a IJ a 17 a 0.0 C.O 0.0 0.0 0.0 I.OOOE 14 
STATI('S (.H£(.I( OPTION a 22 a 22 a 0.0 C.O 0.0 0.0 0.0 I.OOOE 14 
PRIN STRESS OPTION a Z 10 2 10 O.C C.O 0.0 0.0 0.0 I.OOOE 14 
PROfiLE PLOT OPTION 0 7 10 1 10 0.0 C.O 0.0 0.0 0.0 I.OOOE 14 
3-0 PLOT OPTION I 12 10 12 10 0.0 0.0 O. a 0.0 0.0 I.OOOE 1~ 

17 10 17 10 O.c. G.O 0.0 0.0 0.0 I.OOOE 14 
1.2 10 2Z 10 0.0 0.0 0.0 o. a 0.0 1.000E I" TA8LE ~. COIIIHANT S 2 22 2 Z2 0.0 0.0 0.0 o. a 0.0 Suppo('te 1.000£ 14 

7 22 1 22 0.0 C.O 0.0 0.0 0.0 

\ 
I.OOOE 14 

NUIII8ER Of IN(.REMENIS IN x OIRECflOIII 2 ... 12 ,,2 12 LZ 0.0 C.O 0.0 0.0 0.0 I.OOOE I' 
NUMBER Of INCREMENTS IN '1 OIRECTlOIl J2 17 22 17 ZZ 0.0 0.0 0.0 0.0 0.0 I.OOOE 14 
INUEIIENT LENGTH 1111 • DIRECTION 1.450£ 00 22 22 22 ,,2 0 .. 0 C.O 0.0 0.0 u.O 1.03~E 14 
IN(.REI'IEIiT l ENGT .. Iii Y OIRE(.TIOIII 5.000E 00 2 12 2 J2 O.C 0.0 0.0 0.0 0.0 1.00010 h 
PCISSOIiS RATIO 1.500E-0 I 7 32 1 12 0.0 C.O 0.0 0.0 0.0 I.OOOE 14 
SL A8 THIUNESS 0.0 12 J2 12 12 0.0 (l.0 0.0 0.0 0.0 I.OOOE 14 

11 )2 17 32 0.0 e.o 0.0 0.0 0.0 I.OOOE 14 
Zl 12 Zl 32 0.0 0.0 0.0 0.0 0.0 1.0lOE 14 

TABLE 30 JOIN' BENOING STIFFNeSSES, LOADS, ANO SUP POlIn 

fROM THRU ex 0'1 fl( f'1 Q S TABLE .... JOINT RESTll.AlhU AND APPllEO MOMENTS 
JOINT JOIIIIT 

~ab bepdlll1 8tiffo.e .. 
fM.)M T"~u RX RY h TV 

0 a 2 ... 32 1.830E 03 1.81OE 0) 0.0 0.0 0.0 JOINT JOINT 
0 I 2 ... 31 1~'3OE 03 I.S3OE 0) 0.0 0.0 0.0 
I a 23 3Z 1.8JOe 03 I.S3OE 0) 0.0 0.0 0.0 
I 1 Zl :U 1.830E 03 I.'JOE OJ 0.0 0.0 0.0 NO"£ 2 . 0 2 32 0.0 0.0 0.0 05 0.0 0.0 
2 I . 2 Sl 0.0 0.0 0.0 os 0.0 0.0 
2 12 2 20 0.0 0.0 11.0 Db 0.0 0.0 T A~ll 5. MEsh h,15.1Irotu ~ T lFfN<~Sc S 
7 a 7 32 0.0 0.0 0.0 05 0.0 0.0 
1 I 7 H 11.0 0.0 0.0 05 0.0 0.0 fRO" THRU C 
1 12 7 20 0.0 0.0 0.0 Of> 0.0 0.0 MESH .. ES .. ~Slab twliting It if fne •• 

II 0 12 )2 0.0 C.O o. a Rea". b. 1l5E 05 0.0 0.0 
12 I 11 U 0.0 0.0 0.0 Hlffn ... O. 1J5E 05 0.0 0.0 24 3L c.2leE 01 
12 12 12 20 0.0 0.0 0.0,,1<11 1.881E Db 0.0 0.0 
11 0 11 U 11.0 C.O O.Octapoalte°.l1SE as 0.0 0.0 
n I 11 31 0.0 0.0 0.0._. 6.135E os 0.0 0.0 T A Ill. E ... BAR Al(IAL THRUSH 
11 12 17 20 0.0 0.0 

0.0 ~IE Db 0.0 0.0 
22 a 22 32 0.0 0.0 0.0 b.1)5E 05 0.0 0.0 F~C" T .... U P. py PBX P8Y 
22 I Zl .11 0.0 0.0 0.0 6.U'" os 0.0 0.0 ~AK 8AIt 
22 1.i!U 20 0.0 0.0 0.0 'IE Db - 0.0 

NONE 



,..... 
TA~U 1. I'\vLlll'Lt L.JAJ~ Pj.(C~KAM ~l Ad It .. -i[X ut;P f Dc:t.:!<.-noV ~A TL C":' K,PANAK -" , t14T t- 2ft I'd' 12 .I:-

0 

fRill' THRU QH 
JOlhT JCINT l-eEA>I ~TRUCTU~t SPA~~ 50-be-50, B FT IotOwY. HS20 ",-D(, 

A"ALY~IS ()f TriC rM;(tc-SPAN tj~TINu(;liS KUN 29 Ho 1912 JJP FT-KIP UNITS 

l U 2 lJ -1.300E 00 
1 Il 3 13 -2.800E 00 

I> 13 6 Il -1.000e-01 

1 lJ 1 13 -3."0')E 00 PReb {C~NTCJ 

II 13 II II -1.l00E .10 100U l I<S20 T~UCK~ -- MAX P()S MilMENT CNTK ~PAN., GIROEk ~u 2 

10 II 10 IJ -2.~00E 00 
lJ H }; U -1.100E 00 

I~ 13 14 13 -3.000£ 00 RESULTS 

Z H 2 I~ -hOOOE-OI 

1 14 2 I~ -1.000E-OI 
«> H I> I~ -2.000E-OI SLAb X MOMENT AN:'> X TWU,T1NG MOMENT AI:T IN THE X DIRECTluN IABOUT y AXIS! 

1 I~ 
,. H. -8.000E-OI Y TwiSTING MOMENT E -X TwiSTING MOIIENT. COUNTERCLOCKWISE BHA ANGLES ARE 

9 I~ 9 I~ -~.OOO £-01 POS IT I vE f"UM THE X AXIS TO THE OIRECTlON Of THE LARGEST PRI Nt TPAL MOllE NT 

10 I~ 10 1~ -6.000E-OI SLA8 MOIIENTS ARE P'~ UNIT wlOTH 

11 H 1J I~ -3.000E-OI 

1~ I" 14 1" -1.000E-OI B£AM M(MENIS AH TOTAL PER DUM 

2 16 I II> -6.300E 00 

3 II> 3 16 -I.~OO£ 01 
6 16 6 1/1 -3.500£ 00 SLAB X SLAB Y LARGEST BETA 

1 1/1 7 16 -1./l80E 01 MJME~T MOMENT SLAII X P"I~C1PU X TO 

9 1«> 9 1/1 Two ltS-20 cruck. -8.~80E 00 BiAM X BEAM Y hiS II NG SL AI> LUGES T SUPPO~T 

10 .1/1 10 16 .pporC:iOl1N • , .bowa -1.190E 01 X . Y lJ£fl MOMENT ~OMEI>,T MOMENT MOMENT MOMENT REACTION 

13 16 II 1/1 ll1 Flil IS -5.600E 00 

I~ 1/1 I .. 16 -1.~10E 01 0 3Z 8.<;511>-05 1.593£- B 3.010E-16 1.~000-02 1.400E-OZ 45.0 0.0 

Z 18 2 18 -1.300f 00 0.0 0.0 

3 18 3 18 -2.800£ 00 32 3.ZS/l1>-05 ~.050E-C2 -1.54/1E-09 3.5380-02 /I.I02E-02 30.1 0.0 

/I 18 /I 18 -6.000£-01 ~.O 0.0 

1 18 1 I. -l.~OOE 00 32 3.5020-14 ~. 964E-02 5.8"'lE-03 4.5500-02 1.130E-02 34.8 -3.5620 00 

9 18 9 18 -1.I00E 00 <.885;:-01 -8.5501':-03 

10 U 10 16 -2.~00£ aD 1 lZ - 100080-05 1.~52E-CZ -4.14/1E-IO 4.6010-02 5.443E-02 40.6 0.0 

13 18 13 III -1.100£ 00 '.I/llE-OI 0.0 

14 18 1" I. -2.900E 00 ~ lZ -1.1/l2e-OS 7.Z<,0E-03 -".713£-10 S. 1~10-02 5. 5 I/lE-02 43.0 0.0 

2 19 Z 19 -5.000£ 00 I. 018E-0 I 0.0 

3 19 3 19 -1.120£ 01 5 32 -8.910[1-00 2.599E-03 -1.152E-11 5.3820-0Z 5.514E-ol 1,4.3 0.0 

10 19 6 19 -2.800£ 00 1.869E-02 0.0 

1 19 1 19 -1.1"OE 01 6 32 -",./l720-0b 1.31bE-C4 -Z.3CIE-ll 5.1320-02 5. 1691':-OZ 44.8 0.0 

'* 19 9 19 -6.100E 00 1.~98;:-02 0.0 

10 19 10 19 -9.500E 00 32 2./l511>-1~ 2.0101';-03 2.989E-0'" /I.30ilO-OZ 6.<'24£-02 4~.6 -2.6570 00 

13 19 13 19 -6.500E 00 l.925'-02 -~.334E-04 

l~ 19 H 19 -1.180f 01 8 32 ~.6Z10-06 - J. 90iE-03 3.8 lZE-IO 6. 929O-0Z -1.121£ -02 -~4.Z 0.0 
-~. 610£- Ol 0.0 

9 32 9.3/100-0«> -/1.518E-OJ 2. 504E-I 0 1.~U.O-02 -1.14'1£-02 -<,3.1 0.0 

TA8LE 8. l'IIOFlLE OUTPUT AUAS -9.103E-02 0.0 
10 32 ... 06JO-06 -/l.OlOE-03 ~.1"8E-IO 1.8860-02 -8.1931':-02 -43.9 0.0 

FRIlA THIW t£FL X _EHI Y IIOIIENI PRill HON 0111 STIIESS -d.'16H-02 0.0 

JOINT JOINT tl-YESI 11*$&.A8.2-8EAH' II-YES) 11 Jl 5.<l81>-0 .. -2')1IE-OJ 1.4191':-11 8.412D-02 -8. 59ZE-02 -44.b 0.0 

2 0 2 32 I 0 2 0 -3. ~<9c-Ol 0.0 

1 0 7 12 I 0 2 0 U J< ".I~"I>-I" 4. 13qE-O~ 1.049.-0~ 9.2",oD-02 9.520E-02 .. 4 .... -2.1"00 00 

12 0 12 32 1 0 2 0 6.d91E-Ol -1.022E-OJ 

11 0 11 32 I 0 I 0 13 32 -2.5051>-0«> I.II0E-03 -~.200E-II 1.0021>-01 1.00lE-01 <'4.8 0.0 

22 0 22 32 I 0 it 0 1.052E-02 0.0 
14 3< -'.H8C-Co 1.uGbe-0' -).552E-II 1.0590-01 I. O~3E-OI 4" .. 9 0.0 

1.1J2c-J2 0.0 

TABLE 9. PRINTED OUT lOUT LIMITS IS 32 -5 .1/1~il-0" :>0I99E-03 -8.S"'lE-ll 1.1040-0 I 1.1l0E-01 44.b 0.0 
4.1""E-02 0.0 

• FROIl JtIIIU 10 J< ~ • .l90u-oo 8.I9/1E-03 -2.~90E-IO 1.1<050-0 I 1 • .201.-01 H.O 0.0 

Y STA YSJA 
l.nOE-OI 0.0 

0 0 11 J< 1.18IC-14 1.>9/1':-02 2.314.-01 1.2240-01 1.318E-OI 43.4 -1.1810 00 

9 II L.313l-01 - 3."4 3E-03 

13 III 
lij J2 1."~bcr-05 1.bln-0" -J.215E-II 1.2110-01 1.215E-OI 44.9 0.0 

II Z3 1.134<-u2 0.0 

12 ~ 
19 3.2 2.9110-0~ -1.251£-02 1.E50E-IO 1.2910-01 -1.l62E-01 -~3.6 0.0 

-1.811E-OI 0.0 
20 32 3.6900-0, - 2. '20t-C2 8.9t5E-10 1.2800-01 -1.412£-01 -~2.2 0.0 

-J.15ZE-OI 0.0 
< I Jl l.9blu-C5 -J.19dc-02 I.JUE-09 1.1810-01 -1.:I86E-OI -"0.4 0.0 

-:i. 054E- Cl 0.0 
Z2 .I, 1.211t.l-1~ -t.J8bt-G2 -1.2"8f-02 1.1590-01 -1.094£-01 -30.4 1.2110-01 

-6.IOSE-OI 1.809E-02 



ZJ ll. -1.181~-0~ -Q.Z4<E-Oi 
0.0 

Z" ;2 -2.09%-0" '.3blt-Il 
O. I) 

".lb6l-0~ 9.11.10-02 -1."S5E-OI -31.6 
0.0 
1.613[-11 3.;20D-02 3.5iuE-02 'oS.O 
0.0 

o I.j Ii. 5950--03 'i.142t-OS 3.24~E-01 1.991>0-03 -3.24H-Ol -89.1> 
0.0 0.0 

2l 1i.5050--0j ~.113E-02 -1>.121E-OI 2.2310-03 -6.121E-OI 
C.O 0.0 

2 23 8.4020--0, 1.514£-02 1.ll1£-~.I~~I.:1~1:1:0:-~0:3~-:1~.~1~1~~"---
5.0ISE-01 -1.23St 02 

n 8."500--03 -8.22lt-v2 -1.13'> -

" 13 8.459 
D~~~3~.~0~1Ul~~--------

_____ --~~~-'''~.2188880-01 5.012E-OI -60.6 
0.0 
1.91"E-OI 
0.0 
1.091E-OI 
0.0 
1.255E-02 
1.661f ill 

__ -----"tT3 =~:~!~r~~ 
21 18 -5.411D-03 -I.HIE-OI 

-1.10010 00 
22 18 -2.30"0--03 -1.150E-01 

-&. 01"E- 01 
-1.55H-01 

2" 18 3.1810--03 
0.0 
1.015E-IC 
0.0 

o 

3 

" 
5 

6 

1. 

8 

10 

11 

12 

13 

IS 

11 

18 

19 

20 

11 

11 - ... 1020--02 -9.11510-09 
0.0 

11 -4.2090--02 4.028E-02 
0.0 

11 - ... l!90--02 1.519E-OI 
0.0 

11 -4."290--02 1.""6E-C I 
0.0 

11 -".5210--02 1.0leE 00 
0.0 

11 -".586D--02 1.285E 00 
0.0 

11 -4."'80--02 1.'o11E 00 
0.0 

11 -4.6120--02 1.11bE 00 
0.0 

11 -".5blD-02 1.90'>£ 00 
0.0 

11 -"."590--01. . 2.10510 OC 
0.0 

11 - ... 3000--02 2.028E 00 
0.0 

11 -".08bD-02 l.b .. 2E 00 
0.0 

11 -3.8280--02 1.31lE 00 
0.0 

11 :-3.5360--02 I.HU CO 
0.0 

11 -3.208D-02 1.281E De 
0.0 

11 -2.8"50--02 H.UOE-OI 
0.0 

II -2."bOo--02 2.99"E-OI 
0.0 

11 -41.01>10--02 -2.10lE-01 
0.0 

11 -1.oB5:l-02 -~.Z"IE-OI 
0.0 

11 -1.3131/-02 -3.196f;-01 
0.0 

17 -9.52410--03 -2.919E-OI 
0.0 

i1 -b.005e-OJ -". tol 2E- () I 

-1.992E-02 
0.0 

-1.122E-02 
0.0 

-".1980--01 -".893E-OI 

-".118D-01 -4.15"E-OI 

38.5 

-3.9460--01 -5.143E-OI 

1.9590-01 -2.341E-OI 50.2 

... 812E-OI ... 5~OO-01 ".914£-01 84.1 
0.0 
~.6HE-OI 1.0580-01 9.1S1E-01 ~3.5 
0.0 
~."IU-OI 1.61bo--Ol 9. 153E-OI 18.5 
3.91ZE 02 
9.299E-OI 1.1920-01 9. U2f-OI 63.9 
0.0 
1.002E 00 1.6810--02 1.0nE 00 -13.0 
0.0 
I.OHE 00 -1.0990--02 1.30810 00 -18.b 
0.0 
1.188E 00 -1.1500-02 1'''94~ 00 -13.2 
0.0 
1.251E 00 3. 58bO-Ol 1.1l9E 00 ..... 
".3UE 01 
1.163E 00 1.2940-01 1.916E 00 9 •• 
0.0 
1.0"lE 00 2.2010-01 2.105E 00 1.2 
0.0 
I.OOIE 00 -1.9690-01 2.005E 00 -10.5 
0.0 
1.036E 00 -2.88.30-01 I.un 00 -21.8 
0.0 
1.031E 00 -1.0020-01 1.353£ 00 -11.3 
3.b18E 02 
8.31310-01 4.2"90-02 1.338E 00 ... 8 
0.0 
6.362E-OI -1.1120-01 1.300E 00 -9.5 
0.0 
5."31E-OI -2.9~60--01 1.039E 00 -30.8 
0.0 
4.718t-01 -J.S05D-OI 7.502E-OI -52.1 
0.0 
".Olle-Ol -3.0410-01 5.lelE-01 -b8.9 
1.919E 02 
3.312E-01 -2.3G80-01 ... 098E-OI -12.5 
0.0 
2.5bIE-01 -1.9110-01 -3.11bE-01 Ib.8 
0.0 
l.l01E-01 -1.l01D-01 -}."18E-OI 18.2 
0.0 
e.115c-Ol -1.508u-OI -3.21'oc-01 21.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1>.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o 

8 

10 

11 

11 

I~ 

1 b 

11 

11 4.12bo--O; 

~.Q 
i .. 41.;E-Ll 
J.G 
l.dj,-')I 

J.O 
1.t8"f-IC 
0.0 

Ib -4.1bOll-uL -'.4Jbt-u'l 
0.0 

10 -4.3000--ul -,.191:1-01 
0.0 

10 - ..... 3Io--Ol ;.jjCOt-GI 
0.0 

Ib -4.5&JIl-Ol <.J2~E oc 
0.0 

Ib- ... 6140--021.1HEOO 
0.0 

16 - ... 121e-Ol 1.42BE DC 
0.0 

16 -4.1330-02 1.23£E 00 
0.0 

Ib - ... 1140--01. 5.942E-03 
0.0 

Ib -".1000-02 I.S"8E 00 
0.0 

16 -".b3BG-Ol 3.1001: OC 
G.O 

16 - ..... 16G-Ol 3.861£ va 
G.O 

16 - ... 20'10--02 1.110E 00 
0.0 

16 -3.9120-01 1.5illt: 00 
0.0 

16 -3.6630-02 1.6b3E OU 
G.o 

16 -3.3100-01 3.429E OG 
0.0 

10 -2.9S .. 0--02 1.693E OG 
G.O 

II> -2.5550-02 3.01'1£-0 
o 

0.0 
9.1~3E-OJ -1.;090-01 -3.130 .. -01 
1.94>E JI 

25.1 

-4.3C .. t-ul 1 .. ",,';1D-Ol -l .. ,rdir:-Ol 
G.O 

-~.looc-U2 -1.~100-0l -l.05jE-Ol 
0.0 

3.4;«-01 -3.6~"O-02 
0.0 
1.119E-ol -7."310-02 
0.0 
•• 913E-OI -1."590-02 
".20 .. E 02 
1.~25E 00 -1.06l0-0l 
0.0 
1.515E 00 -6.1330-02 
0.0 
1.46"E 00 -4.9210-02 
0.0 
I.HOE 00 -3.5060-02 
0.0 
I.lObE 00 -1.1980--02 
".aOlE 02 
1.599E 00 5.1880-04 
0.0 
2.11 OE 00 1.8890-02 
0.0 

3 .. 4 "01:-01 -84.u 

~.OIIE-OI -81.1 

1.HlE 00 -5.1 

1.1S"E 00 -18.9 

1.350E 00 -13.8 

I • 10 1E 00 - 8'1.1 

3.100E 00 0.1 

2.GBbc 00 3.b6bO-02 3.802" 00 1.2 
0.0 
1.,51E 00 5.1910-02 1.314£ 00 12 ... 
0.0 
b.~05E-01 b."'10-02 -1.502E 00 -1.1 
3.~11. 02 
1.366E 011 1.5290-02 l.l0ilE 
0.0 
1.775£ 00 
0.0 
l.l2 SE 
0.0 

0.0 

V.O 

0.0 

u.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

8.989£-02 -"~.9 0.0 

-~.81\iE-11 -9.2920--02 9."32E-02 -44.6 0.0 
0.0 

-6.264E-IO -9.1080-02 1.0I2E-OI - ..... 0 0.0 
0.0 

I.HIE-02 1.950E-03 -1.OllO-OI 1.099£-01 -43.4 -1.5160 00 
1.9u8£-01 -2.821t-OJ 

18 0 1.202o-0~ ~.dC1f-04 -2.595E-11 -1.0590--01 I.Ob2E-01 - ..... 9 0.0 
8.0 .. 4£-03 0.0 

III 0 2.439(;-05 -1.0"4f-02 3.936E-10 -1.010D-01 -1.132E-OI "3.b 0.0 
-1.55"~-01 0.0 

l~ U 3.06.!0-C, -,.090£-G< S.16lE-10 1.0630-01 -1.I13E-OI "2.2 0.0 
-3.1121o-el ~.O 

21 0 •• "510-" -3.150E-C.ii 1.16lE-09 -9.8030-02 -1.150E-OI 40 ... 0.0 
- ... 689E-OI 0.0 

22 0 1 .... 550-1> -b.953f;-02 1.03'oE-02 -9.6110-02 -1.40bE-01 3b.4 -1."550-01 
-'.ObOf;-vl 1.>00£-02 

l3 0 -b.'5IC-05 -1.bb5E-0. ..16b£-09 1.5150-02 -1.232£-01 31.b 0.0 
0.0 0." 

24 0 1.141(;-0" -4.~95E-11 t.581E-19 -2.9210-02 -2.9ZlE-02 4S.0 0.0 
0.0 0.0 

SIl"MAllu~ uF ~LACTIONS ~ 1.8280 02 

/lAlf.IMUM SIAliC; CHEC~ ERROl( AT STA 8.8910-05 

.' 



iJciJ' LJiC ... - ft4A'l[C"'tPA~A~ REv DArE 29 FEB 12 ., - :.1.b39~-u'-
..... 

PMOI.;oKAI'I :)L ~d '9 -TtX .... "'y .p-
I, -"-."-30E-UL N 
Ib -~.1l~E-('2 

l-dtAH .. rRUCILlRE SPA~S S(}-b(}-SD, 33 H .OWy, HS;,>O We. II -~.OI2i'-02 

A"ALYSIS Of IHO IH~tc-SP'N C~"IINUOUS RUN 29 FEB 1912 JJP Fl-KIP UNIIS Ib -~.IOOE-O" 
19 -j.392=-0;,> 
20 -2.350c-CL 
21 -1.173IO-C2 

PROB (CLNT;)I a -'.OI2IO-iJ 
IO.J2A 2 ,,520 TRUCKS -'- ~AX POS MOHENT CNIR SPAN, GIRDER NO 2 23 •• 33BE-0. 

1 2~ 1.383E-02 
1 25 l.b92E-02 

P~IlfILE OUTPUT MEAS 1 21> 1.800E-02 
X IICIIENT S ACT IN X DIRECTION ( ABOUT Y AXI SI 1 21 I. H2E-02 
Tlilt PLOTTED RESULTS INDICATE THE RHAll VE VALUE EACH HAS WIIHIN THAT LIST 1 "ij I.SSDE-02 

1 29 1.253E-02 
1 :'0 8.182E-C3 • 

DEfLECT IONS UlM£EN I 2 . 0 I AND I 2 . )2 I 7 31 ~.519E-0) • 
1 32 2.b51E-14 • 

X . Y DEfLECT ION 

2 0 3.095E-14 • DEfL EC T IONS IIETWEEN ( 12 , 0 I AND I 12 , 32 I 
2 I 4.~59E-1I1 • 
2 2 e.UIE-03 • x . y DEflECT IUN 
2 3 1.221>E-0.2 • 
2 " 1.50l>E-02 • 12 0 1.8~8E-I" 
2' 5 1.1>15E-02 • Il I ".103E-03 • 
2 I> 1.70bE-02 • 12 2 b.03~E-03 • 
2 1 I.SHE-IIZ • 12 3 8.bl8E-03 
2 I 1.2UE-02 • 12 ~ I.Ob8E-02. 
2 9 I.UtE-03 • 12 5 1.202E-02 • 
2 10 -2.301E-13 • 12 I. 1.2~6E-Ol 

2 11 -9.82 5r-- 03 • 1< 1 1.11SE-Ol • 
2 12 -1.988E-02 I" " ".b3at-Uj • 
l 1) -2.915£-02 • Il ~ 5.blOE-03 • 
2 H -.J.615E-02 • 12 III -2.304E-13 • 
2 15 -4.200E-02 • 12 11 -8.193E-03 • 
2 16 -4."31E-02 • 12 12 -1.b89E-Ol • 
2 11 -4.319E-02 • 12 13 -2. S04E-02 • 
2 18 -3.B81>E-02 . , 12 I~ -3.18bE-02 • 
2 19 -1.11>1E-02 • 12 15 -3.bl1E-02 • 
2 20 -2.191E-02 • 12 16 -3.912E-02 • 
2 21 -1.I0tE-02 • 12 I' -3.828f-02 • 
2 22 -2.950E-13 • I" 18 -3.~S2E-C2 • 
2 23 8.~I>2E-03 • 12 19 -2.8I3E-02 
2 24 1."41E-02 • 12 20 -1.9~8E-02 • 
2 25 1.IOlE-OZ .. 12 21 -9.709E-03 
2 26 1.954E-02 • 12 22 -3.354£-13 
2 21 1.921E-02 • I~ 2J 6.858E-C3 
2 28 1.129E-02 • 12 l4 1.13. -
2 29 1."09E-02 • 12 
2 30 9.930E-03 • 
2 31 5.121E-03 • 
l U J.S62E-14 • 

OEFL EC T II"'S BETWEEN I 7 . 0 I ANO I 1 . 32 I -03 .. -2.bI5E-0 .. 
X , Y DEfLECT 1011 "" 11 -2.~b9E-Oj • 

22 18 -2.304E-03 • 
'1 0 2.281f-14 • 22 19 -1.903<-U3 
1 I 3.890E-0) • 22 20 -1.3900:-03 • 
1 2 1.558i-0:. • a '" -1.8~1E-0~ 1 3 1.018E-02 • 22 2l 2.21bE-l~ 

1 4 1.132E-02 • a 2. 9.234E-0~ • , 5 1.491>E-02 • 22 24 1.194E-0 3 • , 6 1.543E-02 • 22 2S 2.48bE-03 • 
1 1 1.448E-02 • 22 2b 2.911E-OJ 
7 8 1.18lf-02 • 22 n 3.04/E-0} • 
1 9 I.Cl99E-03 • U 28 2.61lE-OJ • 
1 10 -2.181E-lJ • 22 29 2.418E-O.l • 
1 11 -9.t12E-03 . • 22 30 I.HIE-O.l • 
7 12 -2.039E-02 • U 31 -..09"-1:-0" 
1 U -3.019E-02 • 2l 32 1.2I1E-IS 

". 



StAM Y "U'HNT 3ETi,HN I 2 . 0 J .NO I 2 . 32 I 1 H -1.LSSE GI • 
1 3,i -4.334E-04 

J( . Y 8~AH Y IIGII 

2 0 -8.031E-Oj .. oi:.A~ 'I "'GHENT IjtH.l::.E t4 ! 1~ . 0 J ANO I I~ . 32 I 2 1 -1.310f Cl .. 
2 2 -2.12*,E 01 .. X . Y BEA" Y 04014 
2 3 -4.015E 01 .. 
2 4 5.414£ 01 .. 12 Q -E.389'-04 .. 
2 5 -1>.nI>E 01 .. 12 I -8.438£ 0" • 2 b -1.911E 01 • U 2 -1.100E 01 .. 
2 1 -9.00\ ... E 01 • 12 3 -2.579E 01 .. 
it 8 -1.009E 02 • 12 ... -].4'1I>E 01 .. 
it II -1.1D2E 02 .. 12 5 -4.46I>E '" .. 
2 10 -1.111E 02 .. 12 I> -5.I>HE 01 .. 
2 U -1.13<1E 01 • 12 1 -1>.90I>E 01 .. 
2 12 9.659E 01 .. 12 8 -8.310E 01 • 2 U 2.030E 02 • 12 9 -'i.858E CI • it 1 ... 2.889E 02 • 12 10 -1.lI>5E 02 .. 
it 15 3.515E 02 .. 12 11 -2.<lI3E 01 • 2 16 4.20U 02 .. 12 12 6.88<1£ 01 .. 
1; 11 3.922E 02 • 12 U I.M2E 02 • 2 III 3.511>E 02 .. 12 .... 2.383£ 02 .. 
2 19 2.910E 02 • 1.1 15 3.114E 02 .. 
2 20 1.522E 02 .. 12 Ib 3.917E 02 
2 21 I.DI9E 01 .. 12 11 3.b18£ 02 
2 22 -1.289E 02 .. 12 3.282E 02 
2 23 -1.235E C2 .. 12 2.802E 0 
2 2'" -1 ..... 2E 02 .. 12 
2 l5 -1.032E 02 .. 
2 2b -9.09lE 01 .. 
1; 21 -1.179E 01 .. 
2 28 -6.26U 01 .. 
2 29 -4.120E 01 .. 
2 3D -3.159E 01 • 
2 J1 -1.5IU 01 .. .500E-02 .. 
2 J,2 -8.5S0E-0) .. 22 -3.31IE 00 .. 

;<2 2 -1>.178E 00 .. 
22 3 -9.192E 00 • dEAM MOMENT BETWEEN I 1 . 0 I .,,0 I 1 , 32 I l2 4 -1.218E 01 .. 
22 5 -1.114E 01 . y 8fAII , MOil 2l I> I.H1E 01 .. 
22 1 -1.229£ 01 .. 

1 0 -1.9HE-0<\ . 22 8 -".142E 00 .. 
1 I -1.090E 01 .. 22 9 -).918E 00 .. 
1 2 -2.USE 01 .. 22 10 ... ..JbOE 00 .. 
1 3 -3.32IE 01 .. 22 11 8.lbllE 00 • 
1 ... - ....... 151E 01 .. 2l 12 1.100E 01 .. 
1 5 -5 •• lIE 01 .. 22 13 1.10)£ 01 .. 
1 b -1.0I1E 01 .. 22 14 2.005E 01 .. 
1 1 -1I.442E 01 .. lZ 15 2.116E 01 • 
1 8 -1.000E 02 .. ,22 16 2.021£ 01 .. 
1 9 -1.lllE 02 .. 2Z 17 1.945E 01 .. 
1 10 -1.380E 02 .. 22 18 t.61>IE 01 .. 
1 11 -2.178E 01 .. 22 19 1.364E 01 .. 
1 12 8 .... 17E 01 .. 2Z <0 1.14 3E 01 .. 
l' Il 1.<J85f 02 .. a <l f.140E 00 .. 
I I ... ,2.859E 02 • 22 22 6.835E 00 .. 
1 15 ).80IlE 02 • U. 23 -1.510E 00 • 1 Ib 4.802E 02 • Z2 24 -8.822E 00 .. 
1 11 4.3<1lE 02 .. 12 l5 -1.<17" 01 . 
1 18 3.<J·I"'E 02 .. l2 10 -1."14. 01 .. 
I III 3.1'illf 02 .. 22 <7 I.S09~ 01 • 
1 20 l.b19E 02 .. U 211 -1.JS4E 01 .. 
1 21 -1.681E 00 .. 2l 2'1 -1.O'llE 01 
1 U -1.(,6b£ 02 • 22 30 -1.UlE 00 .. 
1 2) -1 • .J9bE 02 .. 2< 31 -3.1q'lE 00 • 
1 24 -1.leOE 0< • a 32 1.809E-O< • 
1 2> -9.811E 01 .. 
1 26 -'.H8E (II .. 
1 21 -b.55IE 01 .. 
1 28 -5.160E 01 •••• TIME S 1,.( £ BE(;I,.", 1"(; Of EXE(U1IO,. IS 209.81 :;.CONOS . t-' 
1 29 -3.82SE 01 ~ 
1 10 -1.526£ 01 .. 11 ME sueE lAST C~ll Of PRTIIIE IS 209.111 SECONDS • •••• W 





~IWGRAM SLAB ~9 -leX H.l O.P T O~C~- "ATLOC~.PANAK REV DATE 29 fEB 12 < 0 22 0 (l.0 c.o O~ 0.0 0.0 0.0 
3 0 II U u.u c.o 04 0.0 0.0 0.0 
2 5 22 5 0.0 c.o 04 0.0 0.0 0.0 

I-HEAM STRUCTURE SPAhS 5 ()- 6()- 50. H fT RD~Y. HS20 LOG 3 5 21 5 0.0 c.o O~ 0.0 0.0 0.0 
ANAHSI S Of THO T~EE-SPAN CONTINUOUS RUN 29 fEB 1'112 JJP fT-KIP UNI TS 2 9 22 9 0.0 c.o O~ 0.0 0.0 0.0 

3 9 II 9 u.o c.O O~ 0.0 0.0 0.0 
2 I~ 22 I~ 0.0 0.0 ~ 0.0 0.0 0.0 
3 I~ 21 H u.u 0.0 O~ 0.0 0.0 0.0 

P~OB 2 18 22 18 0.0 (l.O Diafram ~ 0.0 0.0 0.0 
1003A LANE LOADING fOR "AX NEG "01lE NT COMPOSITE OECK WHERE MO" IS POS 3 18 21 18 0.0 e.o .tlffnell.3.25bE M 0.0 0.0 0.0 

l 23 22 23 0.0 C.O 3.2~6E M 0.0 0.0 0.0 
3 23 21 23 0.0 0.0 3.256E ~ 0.0 0.0 0.0 

UMoE 1. CONTROl IiATA 2 21 22 21 0.0 0.0 3.256E ~ 0.0 0.0 0.0 
TA8LE NUMBER 3 21 21 21 0.0 ~.O 3.256E M 0.0 0.0 0.0 

2 3 ~ 5 II 8 9 2 32 22 32 0.0 C.O 2.663E ~ 0.0 0.0 0.0 
3 12 21 32 0.0 C.O 2.663E O~ 0.0 0.0 O. 

KEEP FROM PRECEOING PR08LE" U-YES' 0 0 0 0 0 0 0 0 2 0 2 0 0.0 C.O 0.0 0.0 0.0 I.OOOE I~ 

"MI" CARDS INPUT THIS PROBLE" I 60 0 I 0 13 5 II 1 0 1 0 0.0 C.O 0.0 0.0 0.0 I.OOOE I~ 

12 0 12 0 o.c c.o 0.0 0.0 0.0 I.OOOE 14 
MULTIPLE LOAD OPTION 0 11 0 11 0 O.U 0.0 0.0 0.0 0.0 I.OOOE I~ 

STATICS CHECK OPTION 0 22 0 22 0 0.0 0.0 0.0 0.0 0.0 I.OOOE I~ 

PRIN STRESS OPTION 0 2 10 2 10 0.0 C.O 0.0 0.0 0.0 I.OOOE I~ 

PROfiLE PLOT OPTION 0 1 10 1 10 0.0 0.0 0.0 0.0 0.0 I.OOOE I~ 

3-D PLOT OPT ION I Il 10 12 10 o.c (.0 0.0 0.0 0.0 I.OOOE I~ 

11 10 11 10 0.0 C.O 0.0 0.0 0.0 I.OOOE I~ 

U 10 22 10 o.u c.o 0.0 0.0 0.0 I.OOOE I~ 

TABLE 2. COIliST ANTS 2 22 2 22 0.0 0.0 0.0 0.0 0.0 Supports 1.000 E I~ 

1 U 1 22 0.0 0.0 0.0 0.0 0.0 I.OOOE I~ 

IiUMBEil OF IIliCREMEIliTS 1111 X OIREC TlON 24 12 22 12 22 0.0 .(;.0 0.0 0.0 0.0 I.OOOE I~ 

MI"8B1 Of IIliCREMEIliTS IN Y DIRECTlOIli 32 11 22 11 22 0.0 C.o 0.0 0.0 0.0 I.OOOE I~ 

INCRE"ENT LENGTH 1111 X tlRECTlON 1.~50E 00 22 22 22 22 O~O C.O 0.0 0.0 0.0 I.OOOE I~ 

INCREMENT LENGTH IN Y DIRECTION 5.000E 00 2 3" 2 32 0.0 C.o 0.0 0.0 0.0 I.OOOE I~ 

POISSONS RAT 10 1.500E-Ol 1 32 1 J2 0.0 0.0 0.0 0.0 0.0 I.OOOE I~ 

SLAB THICKNESS 0.0 12 32 12 32 0.0 C.O 0.0 0.0 0.0 1.000E 14 
11 3~ 11 32 0.0 0.0 0.0 0.0 0.0 I.OOOE I~ 

22 32 22 32 0.0 C.O 0.0 0.0 0.0 I.OOOE I~ 

TABLE 1. JOINT BEIliOING STlffNESSES. LOADS. AND SUPPORTS 

fRO" THRU tx DY fX fy Q S TA8LE ~. JOINT RESTRAINTS AND APPLIED MOMENT S 
JOINT JOIIliT 

Slab bendiaa stiffne •• , , fADM THRU RX RY rx TY 
0 0 2~ 32 1.830E 03 I.B3ot 03 0.0 0.0 0.0 JUINT JOINT 
0 1 H 31 1.830E 03 1.83(Jf 03 0.0 0.0 0.0 
I 0 23 32 1.830E C3 I. U(Jf 03 0.0 0.0 0.0 
1 1 <3 31 1.830E 03 I.UOE 01 0.0 0.0 0.0 NONt 

"2 0 2 32 0.0 C.O 0.0 05 0.0 0.0 
2 I 2 31 0.0 C.o 0.0 05 0.0 0.0 
"2 I 2 1 U.O 0.0 0.0 06 0.0 0.0 TAtlLE 5. "H:~'" T.I ~ TIN .. STlffMSSES 
2 12 1 lQ 0.0 0.0 0.0 06 0.0 0.0 
1 0 1 32 0.0 c.o 0.0 05 0.0 0.0 fAOM 'hkll ( 

1 I 1 31 0.0 c.o 0.0 05 0.0 0.0 MESH MESH ,-----Slab twi5ting stiffneu 
1 I 1 1 0.0 C.O 0.0 06 0.0 0.0 
1 12 1 20 0.0 C.O O.GBe_ 011 0.0 0.0 l~ 32 b. i. lOE D3 

12 0 12 ]2 0.0 C.O 0.0 atiffneu6.1 J5E 05 0.0 0.0 
12 I 12 11 0.0 0.0 O.Owith II. USE 05 0.0 0.0 
12 I 12 1 0.0 ~.O O.Occapoa1tel.8alE 06 0.0 0.0 TABLE 6. BAR AXIAL THRLSH 
12 12 12 20 0.0 0.0 0.0 zones 1.8SIE 011 0.0 0.0 
11 a 11 32 0.0 C.O 0.0 II. USE 05 0.0 0.0 fR"M THRU PX PY PBX PBY 
11 I 11 31 0.0 C.O 0.0 1I.I)5E 05 0.0 0.0 HAR eAR 
11 1 11 1 0.0 C.O 0.0 1.18lE 06 0.0 0.0 
11 12 11 20 0.0 c.o 0.0 1.8dlE Ob 0.0 0.0 
22 0 22 32 U.O 0.0 0.0 b.135E 05 0.0 0.0 "JNE 
22 I 22 31 0.0 c.o 0.0 6.135E 05 0.0 0.0 
l2 1 22 1 0.0 (.0 0.0 1.829E 06 0.0 0.0 
'U U 22 20 0.0 c.o 0.0 9E 011 0.0 0.0 



TAalE 1. 

FROM 
JLINT 

1 0 
1 1 

IS 0 
IS 1 

2 0 
2 22 
2 1 
1 S 

15 S 
2 S 
1 16 

15 16 
2 16 

TAILE •• 

FROM 
JOINT 
2 0 
J' 0 

12 '0 
17 0 
2"2 0 

TABU 9. 

FRDII 
YSTA 

0 

" 9 
1 .. 
22 
32 

MUl TlPlt lOAOS 

THRU 
JOINT 

1 22 
1 21 

IS II 
IS 21 
1" 0 
lit 22 
1 .. 21 

1 S 
IS S 
U S 

1 • 16 
IS 16 
1" 16 

PROFILE OUTPUT 

THilU OEfL 
JOINT 11- YES! 
Z 32 1 
7 JZ 1 

12 JZ 1 
17 lZ 1 
22 JZ 1 

AIlEAS 

X MOMENT 

LaDa loadl", 
apport.loued .. lhawa. 

IlM 

-S.600E-02 
-5.600E-Ol 
-1.190E-Ol 
-1.190E-Ol 
-2.960E-Ol 
-l.960E-01 
-S.930E-Ol 
-6.BOE-Ol ill Pta 16 

~
l'013EOO 

-3.335E 00 
-0. 330 E-Gl 
-2.013E 00 
-3.BSE 00 

, MOMENT PRIN MOIl OR STRESS 
11-SlAB.2-BEAM! Il-TES! 

0 2 0 
0 2 0 
0 2 0 
0 2 D 
0 2 0 

PRINTED OUTPUT, LIMITS 

T .. U 
, STA 

0 
6 

11 
18 
22 
32 

PRCGRAM SLAB 4,9 -lEX H .. V DePT utl..f(- ~ATLL::Cp:"PANAp:, REV DATE 19 fEB II 

I-BEAM STRUCTURE SP~'; 5G-bu-50. 33 fT RD"Y. rlSlO lOG 
ANALYSIS 01- THO rrlRE"-SPA~ CONTINUOUS ~l.\'j Lq FEB 1911 JJP fT-KIP UNITS 

P~OB I CCNT 0 J 
Iv03A LANE lUAul~G FOR MA~ NEG MOMtNT COMPCSITE DECK WHERE MOM IS POS 

AESULJS 

X . 
0 

2 

3 

" 
S 

" 

0 

j 

" 

.. 

8 

9 

SLAB X MOMENT ANO X TWISTING MOMENT ACT IN THE X OIRECTION IABOUT , AXIS! 
r TWISTING MOMENT E -X T_ISTING MOMENT. COUNTERClOCK_ISE BETA ANGLES ARE 
POSITIVE FRUM THE X AXIS TO THE OIRECTION OF THE lARGEST PRINCIPAL MOMENT 
SLAB M[MENTS ARE PER UhlT _10TH 

8EAM 1I0MENTS ARE TOTAL PER BEAM 

SLAb X SLAB Y lARGE ST BETA 
MOMEhT MOMENT SLAB X PRINCIPAL X TO 
BEAM X BEAM , 11.1 SliNG SLAB lARGEST SUPPORT 

r OifL MOMENT MOMENT MOMENT MOMENT MOMENT REACT ION 

32 ".3"9D-OS t. S63E-16 l.lllE-l1 6.1690-03 6. 769E-03 "S.O 0.0 
0.0 0.0 

32 1. S9"D-OS' 1.915E-02 -1.236E-10 1.1C8D-02 2.960E-Ol 30.0 0.0 
0.0 0.0 

32 1.812D-lit 1.9"5E--02 2.8BE- U3 2.2020-02 3." 10E-Ol ]It .1 -1.8ll0 00 
1."15E-Ol -".I'1"E-03 

32 - ... 168D-06 ".~68E-OJ -2."55E-I0 2.2630-02 2.638E-02 "0.6 0.0 
1.031E-Ol 0.0 

32 -S.""2D-06 3.33I1f-Oa -t.ISSE-ll 2.S08D-02 2.68lE-02 
".969E-02 0.0 

32 -".IHD-C6 1.126E-OJ -S.308E-ll 
1.616E-02 0.0 

J2 -2.20"D-06 ".32 9E- 0" -1.6~6E-
c."""E-

2.1t680-01 3.22SE-Ol "".) 0.0 

l.lI20-01 1."99E-Ol 51.0 0.0 

10 5.302D-0" ~."st-09 -S.IBE-Ol 1.2"8D-03 -5.13"E-Ol -89.2 0.0 
0.0 0.0 

10 2."0"D-0" ~.997t-Ol -1.0S1E CO l.l0'oO-02 -1.0S1E 00 -89." 0.0 
0.0 O~Q 

10 -3.9"01)-13 -9.283E-02 -1.llOE 00 8.909D-03 -1.110E 00 -89.5 3.9"00 01 
0.0 -1.1180E 02 

10 -2.181D-0 .. 2.26IE-Ol -1.C92E 00 1.8130-02 -1.093E 00 -8l.l 0.0 
0.0 0.0 

10 -3.228D-0" 3.1"SE-CI -1.12"E 00 3.9"30-02 -1.121E 00 -88." 0.0 
C.O 0.0 

10 -2.8"90-0' 1.181E-Ol -1.214t 00 5.917D-02 -1.216E 00 -81.6 0.0 
0.0 0.0 

10 -1.412D-04 -<.1I0E-01 -1.350E 00 6.555D-02 -1.353E 00 -86.1 0.0 
0.0 0.0 

10 -5.54bD-13 -~.214E-Ol -1.514. 00 "."93D-02 -1.518E ao -85.1 5.54"0 01 
0.0 -2.JS9E 02 

10 -6.219G-C' -<.HOE-OI -1.393E 00 2.3090-02 -1.394E 00 -88.8 0.0 
0.0 0.0 

lU -1.438D-L4 4.6B5E-Ul -: .l99E OU 2.54l0-0l -1.300E 00 -88.9 0.0 
0.0 0.0 

.. 



10 -1.53ED-C4 •• 6nt-0' -I., .. at 00 3.1020-02 -1.249E 00 -88.4 0.0 
0.0 0.0 

II 10 -8.)250-05 ~1'''2qE-01 -1.242E 00 ... 3650-02 -1.243E 00 -Sl.l 0.0 
0.0 0.0 

I~ 10 -4.034(;-13 -~.1HE-OI -1.260. 00 3.1520-02 -1.201£ 00 -80.9 4.oHO 01 
0.0 -1.996E 02 

10 -o.OOOO-O~ l-5BE-OI -1.Co<;E 00 1.~)SO-02 -1.009E 00 -88.8 0.0 
0.0 0.0 

10 -1.1'l10-0" 1.313E-(2 -9.QO"E-OI 2.0900-02 -9.0IlE-01 -S6 ... 0.0 
0.0 0.0 

15 10 -1.1110-0 .. ~.8CSE-02 -l.n~E-OI ... 0510-02 -1.~55E-OI -81.) 0.0 
0.0 0.0 

10 -0.0920-05 -8.554E-C2 -o.USf-OI ... 90'lO-02 -0.S29E-01 -85.2 0.0 
0.0 0.0 

11 10 -2.0)90-13 -l.881E-01 -5.9"3£-01 5.0080-02 - •• Ol5£-01 -80.8 2.0390 01 
, 0.0 -9 ..... 9£ 01 

18 10 l.2710-0. -1.S0GE-Ol - ...... 1E-Ol ... 8910-02 - ... 5<\l>£-o1 -80.9 0.0 
0.0 0.0 

I'll 10 -1.9Uo-05 - .... lOE-02 -).05GE-01 ..... 50-0l -).14l£-o1 -19.5 0.0 
0.0 0.0 

10 -".2050-05 ".519E-02 -1.lllE-OI 5.l800-0l -1.838E-Ol -11.0 0.0 
0.0 0.0 

10 - ... )2.0-05 1 ..... lE-OI - ... 142£-02 5 ..... 0-02 1 •• 08E-Ol I-S.l 0.0 
0.0 0.0 

10 2.8910-1.. 2.018E-01 0.585£-02 0.5880-02 2.81 .. E-O, 1 •• 0 -l.8910 00 
0.0 ..... 03£ 00 

10 1.1900-0.. 1.253E-Ol 1.18lf-Ol •• 8510-OZ" 1.904£-01 "3.5 0.0 
0.0 0.0 

10 2 •• 910-0 .. - .... 8lE-09 8 ... 21£-02 3.3180-02 9.01"E-D2 10.0 0.0 
0.0 0.0 

o 9 -1.0630-05 9.51"E-09 -2.39)E-Ol 5 •• ,00-02 
0.0 0.0 

9 - ... noo-o.. 1.063E-02 -5.012£-01 
0.0 0.0 

iI 9 -1.50 .. 0-0.. 3.189E-02 -5 •• 
'.5.SE-0 
1 

..... 2 0.0 

__ ~-u3 -1.858£-01 -39.9 1,"810 01 

3::;:::~~ 1.12~1 -1.121£-01 -45.0 0.0 
-loIOSE-03 0.0 

2.624£-0. -hlllE-09 1.9880-01 2. 13 .. E-OI .. 3.0 0.0 
... 203E-OI 0.0 

IS 0 -l.9 .... 0-05 '.)" .. E-Ol -1.0"1E-09 2.13.0-01 2.258E-OI "3." 0.0 
3.S19E-01 0.0 

I. 0 -1.~10-05 -1.391E-03 ".029E-ll l.ll00-01 -2.211£-01 -44.9 0.0 
-2.080E-Ol 0.0 

11 0 -6.1980-1 .. -2.820E-Ol - ... 203£-03 l.1210-01 -l.281E-01 -43 ... 10.198000 
-".113E-.OI •• 095£-0) 

18 0 -109l90-0. -1.510E-02 5.292£-10 1.9nO-Ol -l.05"£-01 -").9 0.0 
-2.34olE-01 0.0 

I'll" 0 -1.)U(HIS -".31lE-OS •• 935£-1) 1.8150-01 -1.81SE-Ol -45.0 0.0 
-) ...... E-O.. 0.0 

20 0 -l."3.)o-OS 1.90H-Ol -1.14 .. £-10 1.1580-01 1.8510£-01 4) ... 0.0 
2.831£-01 0.0 

,tl 0 -l ... ) .. 0-05 ... I"l£-Ol -1.S11E-09 I.Sb'lO-OI 1.190E-Ol "1.2 0.0 
0.1.,E-01 0.0 

II 0 1.3450-1" 1.090E-OI l.ol2E-Ol 1,"9~-01 l.191£-01 )10 ... -1.34050 00 
1.936E-Ol -l.352E-0l 

Z3 0 8.6990-05 1.182E-01 -1.021£-08 1.154D-OI 1.888E-OI 31 ... 0.0 
0.0 0.0 

24 0 l ... Uo-O .. 9.H1E-1l 1."If>E-11 ..... nO-Ol ..... )9£-Ol .. '.0 0.0 
0.0 0.0 

STATI!.~ CHCI(. SUMMA TI ON OF REAC TJ OIU • 2.1190 02 

MAUMUM STAT[(;S CHECk EIUHiil AT STA 12 10 • -1.6"80-0' 

R~V DAlE 29 fEB 1< 

l-etAI1 ,TRUCTUIlE SPAI\, ,0-<>0-,0. H H RO"'. HS20 UlG 
A~ALY'I> Of THe frtKEE-SPAI\ LUNTINUOUS RuN 29 fEB 1912 JJP 

P .. OS CLCMO) 
100lA lAHf LUADING fOil MAX NEG MOMENT COMPOSITE DECK _HEilE MOM IS POS 

PROfilE OUTPUT AKEpS 
X MlMENTS ACT I~ x DIRtCTION IABUUT Y AXIS) 
IH~ PlOTHI> RfSUlIS INDICAH THE RflAT!Vt VALUE EACH HAS wITHIN THAT LIST 

CEflECTlOHS 

l 0 -1.102E-13 
2 I -3.123E-03 
2 2 -6.98"E-Ol 
2 l -9.39<1E-03 
l 4 -1.061E-Ol 
2 , -1.O'9E-C2 
~ • -9.005E-03 
l 1 -0.5llE-0' 
l 8 -3 .... 8E-0) 
2 9 -1.50"E-04 
2 10 -1.940E-U 
2 11 -3.019E-C3 
l Il -ti.Ob}E-u3 
l Ij -1.310E-OZ 
2 1 .. -1.15lE-02 
2 U -l.OlSE-Ol 
2 10 -2.HlE-02 
2 11 -2.202E-02 
l 18 -1.986E-02 
2 19 -1.014£-02 
2 ~O -1.128£-02 
2 21 -5.15U-0) 
l ~l -1.bil6E-U 
l 13 ..... I .. e-OJ 
2 l.. 1.5l9E-Ol 
l 2 ~ 9.'USE-0) 
2 lo 1.024E-Ol 
2 ZI I.oore-Ol 
l ~.. 9.01 )E-O) 
2 19 1.399E-03 
2 30 5.l16£-03 
1 )1 l.694E-0) 
2 32 1.812£-14 

1 0 -1.l1Si:-1J 
1 1 -4.91IlE-0} 
1 2 -9.20eE-Oj 
l' ) -1.l44t-Ol 
1 .. -1.4l)':-Ol 
J 5 -1.4l~E-~l 
1 10 -1.2"2£-02 
J 1 -9.202E-0) 
I 6 -5.219E-OJ 
1 9 -1.494E-01 
1 10 -5.540E-13 
1 II -3.31JE-(l.l 
1 II -6.93I>E-Ol 
1 13 -1."03;:-02 

.. .. 
.. 
.. 

• • 

.. .. 

• .. 

· • 
• 

• 

BET"EEN 

.. 
• • 

.. .. 
• 
.. 

• 

.. 

.. .. 

• 

.. .. 

• 

• • 

.. 

.. 

.. 

.. 

• 

.. 

.. .. 

.. 

.. 
• 

.. .. .. 

2. 0) AND I 2. 12 I 

7. 0 I AND I 1. 3l I 



1 7 o.U ... € 01 I-' 1 lit -1.900E-02 • ~ 1 1~ -2.339f-02 • 7 8 -0.1l55. 00 ex> 1 10 -Z.,)23£-Ol • 7 9 -1.1Z"'. 02 • 
1 11 -2 .... Uf-02 • 1 10 -2.3')9£ C.l " 1 16 -2.215£-OZ • 1 11 -1.IHE 01 " 1 19 -1.190E-0;.! • 1 12 -9.10.£ 00 • 
1 20 -1.2'o3f-02 • 7 13 8.290E 01 • 
1 21 - •• 201f-0 .. • 7 1'0 1.021E 02 • 
1 22 -2.1082£-13 • 1 15 2.]IoOE 02 • 
1 23 Io.'USf-O] 7 10 2.92~E 02 
1 2 ... 1.3~2E-Oj 7 11 2.51>0E ill • 
1 25 8.988E-03 7 18 Z.OBOE Ol • 
J 21. 9.~51oE-03 7 19 1.529£ 02 
J 21 AJ.l"'0f-03 1 20 8.57SE 01 
1 211 '.lI9f-0] 7 21 Io.1>3CE 00 • 
1 29 I> ... 3f-03 1 .2 -8.'1olf 01 • 
1 30 .... I>~5f-03 1 .13 -1.Io5lE Cl 
1 31 2.J9 7 2 ... -I>.2~5E 01 
J 1 25 -5.250£ 01 

1 ZO - .... 322£ 01 • 
1 21 -3 .... I>I>E 01 • 
7 28 -2.U8E 01 • 
1 29 -2.020E 01 • 
7 ;\0 -1.314< 01 • :2 • o I AND « 2 • 32 I 1 H -I>.I>l"'E OU • 
1 32 -3.200£-0~ • X • 14014 

2 o -1.8Uf-02 • dtAM Y I4OIIEM1 Bel aCE" I 12 • o I "NO I 12 • 12 I 
2 1 ~.I>"'1E 01 • 
2 2 1.0).1: 02 • X • Y lEAI4 Y MOM 
:2 3 1 .... 00E 02 • 
2 ... 1.I> ... I>E 02 12 0 1.3It9£-0:2 
2 5 1.101£ 02 lL 1 "dUE Cl 
2 0 1.2"'5E 02 • 12 2 1.1 ... l£ Ol • 2 1 o.GZlE 01 • 12 3 1.542E 02 • 2 8 -1 • ...s.E 01 • 12 ... 1.8 ...... E 02 • 2 9 -9.1SU 01 • 12 5 2.0"'9E 02 • 2 10 -1.880E 02 • 12 • 1 .... 53E 02 • Z 11 -9.3"'n 01 • 12 7 7.5,)1E 01 
2 12 -;.912E 00 • Il 8 -;.059E OU • :2 13 1 ..... 3E 01 • 12 9 -9.551>E 01 
2 1 ... 1 ........ E 02 • 12 10 -1.9911E 02 • 2 15 1.98.£ 02 • 12 11 -9 •• 9lE 01 • 2 II> 2 .... 001: 02 • 12 12 -8.929E 00 • 2 11 2.21ZE 02 • 12 13 ".878E 01 
2 18 1.891E 02 • 12 1 ... 1.35~E 02 • 2 19 1 .... 09E 02 • 12 IS 1.91,)E 02 
2 20 8.112E 01 • 12 111 2 .... 93E 02 
2 21 1.10 ... 1: 01 • 1'< 11 •• 1I>1E 02 
2 22 -I>.511E 01 • Il 18 1.139E 02 
2 23 -I>.37"'E 01 • 1.1 19 1.27'1E OZ 
2 24 -5.938E 01 • 
2 .15 -5. 395E 01' • 
Z Zl> - .... H2E 01 
2 11 - .... OIlBE 01 • 
2 ' 28 -3.30SE 01 • 
2 29 ~2."'93E 01 • 
2 30 -1 •• '0E 01 • 
~ 31 -8.392e 00 • 0 
2 32 - .... 19 ... f-0) • 00 • 

22 2" 00 • 
<2 27 00 • 

8~"M Y I4DltENT 8'EiIlEiN l' • 0'1 "NO I 1 • 32 I 2l ill 00 • 
22 2'1 00 

II , Y 8EAII Y 14011 2Z 30 00 
2Z .U -1.9"'.E 00 

; 0 2.312f-02 • U :Jl <;.9<;6E-0) • 1 1 1.382E 01 • 
1 2 1.UlE Ol • 
1 3 1.800E 02 • 
1 <40 2.1SlE 02 • •••• * TlI4, Sl"(" tlf"I"t..lN" Of EXfCUllOM IS .51.21 SeCONOS • 
1 ; 2.38"'E 02 • 
1 0 1.1091E 02 TlI4E SlN'E un 'AU OF PRTI"E IS 1 ... 1 .... 0 SECONDS ••••• 

. , 
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PROGRAII ~LAB ~9 -.TeX HW., DEPT D~CI(- MATLOCK.PANAI( REV DATE 29 .FEB 72 

I-IIEAM ~TRUCTURE SPAh~ ~o--bo--SO. 13 FT RDWV, HS20 LOG 
ANAL")I~ OF THO T"REt-VAh CONTlhUOU~ RUN 29 FEll 1972 JJP FT-KIP UNITS 

PROB 
100~A 2 hS20 TKUC~S STAGGERED IN ADJACENT ~PAhS FOR MAX NEG ~UPPDRT MOMENT 

TABLE I. CONTROL OATA 
TABLE NUMBER 

2 

o 
I 

~ 5 6 

KEEP FROM PRECEDING PROBLEM II-YES. 
MUM CARDS INPUT THIS PROBLEM 

o 
59 

o 
o 

NULTIPLE LOAD OPTION 
STATICS CHECI( CPTION 
PRIN STRESS OPTION 
PROFILE PLOT OPTION 
)-0 PLOT OPT ION 

o 
o 
o 
o 
I 

TA8LE 2. CONST ANT S 

NUMBEM OF INCREMENTS IN X DIRECTION 
NUMBER OF INCREMENTS IN Y DIRECTION 
INCREMENT LENGTh IN X DIRECTION 
IhCREMENT LEhGTH IN ., DIRECT ION 
POISSONS RATIU 
SLAII THICIlNESS 

TABLE 3. JOINT BENDING STlfFNESSES. l.Oo\DS. AIIII SUPI/OIlWS 

FRuM THRU 
JOINT JOINT 

o 0 2~ )2 
o I 24 31 
o I 23 )2 
I 123 H 

'2 a 2 32 
2 I 2 Jl 
2 12 2 20 
7 0 7 52 
1 I 7 31 
7 117 
7 12 7 20 

12 0 12 )2 
12 I 12 )1 
12 I 12 • 
12 13 12 21 
17 O· 11 32 
17 117J1 
n I 1l 9 
17 161.J 24 
22 0 22 n 
J.2 I 22 J1 
22 I 22 II 
22 20 22 31 

2 0 22 0 
3 0 21 0 
2 , 22 , 
~ 5 21 5 
2 9 22 9 
3 9 21 9 
2 I~ 22 I~ 
3 14 21 I~ 

2 IB 22 18 
J IB 21 18 

ex DY FX FY 

,~ ____ ,.".....Slab bendlna HUfn ... 

1.8J~ 0) I.UOE 03 0.0 
1.1I30E OJ 1.81OE 0) 11..0 
1.830E 0) 1.830E 03 0.0 
1.830E 03 1.830E 0) 0.0 
0.0 0.0 0.0 05 
0.0 0.0 0.0 05 
0.0 0.0 0.0 06 
0.0 0.0 '0.0 05 
0.0 0.0 0.0 05 
~.O 0.0 0.0 06 
0.0 C.O 0.0 06 

~:~ ~:~ ~:~ Be_ 6. USE .~ 
p.O 0.0 0.0·ttffD·" 1 • 88IE 06 
0.0 0.0 O.O=ltb 1.88IE 06 
0.0 0.0 0.0 _po.lta 6. U'E 05 
0.0 0.0 0.0.0

.... b.13SE 05 
0.0 0.0 0.0 1.8111E 06 
0.0 (1.0 0.0 1.88IE 06 
0.0 0.0 0.0 6.13'E 0' 
O.C C.O 0.0 b.135E 05 
0.0 C.O 0.0 1.829E 06 
0.0 C.O 0 29E Db 
0.0 C.O 2.663E ~ 0.0 
0.0 C.O 2.bb3E 04 0.0 
0.0 0.0 3.2~6E 04 0.0 
0.0 0.0 3.25bE 04 0.0 
0.0 0.0 3.2~6£ 04 0.0 
0.0 0.0 3.25bE O~ 0.0 
0.0 C.O Dlof<- 3.256E 04 0.0 
0.0 C.O ltlffne .. 3.2~6E 04 0.0 
0.0 0.0 \ 3.25bE 04 0.0 
O.C 0.0 3.'256£ 04 0.0 

o 
I 

0.0 
D •• 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
D •• 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

o 
o 

II 

o 
~O 

8 

o 
6 

9 

o 
6 

24 

3' 
1.~50E O. 
5.000E 00 
1.500E-01 
0.0 

D •• 
D •• 
0.0 
0.0 
0.0 
D •• 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2 
j 

1 
j 

l 
j 

2 
7 

II 
11 
12 

2 
7 

12 
17 
l2 

l 
7 

12 
17 
22 

2 
7 

12 
17 
22 

23 ~2 

2j 21 
2122 
27 21 
3l 22 
32 21 

Il 2 
o 7 
.. 12 
o 17 
OLl 

10 2 
10 7 
10 12 
10 17 
10 12 
22 2 
22 7 
22 12 
22 IT 
22 22 
J2 2 
32 7 
)2 12 
32 17 
32 22 

23 
23 
21 
27 
32 
3l 
o 
o 
o 
o 
o 

10 
10 
10 
10 
10 
22 
22 
22 
22 
22 
32 
32 
32 
32 
32 

O.C 
O.C 
O.C 
.l.e 
0.0 
O.C 
... 0 
(J.e 
O.C 
1l.0 
u.o 
0.0 
u.O 
0.0 
0.0 
0.0 
1l.0 
0.0 
0.0 
O.C 
0.0 
0.0 
0.0 
O.C 
O.C 
0.0 

C.O 
C.O 
C.O 
C.O 
C.O 
C.O 
0.0 
C.O 
e.o. 
0.0 
0.0 
0.0 
C.O 
C.o 
c.O 
C.O 
0.0 
{l.0 
0.0 
c.O 
C.O 
0.0 
0.0 
0.0 
C.O 
C.O 

\ 

).~SbE O~ 
j.l56E 04 
j.25bE C~ 

\ji
3.25bE 04 
2.<>63E 04 
2.bb3~ O~ 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

'Atile 4. JOINT Rc~TRAINTS AND APPLIEO MOMENT~ 

FRON 
JCINT 

THRU 
JOINT 

HONE 

TABLE 5. MESH TWISTING ~TlfFNESSES 

FRIJM THRU C 

RX 

MESH MESH ,-st.b tvilting Itlffne •• 

24 32 •• 210E 03 

TAIiLE b. BAR AXIAL THRLH~ 

FRON 
BAR 

THRU 
8AR 

TA~L E 7. MUll IPH LO<lD~ 

FROM THilU 
JCII,T JOINT 

9 
10 
13 
I~ 

9 
10 
13 
14 

9 
10 
U 
I~ 

9 
10 
J3 

2 9 
2 10 
2 13 
2 14 
3 9 
j 10 
3 13 
3 14 
5 9 
5 10 
5 13 
5 14 
7 9 
7 10 
7 U 

2 
2 
2 
2 
3 
3 
3 
j 

S 
5 
5 
5 
7 
7 
7 

PX 

0.0 
o. a 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

RV 

PY 

o .0 
0.0 
0.0 
0.0 
0.0 
0.0 
I.OOO~ 

I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

supporu :: ~~~ ~ 

TX 

PBX 

QM 

-1.700E 00 
-2.400E 00 
-I.IOOE 00 
-3.000E 00 
-~.OOOE-Ol 

-6.000E-01 
-3.000E-OI 
-7.000E-OI 
-8.500E 00 
-1.200E 01 
-S.600E 00 
-1.~80~ 01 
-1.700E 00 
-2.~00E 00 
-I.IOOE 00 

I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 
I.OOOE 
1.0aOE 
I.OOOE 
1.0aOE 

TY 

PBY 

14 
I~ 

14 
14 
14 
I~ 

I~ 

I~ 
14 
14 
14 
14 
I~ 
I~ 

I~ 

I~ 

I~ 
I~ 

I~ 

I~ 

• 



I~ 1 I~ 1 

/ 9 I 9 8 
10 8 10 8 
IJ b 13 8 
I" 8 I~ 8 1Vo IIS-ZO true"," 

2 I) 2 13 .pportloa.l .. ot.owa 
3 II 3 13 1D P1& n 
II 13 II 13 
1 1.3 7 13 
2 I~ 2 I~ 
3 I~ J I~ 

II h II H 
1 I~ -7 I~ 

2 III 2 1. 
3 I. J "1. 
II III II 111 
1 III 1 III 
2 18 2 18 
J 18 ) 18 

• 18 • 18 
1 II J- 1 .. 
2 19 2 19 
3 19 3 19 
II 19 • 19 
7 'Il' 1 19 

TABLE 8. PROFILE OUTPUT AIIEAS 

FROM THRU CEfL X MOMENT Y "OIlENT 
JOINT JO lilT II-YES) II-SlAB.laBEAMI 
2 a 2 )2 I 0 2 
1 a 1 32 I a 1 

12 0 Il )2 I a 1 
11 0 11 32 I a l 
22 a II 32 I 0 2 

0 5 2. , I 2 0 

TABLE 9. PR.INTEO GUT PUT UI'IITS 

FROM T .. U 
YSfA Y STA 

CI a , 5 

• 11 
H II 
21 U 
32 Jl 

-3.000E 00 
-b.800E 00 
-9.1I00E 00 
-~.500E 00 
-1.180 E 01 
-5.100E 00 
-1.130E 01 
-2.800E 00 
-1.350E 01 
-1.300E 00 
-2.800E 00 

- -1.000E-OI 
-3.~00E 00 
-II.~OOE 00 
-I.~IOE 01 
-3.500E 00 
-1.1I90E 01 
-3.000f-01 
-1.oo0E-01 
-2.000f-01 
- •• oooe""l 
-1.300E 00 
-2.100E 00 
-1.000E-OI 
-3 •• 00E 00 

PRIN MOM OR STRESS 
II-YESI 

0 
0 
0 
0 
0 
0 

PfOGkA" SlAH .. 9 -TEX H~Y CEfT uECK- MATlOCK,PANAK KEv OATE 29 FEB 12 

I-HAM ~TRULlUR~ 5P""'~ 50-bo->O, 33 FT WUWY, H:>20 lOG 
A"'AlYSIS OF THO THREE-SPAN CG"'TINUDUS RU'" 2q FEB Iq12 JJP FT-KIP UNITS 

f~OB ICLNTOI 
100~A 2 hS2U TRLCKS STAGGERED IN AOJACENT SPANS FOR MAX NEG SUPPORT MOMENT 

RESULTS 

~lAH X MOMENT ~O X TolSTING MOMENT ACT IN THE X DIRECTION IABOUT Y AXISI 
Y TwiST ING HOMENT - -X hlSTlNG MOMNT, COUNTERCLOCKWISE BETA ANGLES ARE 
POSITIVE FROM THE X AXIS TO THE OIRECTION OF THE lARGEST PRINCIPAL MOMENT 
SLAB M~ENTS _RE PER UNIT WIDTH 

HcAM MOMENTS AR( TOTAL PER BEAM 

X , Y OEfL 

SLAB X 
MOMENT 
dEAM X 
MOME"'T 

SLAb Y 
HOME"T 
BcAM Y 
MGME"T 

SLAB X 
hi STING 

MilMENT 

lARGEST 
PR I NCI PAL 

SLAB 
MOME'" 

BETA 
X TO 

lARGES T 
MOMENT 

SUPPORT 
REACTION 

a 32 1.5310-0~ 1.~i~E-15 2.tl~E-11I 2.~130-02 2.~13f-02 ~5.0 0.0 
0.0 0.0 

12 5.118bo-05 b.810E-02 -5.2~8E-09 1I.3b30-02 1.0blE-01 30.9 0.0 
c.O 0.0 

ji 2.1830-1~ l.3~~E-'2 9.~~3E-03 8.09~0-02 1.218E-OI 35.8 -2.1830 00 
~. b20E-0 I -1.3119E-02 

) 32 -2.0380-C5 2.1GIf-02 -1.Ute-09 8.1920-02 9.115lf-02 ~0.3 0.0 
~.021f-01 0.0 

~ 32 -2.~90C-a5 l.bUE-C. -E.~~8E-IO 8.8~50-Q2 9.1ZIE-02 ~2.3 0.0 
2.~89E-CI 0.0 

5 J2 -1.9580-05 1.1b8~-·C3 -J.El~E-IO 8.9220-0Z 9.319E-02 ~3.8 0.0 
1.15I1E-01 0.0 

II 32 -~.1abO-Ob -2.~nE-0" 2.tlllE-1I 8.1930-02 -8.808E-a2 -~5.0 0.0 
-~.HIlf-03 0.0 

3l 9.U5D-15 -1.9911E-03 -1.189E-03 8.bl80-02 -9.0~f-Ol -03.9 -9.11350-01 
-I.III~E-Ol l.ll5E-03 

I U ~.lliD-O .. -t.08lE-03 ~.11CE-IO 8.~090-02 -8.1l9E-02 -H.O 0.0 
-9.0IllE-Ol 0.0 

9 3l b.b~bO-Ob -~.l9I1E-0! ~.3~~E-IO 8.1130-02 -1.33IE-Ol -~~.l 0.0 
-b.395E-02 0.0 

10 3l S.bSbO-Cb -l.se8E-0! 8.HSE-II 
-3. 851E-02 0.0 

II 32 3.1050-0 .. -1.019E-C3 3.399E-1I 
-I ... OIIE-Ol o. 

Il Ji 1.0 

. "'~-Ol 
0.0 

-5.5I5f-01 -b.~~IE-OI 
0.0 0.0 

Ii II b.lb90-0~ -l.bHt-OI -b.llln-ol 
0.0 -9.3bSE 01 

11 II 1.IHo-O; -b.30iE-01 -b.100E-01 
0.0 0.0 

I~ II 1."930-'~ -5.UlE-CI -5.S52E-01 
0.0 0.0 

15 II 1.1230-0~ -".HIE-OI -~.ebn-Ol 
~.u 0.0 

I .. II 1.8'~0-0~ - 3 .19~E-0 I -~.IOlE-OI 
0.0 0.0 

11 II 1.8HC-CJ -3.2SIE-OI -3.11~E-OI 
0.0 -~.d.n 01 

-I.HIE 00 - .. 9.5 0.0 

b.~8~01 -1.Z5IE 00 -"11.9 0.0 

S.H~O-Ol -1.2b.E 00 - .. 2.2 0.0 

..... 010-01 -I. ablE 00 - ..... 5 0.0 

3.HOO-OI -8.lllE-01 -""0." 0.0 

2.3b90-01 -I. OlbE-OI -~1.1 0.0 

1.53bO-01 -5.~qIE-01 -.7.9 0.0 

8.1250-02 -~. 15bE-01 -~b.O 0.0 

, ...... ' 

t-' 
VI 
t-' 



18 II 1.820D-03 -2.JHE-01 -2.523E-01 3.570D-02 -2~800E-01 -52.2 0.0 
0.0 0.0 

1'1 II 1.7100-03 -I.JHH-CI -1.150E-01 -4.1~"0-03 -1.15H-OI 81.6 0.0 
0.0 0.0 " 

20 11 1.5670-03 -3.87~E-02 -9.93 .. E-02 -3.2530-02 -1.135E-01 66.5 0.0 
0.0 0.0 

21 11 1."11D-03 6.56lE-02 -2.579E-02 -5.062D-02 H.BI2E-02 -2".0 0.0 
0.0 0.0 

22 11 1.281D-03 1.770E-OI ".515E-02 -6.0291}-02 2.00 .. E-OI -21.2 0.0 
0.0 1.9 .. 3E 00 

ZI 11 1.Z071r0J 8.5~E-OZ 8.16Ze-OZ -6.385D-Ol I.H5E-OI ~ ... I 0.0 
0.0 0.0 

H 11 1.1 .. 9D-03 -2.110E-C~ 5.852E-02 -3.165D-02 1.231>E-02 -66." 0.0 
0.0 0.0 

o 10 2.9IlD-04 1.290E-08 -5.314E-OI 3.4SSlrOI -1.011E-OI -6 ... Q 0.0 
0.0 0.0 

10 1.246D-04 2.923E-02 -1.571E-01 6.88tD-01 -1.158E 00 -59.9 0.0 
0.0 0.0 

2 10 -2.966D-13 2.919E-03 -8.lllE-01 1.1"20-01 -1.221E 00 -59.9 2.9660 01 
0.0 -1.394E 02 

) 10 -8.191D-05 5.S01E-02 -8.488E-OI 1.S300-01 -1.215E 00 -60.5 0.0 
0.0 0.0 

4 1M -1.222D-04 4.~~E-02 -9.001E-DI 1.89OG-OI -1.348E 00 -60.5 0.0 
0.0 0.0 

S 10 -1.0361)-04 -2.S29E-02 -9.11IE-OI 8.218D-01 -1."46E DO -'0.0 0.0 
0.0 0.0 

6 10 -<o.961D-05 -1.U5E-01 -1.OSlE 00 8,"86D-01 -1.572E 00 -58.8 0.0 
0.0 0.0 

1 10 -".2S9B-I) -4."09E-01 -1.1"9E 00 8.65<tD-01 -1.130£ 00 -56.1 4.2590 01 
0.0 -1.856E 02 

/I 10 -2.931C-OS -1.825E-CI -1.1I0E 00 8.S18D-01 -1.61"" 00 -59.3 0.0 
0.0 0.0 

9 10 -6.331D-05 -5.804E-02 -1.0101 00 1.9100-01 -1.50lE 00 -61.1 0.0 
0.0 0.0 

10 10 -6.123D-05 - ... 010E-02 -1~03IE 00 6.899D-01 -1.385E 00 -62.8 0.0 
0.0 0.0 

II 10 -3.7SID-05 -1.229E-01 -9.951E-01 S.5920-01 -1.269E 00 -6".0 0.0 
0.0 0.0 

12 10 -3.939D-13 - 3.199E-OI -9.6 .. lE-01 4.002D-OI -1.156E 00 -/>4." 3.9J90 01 
0.0 -1.51IE 02 

lJ 10 -1.399D-OS -1.358E-01 -8.H1E-01 2.358D-OI -9.112E-ol -13.1 0.0 
. . .. _ . 0.0 O.!, __ . 

14 10 -3.018D-05 -~.HtE-C2 -1.204E-01 <;~ 1 .. 50::02' -i.-321E-iJi -82.3 0.0 
0.0 0.0 

IS 10 -3.123D-05 - 3.162E-02 -6.023E-OI -2.92 ID-02 -6.038E-01 87.0 0.0 
0.0 0.0 

16 10 -1.619C-05 -6.973E-02 -4.910E-01 -1.19"0-01 -5.22"E-01 H.2 0.0 
0.0 0.0 

11 10 -1.l1SD-13 -1.362.E-01 -3.895E-OI -1.18OD-01 ~.8UE-01 6Z.1 1.115001 
0.0 - 6.329E 01 

18 10 -6.649D-0" -t.991E-02 -2.124t-01 -2.129D-01 ~.070£-01 57.1 0.0 
0.0 0.0 

19' 10 -2.183D-0; -1.560E-02 -1.6JSE-OI -2.330D-01 -3.31>1>1:-01 5 ... 0 0.0 
0.0 0.0 

20 10 -3.422~05 3.890E-02 -1.395E-02 -2.4090-01 -2 .... 9E-01 51.' 0.0 
0.0 0.0 

2i 10 -3.191D-05 I.OUE-OI 1.003E-02 -2.]77D-01 2.983E-01 -39.5 0.0 
0.0 0.0 

22 10 3.109D-1" 1.8.l9E-01 8.S6IE-02 -2.2340-01 3.629E-OI -38.9 -3.7090 00 
0.0 2.485E 01 

23 10 8.188D-OS e.426E-02 1.210E-01 -2.094D-01 3.129E-01 -41.5 0.0 
0.0 0.0 

24 10 1.832D-0" -2.960E-0~ 1.7I6E-02 -1.028D-OI 1'''8 .. E-01 -55.3 0.0 
0.0 0.0 

o 9 1.218D-03 9.943E-09 -5.2"OE-01 3.5890-01 -7.0ME-01 -63.1 0.0 
0.0 0.0 

9 6.236D-03 -".083E-02 -6.8"0E-01 7.2810-01 -1.158E 00 -56.9 0.0 
0.0 0.0 

l 9 ~.212D-03 -~.383E-C2 -t.6~~f-01 7.~UD-01 -1.186E 00 -55.5 0.0 
3.028E-02 -1.125E 02 

3 9 ".190D-OJ -1.OOlE-OI -6,"7SE-01 1 • .8390-01 -1.20 .. E 00 -5".6 0.0 
-3.289E-02 0.0 

.. 9 3.1670-03 -1.07H-01 -6.190E-01 B.2lbO-DI -1.ZZbE 00 -53.6 0.0 
-1.J41<-CI 0.0 

<.140C-OJ -1.l4;;E-01 -~.e5eE-01 d.6"~0-01 -1.2~&t 00 -52.0 0.0 
-2.J96E-01 O.t) 

6 Y 1.10"0-03 -1.I3SE-OI -5.557E-01 9.1010-01 -1.271E 00 -51.H 0.0 
-".74IE-OI 0.0 

9 6.0"9D-05 -S.I"7HE-0" -5.49"E-01 9.5"dO-01 -1.]02E 00 -51.7 0.0 
-8. 526E-02 -9.185E 01 

8 ~ -~.8630-04 I.H2IE-01 -5.792E-01 9.Z3 .. 0-01 -1.197E 
2 ... 48E O~ 0.0 

9 9 -1.954D-03 4.30IE-01 -5.Be5E-01 
4.118E DC 0.0 

10 9 -2.169D-OJ 5.800E-01 -".839E-01 
5.94[E CC 0 

II 6.34 

• • , 8EAII X MOM 

o 0.0 
I " 0.0 
2 5 -6.5"3E-OI 
3 ~ -".2"5E-01 
4 S 9.9UE-02 
5 5 ... Ol]E-OI 
6 5 9.90SE-OI 
1 5 l.llOE 00 
8 5 1.05lE 01' 
9 5 2.03OE 01 

10 5 2.]2IE 01 
II 5 1.611E 01 
12 5 ~.O"IE 00 
13 ~ I.H25E 01 
14 5 2.260E 01 
IS S 1,"42E 01 
16 S 6.831E 00 
11 5 -6.216E-OI 
I. 5 -4.260E-01 
1'1 5 - ... 138E-01 
20 5 - ... 917E-01 
21 5 -5.9'3E-01 
22 5 - ... 868E-OI 
23 5 0.0 
2.. 5 0.0 

• • 

• • • • • • 

• • 

• • • • 

• • 

• 

• 

• 

• 
• 

• 
• 

••••• liME SINCE 8EGIN~ING OF EXECUTION IS 

liME SINCE LAST CALL OF PRTINE IS 

O. 5 I AND I 24 • 

• 

• 

"91.96 SECONDS. 

140.69 SECONO S ••••• 

PRCGIIAN nAB .. 9 -lEX ".v ~EPI OECK- HAILOCK,PANAK 

I-tEAM HRLLTURE SPA~S 5(}- .. (}-~O, H FT ROIlY, HS20 LOG 
AIlAL'SI~ OF IHO THREE-SPAN CONUNUOUS RUN 29 FEB 1912 

••••• TiMe SlNCt di~j~hlNG uf EAlCUTIOh IS 492.61 Si:CONOS • 

liME SINCE LASI CALL OF PRTINE IS 0.65 SE:ONOS ••••• 

S I 

REY DATE 29 FEB 72 

JJP FT-KJP UNITS 

KEI:P RUN liME RECLk"~ fOR fLIUR. tSllHAIES Of PARENT AND OFfSPRING RUN TINES 

, -. 
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