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PREFACE 

This report presents a method of frame analysis which is useful in solving 

a variety of structural problems. The method is a new approach to frame prob

lems, although much of it is based on previously developed finite-element con

cepts. 

This is the third in a series of reports that describe the work in Research 

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

of Beam-Columns and Grid-Beam and Slab Systems." The reader will find it nec

essary to review Report No. 56-1 (See List of Reports) which provides background 

for this report. 

Although the computer program presented here is written for the CDC 1604 

computer, it is in FORTRAN language and only minor changes are required to make 

it compatible with IBM 7090 systems. Duplicate copies of the program deck and 

test data cards for the example problems in this report may be obtained from 

the Center for Highway Research, The University of Texas. 

This report is a product of the combined efforts of many people. The 

assistance of the Texas Highway Department contact representative, L. G. Walker, 

is greatly appreciated. The support of the U. S. Bureau of Public Roads is 

gratefully acknowledged. 

The excellent facilities of the Computation Center of The University of 

Texas and the cooperation of its staff have contributed significantly to this 

report. Thanks are due to Evangeline Emory, Sam Jones, and all others who 

assisted with the manuscript. 
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ABSTRACT 

An efficient numerical method of solution to structural frame problems 

is presented. The method is shown to be applicable to no-sway, plane-frame 

structures that may derive part or all of their support from soils. 

A finite-element model composed of bars and springs is used to represent 

groups of orthogonal frame members. Finite-difference equations written for 

this model are solved by a previously developed recursive method. Individual 

beams are solved alternately in the two orthogonal directions and at each 

joint a relaxation technique is used to adjust the two solutions and achieve 

rotational compatibility. 

A complete listing of the FORTRAN computer program is included, plus 

two example problems illustrating the applicability of the method. 

vii 



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

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



TABLE OF CONTENTS 

PREFACE 

LIST OF REPORTS 

ABSTRACT •. 

NOMENCLATURE 

CHAPTER 1. INTRODUCTION . . . . 

CHAPTER 2. PREVIOUSLY DEVELOPED EQUATIONS FOR BEAMS 
AND GRID-BEAM SYSTEMS 

Beam Equations . . . . • . • 
Resulting Finite-Element Beam Model 
Development of Grid-Beam Equations 

CHAPTER 3. DEVELOPMENT OF EQUATIONS FOR A FINITE-ELEMENT 
MODEL OF A STRUCTURAL FRAME 

Conventional Frame Systems 
Finite-Element Model of a Frame 
Iteration Concepts • . . • • . 
Equations Derived for a Finite-Element Frame Model 
Compatibility and Equilibrium of the Finite-Element Frame Joint 

CHAPTER 4. SOLUTION OF INDIVIDUAL BEAM EQUATIONS AND METHODS 
OF ESTABLISHING SPECIFIED CONDITIONS 

Solution of Individual Beam Equations 
Specified Deflections 
Specified Slopes • . . . . . • . • . 

CHAPTER 5. CLOSURE-SPRING VALUES, INCREMENT LENGTHS, AND CLOSURE 
TOLERANCES FOR FINITE-ELEMENT FRAME MODELS 

Selection of Closure-Spring Values 
Increment Lengths . 
Closure Tolerances . . • . . . . • 

ix 

iii 

v 

vii 

xi 

1 

3 
6 
8 

13 
13 
18 
20 
23 

25 
26 
26 

29 
30 
30 



x 

CHAPTER 6. PROGRAM FRAME 4 

The FORTRAN Program 
Program Results . • • 

CHAPTE R 7. EXAMPLE PROBLEMS 

Three-Barrel Box Culvert . . . • . . . . . • . . • • . • . . 
Multi-Story Framed Structure Supported by Elastic Foundation 

CHAPTER 8. SUMMARY AND CONCLUSIONS 

33 
33 

35 
37 

Significance of the Method 43 
Further Refinements and Developments 43 

REFERENCES • • • • • . . . • . . . . • . • . . . . . . • . • • . . . . .. 45 

APPENDIX 

Appendix 1. 
Appendix 2. 
Appendix 3. 
Appendix 4. 
Appendix 5. 
Appendix 6. 

General Flow Diagram for Program FRAME 4 
Glossary of Notation for FRAME 4 . 
Listing of Program Deck of FRAME 4 . . 
Guide for Data Input for FRAME 4 . . . 
Listing of Input Data for Example Problems 
Computed Results for Example Problems 

49 
57 
61 
71 
85 
89 



Symbol Typical Units 

a 

A. 
l. 

b 

B. 
l. 

C 

C. 
l. 

d 

D. 
l. 

e 

E Ib/in 
2 

E. 
l. 

f 

{f} 

F lb-in 
2 

h in. 

i 

I in 
4 

k lb/in 

m 

M in-lb 

NOMENCIATURE 

Definition 

Coefficient in stiffness matrix 

Continuity Coefficient computed in recursive 
solution of equations 

Coefficient in stiffness matrix 

Continuity Coefficient computed in recursive 
solution of equations 

Coefficient in stiffness matrix 

Continuity Coefficient computed in recursive 
solution of equations 

Coefficient in stiffness matrix 

Multiplier used in computing Continuity 
Coefficients 

. Coefficient in stiffness matrix 

Modulus of elasticity 

Multiplier used in computing Continuity 
Coefficients 

Coefficient in load matrix 

Column load matrix 

Flexural stiffness EI 

Increment length 

Station number 

Moment of inertia of the cross section 

Differential spring 

Total number of increments in beam-column 

Bending moment 

xi 
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Symbol 

q 

Q 

r 

s 

S 

[ s] 
t 

T 

v 

w 

x 

e 

Typical Units 

lb/in 

lb 

lb 

lb 

in-lb/rad/in 

in-lb/rad 

in-lb/rad 

lb/in2 

lb/in 

in-lb/in 

in-lb 

in-lb 

in-lb 

in-lb 

lb 

in. 

in. 

radians 

Definition 

Applied transverse load per unit length 

Concentrated applied transverse load 

Load resisted by beam in x-direction 

Load resisted by beam in y-direction 

Rotational restraint per unit length 

Concentrated rotational restraint 

Differential retational spring 

Transverse spring restraint per unit length 

Concentrated transverse spring restraint 

Square stiffness matrix 

Applied torque per unit length 

Concentrated applied torque 

Torque absorbed by beam intersecting one being 
solved 

Torque resisted by the x-beam 

Torque resisted by the y-beam 

Shear 

Transverse deflection 

Column deflection matrix 

Distance along axis of beam-column 

Slope 



CHAPTER 1. INTRODUCTION 

Analysis of structural frame problems by conventional methods usually 

involves a large amount of arithmetic work. In most cases, a frame that has 

complex loading, flexural stiffness, or boundary conditions must be reduced to 

a simpler problem by making simplifying assumptions. The analysis of struc

tural frames may also be complicated by the variable loads that soils impose 

on them. Outstanding examples of soil-structure interaction problems are off

shore structures, highway bridge bents, culverts, and some of the structural 

members in buildings. Analysis of such systems, in order to be rational, must 

achieve compatibility in the force-deformation behavior of all parts of the 

system (Ref 9). 

A finite-element technique (Refs 10, 12) has been applied to a wide 

variety of beam and beam-on-foundation problems (Ref 7) that have variable 

loading, flexural stiffness, and boundary conditions. Extension of this 

finite-element approach has broadened its applicability to include non

linear beams on nonlinear foundations (Refs 3, 11). However, interaction 

problems involving more complex structural systems, such as frames, have not 

been analyzed. 

A general method of frame analysis must allow complete flexibility in 

loading, flexural stiffness, and boundary conditions. It is therefore the 

purpose of this presentation to extend finite-element concepts to the solu

tion of plane-frame structures that may derive part or all of their support 

from soils. 

This method of analysis is accomplished by application of the following 

concepts: 

(1) An orthogonal plane-frame system is represented by a 
finite-element model composed of bars and springs. 
This is analogous to a technique used to solve grid
beam systems (orthogonal sets of beams). 

(2) Equations developed for the finite-element frame model 
are based on finite-difference concepts which allow 
random variation of input data at each increment point. 

(3) Frame members are solved alternately in the two orthog
onal directions as individual beams. A relaxation 
technique is used at each joint to coordinate the two 
solutions. 

1 



2 

(4) A rapid and direct method is used to solve the in
dividual beam equations. 

Since much of this method is based on previous solutions of beams and 

grid-beam systems, the basic finite-element equations for these two systems are 

briefly discussed in Chapter 2. Chapter 3 shows the development of equations 

for a finite-element model of a plane frame. Solution of individual beam 

equations and specified boundary conditions are explained in Chapter 4. 

Chapter 5 contains information pertinent to the best choice of closure springs, 

closure tolerances, and increment lengths. The capabilities and limitations of 

the computer program are explained in Chapter 6. Finally, the versatility and 

generality of the method are illustrated by the solution of two example prob

lems in Chapter 7. 



CHAPTER 2. PREVIOUSLY DEVELOPED EQUATIONS 
FOR BEAMS AND GRID-BEAM SYSTEMS 

A considerable amount of work has been done at The University of Texas on 

numerical methods of analyzing beam-element and grid-beam systems. The exten

sion and application of these methods have progressed rapidly. Certainly, it 

is not within the scope of this presentation to describe these developments in 

any detail, but, since the method of frame analysis presented herein is based 

on fundamental concepts of beam and grid-beam analyses, it seems appropriate 

to briefly describe these systems and their corresponding finite-element models. 

Beam Equations 

The curvature of a deformed element of a beam, from conventional beam 

mechanics, is approximately 

(2.1) 

where d
2
w/dx

2 
, the second derivative of beam deflection w with respect to 

distance x along the beam, is related to the bending moment M by the beam's 

flexural stiffness EI or F . Flexural stiffness will hereafter be represented 

by the symbol F 

Load q in conventional beam mechanics is equal to the second derivative 

of bending moment M with respect to distance along the beam: 

q (2.2) 

The two d-ifferential equations stated above I were derived with the following 

assumptions: 

(1) Shearing and axial deformations are neglected. 

(2) Beams are straight and of synnnetrical cross-section. 

(3) Lateral deflections are small compared to original dimensions. 

(4) Beam material is linearly elastic. 
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(5) Plane sections remain plane after bending. 

(6) Torsion effects are neglected. 

With the foregoing equations and assumptions in mind, consider the de

formed beam elements shown in Figs la and lb. 

Figure la shows a deformed element of a beam for which Eq 2.1, the rela

tion between approximate beam curvature and bending moment, is applicable and 

is shown as Eq 1. 

Figure lb shows a beam element which, in this case, is much more general

ized in loading and restraint than the element in Fig la. The various terms 

shown on the figure are all acting in a positive sense. The transverse loads 

which act normal to the axis of the beam segment are composed of the loads q 

and spring reactions s Couples t and elastic rotational springs r act 

in an angular sense. In addition, it is possible to have an axial load acting 

on the element (Ref 12), but this term will be omitted in this presentation. 

Sununing moments about the right end of the beam element shown in Fig lb which 

has been deflected an amount wand rotated through an angle dw/dx, one 

obtains 

dM = dx2 dx2 
Vdx + q --- - sw --- + tdx + rdw 

2 2 

Neglecting the higher order terms and dividing through by dx produces 

dM 
dx 

v + t + dw 
r dx 

Summing forces in the vertical direction yields 

- dV + qdx - swdx = 
or 

dV 
dx 

Substituting for 

d2M 

dx2 

Let q - sw 

q - sw 

dV 
dx 

q - sw + ~ [t dx 

qni and u = 

a 

+ r dwl 
dx~ 

t + dw r --
dx 

(2.3) 

(2.4) 

(2.5) 

(2.6) 

(2.7) 
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(0) A (b) 

/ \ 
/ \ 
/ \ 
/ \ 
/ \ 

lM+dM 

t. dV 1 d. 

I-d9 as ~ dX~ M 

-----1 
/ dx \ 

~t-----~ dx~ 
d2 W 

I ... (1) 
F -'-2 = M 

dx 

\ 
F

j
_
1 ( wi-Z- 2wi_l+ Wi 

h 2 ) = MI_1 

-- x -_ ... +-I~_-- dx ---....-I 

( c) 

where qnj : q - sw 

u:t+r~ 
dx 

\ 
MI_ 1 - 2M I + MI+l 

h 2 

W 

FI ( wj_1 - 2wj + Wi+1 ) Mi 

'--______________ ... (4) 

FI+I ( 
wI -

h2 

2w l +1+ wi+!: ) 
h2 = Mi +1 

... (3) 

\ I 
'--___________________ -1 ... (5) 

where 2 : FI _1 - O.25h r
l

_ 1 
: ....: 2 ( ~ -1 + Fj ) 

f'i-t + 4Fi + Fj+l + h4 s1 + O.25h2 (ri _t + rj +l ) 

: -2(Fj T ~+t) 
2 

Fj+ t -O.25h ri+l 

h
4 qj - O.5 h3 0 i _ l - 'i+1) 

Fig 1. Development of fourth-order difference equation from 
the two second-order differential equations for a beam 
(after Matlock and Ingram, Ref 12, p 376). 



6 

Therefore 

d
2
M + du = qni 

dx2 dx (2.8) 

shown as Eq 2 in Fig lb. This equation is very similar to Eq 2.2 of conven

tional beam mechanics except that the total transverse load q includes both 

forces and spring reactions and an additional term du/dx is included to 

express the rotational effects t and r 

By dividing the beam into m number of increments of equal length h 

Eqs 1 and 2 of Fig 1 may be expressed in finite-difference form as Eqs 3 and 4 

(Refs 5, 8, 12). The fourth-order difference expression given as Eq 5 results 

from the combination of Eqs 3 and 4. The coefficients a. through e. on 
~ ~ 

the left side of Eq 5 comprise one row of a five-member diagonal stiffness 

matrix centered about some Station i on the beam. On the right side, fi is 

one term of a column-load matrix also centered about Station i. This 

fourth-order difference equation may then be written repetitively at each station 

(increment point) along the beam, resulting in a set of m + 3 simultaneous 

equations where the deflections w. 
~ 

at each station are the unknowns. 

The combination of equations in Fig 1 which resulted in Eq 5, as explained 

above, has been shown (Ref 12) to permit input data for beam stiffness, 

applied loads, and elastic restraints to vary in a freely discontinuous manner 

from station to station. Input quantities, which are used in all subsequent 

expressions, are designated by capital letters. As such they are "lumped" 

quantities which may represent either concentrated effects or approximations 

of distributed effects per increment length h . 

Resulting Finite-Element Beam Model 

If all input quantities are concentrated at the increment points, there 

results a mechanical model, Fig 2, which is an aid in visualizing the rela

tion between the finite-difference equation and the physical system. Figure 

2 is an exact representation of some Station i whose behavior is described 

by Eq 5. The bending stiffness F. 
~ 

is represented as a spring-restrained 

hinge concentrated at an increment point between two rigid bars. All re-

actions from elastic restraints and loads are represented as transverse loads 

applied at the increment points. The couple T. centered about Station i is 
~ 

ultimately expressed as two equal and opposite forces T./2h Similarly, 
~ 



STA: 

i~h+h~+1 

.1..J 2h J
IL 
2h 

Tj = ti h 

RI = rj h 

Fig 2. Finite-element beam model corresponding exactly 
to fourth-order difference equation (after 
Matlock and Ingram, Ref 12, p 377). 

7 
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the rotational spring R. , which will assume a large degree of importance 
~ 

in the frame analysis method, causes two equal but opposite forces. 

The finite-element mechanical model as presented in the preceding para

graph represents a powerful concept in the analysis of structural systems. 

This finite-element-model approach was used by Tucker (Ref 13) to obtain 

solutions to a wide variety of grid-beam problems. 

Just as some of the methods used in the solution of grid-beam systems 

were based on beam methods, the frame analysis method presented in this 

study is similarly based on both beam and grid-beam techniques. Therefore, 

a brief discussion of grid-beam solutions will follow. 

Development of Grid-Beam Equations 

A grid-beam system is composed of two orthogonal sets of beams. The 

following differential equation represents the behavior of an idealized grid

beam system: 

= S 
F 

(2.9) 

where w represents deflection transverse to the plane of the system, q, a 

uniform load over the system, and F, constant flexural stiffness. 

If the two orthogonal sets of beams are connected at their intersections 

by ball and socket connections, then they transfer transverse loads but other

wise act independently. Thus, at any intersection the total applied transverse 

load Q must be reacted by the load in the beams, or 

Q + (2.10) 

where Q 
x 

is the load resisted by the beam in the x-direction and is the 

load resisted by the beam in the y-direction. The above equation indicates 

that the solution of Eq 2.9 could be obtained by solving the beams individually, 

i.e., 

Q (2.lla) 
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Q (2.11b) 

One method of solution which has been applied to Eqs 2.11a and 2.11b is an 

iterative process termed an alternating-direction method. The method consists 

of alternately solving the x and y-beams of the grid-beam system. Equation 

2.11a is alternately applied to the x-beams and, solving for their deflected 

shapes, the loads Qx 
resisted by the x-beams are determined by numerical 

differentiation. Substituting Qx 
into Eq 2.11b, it is then applied to the 

y-beams and their deflected shapes are determined. For each cycle of the 

iterative process the right side of the equation being solved is temporarily 

held constant while the terms on the left side are treated as unknowns. How-

ever, to achieve convergence of the iterative process described above, it has 

been shown (Ref 13) that the solution of the individual beams must be coordi-

nated by a method other than just the simple transfer of loads Q and 
x ~. 

The method of coordinating the individual beam solutions is accomplished 

by employing a differential spring at each intersection. This differential 

spring concept is based on a rigorous interpretation of the finite-element 

grid-beam model illustrated in Fig 3. 

Tbe basic feature of this method (Ref 13) is that the loads and differen

tial springs act alternately on the x and y-beams. A typical x-beam segment at 

an intersection is shown in Fig 4. It has been shown (Ref 13) that the follow

ing equations can be derived from consideration of the beam segment in Fig 4: 

+ K (w 
x 

+ K (w 
Y 

w ) .y 

w ) 
x 

= 

= 

Q (2.12a) 

Q (2.12b) 

Note that these expressions are the same as Eqs 2.11a and 2.11b except for add

ing the differential spring K , which drops out of the equation when the 

solution is obtained, i.e., when w = w 
x y 

Due to the success of this alternating-direction and relaxation technique 

on grid-beam systems, it appeared that this method could be applied to other 

types of structural systems. This study represents an extension of finite

element-model and alternating-direction methods to the solution of two-dimen

sional structural frames. These concepts applied to frames will be described 

in the next chapter. 
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y 

L..-_____ X 

x- BEAMS--.J 

Y - BEAMS -----, 

DIFFERENTIAL 

SPRINGS 

Fig 3. Grid-beam system represented as two orthogonal 
systems joined by springs (after Tucker, Ref 13, p 17). 



Fig 4. Free-body of a general segment of an x-beam 
(adapted after Tucker, p 63). 

11 
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CHAPTER 3. DEVELOPMENT OF EQUATIONS FOR A FINITE
ELEMENT MODEL OF A STRUCTURAL FRAME 

The development of iterative methods for solving a finite-element frame 

model will be prefaced by a review of conventional rigid joint frames. Joints 

in both systems must satisfy the same compatibility and equilibrium conditions. 

However, much greater generality is achieved by the use of finite-element 

frame models which are discussed later in this chapter. 

Conventional Frame Systems 

A typical rigid-frame joint is shown in Fig 5. Because of the rigid 

connection, the joint must satisfy the following equilibrium and compati

bility conditions: 

(1) All members meeting at the joint must rotate through the same angle, 

Q = Q 
- x Y 

(3.1) 

(2) and, 

~a + ~d + ~c + ~e + M = a (3.2) 

Conventional methods of analysis such as slope-deflection, moment distribution, 

unit-load, and others (Refs 1, 4, 6) use these conditions of compatibility and 

equilibrium to formulate equations to solve for moments and loads in the frame 

members. These methods of analysis can become quite complicated and time con

suming, especially when discontinuous patterns of loading, support, and flexural 

stiffness are encountered. Flexibility or stiffness matrix methods (Ref 4) 

are inefficient because of the time required to manipulate matrices for even 

small problems, but application of finite-element concepts permits rapid 

solution of very complex systems. 

Finite-Element Model of a Frame 

In order to apply finite-element concepts, the conventional frame 

system is represented by a finite-element model. The resulting equations 

derived in finite-difference form exactly describe the model's behavior and 

13 
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d 

a c 
.,..,....---

-- ........ ..-.-

e 
( a ) 

( b ) 

Fig 5. Typical rigid-frame joint. 



allow discontinuity of any of the input functions. In other words, all 

of the approximations lie in the substitution of the finite-element model 

for the original system since the derived difference expressions are exact 

for the model. 

The finite-element model for a frame is composed of a system of bars 

and springs such as that shown in Fig 6. The bars are infinitely rigid and 

the springs located between bars represent the bending stiffness F of the 

frame member. Note that frame members are essentially finite-element models 

corresponding to the beam-element model shown in Fig 2. 

15 

At intersections, the beams are connected by a ball and socket connection 

but with a closure spring included- to enforce rotational compatibility and 

equilibrium. This closure spring is in the form of a differential rotational 

spring and will be discussed in greater detail in subsequent developments. 

A typical intersection i,j is shown in Fig 7. The forces and restraints 

that effect its behavior are shown in the figure and include a differential 
F 

rotational spring R .. , a transverse load Q. 1 . , a transverse spring 
~,J ~- ,J 

Si+1,j t and a torque Ti,j • 

Conditions and assumptions relevant to the finite-element systems 

shown in Figs 6 and 7, excluding those already listed in Chapter 2, page 

3, are listed below. 

(1) Axial loads on frame members are not considered. 

(2) Frame joints do not translate. 

(3) The bars are weightless and infinitely stiff. 

(4) For nonprismatic members, the neutral axis is at the same level 
for all elements. 

(5) The increment length h must be the same in both x and y-direc
tions. This requirement could be eliminated by a more general 
derivation. 

(6) The flexural stiffness of the beams in the x and y-directions 
may be different and may vary from point to pOint along any 
frame member. 

(7) Only effects of bending deformations are considered. 

(8) All bending deformations occur at the spring hinges between 
the infinitely stiff bars. 

(9) Frame members are orthogonal. 

(10) Rotational springs act to resist a change in slope which is 
approximated by the central-difference form for the first 
derivative of deflection 

-w. 1 . + w'+l . e .. = ~- ,J ~ ,J 
~,J 

2h 
(3.3) 
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y, 

X I i 

Fig 6. Frame represented as two orthogonal 
systems composed of bars and springs. 



Y-STA 

H·I 

j-I 

x- STA 

~I 
2h 

i -1 

( DI FFERENTIAL 
ROTATIONAL SPRING) 

I 
NO JOINT TRANSLATION 

i+ 1 

Fig 7. General system of loading at stations pertinent to the 
behavior of a typical finite-element joint i,j . 
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Iteration Concepts 

In the discussion that follows, iterative methods are introduced in a 

non-mathematical fashion making them rather easy to visualize. 

These iterative methods are based on alternating-direction concepts in 

which each beam in the two orthogonal sets of beams is solved one time during 

each iteration. In subsequent developments, this method will be shown to be 

analogous to the iterative method used to solve grid-beam systems. 

Consider a rigid-frame joint to which an external torque T has been 

applied as shown in Fig 8. The total torque T applied in the plane of 

the frame must be resisted by the torque in the beams, or, 

T=~+~ 

where TX 
is the torque resisted by the x-beam and TY is the torque 

resisted by the y-beam. From Eq 3.4, the torque applied to the x-beams 

and y-beams could also be expressed as 

(3.4) 

(3.Sa) 

(3.Sb) 

In this form Eqs 3.Sa and 3.Sb suggest an alternating-direction iterative 

method of solution where each x and y-beam is solved independently. However, 

to coordinate the two alternate solutions there must be a method of trans

ferring torque between the orthogonal sets of beams. 

The method of coordinating the two alternate solutions is achieved by a 

differential rotational spring such as that shown in Fig 7. Physically, this 

spring may be thought of as transferring rotational effects between the two 

beams. It can be seen that as the x-beam undergoes some rotation the y-beam 

would be physically pulled in the same direction by the rotational spring 
F R. . • While it is necessary to have this spring to coordinate the 
L,J 

alternate solutions, it is also necessary that it drop out of the solution 

when compatibility and equilibrium conditions have been satisfied. With 

these conditions in mind, the differential rotational spring may be included 

in the iterative Eqs 3.Sa and 3.Sb as follows: 

(3.6a) 
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-------

Fig 8. External torque applied to rigid-frame joint. 
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(3.6 b) 

where eX and eY are the slopes of the X and y-beams, respectively. Once 

the solution has been achieved, i.e., when eX = eY , the differential 

rotational spring drops out and Eqs 3.6a and 3.6b reduce to Eq 3.4. 

Although the terms in Eqs 3.6a and 3.6b express only rotational effects, 

it should be kept in mind that in finite-element concepts these effects 

are ultimately expressed as transverse loads. The finite-difference expres

sions for Eqs 3.6a and 3.6b will be derived in the following paragraphs. 

Equations Derived for a Finite-Element Frame Model 

Consider the forces and restraints on an x-beam at an intersection i,j , 

as shown in Fig 9a. 

while T~ ./2h and 
~,J 

Forces 
F 

T . ./2h 
~,J 

result from an externally applied torque, 

y 
of T. . represents 

~,J 

R .. 
~,J 

temporarily represent the y-beam. 

the amount of externally applied torque 

The magnitude 

absorbed by 

the y-beam and is 

was solved. T~ . 
~d 

deflection at one 

known from the previous cycle in which the y-beam system 

is determined by taking the fourth derivative of y-beam 

station either side of the joint and subtracting all load 

effects, except T. ./2h , at that station. Then the resulting load term is 
~,J 

multiplied by the distance (2h) between the two stations. Similarly, 

T~. in Fig 9b is determined by the same numerical differentiation process. 
~,J 

Finite-difference equations for the x-beam model in Fig 9a are derived 

by including the additional load and restraint terms in the beam-element 

equation (Eq 5, Fig 1). The resulting finite-difference equation is of the 

form 

where 

x x x x 
a. . w. 2 . + b. . w. 1 . + c. . w. . + d. . w'+ l . + 
~,J ~- ,J ~,J ~- ,J ~,J ~,J ~,J ~ ,J 

a .. 
~,J 

b .. 
~,J 

x 
e .. w'+2 . 
~,J ~ ,J 

f .. 
]., J 

x F 
F. 1 . - 0.2 5h (R. 1 .) 
~- ,J ~- ,J 

x x 
-2 (F. 1 . + F. .) 

~- ,J ~,J 

(3.7) 
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Fig 9. Individual orthogonal beams at a typical finite

element model frame joint ~,J • Note that the 
y-beam has been placed in a horizontal position. 
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x F~ x F F 
c. = F. 1 . + 4 + F'+l . + O.25h (R. 1 . +R'+l .) 1.,j 1. - , J 1.,j 1. ,J 1.- , J 1. ,J 

x x 
d. = -2 (F .. + F '+1 .) 1.,j 1.,J :L ,J 

x 
O.25h F 

e. = F '+1 . (R'+l .) 1.,j 1. ,J 1. ,J 

f. 
x h

3 
O.5h

2 
(T. 1 . T'+l . - TY + TY Q .. -1.,j . 1 . '+1 . 1.,J 1. - , J 1. ,J 1. - , J :L ,J 

+ RF g~ F g~ .) '+1 . 1.,j - R. 1 . 
:L ,J 1. - , J 1.,J 

Referring to the y-beam segment in Fig 9b, the resulting finite-difference 

equation is of the form 

where 

a. . ~ . 2 + b. . ~ . 1 + c. . w~ . + d wY 
1.,J 1.,J- 1.,J 1.,J- 1.,J 1.,J i,j i,j+l 

a .. 
1.,J 

b .. 
1.,J 

c .. 
1.,J 

d, . 
1.,J 

e, , 
1.,J 

+ e .. ~ '+2 1.,J 1.,J 
f .. 
1.,J 

Y 
F .. 1 1.,J-

F 
O.25h (R .. 1) 1.,J-

= -2 (F~ . 1 + F~ .) 1.,J- 1.,J 

= y y y ( F F) F .. 1 + 4 F .. + F, '+1 + O.25h R. , 1 + R. '+1 1.,J- 1.,J 1.,J 1.,J- 1.,J 

= -2 (F~ , + F~ '+1) 1.,J 1.,J 

= FY 
, '+1 1.,J 

F 
O.25h (R, '+1) 1.,J 

= y h3 _ 0 2 ( 
f" Q" .5h T" 1 1.,J 1.,J 1.,J- T, '+1 1.,J 

x x 
T, , 1 + T, '+1 1.,J- 1.,J 

F x F x 
+ R. '+1 g. . .. R, , 1 g, ,) 1.,J 1.,J 1.,J- 1.,J 

(3.8) 

Using Eqs 3.6a and 3.6b, the procedure for solving the entire system of 

orthogonal frame members is summarized below. 

(1) Select initial values of the closure spring RF which are cycled 
after each complete x and y-beam solution. Chapter 5 is devoted 
to suggestions for selecting these spring values. 



(2 ) Assume initial deflection values for the y-beams equal to zero. 
Thus, the initial value of the absorbed torque TY is equal to 
zero. 

(3) Solve the x-beams individually using Eq 3.7, the finite-difference 
form of Eq 3.6a. The results of this solution will yield values 
of deflection at each increment point from which values of T

X
/2h 

may be determined by numerical differentiation. 

(4) Solve the y-beams similarly using the finite-difference Eq 3.8. 

(5) Repeat Steps 3 and 4 using the next spring value. 

(6) Repeat Steps 3, 4, and 5 until values of e~,j and ei,j are in 
agreement with each other within prescribed tolerances. 

(7) Final deflected shapes are numerically differentiated as follows: 

(3.9) 
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= M. 
1. 

- 2w. 
1. (3.10) 

2 2 
where (dw/dx)i' Fi(d w/dx )i ,and (dM/dx)i are 
respectively slope, moment, and dM/dx from which 
conventional shear can be obtained by applying Eq 2.4. 

Compatibility and Equilibrium of the Finite-Element Frame Joint 

(3.11) 

The method that has been presented in this chapter represents a new 

approach to rigid joint frame problems. However, the finite-element model 

joints, like the conventional rigid joints, must satisfy the conditions 

expressed in Eqs 3.1 and 3.2. 

In finite-difference concepts the slope at any station (Eq 3.3) 

involves the deflection one station behind and one station ahead. Referring 

to the finite-element model joint in Fig 7 the x and y-beam slopes must be 

equal for rota,tional compatibility: 

x + x 
-w. l' w"+l" 1.-,J 1. ,J 

2h 

y y 
-w 1 + w. "+1 i,j- 1.,J 

2h (3.12 ) 

Thus, by the method pre-sented herein, rotational compatibility is satisfied 
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for a joint that is two increments wide in each orthogonal direction. Moment 

equilibrium of a finite-element frame joint is also based on a joint two 

increments wide. Referring to Fig 7 joint equilibrium may be verified by 

summing the moments about i,j of all forces and couples that act within 

one increment from Station i,j in both orthogonal directions. 

Due to these finite-difference approximations, increment length is a 

significant factor in this method. Suggestions are made in Chapter 5 for 

selecting the increment length. 

The equations that have been presented in this chapter can be rapidly 

solved by a recursive technique. The solution of these finite-difference 

equations is explained in the following chapter. 



CHAPTER 4. SOLUTION OF INDIVIDUAL BEAM EQUATIONS AND 
METHODS OF ESTABLISHING SPECIFIED CONDITIONS 

A rapid method of solving fourth-order difference equations has been 

developed previously (Ref 10). This recursive method is used to solve the 

individual beam equations derived in the preceding chapter; therefore, a 

brief discussion of the method will follow. Also included in this chapter 

is an explanation of the technique for establishing specified conditions 

of deflection, slope, or both along any frame member. 

Solution of Individual Beam Equations 

Independent equations in the form of Eq 3.6 may be written at each 

y-beam intersection on the x-beams. For simplicity, only a solution of 

x-beam equations will be referred to, but this discussion also applies to 

y-beams. At stations along the x-beam that are between intersections, 

Eq 3.6 reduces exactly to Eq 5 of Fig 1. The resulting system of equations 

written repeatedly along a beam can be arranged into matrix form such that 

the matrix expression is 

[S] {w} 

where ~J is a square matrix containing 

{

b
fi

} , c i ' etc.; {w} is a column matrix 

, a column load matrix. Matrix ~J 
referred to as a quidiagonal system. 

(4.1) 

the stiffness coefficients ai' 

of unknown deflection values; and 

is a five-diagonal banded matrix 

The recursive method is used to solve the qUidiagonal system by pro-

ceeding from left to right (increasing i) along the beam and eliminating 

unknown deflections (w. 2 and w. 1)' This results in another diagonally 
~- ~-

banded system of equations of the form 

where 

w. 
~ 

A. 
~ 

A. = D. (E. A. 1 + a. A. 2 - f.) 
~ ~ ~ ~- ~ ~- ~ 
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(4.2) 

(4.3) 
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and 

B. = D. (E. C. 1 + d.) 
1. 1. 1. 1.- 1. 

(4.4) 

C. = D (e. ) (4.5) 
1. i 1. 

D. -1/ (E. B. 1 + a. C· 2 +c.) 
1. 1. 1.- 1. 1.- 1. 

(4.6) 

E. = a. B. 2 + b. 
1. 1. 1.- 1. 

(4.7) 

Unknown deflections w. 
1. 

at each station are then computed from right to 

left (decreasing i) along the beam by applying the following version of 

Eq 4.2: 

w. 
1. 

= (4.8) 

The forward pass (Eq 4.2) and the reverse pass (Eq 4.8) must have some 

known values to get started in the process. This is done by starting the 

recursive process and turning it around on a fictitious station (one station 

beyond each end of the real beam) for which the flexural stiffness is zero. 

This entire process of generating the required system of m + 3 simultaneous 

equations for a finite-element model of a frame member is illustrated in Figs 

lOa through lOco 

Specified Deflections 

The continuity coefficients A. , B. , and C. in Eq 4.8 can be 
1. 1. 1. 

manipulated as they are calculated to enforce specified conditions. To set 

deflection at any station along the beam the computation of these coefficients 

is interrupted at that particular station. 

set equal to zero and the coefficient A. 
1. 

Coefficients B. and C. are 
1. 1. 

is set equal to the desired deflection. 

This method in effect causes a reaction (transverse force) at Station i 

of sufficient magnitude to create the desired deflection. 

Specified Slopes 

The sl~pe at any Station i is set by manipulating the continuity 

coefficients at Stations i - 1 and i + 1. In finite-difference form 
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the slope at Station i is 

9. 
~ 

(4.9) 

For this condition, manipulation of the continuity coefficients at Stations 

i - 1 and i + 1 causes a transverse couple about Station i of sufficient 

magnitude to rotate the beam through the desired slope. 

The necessary reactions to create specified conditions of deflection 

and slope act at different stations. Therefore, it is possible to specify 

both conditions at the same station (Ref 10). 

The solutions to the equations developed in this chapter are obtained 

rather rapidly. But, the rapidity and the accuracy of the final solution is 

dependent on several factors, namely: (1) choice of rotational closure 

springs, (2) closure tolerance, and (3) increment length. While the 

choice of values for these factors is somewhat empirical, there are certain 

ranges of values which can be suggested. These suggestions are made in 

the next chapter. 



CHAPTER 5. CLOSURE SPRING VALUES, INCREMENT LENGTHS, AND CLOSURE 
TOLERANCES FOR FINITE-ELEMENT FRAME MODELS 

Selection of Closure Spring Values 

Although the selection of the differential rotational spring or closure 

spring values may be entirely arbitrary, some judgment should be used in 

order to select springs that will produce rapid closure. Springs that are 

too soft or too stiff may produce slow convergence, or possibly divergence. 

A rigorous method of determining spring values would involve consideration 

of the flexural properties of the system, increment length, boundary 

conditions, and loading. Therefore, exact selection of springs that will 

produce the most rapid convergence is very difficult. However, empirical 

methods of spring selection based only on flexural stiffnesses have been 

successful in most cases. 

The empirical method of selecting closure springs is based on an 

interpretation of the significance of the differential rotational spring 

in the alternating-direction method. In Figs 9a and 9b each orthogonal 

beam was represented on the other as a load and a differential rotational 

spring. Based on this interpretation, the closure spring should represent 

the rotational stiffness of the intersecting beams. This rotational stiff

ness in structural analysis is referred to as a stiffness factor. The stiff

ness factor is defined as the moment applied at the end of a beam that 

produces a unit rotation at that end. For a prismatic member fixed at the 

far end the stiffness factor is 4EI/L and with hinged end is 3EI/L. In 

most frames these stiffness factors will vary considerably due to various 

boundary conditions, member lengths, and flexural stiffnesses. However, 

two or three spring values ranging from the smallest value of 4EI/L to 

the largest value of 4EI/L of the frame system will in most cases produce 

rapid closure. This empirical method predicts an efficient set of spring 

values, but it should be emphasized that only rate of closure is affected 

by these values and not the final results. 

Based on mathematical literature concerning alternating-direction 

implicit solutions, it appears that spring values selected by the preced

ing suggestions should be arranged in the input data according to increas

ing stiffness. The computer program automatically uses the springs in 

repeated cyclic order (one spring per iteration). 
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Using spring values based on the preceding recommendations and proce

dures, convergence of x and y-beam slopes at an intersection is shown in 

Fig 11. Figure 11 was plotted from the results of Example Problem 1, 

Chapter 7, at the intersection of Beams 1 and 3. 

Increment Lengths 

In numerical methods of solution, errors may be expected from truncation 

and loss of significant figures in arithmetic operations. Truncation errors 

are to be expected when using finite-difference expressions of continuous 

functions, but were shown (Ref 10) to be almost insignificant in solving 

beam problems by finite-difference methods. However, the elastic curve 

of framed members undergoes more reversals of curvature than beams. Therefore, 

framed members must be divided into more increments in order to accurately 

describe their deflected shapes. 

The rigid-frame bent in Fig 12 was solved using various increment 

lengths to illustrate their effects on the accuracy of the solution. The 

slope values at Joints Band C are tabulated below Fig 12. This problem 

is an extreme example but indicates that the effect of increment length 

on the accuracy of solutions should be checked for new types of problems. 

Closure Tolerances 

The iterative procedure given in Eqs 3.6a and 3.6b gives only an 

approximate solution to Eq 3.4. For example, in Eq 3.6a the term 

RF(ex - eY) represents the amount of torque with which the iterative 

equation differs from the equation that must be satisfied (Eq 3.4). 
eX were equal to eY it is evident that the tenn RF(ex - eY) would 

out of Eq 3.6a and it would reduce to Eq 3.4. Thus, the most logical 

If 

drop 

tolerance test should be based on the allowable difference between the x 

and y-beam slopes. To arrive at a specific value for the closure tolerance 

the approximate magnitude of slopes for the system being solved should be 

considered. In addition, consideration should be given to errors in 

truncation and loss of significant figures. 

In general, the user of this iterative method will have to exercise 

engineering judgment in determining spring values, increment lengths, and 

closure tolerances. 
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Fig 11. Convergence of slope values at a joint using 
suggested spring values and procedures. 
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CHAPTER 6. PROGRAM FRAME 4 

FRAME 4 is a computer program written to solve elastic frames having 

rigidly connected joints that are not allowed to translate. No provision is 

made for including axial loads in the frame members and only deformations due 

to bending are considered. However, frames that have freely discontinuous 

loadings, flexural stiffnesses, elastic supports, and rotational restraints may 

be solved. It is the purpose of this chapter to explain Program FRAME 4 in 

such a manner that it can be immediately applied to practical problems. 

The FORTRAN Program 

A general flow diagram of FRAME 4 is contained in App 1. A list of nota

tions used within the program is given in App 2 and a listing of the program 

is in App 3. Comment cards are used within the program to indicate various 

operations. These comments should be helpful in relating the flow diagram to 

the listing. 

The program is written in FORTRAN-63 language for a Control Data Corpora

tion (CDC) 1604 digital computer having a 48-bit word length and operated with 

a FORTRAN-63 monitor system. Storage capacity of the CDC 1604, without using 

tape units, is approximately 32,600 words. FRAME 4 uses about 23,000 words 

with the remaining storage being reserved for library functions. This storage 

capacity limits the size of the frame system that presently can be solved to 

nine beams, each divided into 150 increments. Minor program revisions would 

probably allow solution of approximately nine additional beams. 

The time required to solve a problem depends on its complexity. The solu

tion time for each example problem is included in the next chapter. Compile 

time for FRAME 4 is about 1 minute and 30 seconds. 

A guide for preparing input data is given in App 4. Detailed instructions 

are included. Data input for the example problems in Chapter 7 is given in 

App 5. 

Program Results 

The computer results for all the example problems in Chapter 7 are 

shown in App 6. The output listings show the deflection w, slope dw/dx, 
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bending moment 
2 2 

Fd w/dx , dM/dx , and an error term corresponding to dis-

tance x along the frame member. 

For both moment and shear no attempt should be made to extract conven

tional values from the output listings within the zone influenced by torques 

or rotational restraints. Usually structures are idealized as line members, 

and rotational effects T and R are assumed to act at a point. However, 

in actual structural frames, an abrupt discontinuity does not occur in 

moment or shear and, depending on the increment length, it is possible 

for the finite-element frame model to provide more realistic values than 

the corresponding line-member idealization. 

In the finite-element beam, any concentrated torque applied as a 

T-value or developed as the result of a specified slope or rotational 

restraint must be ultimately felt by the beam as two equal but opposite 

forces acting one increment each way from the station considered. The 

change in moment at a joint in the finite-element frame model results from 

the forces created by the torques T, TX
, and TY centered about the 

joint. Therefore, as a general rule, no attempt should be made to extract 

conventional values of moment closer than one increment to a joint or 

shear values closer than two increments. However, it should be possible to 

correct the moment and shear obtained by conventional line-member idealization 

to give values more consistent with the distributed joint forces of real 

frames and with the finite-element reactions. This is frequently done in 

design to get values nearer the faces of supports. 

The error term in the output listings refers to the error in torque 

equilibrium of the finite-element frame joint. The error term represents 

the amount of torque with which the iterative procedure given in Eqs 3.6a 

and 3.6b differs from the equation that must be satisfied, Eq 3.4. This 

difference is equal to RF(gx - gY) which has units of in-lb. Prior to 

final stabilization, error terms based on this concept are somewhat dependent 

on the selected closure spring value; however, if terms are very small, they 

do serve as a good indication that the system has been solved. If necessary, 

a precise check on a solution may be obtained by making a joint equilibrium 

check as explained in Chapter 3. 



CHAPTER 7. EXAMPLE PROBLEMS 

Several example problems have been selected to illustrate the appli

cability of this method and the use of the computer program. Data input for 

both of the example problems are in App 5. Computer results are in App 6. 

Three-Barrel Box Culvert 

Figure 13a illustrates one of the box culverts analyzed for the Texas 

Highway Department during the development of FRAME 4. The three-barrel box 

culvert is covered by 10.5 ft of fill material. For design purposes it is 

desired to determine the bending moment in the vertical walls and top and 

bottom slabs. 

The culvert, as modeled for the FRAME 4 solution, is shown in Fig 13b. 

A one-foot-wide slice of the culvert is analyzed as a two-dimensional 

frame. A support has been placed at each joint along the bottom slab and 

also at one end of the top slab to prevent joint translation. Top and 

bottom slabs have been divided into 78 increments, each 3 inches in length. 

The culvert walls are divided into 18 increments, which must also be 3 

inches in length. The flexural stiffness values for slabs and walls are 

as shown in the figure. Beams are numbered according to the input data 

instructions in App 4. 

The resulting bending-moment diagram plotted from the computer solution 

is shown in Fig 13c. Ordinates of the bending-moment diagram in this 

example problem and in the remaining problems are plotted on the side of 

the member that is in compression. Stresses checked at the point of 

maximum moment indicated that the wall and slab sections were adequate. 

For actual design problems, the wall and slab sections could be varied 

with a minimum of additional input data by using options to hold data from 

problem to problem. In a similar manner, other design parameters could 

also be investigated in order to find the most efficient design. 

The accuracy of the FRAME 4 solution of this problem was checked by 

moment distribution. The difference in maximum bending moment by the two 

methods differed by only 2 percent. 
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Multi-Story Framed Structure Supported by Elastic Foundation 

Figure 14 illustrates a framed structure with only vertical loads. It is 

assumed that no sidesway occurs at the joints. The effects of axial loads on 

bending are not considered in this frame analysis method. This is consistent 

with the usual methods of bending analysis. However, stresses due to axial 

loads would still have to be included for final design stresses. 

The frame is modeled for the FRAME 4 solution as shown in Fig 15. The 

columns are fixed against rotation at ground level. Uniform loads are input 

as pounds per station or increment length. Bending stiffness variation is 

shown in Fig 16 for a one-foot slice. The bending stiffnesses of the straight

line haunches are represented by linear variations from one end to the other; 

however, this is not precisely correct for the intermediate stations. The 

neutral axis of these non-prismatic members is assumed to lie at the same level. 

This example problem is intended to represent some of the complex loading 

patterns, flexural stiffnesses, and elastic foundation conditions that can be 

handled by this method. The problem required very little time to code and pre

pare for solution by FRAME 4. Actual solution time was 1 minute. 

The resulting moment diagram is shown in Fig 17. Note that the moment at 

joints changes across a width of two increments in accordance with the explana

tion in Chapter 6. 

The frame member deflections are also of interest in problems of this 

type. These deflections are included in the computer results in App 6. 
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120lb/ft 

-~ 
6in. 

10 ft 

-~ 
10 ft 

-t--
12in. 

12 f·t 1 
6ft 

-.t 

--...... -! .... ---15 ft --~--+I-... ---- 20ft ---.-~~ 

Fig 14. Example Problem 2 : multi-story framed structure (without sidesway). 
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f
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STA~ o 15 

® 

30 45 60 75 90 

H: 4in. 

5r:f 

k 

III 120 129 150 

Fig 15. Example Problem 2: frame modeled for solution. 
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TABLE OF FLEXURAL STIFFNESS VALUES: EXAMPLE PROBLEM 2 

BEAM CD AT STA 

F = 192 x 106 Ib - in.2 a 
F : 192 X 106 Ib - in.2 90 

BEAM ® 
F :: 648 )( 106 Ib - in.2 a 
F = 648 )( 106 Ib - in.2 150 

BEAM ® 
F = 17,496 x 106 Ib - in.2 a 
F : 1,536 X 10

6 Ib _ 1n.2 15 

F :: 1,536 X 106 Ib - in.2 
30 

F = 17,496 x 106 Ib - in.2 
45 

F :: 1,536 x 106 Ib - in.2 
60 

F = 1,536 X 10
6 Ib - in.2 

75 

F :: 17,496 x 10
6 

Ib 
. 2 

90 In. 

F :: 1,536 x 10
6 

Ib - in.
2 

III 
F :: 1,536 x 10

6 
Ib - in.

2 
129 

F :: 17,496 X 106 Ib - in~ 150 

BEAMS@)@) ® 
F " 5,184 x 10

6 
Ib - in.

2 a 
F = 5,184 X 10

6 Ib - in.2 
36 

F :: 1,536 X 10
6 Ib _ In.2 

36 

F :: 1,536 X 10
6 Ib - in.2 

66 

F :: 648 x 10
6 

Ib - in. 
2 

66 

F :: 648 x 106 Ib - in.2 
96 

BEAM 0 
F " 5,184 X 10

6 Ib - in~ a 
F :: 5,184 x 10

6 Ib _ 1n.2 36 

F :: 1,536 x 10
6 Ib - in.

2 
36 

F :: 1,536 X 10
6 Ib 

. 2 
In. 66 

Fig 16. E~ample Problem 2: bending stiffness variation. 
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150 

o 20xl05 in-lb 
1-1 -------+1 
SCALE 

Fig 17. Example Problem 2: bending moment diagram. 
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CHAPTER 8. SUMMARY AND CONCLUSIONS 

The frame analysis approach which has been described provides a rapid 

method for solving a wide variety of frame problems. Principal features 

of the method are summarized as follows: 

(1) A conventional frame system is represented by a finite-element 
model composed of bars and springs. 

(2) Equations derived for the frame model are based on finite
element concepts which permit beam stiffnesses, applied loads, 
and elastic restraints to vary in a freely discontinuous manner 
from station to station. 

(3) A rapid and direct method is used to solve the individual beam 
equations. 

(4) Frame members are solved alternately in the two orthogonal 
directions as individual beams. A relaxation technique is used 
at each joint to adjust the two solutions, thereby obtaining 
rotational compatibility. 

Significance of the Method 

This method, subject to the previously described assumptions, is 

applicable to a wide range of structural problems. Specifically, this 

includes orthogonal rigid-joint frames where joints do not translate and 

only deformations due to bending are considered. While restricted to 

problems in this category, it should be noted that solutions to problems 

which are virtually impossible by other methods are quickly and easily 

solved by this approach. Frames that derive support from an elastic 

foundation can be solved rapidly as well as frames with discontinuous 

loading, stiffness, and restraint conditions. 

This method is also a useful design tool. Design conditions may be 

varied on any problem without greatly increasing the time required to code 

the problem data or time required to solve the problem. Of course, solution 

time is somewhat dependent on the proper choice of the closure springs. 

However, with experience in solving problems by this method, one should be 

able to select an efficient set of springs. 

Further Refinements and Developments 

There are numerous refinements of this method that could improve its 

accuracy and applicability. These refinements, along with suggested future 

43 
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extensions, are listed below: 

(1) Allow for different increment lengths in the x and y-directions. 

(2) Derive difference equations for the finite-element model to 
allow for varying increment lengths along a beam. This would 
permit small increment lengths in the vicinity of a joint and 
larger ones near the middle of the beams. thereby increasing 
the accuracy of the final solution and removing some of the 
computer storage problems. 

(3) Studies should be made on the closure spring to determine if 
there is a better method for selecting the most efficient set 
of spring values. 

(4) Allow for translation of jOints and axial shortening of members. 

(5) Include axial-load effects on bending. 

(6) Equations for the frame should be extended to allow for non
linear characteristics in both flexural stiffness and supports. 

(7) Efforts should be made to apply this finite-element-model 
technique to three-dimensional space frames. 
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APPENDIX 1 

GENERAL FLOW DIAGRAM FOR PROGRAM FRAME 4 
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Al.l 49 

APPENDIX 1. GENERAL FLOW DIAGRAM FOR PROGRAM FRAME 4 

I 
I READ and PRINT identif of program and ru~ 

"' -, 

I READ problem identification 

<$>0 999 

:PRO: 
STOP 

9 

READ and PRINT Table 1 - Control data 1'1 
including options to hold prior data 

Compute constants for convenience I 

READ (or hold) and PRINT " 
Table 2. Closure spring values 
Table 3. Num of incrs for each beam 
Table 4. Beam intersections 
Table 5. Specified deflections and slopes 
Table 6. Fixed stiffness and load data 

,.. DO to 2130 for each monitor station) 
I 
A 
t 

I 

• CALL SUBROUTINE DCIPHER to 

I decipher KCODE to find beams 

I that intersect specified 
monitor beams 

I 2130 I 
'------ CONTINUE) 

PRINT Table 7 heading and monitorl 
beam and station numbers 

I NS = 0 I 
- - - Begin ma,in solution 

I ITER = 0 I 

(----IDO to 7600 for each iteration from 1 to ITMAX 

I 
I INS = NS + 1 I 
I .l 
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r 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,..-----
I 

I 
r---

A1.2 

+ 

- - - Solve beams 

DO to 3500 fer each beam num NB 

DO to 2800 for each station J I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

- - - Check for intersection 

I I 

t t t 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
r I 
I I 
I I 
I I 
I I 
I I 

CALL SUBROUTINE DCIPHER to dec ipher 
KCODE to find intersecting beams 

( 

I 
I 
+ 
I 
I 

DO to 2190 from 1 to 3 

Compute temporary 
bending moment values 

'----

Compute torque transfer terms 

Set rotational spring values 
at each intersection 

2210 

Compute stiffness 
'-------I 

matrix coefficients 



Al.3 

I 
+ Reset recursion coefficients 

CD 
to specified conditions 

I I -------

~~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
t + 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

( DO to 2850 for each stati9n 

~ 
I 

(-

I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Compute vertical deflection 

DO to 3200 for each station 

Compute: 

(1) Slope 

(2) Bending moment 

(3) D(BM)/dx 

51 

Count of stations 
not stabilized 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 

r--
I 
I r-
I 
I 
I 
I 
I 

• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DO to 6000 for each beam 

DO to 6000 for each station 

I 
! 
I 
I 

+ 

590 
CALL DCIPHER routine 
to decipher KCODE to 
find intersecting beam 

KCTOL = KCTOL / 2 

DO to 6100 from 1 to 8 

Find slopes at 
monitor stations 

'--

PRINT monitor 

A1.4 

- - Count of stations 
not closed 



A1.5 

I 

~ + 
--- Control iteration process 

+ 

+ 

~----------

Compute and print results: 
Deflection, slope, bending 
moments, shear at each 
station and error term at 
each intersection. 

Check for another 
problem 

53 
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APPENDIX 2 

GLOSSARY OF NOTATION FOR FRAME 4 
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A2.1 

C-----NOTATION FOR FRAME 4 
C AA 
C A( I. B( I. C( I 
C A(JI. ATEMP. AREV 
C ANl!N). ETC. 
C BB 
C B(J). BTEMP. BREV 
C BM 
C B,"1T (N) 
C CC 
C C(JI. CTEMP. CREV 
C CTOL 
C DD 
CD. DTEMP. DREV 
C DBM 
C DENOM 
C D IFF 
C DW 
C DWM( 
C DWS() 
C DWTEMP 
C EE 
C E 
C ESM 
C FF 
C FNI. FN2. F(NB.JI 
C H 
C HE2 
C HE3 
C HT2 
C INS. IS 
C INB. IB 
C I SW 
C ITER 
C ITMAX 
C J 
C JCl. JC2 
C J I NC R 
C JNl.JN2 
C JS 
C JSTA 
C Jl. J2 
C KASE 
C KCODE 
C KCTOL 
C KEEP2 THRU KEEP6 
C KEY(NB.JS). KEYJ 
C KK 
C KODE 
C KR 1 
C KR2 
C KSW 
C KSTB 
C L 
C M ( 

COEFF IN STIFFNESS MATRIX 
CONTINUITY OR RECURSION COEFFICIENTS 
CONTINUITY COEFFICIENT 
ALPHANUMERIC REMARKS. INFORMATION ONLY 
COEFF IN STIFFNESS MATRIX 
CONTINUITY COEFFICIENT 
BENDING MOMENT 
TEMPORARy BENDING MOMENT VALUES 
COEFF IN STIFFNESS MATRIX 
CONTINUITY COEFFICIENT 
CLOSURE TOLERANCE. X VS Y SLOPES 
COEFF IN STIFFNESS MATRIX 
MULTIPLIER IN CONTINUITY COEFF EQS 
SHEAR ( FIRST DERIV OF BENDING MOMENT 
DENOMINATOR 
DIFfERENCE 
SLOPE ( FIRST DERIV OF DEFLECTION I 
SLOPE AT A SPECIFIED MONITOR STATION 
SPECIFIED VALUE OF SLOPE 
TEMPORARy VALUES OF SLOPE 
COEFF IN STIFFNESS MATRIX 
TERM IN CONTINUITY COEFF EQS 
MULTIPLIER FOR HALF VALUES AT END STAS 
COEFF IN LOAD MATRIX 
FLEXURAL STIFFNESS (EI). ( INPUT. TOTAL 
INCREMENT LENGTH 
H SQUARED 
H CUBED 
H TIMES 2 
STA ON INTERSECTING BEAM 
NUM OF INTERSECTING BEAM 
ROUTING SWITCH FOR TABLE 6 
COUNT OF NUM OF ITERATIONS 
MAxIMUM NUMBER OF ITERATIONS ALLOWED 
INTERNAL STA NUM = EXT STA NUM + 4 
EXTERNAL STA NUMBER AT BEAM INTERSECTIONS 
INCREMENTATION INDEX 
EXTERNAL STATION NUMBER 
INTERNAL STA NUM FOR SPECIFIED CONDITIONS 
TEMP STA NUMBER ( EXTERNAL ) 
INITIAL AND FINAL STAS IN DISTRIBUTE SEQ 
CASE NUM FOR SPECIFIED CONDITIONS 
TEMP VALUE OF KODE 
NUM OF INTERSECTIONS NOT CLOSED 
IF = 1. KEEP PRIOR DATA. TABLE 2 - 6 
ROUTING SWITCH FOR SPECIFIED CONDITIONS 
MISC INDEX 
CODE TO DETERMINE INTERSECTION LOCATION 
PRIOR VALUE OF KR2 
IF = 1. REFER TO NEXT CARD 
ROUTING SWITCH FOR INPUTTING TABLE 6 
NUM OF STAS NOT STABILIZED 
MISC INDEX 
NUM OF INCREMENTS 

57 

27MR5 
27MR5 
29MR5 
12JE3 
29MR5 
2 7MR 5 
12JE3 
29MR5 
29MR5 
27MR5 
12JE3 
2IJA5 
27MR5 
12JE3 
27MR5 
07JE3 
27MR5 
27MR5 
2 7MR 5 
27MR5 
29MR5 
27MR5 
12JE3 
27MR5 
2n~R5 

29MR5 
29MR5 
27MR5 
27MR5 
27MR5 
29MR5 
29f'.lR5 
27MR5 
29MR5 
29MR5 
29MR5 
29MR5 
27MR5 
29MR5 
29fviR5 
29MR5 
29MR5 
21JA5 
29MR5 
29MR5 
2 7MR 5 
27MR5 
29MR5 
291'4R 5 
27MR5 
27MR5 
27MR5 
29MR5 
27MR5 
29MR5 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

MONB( 
MONS( 
MP4, MP5, MP7 
N 
NB 
NBI, NB2 
NC 
NCD2, NCD3, ETC. 
NINT 
NPROB 
NS 
NTS 
NTB 
NXA 
NYB 
PART 
QNI, 
RF( 
RNI, 
RR( 
SNI, 
TA( 

QN2, 
) 

RN2, 
) 

SN2, 
) 

R(NB,J) 

TNI, TN2, T(NB,J) 
W(NB,J) 
WS ( ) 
X 
Z I 

BEAM NUMBER FOR MONITOR DATA 
STATION NUMBER FOR MONITOR DATA 
M+4, M+5, M+7, ETC 
MISC INDEX 
BEAM NUMBER 
BEAM NUMBERS OF INTERSECTING BEAMS 
COUNT OF NUMBER OF ITERATIONS 
NUM CARDS IN TABLES 2, 3, ETC., THIS 
NUM OF INTERSECTIONS 
NUMBER OF PROBLEM, PROG STOPS IF ZERO 
SPRING OR CYCLE NUM (COUNTER) 
TOTAL NUMBER OF CLOSURE SPRINGS 
NUM OF X AND Y-BEAMS 
NU~ OF X-BEAMS 
NU~' OF Y-BEAMS 
INTERPOLATION FRACTION 
TRANSVERSE FORCE ( INPUT, TOTAL) 

A2.2 

29MR5 
29MR5 
27r"R5 
27MR5 
29MR5 
29MR5 
25AG4 

PROB 27MR5 
29MR5 
29MR5 
27MR5 
29AP5 
29MR5 
29""R5 
29MR5 
27MR5 
29rvlR5 

CLOSURE SPRING VALUE AT EACH INTERSECTION 
ROTATIONAL RESTRAINT ( INPUT, TOTAL) 
TEMP INPUT VALUE OF CLOSURE SPRING, RF 
SPRING SUPPORT STIFFNESS ( INPUT, TOTAL 
TORQUE ABSORBED BY INTERSECTING BEAM 

29r..,R5 
29MR5 
29MR5 
29MR5 
Q4;"Y5 
04rW5 
29MR5 
271"R5 
27i"R5 
29MR5 
29r"R5 

ON PREVIOUS HALF CYCLE 
TRANSVERSE TORQUE ( INPUT, TOTAL 
DEFLECTION ON BEAM NB AT STA J 
SPECIFIED VALUE OF DEFLECTION 
DISTANCE ALONG BEAM 
DECIMAL VALUE FOR JSTA 



APPENDIX 3 

LISTING OF PROGRAM DECK OF FRAME 4 
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A3.1 

i 

PRCGRAt-' rRAIJE it 
FOf-'AT ( '521- PRCCRAt-' FRAf-'E it - ,.ATLCCK - DECK ~ 

28h REVISICN DATE 
Clf-'E~SIC~ ANl(321, A~2(litl, 

30 AP 6S 

IF(S,lS7I, e(S,1571, S(S,l~7I, T(S,1571, DB~(9,lS7I, ~F(157I, 

2TA(1~7I, D~(S,l~7I, ~(S,l~7I, ~S(9,157I, 0"S(9,157I, 
3~E~(S,157I, KC[E(S,l~7I, ef-'(9,157I, A(1571, 8(lS71, C(lS71, 
itt-'(SI, R~(2C1, I-n(l:I, [H(SS,81, ~C~B(81, "'CNS(81, R(9,1S7) 

lC FCRf-'AT ( ~I- , Bex, lCHI-----TRlt-' I 
11 FCRt-'''T ( 51-1 ,EO, IDHI-----TRIt-' I 
12 FCRf-'AT ( HII~ 

13 FCRf-'AT ( 
lit FCRf-'IIT ( A5, 5X, 
15 FCRf-'IIT (1/11[1-
ll: rCRf-'1IT (1/1171-
Ie; FCRf-'IIT (fllitEI-

~X, 1l:1I!: ) 
lit A') ) 

PRCB , ISX, A5, 5X, litAS ) 
PRCB (CCNTD), 15X, AS, SX, 14A5 
RETLR~ TrlS PAGE TC TIME RECORD 

itX, 11 i, lOX, <; ( 3X, 12 ) ) 
3X, 12 ), lOX, 2E1G.~ I 

) 

FILE -- 1-11 ) 

61 

25MRS 
lS,..RS 10 
-------. 
18FES 10 
29to'R5 
29MR5 
03MRS 
18MR5 
27FE4 ID 
27FE4 10 
Oit,..n 10 
27FE4 ID 
lSFE5 10 
18FES 10 
18FE5 ID 
12MR5 10 
lCMR5 
lO,",RS 

ICC FCRf-'1IT ( 5X, ; 
1C1 FCRf-'AT ( 5X, ; 
1e2 FCRf-'IIT ( 113CI- TIIBLE 1. CC~TRCL [ATA 

TABLE NL:,.8ER 
, I , lOMR5 

1 it'iX, 3CI- , I , IIJ,..RS 
2 it5X, 3CI- 2 3 it 5 6 , II, lCMR5 
3 3 e;1- FRICR-CATA CPTICNS ( 

~L~ CARCS INPLT THIS 
t-'AX NUt-' ITERIITICNS 
~L" OF X-BEAt-'S 

l;HCLC 1,11X,S(itX,IIIIOMR5 
PROBLEt-' ,11X,S(3X,12110MRS 

, 32X, 13, IIOMR5 
, 32X, 13, IIOMRS 

it /3e;1-' 
" I lit C I-
t. 
( 

I: 
c; 

112 FOf-'1IT 
113 FCRt-'1IT 
12C FCRt-'1IT 

1 
12it FCRt-'AT 
125 HRf-'1IT 
13f FCRI-'IIT 

1 
135 FrRl-'lIT 
13l: FCRf-'n 
lite FCRI-'IIT 

1 

1it3 FO~AT 
1itit FCRI-' II T 
15C FOt-'AT 

15it 
155 
15l: 
1':7 
1(2 

1 
2 
3 

2 
3 

FCPt-'1IT 
FC R f-' A T 
F(Rf-'IIT 
FC R t-'II T 
FC R I-' II r 

177 FCR,.IIT 

it;.: I
itCI
itCI
itC!-

~Lt-' OF V-BEA,.,S ,32X, 13, II0t-1R5 
X IINC V-BEAI-' I~CR LENGTH 
CLCSURE TCLERII~CE 

,2SX,EIO.3,/19MR5 
,25X,EIO.3 IIOMR5 

SX, it 
/2EI-

1/3l:1-
itCI-

3X, 12, 2X, 13 ) ) 
t-'nITOR STAS 

TIIBLE 2. CLCSURE 
SPRING ~\"t-' 

20, [1C.3 ) 
( 13X, [2, lCX, E1C.3 ) 

~B,J ,SX,4( 
SPRING VUUES 

CLCSLRE SPRING 

1l:,14),1 
, II , 
, I , 

(1llittl- TABLE 3. NL~ CF I~CRE,",E~TS FCR EtCI- BEAI-' ,II, 
3t.1- BEllI-' NU~ ~UM CF I~CRS ,I,) 

( SX, ISIS 
( 12X, 12, 14X, I~ ) 
(111351- TABLE it. REAt-' INTERSECTIONS , I I , 

BEAto' S21-
51- SH , I , 

5 X, 5 ( ;;: X, 13 ) ") 
ll:X, 13, itX, 13, 3 
Ilitl:1- TlleL~ !:. 

171- rut-' 

I~T flEA,.. STA 

( /X, 13 ) ) 
SPECIFIEC CEFLECTICNS A~[ SLOPES,I 

12MR5 
)0911P5 

9MRS 
9MR5 
19MR5 
9MR5 
9MR5 
9MR5 
03AP5 
C3AP5 
9MR5 
9fo'RS 
9MR5 
Cif-lRS 
9,..RS 
12MR5 
28JAS 

521- ~Lf-' 

l:1- SLCPE ,/ ) 

STA " 
NUl-' CASE 

( 5X, 2 ( 2X, 13 ), ex, 12, 5X, ZEIO.3 

CEFLECTICN 28JA5 
28JAS 
lOMR5 

( 6X, 13, 5X, 13, 11X, 13, e;x, EI0.3, 6X, 4H~CNE 

( 6X, 13, 5X, I;, 11 x, 13, SX, l:X, 4HNGNE, EIC.3 
( 6X, I;, :X, 13, 11x, 13, 9X, 2EIO.3 ) 
(111it51- TIIFLE l:. FIXED STIFFNESS AND LCA[ CATA , II , 

1(1- BEAt-' , I , 
521- ~Lt-' FRO,., TC 
2 EI- S T 

CCNTC 
R 

S X, it ;:X, 13 ), 'Sx, 5E1e.; ) 

F 
, I , ) 

1(J9MR5 
09MRS 
12MRS 
9,..R5 
CiMRS 
911R5 
9MRS 
23MR5 
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178 
17'1 
lEC 
.2C <; 

1 

F(R~AT 

reR~AT 

FCR~AT 

FeR ~ 1\ T 

A3.2 

7X, 12, IX, :: ( 3)(, 13J, 4X, II, 3X, 5Ell.3 23MR5 
7X, 1.2, 4X, 13, lCX, 11, 3X, 5Ell.3 I 13MR5 
l'1X, 13, 4X, II, ~X, 5Ell.3 I 23MR5 

(11152~ TABLE 7. ITERATIC~ ~CNITCR DATA t~[ SLCPES AT 12MR5 
23~FCUR SELECTE[ ST~TIC~S ,I, 10MR5 

1135X, 47~ eEA~ ST~ BEA~ ST~ BEA~ STA BEA~ STA 10MR5 

4 
2(6 FCR~AT 

2Ct' r:CR~AT 

2(9 FCR~~T 

21C F(RI-AT 
1 

I 3E~ ITR CLCSURE NCT NOT ,4( 214, 4X 11UMR5 
I 3E~ ~L~ SPRI~G STAB CLCS ,4( 214, 4XllI0MR5 

( I ex, 13, fI2.3, 2X, 15, 15, 4E12.3, I 35X, 4E12.3 I 12MR5 
(/j5~ T~eLE E. RESLLTS -- ITERATION, I~ J 12MR5 
(/51~ SCLLTIC~ NOT CLCSE[ kITHIN SPECIFIE[ TOLERANCEl12MR5 
(/52~ NE JSl~ )( DEFL SLGPE 29MR5 

3C~~CIJE~T SHEAR ERROR ,II I 29MR5 
212 F(R~IIT 5X, 12, 1)(, 13, 2X, 6E12.3 29MR5 
211 FCR~AT I J 12~R5 
sn F(R~AT 25~ !'>CM I 9MR5 
SfE F(R~AT (5X,42~ LSI~G C~TA FRC~ PREVICUS PRCBLE~ FLLS I 09AP5 
ses FCR~AT (SX,41~ USI~G CATA FRC/J ThE PREVIGUS PRCBLE~ J 9MR5 

lTEST = 5~ IBFE5 ID 
lrcc PRI~T 10 12JL3 ID 

CtLL TIIJE 18FE5 
C-----PRCGRA~ AN[ PRCeLEIJ I[E~TIFICATIC!'> 04MY3 10 

RE~[ 12, ( ~~I(NI, ~ = 1, 32 I 18FE5 10 
lClC REA[ 14, NPRCtl, ( A~2(~I, N = 1,14 I 28AG3 ID 

IF ( NPRC~ - !TEST I lC2G, C;C;<;C, lC20 26FE5 ID 
1:2C PRI~T 11 26AG3 10 

PRI~T 1 18FE5 Ie 
Pi<I~T 13, ( A~l!t\l, r-- = 1, 32 ) 18FE5 10 
PRnT 15, !'>PRce, ( Ar--2(r--I, N = 1, 14 I 26AG3 ID 

C-----I~FLT TABLE 1 - CCr--TRCL [~T~ 28JA5 
RE~[ l(i, KEEP';:, KEfP3, KEEP4, KEEPS, KEEP6, NCD2, 1\C03, NCC4, 10MR5 

1 ~CC5, I\C[6 10MR5 
RUC 1('1, IHAX, r--xp, r--'1t:, 1-', CTeL 10MR5 
PRI~r 1~2, KEEP2, KEEF3, KE[P4, KEEPS, KEEP6, NCD2, NCD3, r--C04, 16MR5 

1 NCC~, r--CCt, IT~~X, r--xe, N'IE, H, CTOL 10MR5 
HEH 112, ( ~C!\E'(~), ~Cr--S(NI, i\ = 1,4 ) 10MR5 
PRI~T 113, ( ~C~b(~), ~OS(I\), i\ = 1, 4 ) 10MR5 

C-----C(~FLT~ COt\STA~TS FOR CCr--VEI\IENCE 28JA5 
HE2 I-' u ,;: 28JA5 
HE3 hE2"'" 28JA5 
HT2 2. * ~ 28JA5 
~TH ~xe + ~'1P 28JA5 

C-----CLEIIR VALUES FRCIJ FREVICLS PROBLE~S ~r--c SET KEYS 28JA5 

11 :: 
lIte 

CC 116~ r--e = 1, I\T8 22AP5 
CC 11')(' J = 1, E7 22AP5 

W(I\P,J) = (.C 9MR5 
Dh(~~,J) = r.c 9MR5 
BIJ(I\P,J) = (.( 9MR5 
DQIJ(r--~,J) = C.C 16AP5 
U(J) = C.I) 03AP5 
RF(JI = C.C 03AP5 
A(JI .C 9MR5 
f)IJI .C 9MR5 
C(J) .C 9MR5 

CCI\TINLE 22AP5 
CC~TI~LE 22AP5 
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r:Ci17( f\=l,c 
~'/,T(f\) = C.'-

117~ CCf\TI~LE 

C-----1f\FLI TARLE 2 - CLCSLRE SFRING CATA 
PPIf\T lr, 

IF ( KEO::PZ ) 122(, 122C, 121(. 
121'; -PR If\ T S.9 

GC TO 12tC 
122(' CC 123( f\ = 1, f\CC2 

i~ r- ~ C 1 ? 4, q K ( f\ ) 
P;<If\T 12'), f\, RR(f\) 

123-2 CCf\TI~IL[ 

'JT'i = r-;C[2 
C-----If\FLT TARLE 3 - f\LI' CF If\CRE~Ef\TS FeR EACH eEA~ 

12CC PI<If\T 13(' 
IF (KEEP3 132(, 1~2:, 131C 

131. Pi< If\ T S"9 
(C TO 13S::' 

132C REAC 1~~, (~(L), L = 1, ~Te ) 
PRI~T 136, ( L, ~(Ll, L = 1, NTB 

C-----If\FLT TuRLE 4 - REA~ I~TERSCCTIC~S 

PRI~T 14 r, 
IF (KErP4 1l,2C, 1421':, 1410 

141C PRIf\T Sf9 
GC Te 14P~ 

142C [( 1460 f\E = 1, NT~ 

[C 1460 J = 1, 151 
KCrt(f\H,J) = 0.0 
WS(NE,J) = c.o 
fJIIS(f\P,J) 0.9 
KEY(f\~,J) = 1 

14c( CCf\TINUE 
[C 147C f\ = 1, [\([4 

REA[ 143, ,'>If\T, f\B1, "C1, f\B2,. JC2 
PRIf\T 144, Nlf\T, f\1:'1, JC1, N82, JC2 

C-----SET kEF[REf\CE eCCE TC [EFINE ORT~CGCNAL BEA~ INTERSECTIONS ANC 
C-----'iET KEY FOR ltRC [EFL ~T EvERY INTERSECTICN 

KEY(f\Pl,JC1+4) = ;;; 
KEY(NF'2,JC2+4) = ;;; 
KCCE(NB1,JC1+4) NH2. 1(20 + JC2 + 4 
KCCE(f\H2,JC2+~) = [\01 • 1cce + JC1 + 4 

147l C(f\TINL~ 
C-----If\FLT TARLE 5 - SFECIFIE[ CEFLECTICNS ANC SLOPES 

14E\ pr.!f\T 15':, 
IF (KEEP5 1~1(, 1~1(, 14S( 

14<;: HINT Sc-9 
GC TO 1t)C 

1 ': 1 (' I F ( N C C ~ ) 1: ;:: ',J, 1 ~ 2 C, 1 '53 C 

CC HJ 1t3C 
153C rc 161(' f\ = 1, f\C[: 

R~nc 154, f\R, J[\l, ~ASE, v.S(NB,JN1+4), CWS(NA,JN1+4) 
JS=J1\1+4 

GC Tn ( 15EC, 15S(, l~CC ), KASE 
15EC KEY(NP,JS) = ;:: 

PRINT 155, ~B, JN1, K~SE, IIS(NB,JS) 

22AP5 
26t-'R5 
22AP5 
9MR5 
9MR5 
22AP5 
22AP5 
22AP5 
22AP5 
9MR5 
9",R5 
2 2AP5 
29AP5 
9MR5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
05AP5 
9MR'l 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
llMR5 
10MR5 
1UMR5 
10MR5 
22AP5 
22AP5 
9MR5 
9MR5 
OlMR5 
OlMR5 
04MR'5 
04MR5 
lOMR5 
n~R5 

22AP5 
9MR5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
09AP5 
28JA5 
22AP5 
22AP5 
C9AP5 
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GC TU 1ClC 
15SC KEY(t\P.,JS-11 = ~ 

KEY(t\E,JSt11 = : 

H:CC 

~r.I~T 156, ~e, JN1, KASE, ChS(NB,JSI 
CC TO 1e1e 

KEY(t\f',JS-11 
KEY(t\E,JS) = Lj 
KEY(t\E,JSt11 : 

P~It\T 157, ~e, Jt\l, KASE, hS(NB,JSI, ChS(NB,JS) 
1t1C (C~TINLE 

C-----I~FLT TABLC (: - FIXEC STIFFNESS A~C LCAC DATA 
163C PPI~1 162 

lCLjC 

lC SG 

IF ( KEEPt I 16LjC, 1tLjC, lt6C 
CC 165C t\E = 1, t\TE 
CC 165C J = 1,1:1 

F(I'<I:l,J) r.c 
Q(I\E,J) ,:.0 
S(I\t3,J) C.C 
T(~E,J) c.c 
~(r\p,J) c.c 

(C~TINLE 

GC TO 17(C 
lctr PI'I~T SC8 
11~~ IF ( NCCt ) 171C, 111C, 172C 
17lC: PRIt\T S'7 

172C 
G C TO 2:" 2 C 

KR2 
C[ 2~1~ t\ = 1, !\(Ct 

KR1 = KR2 
REAC 177, r\H, Jt\l, Jt\2, KR2, Ft\Z, Q1\2, SN2, T1\2, Rt\2 

J!\ = JN1 t Lj 
J2 = Jr-.2 t Lj 
KSn = 1 t KR2 t ;: • KRl 

GC Te ( 1E3L, 18tO, 1EEC, 1eE~ ), KS~ 

1E~C PPIt\T 178, NH, Jr\l, J~2, KR2, F~2, (,)~;:, SN2, TN2, R!\2 
GC H1 l~S\.. 

lEt'" PPI~T 179, t\p, JI\I, KR2, Ft\2, C!\2, SI\2, TN2, Rt-.2 
G[ TO lese 

1EE( PRIt\T 1A~, JI\Z, KRZ, Ft\Z, C:~2, St\2, T~2, Ri\2 
G [ TO 192: 

lEse J1 = IN 
lscn FN1 FI\2 

QI\l CN2 
St\l SI\2 
n 1 11\2 
Kt\l RN2 

GC TO ( lS2(, 2(1C, lSle, 2C1(,' ), KSw 
lSI" GC TO SYSS 
lS2C J rr.,CR = 1 

ES,.. = 1.C 
IF ( J2 - J1) lSLjC, lSLjC, lS3C 

IS~C UFI\C~ JZ - J1 
ISII = 1 

GC TO 195r 
lSLjC I)E\O 1.'J 

ISh = .~ 

A3.4 

22APS 
22APS 
28JAS 
09APS 
22APS 
22APS 
28JAS 
28JAS 
a9APS 
22APS 
9MR5 
22APS 
22APS 
22APS 
22APS 
9~R5 

9~R5 

9MR5 
9MRS 
9MR5 
22APS 
22AP5 
22APS 
22 APS 
22APS 
22APS 
22APS 
22APS 
9~R5 

23~RS 

9MR5 
SMR5 
12MRS 
22AP5 
22APS 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
22APS 
22 AP5 
9~R5 

9~R5 

9,..R5 
9",R5 
22AP5 
22APS 
22AP5 
9,...R5 
22AP5 
22APS 
S,.,R5 
22AP5 
22AP5 
12~R5 
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195C 

1ScC 

197C 

CC 1%( J = Jl, J2, JI~CR 

DIFF = .J - Jl 
P~RT = CIFF I CE~(" 

FI;-.,e,JI FI~hJI + 
QI,\I:',JI (;I~e,JI + 
SIf\I:',JI SI~E,JI + 
TI~e,JI Tlf\E,JI + 
RI~e,JI RI~E,JI + 

CCf\TINLE 
IF I IS~ I 19EC, ISEC, 197C 

JI~C~ J2 - Jl 
- C.'5 ES~ = 

IS... = I"; 

(C TO IS51~ 

FI\I + P~RT 
c,:~1 + FART 
S~1 + FA RT 
HI + PART 
R ~ 1 + ~ ~ RT 

l<;EC 
19S( 

(C TO I 2Cl(, 191(, 2Cl(, 19S0 I, KSW 
Jl = J2 

GC TO lcll,~ 

2CIC CC~TINuE 

2C2C CC~TINUE 

• FN2 - FNI 
• (;;N2 - eNI 
• SN2 - ~ N 1 
• TN2 - lNl 
• RN2 - IlNI 

C-----FI~[ ~EAMS T~~T I~TERSECl l~E 4 SP~CIFIEC ~CNITCR BEt~S 

[C 213C ~ = 5, E 
ME = ~Cf\EIN-41 
MS = ~C~SIN-41 + 4 

CtLL CCIPHE~ I KC[EI~e,~SI, MCf\I:'INI, ~S I 
MnSI~1 = ~S - 4 

CC~TP.JLE 

PI<I~T 205, I ~C~t'I~I, "C~SIf\I, f\ 
c-----eE(I~ ~AIN SCLLTIC~ 

NS = ( 
ITER = 0 

CC 760C ~C = 1, Il~'X 

NS ~S + 1 

1, e I 

IF NS - ~TS I 215(, 2150, 214G 
214C NS 1 
215C KSTP. 

C-----S[L~E PCAMS 
LC "3:i('( ~F. 1,I\Te 

~l P 5 = I' I ~ P·I + ~ 
CC 2!l(iC J = ~, I'F5 

R.FIJ+l1 = o.c 
HIJ+l1 = 0.( 

C-----FI~C PU~ I~TERS!::CTl[~S 

IF I KC[;EI~f',J+l1 I 
GC Tn 2210 

2170, 217C, 21EC 
217C 
21 E C KCCCt = KCDEI~E,J+IJ 

ULL CCIPHER ( KC([S, I~E, If\S 
L:C 219C ~ 1,:3 

L = I ~ S + ~. - :; 
R~TII\I= FI I~I:',LI • I ~IINP,L-l1 

hII~F,L+l1 I I ~E2 

21S( CC~TINUE 

- 2.') * WIlt-B,ll + 

* ESfool 
* ESM 
* ESfo' 
* ESM 
* ESM 

C - - - - - (( 1" F UTE Tel Q (~u E: A esc k f' E [ f' Y If\; H R SEC T I ~ G B E ~ ~ seN THE PRE V I C l; S 
C OCLE 

22AP5 
9MR5 
18MR5 
9MR5 
lOMR5 
lOMR5 
lOMR5 
lOMR5 
22AP5 
22AP5 
22AP5 
lOMR5 
lOMR5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
27MR5 
22AP5 
lOMR5 
lOMR5 
lClMR5 
lOMR5 
22AP5 
12MR5 
28JA5 
9MR5 
28JA5 
22AP5 
9MR5 
29AP5 
22AP5 
22AP5 
28JA5 
22AP5 
02FE5 
22AP5 
29MR5 
29MR5 
28JA5 
22AP5 
22AP5 
22AP5 
28JA5 
22AP5 
28JA5 
2BJA5 
28JA5 
22AP5 
Q4MY5 
04fo'Y5 

TIIIII\51 
1 

HI J+l I 

2 •• ~ • I I I:'~Tll1 - 2 •• BMTI21 + B~T(3) 
- CII~e,INS-11 + SIINB,I~S-11 * Idll\Fl,INS-ll 
TtII~SJ 

IH28AP5 
) 28AP5 

29MR5 
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C-----SET RCTATIC~~L SPRING ~T I~TERSECTIC~S 

RFIJ+lI = RRI~SI 
C-----CC~FUTE MATRIX CCEFFICIE~TS 

22le A~ FINE,J-ll -0.25 * ~ * I RINB,J-ll + RFIJ-II I 
BR - 2.C * I FI~B,J-ll + FI~B,JI I 
CC FINE,J-l1 + ~.O * FIN8,JJ + FIN8,J+IJ + C.25 * H * 

I RIN8,J-l1 + R(~e,J+IJ + RFIJ-II + RFIJ+IJ I + 
, S I NP., J I 

DC - 2.C * I FI~B,JI + FINE,J+l1 J 
EE FINE,J+l1 - C.25 * H * I RINB,J+IJ + RFIJ+l1 I 
FF CINE,JI * ~E~ - 0.5 * HE2 * I T(NB,J-IJ - TINEtJ+II 

- HI J - 1 I + H I J + 1 I - R F I J-l) * D W I IN E .r ~ S I + 
~ RFIJ+lI * CldINH,I~SI I 

C-----CC~FLTE RECURSICN CCEFFICIENTS 
E = ~~ * BIJ-LI + 8B 
DE~O' = E .. BIJ-ll + AA * CIJ-21 + CC 

IF DENC~ I 224C, 2L~C, 224C 
223C D = C.G 

GC TO 225() 
22~C 0 = - 1.C I CE~CM 
225( CIJI C * EE 

BIJI = C * IE. CIJ-II + DC 
AIJI = C * IE. AIJ-l1 + AA * AIJ-21 - FF I 
KEYJ = KEYI~E',JI 

C-----RESET RECURSIC~ CCEFFICIENTS TC SPECIFIED CCNCITIONS 
(C TO I 27CO, 23(C, 24CO, 25CQ, 2tCO I, KEYJ 

23(C CIJI O.C 
SIJI = G.C 
AIJI = WSIN8,JI 

GC fa nee 
L1TE~P 

CTEH 
tlH~IF 

/\TE~P 

C I J I = 
El I J I = 
1\ I J I = 

GC TG 2F:C 

[ 

C I J I 
~ ( J I 
~ I J I 

1.0 
0.0 
- ~T2 • [~SINB,JI 

251j~ CIJI = o.c 
l~ ( J I = \J.': 

n~:. 

2E:~ 

I\IJI = w~INe,JI 
GC TO 27JC 

DREV 

(REV 
fjReV 
IIRcV 

C I J I 
HI J ) 
A I J I 

CCf\JTINLJE 
C[NT I ,'-JL:t 

1.C I I I.e - I eTE~p * BIJ-l1 + CTE~P - I.e I • 
C I CTEfoIF I 
CREV " CIJI 
CREV * I elJI + I BTEfoIP * CIJ-l1 I * C I DTE~P 
CREV * I ~IJI + I ~T2 * OWSINB,JI + ~TEMP 
+ eTE~p • ~IJ-l1 I * C I DTE~P I 
(REV 

= HI< E V 
I\KEV 

~! F ':; = r4 I ~ E') + 5 
[C 2H5C K~ = ~, foIF5 

J = ~INHI + e - KK 

A3.6 

28JA5 
29MR5 
28JA5 
22AP5 
28JA5 
29MR5 
29~R5 

29MR5 
28JA5 
29MR5 
29MR5 
29MR5 
29MR5 
28JA5 
25AG4 
20JL4 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
20JL4 
20JL4 
28JA5 
28JA5 
22AP5 
22AP5 
28JA5 
07MY5 
22AP5 
22AP5 
20JL4 
27AG4 
20JL4 
20JL4 
28JA5 
a 7MY5 
22APS 
22AP5 
20JL4 
07/"Y5 
22AP5 
22AP5 
28JA5 
20JL4 
25AG4 
07",Y5 
28JA5 
20JL4 
20JL4 
20JL4 
22AP5 
22AP5 
02FE5 
22.AP5 
16FE5 
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W(Ne,JI = AIJI + EtJ) * hINB,J+ll + CIJI * ~(~B,J+2) 
2ESt CC~TINL[ 

MPit "'I~t!' + it 
MP5 '" 1'(~Pl + <; 
MPt: = t'(~fl) + f:. 
MP7 = t't~E) + 7 
WIN8,~P61 2.( * hINe,~P5) - WINB,~P41 
WINP,,.P71 2.r * h(NE,~Pf:.) - WINB,~P51 
WI~e,2) 2.( * hIN8,3) - hl~B,4) 
WI~~,ll = 2.( * hl~B,2) - WI~B,3) 

[C 3ZQC J = ~, t'P~ 

DhT(~P = ChINE,JI 
Oh(~e,J) '" I - hl~P,J-1I + h(NB,J+l1 I I ( 2. * H 
BI'INe,J) = FINE,JI * IhINB,J-ll - 2. * W(NE,JI + 

hINE,J+l1 I I rE2 
Oe~INp,JI = I - E~(NB,J-ll + Bt'(NB,J+l) I I HT2 

C-----C(LNT CF REA~S NCT STAEILIZED 
IF I KCCEINB,JI ) ~lCC, 31CC, 30ee 

3CCC IF I AESF I ChINE,JI - CWTE~P ) - CTel ) 3100, 310C, 3C50 
3C5C KSTR = KSTP + 1 
~lCC CCNTINLE 
32(C C(NTINLE 
35(( C(NfINLE 

C-----CCLNT CF INTERSECTICNS NCT ClOSEC 
KCTCL = C 

CC 6000 NB = 1, NTE 
/-'Pit = fv'.(NEI + it 

CC 600C J = 4, ,..Fit 
IF I KCCEINB,J) ) f:.(C~, 60C(, 59CC 

5S(C KCCCE = KCCEINP.,J) 
C~LL CCIPHER I KceCE, INE, INS) 

IF ( ABSF I Chi INE,INS) - ChINB,J) ) - CTOl ) 6Q(0, 600e, 
5S5C KCTCL KCTCl + 1 
6r~c C(~TINUE 

KCTCL ~ KCTCl I 2 
ITER,. ITER + 1 

CC 610C N = 1, E 
IA = ~CNEII\) 
IS = "CNSI~d + it 
Dkfv'l~c,N) = CldIE,IS) 

flee CCNTINLE 
C-----PRI~T TARLE 7 rEArING ~NC it t'ONITCR BEAt' ANC STATIeN NLMBERS 

PRINT 206, ITER, RRINS), KSTB, KCTCl, ( OW~INC,N), N = 1, 8 I 
C---- CCNTRCL ITERATICN P~CCESS 

IF I KCTCL ) 1S0C, 1SCC, 7eec 
1CCC IF IIT,..AX - ITER I Hee, 7SCC, 7lCO 
11~C IF I KSTB ) 7SC~, lSCC, 76CC 
76CC CCNTINUE 
7src CC~TINLE 

c-----CC,.PLTE AN[ PRINT RESULTS 
PRINT 11 
PFINT 1 
PRINT 13, I ANIIN), N = 1, 32 ) 
PR[Nl 16, NPRCI:!, ( AN2(N), N = 1, 14 ) 
PRINT 2:":8, ITER 

IF ( KCfCL ) t12e, E12e, 81le 

16FE5 
22AP5 
02FE5 
07MY5 
07MY5 
07MY5 
07MY5 
07MY5 
07MY5 
07MY5 
07MY5 
28JA5 
28JA5 
28JA5 
28JA5 
29MR5 
28JA5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
29JA5 
29JA5 
22AP5 
02FE5 
22AP5 
22AP5 
22AP5 
29JA5 
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595022AP5 
22AP5 
22AP5 
28JA5 
29JA5 
22AP5 
lOMR5 
10MR5 
lOMR5 
22AP5 
27MR5 
12MR5 
29JA5 
22AP5 
22AP5 
22AP5 
22AP5 
22AP5 
29JA5 
08MY3 10 
18FE5 10 
l8FE5 10 
28AG3 10 
12MR5 
22AP5 



68 

e lle 
6l2C 

flflIf\T 2']9 
DRIf\T 210 

L:C 860C 
MP5 

PRIf\T 211 
CC 850C 

JSTA 
II = 

f\e = 1, f\Te 
.; ~{f\el f 5 

J :: 3, tiPS 
= J - 4 
JSH 

X JSTA .... 
IF KCCEIf\B,JI I E2CC, 82CO, e3CC 

82CC ER~CR = C.; 
GC TO e4CC 

83CC KCCCE :: KCDEIf\e,JI 
C~ll CCIPHER I KCCCE"If\e, INS I 

ERRCR :: RR(f\SI • I DWIIf\B,If\SI - DW{NB,JI I 
c4CC PRIf\T 212, NB, JSTA, x, W(f\B,JI, DW{l'iE,JI, BM(NB,JI, 

1 ERRCR 
8~CO C(f\TINUE 
ecCC C(NTINUE 

UlL TIME 
G( TO lOE 

'1<;<;': C(/\TIf\UE 
<;<;se; CCf\TINUE 

PI<If\T 11 
IJ~If-,T 1 
PHf\T 13, ( IlNl(NI, f\ :: 1, 32 ) 
PRlf\T 19 
Ef-,[ 

DeM{NB,JI, 

A3.8 

22AP5 
22AP5 
22AP5 
02FE5 
12MR5 
22AP5 
29JA5 
29MR5 
29MR5 
22AP5 
22AP5 
22AP5 
22AP5 
03AP5 
03AP5 
22AP5 
03AP5 
22AP5 
22AP5 
l8FE5 
26AG3 10 
12MR5 10 
04MY3 ID 
08HY3 10 
18FE5 10 
18FE5 10 
26AG3 ID 
04HY3 ID 



APPENDIX 4 

GUIDE FOR DATA INPUT FOR FRAME 4 
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FRAME 4 GUIDE FOR DATA INPUT --- Card forms 

IDENTIFICATION OF PROGRAM AND RUN (2 alphanumeric cards per run) 

80 

80 

IDENTIFICATION OF PROBLEM (one card each problem) 

PROB NUM DESCRIPTION OF PROBLEM (alphanumeric) 

[ 1 

5 II 80 

TABLE I. PROGRAM CONTROL DATA (three cards each problem) 

ENTER "I" TO HOLD PRECEDING NUM OF CARDS ADDED FOR 

TABLE 2 3 4 5 6 TABLE 2 3 4 5 6 o IJ D n o o o o o o 
10 15 20 25 30 45 50 55 60 65 

MAX NUM OF ITRS rr NUM OF X-BEAMS 
INCREMENT CLOSURE 

/NUM OF Y-BEAMS LENGTH TOLERANCE DOD I~~~~~~~ 

40 50 

MONITOR INTERSECTIONS 

BEAM BEAM BEAM BEAM 
NUM STA NUM STA NUM STA NUM STA 

0 D 0 D 0 Cl 0 0 
10 15 20 25 30 35 40 45 

....... 
I-' 



 

 

 

 

 

 

 

 

 

 

 

 



TABLE 2. CLOSURE SPRING VALUES (number- of cards according to Table 1; none if preceding Table 2 is held) 

SPRtt-lG NUM SPRING VALUE 

0 I I 
10 21 30 

TABLE 3. NUM OF INCREMENTS FOR EACH BEAM (number of cards accord ing to Table 1 . , none if preceding Table 3 is held) 

NUM OF I NCRS FOR 
BEAM 1 I 21 

3 4 5 6 7 a 9 10 11 12 13 14 15 

n II n II II II II n n n II II n II 
10 15 20 25 30 35 40 45 50 55 60 65 70 75 ao 

TABLE 4. BEAM INTERSECTIONS (nlJmber of cards according to Table 1; none if preceding Table 4 is held) 

TABLE 5. 

INTER 
NLiM 

o 
10 

BEAM 
NUM 

o 
15 

SPECIFIED 

BEAM 
NUM STA n n 

10 15 

STA 

n 
20 

BEAM 
NUM 

o 
,25 

DEFLECTIONS 

CASE 

n 
25 

STA 

D 
30 

AND SLOPES (number of cards according to Table 1; none if preceding Tobie 5 is held) 

DEFLECTION SLOPE 

I I I CASE: I for deflection only, 2 for slope only, 3 for both 
31 40 50 

TABLE 6. FIXED STI FFNESS AND LOAD DATA (number of cards according to Table 1 ). Data added to storage as 
lumped quantities per increment length, linearly Interpolated between values input at indicated end 

stations, with 112-values at each end station. Concentrated effects ore established as full values at single stations 

by setting final station: initial station. 
ENTER 1 

IF CONT'D F a S T R 

BEAM TO ON NEXT BENDING TRANSVERSE SPRING TRANSVERSE ROTATIONAL 
NUM STA STA CARD STI FFNESS FORCE SUPPORT COUPLE RESTRAINT 

D D D D I I 
5d 6d J ad 10 15 20 25 31 40 

. 
w 

--..J 
w 



 

 

 

 

 

 

 

 

 

 

 

 



STOP CARD (one blank at end of each run) 

GENERAL PROGRAM NOTES 

A consistent system of units must be used for all input data, for example: pounds and inches. 

I - 4 3 2 11 All 5-space words are understood to be whole numbers . 

All 10-space words are floating-point decimal numbers I - 4 3 2 1 E + 0 31 

TABLE 1. PROGRAM CONTROL DATA 

For each of Tables 2, 3, 4 and 5, a choice must be made between holding all of the data from the 

preceding problem or entering entirely new data. If the hold-option for any of these tables 

is set equal to 1, the number of cards input for that table must be zero. 

For Table 6, the data are accumulated in storage by adding to previously stored data. The number 

of cards input is therefore independent of the hold-option. 

Card counts in Table 1 should be rechecked carefully after coding of each problem is completed. 

The maximum number of iterations that may be specified is 99. Usually 20 are sufficient. 

A certain beam numbering system must be followed. Number all the x-beams, starting with the top 

beam as 1. Then number all the y-beams, starting with the left-most beam having the number 

of x-beams plus 1. Beams are solved in numerical order. 

The maximum number of x and y-beams is 9 in this program. This number may be adjusted with minor 

program revisions. It is dependent on the computer's storage capacity. 

Typical units for the value of the increment length are inches. 

Increment lengths must be the same in both the x and y-direction. 



 

 

 

 

 

 

 

 

 

 

 

 



The maximum number of increments into which a beam may be divided is 150. 

Closure tolerance is equal to the ~llowable difference between x and y-beam slopes at intersections. 

Four sets of beam and station numbers are required to designate intersections where values of slope 

are monitored after each iteration. Only one beam and station number are required to identify 

an intersection, i.e., the program automatically finds the beam and station number of the in

tersecting beam. 

All four monitor stations must be specified; therefore beam and station numbers may be repeated for 

problems with fewer than four intersections. 

There is no hold option on this table, i.e., 3 new data cards must be entered for each problem. 

TABLE 2. CLOSURE SPRING VALUES 

The rotational closure springs input in this table are used in repeated cyclic order. Springs 

should be input in the order they are to be cycled. Maximum number of springs is 5. 

TABLE 3. NUMBER OF INCREMENTS FOR EACH BEAM 

Number of increments for each beam must be entered according to numerical beam order. 

TABLE 4. BEAM INTERSECTIONS 

The total number of intersections input in this table should be rechecked carefully after coding 

of each problem is completed. 

Both pairs of beam and station numbers corresponding to an intersection must be designated. 

TABLE 5. SPECIFIED DEFLECTIONS AND SLOPES 

Deflections are automatically set equal to zero at each beam intersection in Table 4, so it is 

not necessary to specify zero deflections at intersections. 



 

 

 

 

 

 

 

 

 

 

 

 



~o conditions other than zero deflections may be specified at a joint. However, conditions may 

be specified along a frame member if the following rules are followed. 

Specified conditions on frame members should not cause axial shortening in any frame members. 

A slope may not be specified closer than 3 increments from another specified slope on two 

stations within either side of a joint. 

A deflection may not be specified closer than 2 increments from a specified slope, except that 

both a deflection and a slope may be specified at the same station. 

TABLE 6. STIFFNESS AND LOAD DATA 

Typical units, 

Variables: F Q S T R 

Values per station: lb in 2 lb X lb/in in X lb in X Ib/radian 

R may be specified at any station except at a station where an intersection occurs or at 

stations away from an intersection. 

T may be specified'at any station except two stations away from an intersection. 

Data in this table which would express effects at fictitious stations beyond the ends of the real 

beam should not be entered (nor held from the preceding problem). 

For the interpolation and distribution process, there are four variations in the station numbering 

and in referencing for continuation to succeeding cards. These variations are explained and 

illustrated on the following page. 

There are no restrictions on the order of cards in Table 6 except that within a distribution 

sequence the stations must be in regular order. 

> 
~ . 



 

 

 

 

 

 

 

 

 

 

 

 



CONT'D 
BEAM FROM TO TO NEXT 

Individuol- cord Input NUM STA STA CARD? 

Case 0.1. Data concentrated at one sto ..... . 19 I 7 -!-.7 r O=IJO I 
Case 0.2. 00'0 uniformly distri buted ...... . 19 I 5 --;......,.t5 I 0 =/tJ0 I 

19 I 15 ----t+ 20 IO=AIOI 
19 I 10 ----t+ 20. 10 =JJO I 

Multi pie - cord Sequence 

Case b. First - of - sequence 19 1 25 ......... I J= YES I 
Case c. In te rior - of - sequence ......... . 19 I '30 11= YES I 

Case d. End - of - sequence . . . . . . . . . . . 

19 1 1~.35 T t =YEST 

19 I 40 IOeA/O I 

Resu Iting Distri bution of Data 

STIFFNESS F 
- 4 -

- 3 -
- 2 / 

/ 
/ 

- 1 / 

/ 
/ 

Sto: 5 10 15 20 25 30 

LOAD Q - 3 -

- 2 

- 1 

Sto: 5 10 15 20 25 30 

F Q 

I 3.0 

2.0 I 
4.0 I 1.0 

I 2.0 

0.0 I 2.0 

4.0 I 2.0 

2.0 I 0.0 

2.0 I 

35 

35 

etc ... 
L 
I 
I 
I ,.. 

t 

I 
I 
I 
I 

40 

40 

• 'if 
e 
o 

:> 
~ . 
t-' 
t-' 

co 
t-' 



 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX 5 

LISTING OF INPUT DATA FOR EXAMPLE PROBLEMS 
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AS.1 8S 

CE051118 CODED BY BRG,DMP RUN DATE 26 OC 66 
EXAMPLE PROBLEMS FINAL REPORT 

1 THD 3-BARREL BOX CULVERT, 10 FT FILL, UNIFORM LOADS 
0 2 1 8 0 8 

20 2 4 3.0E+00 1.0E-09 
1 0 2 26 1 52 2 78 
1 1.6E+07 
2 1.0E+08 

78 78 18 18 18 18 
1 1 0 3 18 
2 1 26 4 18 
3 1 52 5 18 
4 1 78 6 18 
5 2 0 3 0 
6 2 26 4 0 
7 2 52 5 0 
8 2 78 6 0 
1 0 78 0 6.48E+08-234.0E+00 
2 0 78 0 6.48E+08 244.0E+00 
3 0 1 1.92E+08-113.0E+00 
3 18 0 1.92E+08 -79.0E+00 
6 0 1 1.92E+08 113.0E+00 
6 18 0 1.92E+08 79.0E+00 
4 0 18 0 1.92E+08 
5 0 18 0 1.92E+08 

2 MULTI-STORY FRAMED STRUCTURE VERTICAL LOADS ONLY 
0 2 1 11 4 34 

20 3 4 4.0E+00 1.0E-09 
4 96 7 66 2 45 3 90 
1 4.27E+06 
2 2.00E+08 

90 150 150 96 96 96 66 
1 1 0 4 96 
2 1 45 5 96 
3 1 90 6 96 
4 2 0 4 66 
5 2 45 5 66 
6 2 90 6 66 
7 2 150 7 66 
8 3 0 4 36 
9 3 45 5 36 

10 3 90 6 36 
11 3 150 7 36 

4 0 3 0.0 0.0 
5 0 3 0.0 0.0 
6 0 3 0.0 0.0 
7 0 3 0.0 0.0 
1 0 90 0 1.920E+08 
1 45 90 0 -40.0E+00 
2 0 150 0 6.480E+08 
2 0 45 0 -75.0E+00 
2 90 150 0 -75.0E+00 
3 0 1 1.7496E+I0 
3 15 1 1.5360E+09 
3 30 1 1.5360E+09 



86 AS.2 

3 45 1 1.7496E+10 
3 60 1 1.5360E+09 
3 75 1 1.5360E+09 
3 90 1 1.7496E+10 
3 111 1 1.5360E+09 
3 129 1 1.5360E+09 
3 150 0 1.7496E+10 
3 15 15 0 -25.0E+03 
3 30 30 0 -25.0E+03 
3 45 90 0 -75.0E+00 
3 120 120 0 -50.0E+03 
4 0 36 0 5.1840E+09 
4 36 66 0 1.5360E+09 
4 66 96 0 6.4800E+08 
5 0 36 0 5.1840E+09 
5 36 66 0 1.5360E+09 
5 66 96 0 6.4800E+08 
6 0 36 0 5.1840E+09 
6 36 66 0 1.5360E+09 
6 66 96 0 6.4800E+08 
7 0 36 0 5.1840E+09 
7 36 66 0 1.5360E+09 
4 0 18 0 5.40E+04 
5 0 18 0 5.40E+04 
6 0 18 0 5.40E+04 
7 0 18 0 5.40E+04 



APPENDIX 6 

COMPUTED RESULTS FOR EXAMPLE PROBLEMS 
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A6.1 

PRCCRb~ rRA~E 4 - M~TLCCK - CECK ~ RE~IS[CN DATE 30 AP 65 
CE051118 CCOCD ~y 8RG,C'P R~N CATE 2t ac t6 
EXA~PLE FRCELE~S FINAL REPeRl 

PRe!:' 
1 TrC ;-BARREL I:'CX CLLV(Rl, 10 FT FILL, UNIFCRM LCACS 

TABLE 1. C(~TRCL D~T~ 

PRICR-CAT~ OPT[C~S I I=HCLC ) 
~L~ C~RCS INPUT TrIS FRCI:'LEM 

~~X ~l~ ITERATIC~S 

~L~ CF X-BEAMS 
H~ CF Y-f'EAMS 
X A~C Y-BtA~ INCR LENGTH 
CLOSLRE TCLERA~CE 

~C~ITCR STAS NB,J 

T~8LE 2. CL(SLRE SPR[~C VALUES 

SPRIf\C NUM 

1 
'2 

CLCSlRC SPRII\G 

1.(;C\)E C7 
I.COGE !')e 

1 a 

TARLE 3. NUM OF INCREfiENTS FOR E~CH BEAM 

e E~ tJ Ht-' ~Lfi CF I~C R S 

1 18 
2 7e 
3 18 
4 H 
<- 18 
f.: Ie 

TABL E 4. EE~~ INTERSECT lOS 

INT B[bM SlA 8EA~ 

1 1 C 3 
2 1 26 4 
:3 1 ;2 5 
4 J. 7f' 6 
5 ? C 3 
(; 2 2(; 4 
7 2 ~~ _t. 5 
E '2 7E 6 

2 26 

TABLE I\UfiBER 
23 4 5 t 

o 
2 

ST A 

18 
I8 
18 
18 
a 
C 
0 
0 

o 
1 

1 52 

o 
e 

o 
o 

o 
8 

20 
2 
4 

3.COOE CO 
1.COOE-C9 

2 18 

89 



90 

TAGLE 
H~I'1 

NUM 

TA8LE 

EcAM 
NUM 

2 
~ 

t 

4 
~ 

TABLE 

ITR 
NUM 

2 

3 

4 

5 

t 

7 

E 

9 

A6.2 

~. SFECIFIEO CEFLECTICN5 ~~C 5LCPES 
SH 
NUM CIISE CEFLECTICN SLCPE 

f\(NE 

t. FIX [C STIFF~ESS nc L( A[ CATA 

FRO TO cnTC F Q S T R 

0 78 C t.4EOE CE -2.34CE C2 C C 0 
0 78 ( t.4EOE Cf 2.44CE C2 C C 0 
0 1 1.S20E CE -1.1?OE U 0 C 0 

18 0 1.S20E CE -7.<;((,E C1 0 C 0 
0 1 1.S20E CE 1.13CE C2 0 C 0 

18 C l.S20E CE 7.SCOE C1 0 C 0 
0 18 C 1.S20E CE C 0 0 0 
0 13 ( 1.S20E (E C 0 C 0 

7. Il[R"TION tJC~ITCfl Ct>H nc SLCPES AT FCUR SELECTEe 5TATICNS 

EEII~ STt> eEt>'" STt> BEAM STA BEAM STA 
CLCSLRE: f\C T ~CT 1 C 2 26 1 ~2 2 78 
SFRlf\G STAll CLCS 3 1E 4 0 ~ 18 6 0 

1. t C CI:' t,,;7 if: E -E.t64E-C4 -2.333E-04 -2.21C E-04 -9.147E-04 
-S.C1lE-C4 -3.1S8E-04 -3.0S2E-04 -9.151E-C4 

1.eCCE ',8 16 E -s .CtGE-C4 -3.CCOE-04 -2.<;2~E-04 -9.238E-04 
-S.1C6E-C4 -2.E32E-04 -2.771 E-04 -9.310E-04 

1.Her: C)7 16 f -c;.C E2E-C4 -2.735E-04 -2.6E1E-04 -9.312E-04 
-S.C79E-04 -2.6<;8E-G4 -2.64H-04 -9.306E-04 

1.Ct:C= ·)8 16 E -<;.C76E-C4 -2.7C6E-C4 -2.6sa-04 -9.303E-04 
-s.C 73E-(4 -2.713E-04 -2.t5SE-04 -9.300E-04 

l.teCE (.7 it E -S.C 73E-C4 -2.717E-C4 -2.66~E-04 -9.300E-04 
-S.C 73E-C4 -2.719E-04 -2.66~E-04 -9.300E-04 

1.CCCE dB 1 t E -<;.C 73E-C4 -2.718E-C4 -2.66~E-Q4 -9.300E-04 
-S.C 73E-C4 -2.718E-C4 -2.66H-Q4 -9.300E-04 

l.U.C;: (,7 14 4 -S.C 73E-C4 -2.718E-04 -2.66H-04 -9.300E-04 
-S.C 73E-C4 -2.718E-C4 -2.664[-04 -9.300E-04 

1. (C; E .J8 12 4 -S.C 73E-C4 -2.718E-04 -2.66~E-04 -9.300E-04 
-S.(73E-C4 -2.718E-C4 -2.66H-04 -9.300E-04 

1.6'_tc ,17 E ( -S.C 73E-C~ -2.718E-C4 -2.66H-04 -9.300E-04 
-S.C 73[-C4 -2.718E-C4 -2.66H-04 -9.300E-04 



A6.3 91 

PRCGH~~ FRr~[ ~ - M~TLCCK - CECK 5 REVISICN OATE 30 C P 65 
CE']5111E CCDEO HY ERG,C~F RGN CATE 26 CC ~~ 
EX~~FLE PHCeLE~S FI~AL REPCRT 

PROF (CCr--TOI 
1 THO 3-~ARREL BOX CLLVERT, 10 FT FILL, UNIFORM LOACS 

TABLr t. R~SULTS lTERIITICN 9 

NE JSTA x CEFL SLOPE SHAR ERROR 

1 - 1 -;.CCCE OC 2.t2tE-V~ -E.754E-('4 0 -1.14EE 03 0 
1 C 0 0 -S.073E-r,4 -~.887E 03 -1.0EE 03 4.363E-,)4 
1 1 ;.ccrc: CC -2.8lEE-C~ -S.53tE-G4 -~.229E 03 1.25CE 03 0 
1 2 t.Cr.C[ ()C -'.:.722E-C; -S.66tE-r.4 6.151E 1)2 2.164 E 03 0 
1 3 r;.~CC[ oe -f.tl7E-C3 -S.49tE-()4 6.757E 03 1.C;3CE 03 0 
1 4 1.2e(:;:: c! 1 -1.142E-C2 -S.G57E-C4 1.22CE 04 1.t9tE 03 0 
1 5 1. 5 CO [ 01 -1.4(5[-U -E. 382E-Q~ 1.693E 04 1.462E 03 0 
1 t l.EeCE 01 -1.t45E-C2 -7.505E-1)4 2.097[ 04 1.22eE 03 0 
1 7 2. 1 (,C E 01 -1.8:5E-C2 -t .457E-04 2.43CE 04 S.C;43E 02 0 
1 E 2.4(;OE 01 - 2 • i..' 3 2 E - C 2 -~.271E-C4 2.694E 1)4 7.tC3E 02 0 
1 q 2.7>:OE 01 -2.172E-C2 -3.97SE-04 2.887E 04 5.263E 02 0 
1 1(' 3.rcC[ (11 -2.211E-(2 -2.614E-04 3.009E 04 2.C;23E 02 0 
1 11 3.3((,E 01 -2.32SE-(,2 -1.20SE-(:4 3.C62E 04 5.E2'.:E 01 0 
1 12 3.tCC'r: 01 -2.344E-02 2.C44E-C5 3.044E 04 -1.157E 02 0 
1 13 :: .G(;CE 01 -2.31tt=-(2 1.5'l3E-C4 2.956E 04 -4.C97f 02 0 
1 14 4. 2CC E 01 -2.2~eE-C2 2.92tE-C4 2.798E 04 -6." 37 E 02 0 
1 15 4.5GCE 01 -2.141[-(2 4.16EE-C4 2.57CE C4 -8.177E 02 0 
1 It ".ECCE 01 -1.C,SeE-C<: ~.28SE-04 2.272E 04 -1.112E 03 0 
1 17 ~.lC''JE 01 -1.1'.23E-(;; t.25H-04 1.903E 04 -1.;4tE 03 0 
1 iF. ;.~CCE 01 -1.t23E-(,2 1.035E-(:4 1.464 E 04 -1.~8CE 03 0 
1 19 ~.7::CE 01 -1.4C1[-C2 7.595E-04 'l.553E 03 -1.El4E 03 0 
1 2::: t.(CCE l:.t -1.101:-C2 7.9!)3E-C4 3.761E 1)3 -2.C4EE 03 0 
1 21 L 3::1; E 01 -S.27lE-C3 7. 92 7E-04 -2.733E 03 -2.~82E 03 0 
1 22 L U:C:: 01 -t.C;l2E-C; 7.634E-04 -S.93CE 03 -2.~ltE 03 0 
1 -., 

t:~ LSCCE 01 -~.6S1E-C'3 t .992E-(";4 -1.783E 04 -2.15CE 03 0 
1 24 7.2r:C~ 01 -2.717E-C3 !:.967E-C4 -2.643E 04 -2.C;84E 03 0 
1 -" t:~ 7.SCCE (-I -l.llCE-(~ 4.52EE-C4 -3.573E C4 -3.C63E 03 0 
1 ;:t 7. E CC E 01 0 2.664E-(;4 -4.481E 04 1.C45E 02 4.678E-03 
1 27 E.l'-'OE 01 ~.8ECE-C~ E.142c-G5 -3.510c 04 2.<;63E 03 0 
I 2E E.~CCE 01 4.8f5E-C~ -t.24CE-Ci5 -2.703E 04 2.~74E 03 0 
1 2'0 E.7CCc ,)1 1.13tE-C~ -1.7C!:E-C4 -1.966E (14 2.~4(E 03 0 
1 3( S.CCJE (,1 -!:.3 .... E-C4 -2.461E-C4 -1.29SE 1')4 2.10tE 03 0 
1 :3 1 S.3GCE: 01 -1.3t3E-C~ -2.9241:-(,4 -7.C,23E 03 1.E72E 03 0 
1 32 ".tCCE (01 -2.2ESE-C; -3.127E-C4 -1.758E 03 1.0EE 03 0 
1 3 -~ S.SCOt': :)1 -;.2;SE-C3 -3.103E-C4 2.805E 03 1.404E 03 0 
1 ~4 I.C2CE 02 -4.1~CE-C3 -2.884E-;)4 6.666E 03 1.17C E 03 ('\ 

1 3':: 1.1'::C'E 02 -4.9tSE-C3 -2.502E-04 S.825E 03 9.36(E 02 0 
1 3t 1. ( EC E 02 -!:.t'::2E-C3 -1.99C[-(4 1.228E 04 7.C2CE 02 0 
1 307 1.11CE r'l2 -t.lt3c-(,3 -1.381E-rJ4 1.404E 04 4. t 8e E 02 0 
1 3[- 1.14CE: 02 -f..4ECE-C:? -7.C67E-(15 1 .5 (I C; E 04 2.;4CE: 02 0 
1 3'0 1.1 7C E C2 -t.SE7E-C3 2.95tE-12 1.544E C4 t.273E-03 0 
1 4C 1.2(CI: 02 -t.4ECE-(,~ 7.C67E-05 1.50SE (14 -2.;4CE 02 0 
1 41 1.2;0 E 0)2 -f.H3c-C: 1.381E-.')4 1.484E 04 -4.teCE 02 0 
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1 42 1. ;: {:C E 02 -'.:.6,:a-C~ 1.S9CE-C4 1.228E 04 -7.C2CE 02 0 
1 43 1.2SCf' U2 -4.StSr-(~~ 2.5ellE-04 S.825E 03 -<;.36CE 02 0 
1 44 1.3;:CE C!2 -4. 1 ~CF.-C:: 2.884f:-04 {:.666E 03 -1.17CE 03 0 
1 45 1.;50E u2 -;.23SE-C3 ~.lD3E-04 2.805E 03 -1.404E 03 0 
1 4c 1.3E(" (12 -2.2E<;~-C3 3.127[-('4 -1.758E 03 -1. nEE 03 0 
1 47 1.41Ci:: (2 -1.3f.3f-:-C3 2.924E-(4 -7.023E ()3 -l.E72E 03 0 
1 48 1.44C[ C2 -'.:.344E-[4 2.461E-(4 -1.2S9E (')4 -2.10{:E 03 0 
1 4<; 1.47CE 02 1.1;tE-C4 1.70'.:E-(;4 -1.966E 04 -2.;4CE 03 I) 

1 " ~ ...-\..; 1.':CCE (12 4.eE':E-C4 {:.24CE-'J5 -2.703E 04 -2.~74E 03 0 
1 51 1 • ': 30 E 02 4.eECE-~4 -E.142E-05 -3.510E 04 -2.<;63E 03 0 
1 52 1.5{:CE 02 0 -2.66410-04 -4.48lE 04 -1.C45E 02 -4.762E-03 
1 53 1.':SC[ (,2 -1.11C£O-C; -4.528E-04 -3.573E 04 3. (63 E 03 0 
1 54 1. {:2C' E 02 -2.717E:-C; -5.967[-04 -2.643E 04 2.<;84E 03 0 
1 " c 1. 6 5(; E 02 -4.6<;lE-C; -f.992E-('4 -1.783E 04 2.15CE 03 0 
1 5{: 1. 6 EC F 02 -{:.91a-C; -7.634E-C4 -<;.93CE 03 2.~1{:E 03 0 
1 57 1. 71C >: 02 -S.2IlE-C; -7.927E-C4 -2.733E 03 2.a2E 03 0 
1 5E 1.74CE (. 2 -1.167E-C2 -7.90;E-('4 3.76lE 03 2.(48E 03 0 
1 5'1 1.77C[ 02 -1.4C1E-C2 -7.59'.:E-C4 <;.553E 1)3 1.E14E 03 0 
1 6C 1.ECOE 02 -1.623E-C2 -7.('3'.:E:-04 1.464E 04 1.58CE 03 0 
1 61 1. e 30E 02 -1.823[-(2 -t.25{:E-C4 1.903E a4 1.34{:E 03 0 
1 {:2 1.HOE 02 -1.S<;8E-(2 -5.28SE-C4 2.272E 04 1.112E 03 0 
1 63 1.ESOE 02 -2.141E-C2 -4.16EE-04 2.570E 04 8.177E 02 0 
1 t4 1. '120 E Cl2 -2.2481:-C2 -2.926E-04 2.798E 04 {:.437E 02 0 
1 f5 1. '1 50 [ 02 -2.31{:E-(2 -1.593E-()4 2.956E 04 4. (97E 02 0 
1 U 1.SECE 02 -2.344E-C2 -2.044E-a5 ;.044E 04 1.157E 02 0 
1 U 2 • C 10 E 1)2 -2.32SE-(;2 1. 2 OS E-'.)4 3.062E 04 -5.E25E 01 0 
1 {:E 2.(,4C'= 02 -2.271[-(2 2.614E-[4 3.CJ09E 04 -2.S23E 02 0 
1 6'1 2.C7CE 02 -2. 172E-C 2 ;.97<;E-C4 2.887E 04 -5.263E 02 0 
1 70 2.1 GCE 02 -2.C;2[-C2 5.271 E-C4 2.694E (]4 -7.t03E 02 0 
1 71 2.130[: ') 2 -1.8~5E-'::2 t .457E-r~4 2.430E 04 -9.<;43E 02 0 
1 72 2.1tCE ('2 -1.645E-C2 7.505E-1)4 2.CS7E: 04 -1.228E 03 0 
1 73 2.1SCE (/2 -1.4(5[-C2 E.382E-04 1.693E 04 -1.462E 03 0 
1 74 2.22GE (12 -1.142E-(2 S.(,57E-04 1.220E 04 -1.t9{:E 03 0 
1 75 l • 2 ~c E (12 -E.t17E-C; <; .496[-04 6.757E 03 -1.S3CE 03 0 
1 7t 2.2 f'C C 02 -5.722E-C3 S.66{:E-C4 6.15lE 02 -2.164E 03 0 
1 77 ;: .310 E (12 -2.81Et:-(1~ S.536E-04 -6.229E 1)3 -1.25CE 03 0 
1 78 ;:.34Gto il2 C S.073E-04 -6.887E 03 1.(3EE 03 -2.908E-04 
1 7'1 ;: .3 7C [ 02 2.6;:6E-03 E.754E-04 0 1.148E 03 0 

2 - 1 -;.'~COE l) r -2.6£:7E-C3 8.958E-04 0 1.233E 03 0 
2 ,~ r 0 S.30CE-04 7.398E 03 I.ISlE 03 -4.247E-04 
2 1 3.cl;CE l~ C ;:.8S;E-0; <;.80:3[-04 6.9CeE 03 -1.:274E 03 0 
2 2 t.(CCE JC 5.8E2E-0; S.S57E-04 -2.4741: 02 -2.263E 03 0 
2 3 s.eCCE QC E.867E-G; S.797E-04 -6.67lE 03 -2.(1<;E 03 I) 

2 4 1.2~CE :n 1.176E-C2 '1.356[-1,4 -1.236E 04 -1.175E 03 0 
2 5 1.'.:OOE 01 1.448 E-C2 E.66SE-04 -1.732E a4 -l.~31E 03 0 
2 6 1.eeOE 01 1.6S6[-C2 7.76SE-04 -2.155E 04 -1.287E 03 0 
2 7 2.1C([ ,') 1 1.914E-(2 t.69lE-C4 -2.504E 04 -1.C43E 03 0 
2 6 2.4CO;:: 01 2.fJSSE-C2 5.467E-04 -2.781E: 04 -7.S9lE 02 0 
2 '1 ;:.70CE ')1 2.242E-\:2 4.133E-04 -2.984E 04 -5.~51E 02 0 
2 1C 3.CCCE 01 2.346 E-(2 2.722E-C4 -3.114E 1)4 -3.11lE 02 0 
2 1 1 3.3CCE () 1 2.4Cl:E-C2 1.267E-G4 -3.17lE 04 -6.112E 01 0 
2 12 ;.f.COE 01 2.422E-02 -1.97;E-05 -3.154E 04 1.16SE 02 0 
2 1 :3 3.S':;Of '.)1 2.3S4[-C2 -1.637E-G4 -3.064E 04 4.20SE 02 0 
2 14 4.2CCE 01 2.323E-(2 -;.018E-04 -2.902E 04 6.f49E 02 0 
2 15 4.5CIJIC 01 2.213[-C2 -4.306E-04 -2.666E 04 9.(8SE 02 0 
2 It 4.eCCE 01 2.Cf':E-C2 -5.'i6<;E-04 -2.356E 04 1.153E 03 0 
2 17 5.1(~CE 01 1.8E5E-C2 -t .47lE-04 -1.974E 04 1.::97E 03 0 
2 Ie '.:.4GCE 01 1.677t:-C2 -7.28CE-C4 -1.518E 04 l.t4lE 03 0 
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2 IS :.7CC[ Cl 1.4',EE-C2 -7.86CE-S4 -S.scl3E 03 1.ES5E 03 0 
2 2' "') f:..CCCE ell 1.2C5E:-C2 -E.17SE-04 -3.S72E 03 2.12S[ 03 0 
2 2 1 t.~~C[ 01 S.5IlE-r~ -E .202E-Cl4 2.SS0E Q3 2.~73E 03 0 
2 22 t • t; ': 0 E 01 7.1;Ct-C~ -7.895E-84 1.037E C4 2.fl7E 03 0 
2 2~ f..SCCE 01 4.8~4t-C~ -7.225E-04 1.S58E 04 2.E61E 03 0 
2 24 7.2~CE 01 2.7'05[-(: -t.157i:-(l4 2.753E 04 3.105E 03 0 
2 -<; 

(. ~ 7.~::Gc 01 1.1~S[-I): -4.65'0[-('4 3.721E 04 3.1S5E 03 0 
2 2f: l.eeCE ')1 0 -2.718E-04 4.664E 04 -1.1SCE 02 -4.673E-03 
2 27 E.leOE 01 -4.S}5E-C4 -7.'133E-{)5 3.650E '14 -3.CCJ2E 03 0 
2 28 E ." GeE 01 -4.7tOE-C" 7.01eE-G5 2.80SE 04 -2.fS4E 03 0 
2 2'0 E.700::: ')1 -7.::"1['-(: l.E24E-C'4 2.040E 04 -2."4CE 03 0 
2 3 C' C; • I.: ~: c ;:: ,J 1 t.lE5E-C" 2.60eE-(4 1.344E 04 -2.1'1tE 03 0 
2 ~ 1 S.3CO[ 01 1.4S4E'-(~ ~.OS6E-C4 7.223E 03 -1.C;52E 03 0 
2 ~2 '0 • (;GO E 01 2."7CF-C~ 3.293E-(14 1.733E 03 -1.7GeE 03 0 
2 33 S.SCCE 01 3.'tlCE-C~ ~.263E-04 -3.025E 03 -1."64E 03 0 
2 3" I.C2IJE 02 4.42eE-C: ~ .f)3CE-04 -7.051E 03 -1.220E 03 0 
2 35 l.C5!)[ 02 :.2EeE-C~ 2.627E-04 -1.035E 04 -'1.16CE 02 0 
2 3f. 1.ceo: 02 t. ('" r:: ''': -.'-" "J ...... \" ... I..: ""_ 2.08SE-04 -1.2'1lE 114 -7.~2CE 02 0 
2 37 LI1CC 02 c.'5"2E-C~' L44SE-C4 -1.474E 04 -4.E8CE 02 0 
2 38 1.I"OE 02 t.S7t,E-C; 7.41tE-G5 -1.584E 04 -2."4CE 02 0 
2 3S 1.IEE 02 t.SE7[-C~ -2.'156E-12 -1.620E 04 -6.262E-03 0 
2 4:: 1.2CGE 02 t.e7H-C~ -7.416E-05 -1.584E 114 2."4CE 02 0 
2 " 1 L 2 30 E 02 t.5"2E-r~ -1.44'0[-04 -1.474E 04 4.E8CE 02 0 
2 42 l.if;I)F 02 f:..~;C5E-r-:; - 2 • lJ 8 '0 E - (I 4 -1.2'1lE 04 7.~2(lE 02 0 
2 

" 3 
1.2SCE 02 :.2EEE-C~ -2.627E-(,4 -1.C35E 04 '1.76CE 02 0 

2 "" L~2Cc: 02 4."2eE:-C~ -~.03CE-C4 -7.051E 03 1.22CE 03 0 
2 " '5 

1.~~C[ ,12 3.47CE-C~ -3.263E-04 -3.025E 03 1."64E 03 0 
2 41'; 1 • ~ eo E 'j 2 2.470E-r~ -3.2'13E-1J4 1.733E 03 1. ; 08 E 03 0 
2 "7 1."10[= ;)2 1.4S4E-C~ -3.C861:-C4 7.223E 03 1.C;52E 03 0 
2 4~ 1.4"rt ,)2 t.lE5E-t;" -2.6ceE-C4 1.344E 04 2.1'1tE 03 0 
2 4'1 1 ." 7:' E 02 -7.:'''lE:-C~ -1.S24E-04 2.040E 04 2."4CE 03 0 

2 ~>" 1.':(0[' 02 -".7tC[-(4 -7.('I18E-()5 2.8C8E ('14 2.fS4E 03 0 
2 5 1 1. ~ 3:-:: E 02 -4.'11'5:::-(4 7.'133E-05 3.650E 04 3.C92E 03 0 
2 52 1.':£::I)E ~-

" L 0 2.718E-C4 4.664E 04 1. ISC E 02 4.773E-03 
2 53 1. <; Sf) r: iJ 2 1.1~s::-r;~ 4.65SE-04 3.721E 04 -3.1S5E 03 0 
2 Stt 1.e2C[ ')2 2.7S5E-:~ t.157E-C4 2.753E f'J4 -3.10SE 03 0 
2 55 l.tC;CE '1-

'/ 4.H~"c-C~ 7.225f-04 1.8SeE 04 -2.E61E 03 0 
2 Sf:. 1.f.EC!= n2 7.1~r:E-C~ 7.8'15E-04 1.0371: 04 -2.f17E 03 0 
2 57 1.71CL (! 2 S.~;;IC-C3 E.2C2E-('4 2.880E 03 -2.;73E 03 0 
2 58 1.74U (.\ 2 1.2I:5;:-C2 E.17SE-04 -3.872E Q3 -2.12SE 03 (l 

2 59 1 • ·/70 E 11 .., 
"." L 1.4"fE-C2 7.f'6CE-04 -'1.S'13E 03 -1.ES5E 03 0 

2 t' ',' 1. F: r:;, E: ,) 2 1.677:::-C2 7.28CE-O" -1.51SI: 04 -1.f4H 03 (1 

2 t:l 1. i' 30 E 02 1.i1i;5E-(2 t.47lE-!;4 -1.974E 04 -l.~S7E 03 0 

2 (2 I.ear: i' 2 2 • ;~ t ~ r: - r: .2 :.46SE-C4 -2.356E 04 -1.153E 03 0 
2 1'.:3 1. ES':'E \'2 2.213[-(2 ".30tE-()4 -2.666E 04 -'1.CSSE 02 0 
2 t4 1."20;: () 2 2.~~.23[-r:.2 :!.'~leE-(,4 -2.'102E 04 -6.tt,C;E 02 (l 

2 t5 1. S 5C E (i? 2. '3S4t:-C 2 1.637E-(4 -3.064E 04 -4.;:OSE 02 0 
2 66 1 • S 8C E ,:) 2 2.422E-(2 l.n3E-GS -3.154E 04 -1.;6SE 02 0 
2 U ;. • (' Ie L 02 2.4ltl:-::2 -1.2~7=-O4 -3.17lE 04 6. H2E 01 0 
2 tf 2.("CE (J 2 2.3"tc-U -2.722E-04 -3.114E 04 3.11lE 02 0 
2 ts 2.:,70E C'2 2.2421"-('2 -4.1331:-04 -2.'1S4E 04 5.:5lE 02 0 
2 7C 2 • 1 !,- C t ')2 2.,',Sel=-(2 -5.467E-C4 -2.781E 04 7.C;'1l[ 02 0 
2 11 .2 • 1 3( [ ;) 2 1. <; 1', [<~ -t.6'1H-04 -2.504[ 04 1.C43E 03 0 
2 72 2.leeE r,2 1.6SCE-C;: -7.76'0 E-C'l -?.155E 04 1.a7E 03 0 
2 73 ~ • 1 SC [ 02 1.4t,E[-C2 -f.66SE-O" -1.732E 04 1.~31E 03 0 
2 7" 2.22fC .--, 2 lo17tE-(2 -'0.356£:-04 -1.236E ')4 1.775E 03 0 
2 7~ 2.2~r'E ('2 e.2e7[-C~ -S.797E-r4 -6.671E C3 2.C1SE 03 0 
2 7t 2.2 2( E ,~\ 2 :.2F2E-r3 -S.957E-[:4 -2.474E 02 2.263E 03 0 

2 77 2.31(,~ ') 2 2.dS~t-C~ -S.8'_'3E-(-''' 1';.'108E 03 lo274E 03 0 
2 7f' 2.:"1';"- (1.2 0 - '0 .31)( E - C: 4 7.39SE 03 -1.151E 03 2. 3S7 E-04 
2 7S 2 • ::7 C E ',12 -2 .f.E7E--:~ -E.S58t-r4 0 -1.233E 03 0 
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3 -1 -3.CCCE OC -3.137E-(,3 1.046E-03 0 -l.':33E 03 0 
3 I) (' 0 S.30CE-04 -7.398£ 03 -2.(27E 03 4.247E-04 
3 1 3.t:(;(E OC 2.443E-C3 7.194E-04 -1.216E 04 -4.10eE 02 0 
3 2 t..CCCE OC 4.317E-C3 :.474E-04 -9.862E 03 7.12CE 02 0 
3 '3 S.C(OE DC 5.728E-C3 4.087E-04 -7.890E 03 6.(37E 02 0 
3 4 1.2CCr: 01 t..7t.SE-C3 2.983E-04 -6.240E 03 4.'i73E 02 0 
:3 5 1.~CCE: 01 7.517E-C3 2.112E-04 -4.906E 03 3.S28E 02 0 
3 t. 1.beOE 01 LC36E-C3 1.425E-04 -3.883E 03 2.<;02E 02 0 
3 7 ':.ICGE 01 L 373 E-03 E.74<;E-05 -3.165E 03 1.E95E 02 0 
3 8 2.4('OE 01 E.5t.1E-C3 4.131E-05 -2.746E 03 9. (66 E 01 0 
:3 <; 2.7(,CE 01 E.621E-C3 -t.. 20 lE-07 -2.62lE '13 -6.28(E 00 0 
3 1::: 3.COCE 01 E.557E-03 -4.284E-05 -2.784E 03 -1.( 13E 02 0 
3 11 3.3CCE 01 E.3t.3E-C3 -8.982E-05 -3.229E 03 -1.<;45E 02 0 
3 12 3.6C([ 01 e.(;18E-C3 -1.45<; E-04 -3.95lE 03 -2.E58E 02 0 
3 13 3.SCOE: 01 7.4E8F.-(]3 -2.154£-04 -4.944E 03 -3.152E 02 0 
3 14 4.2CCE 01 t..7<:t.E-('3 -3.025E-04 -6.202E 03 -4.t.27E 02 0 
3 15 4.5CCE ~1 5.673I:'-C3 -4.112E-C4 -7.720E 03 -5.483E 02 0 
3 16 4.8COE 01 4.25<;E-03 -5.457E-04 -9.491E 03 -6.320E 02 0 
3 17 5.1l0E 01 2.3<;<;E-C3 -7.(,98E-04 -1.15lE 04 4.340E 02 0 
3 Ie 5.4COE 01 0 -<; .':)73E-C4 -6.887E 03 1.<;1<;E 03 -4.363E-04 
3 1<; 5.7I:CE 01 -3.045E-(3 -1.015E-03 0 1.148E 03 0 

4 - 1 -3.(COE OC E.61t.E-C4 -':.872E-04 a 1.t.42E 02 (I 

4 (J 0 0 -2.718E-(14 9.853E 02 3.':74E 02 4.673E-03 
4 1 3.LGCE oc -7.6<;2E-(\4 -2.41CE-04 1.964E 03 1.f2lE 02 0 
4 2 t. • r, (,C L (it: -1.44t.E-C3 -2.104E-04 1.958E 03 -2.117E OC ('I 

4 3 <;.U:OE (IC -2.032E-(3 -1.79<;E-04 1.952E 03 -2.117E 00 0 
4 4 1.2CCE fi 1 -2.525E-C3 -1.494E-04 1.945E 03 -2.117E 00 0 
4 5 1.5{~CE (11 -2.9<:8 E-03 -1.191E-04 1.93<;E 03 -2.117E OC 0 
4 6 1.ECOE 01 -3.240E-(,3 -8.882E-C5 1.933E 03 -2.117E 00 0 
4 7 ':.l':;OE 01 -3.4t.lE-C3 -5.867E-05 1.926E 03 -2.117E 00 0 
4 e '-.4COf 01 -3.5S'-E-C3 -2.863E-05 1.920E 03 -2.117E 00 0 
4 <; 2.7tO!: 01 -3.633E-C3 1.323E-(16 1.914E 03 -2.117E 00 0 
4 10 3.fCCE 01 -3.51:4E-1::3 3.117E-05 1.907E 03 -2.117E 00 0 
4 11 ~.;r:r;E .)1 -3 .44t. E-03 t. .092 E-05 1.90lE 03 -2.117E 00 0 
4 12 ~.6r:Cc 01 -3.218E-03 S .057E-05 1.895E 03 -2.117E 00 0 
4 13 3.SCOE 01 -2.91:2E-C3 1.201E-C4 1.888E 03 -2.117E 00 0 
it lit 4.2COE 01 -2.itS8E-C3 1.496E-G4 1.882E 03 -2.117E 00 0 
4 is 4.5('0': 01 -2.81:5E-(;3 1.78<;E-04 1.875E 03 -2.117E 00 0 
4 16 4.ECOf:- 01 -1.424E-C3 2.082E-04 1.869E 03 -2.117E 00 0 
4 17 5.1CCE 01 -7.557C-C4 2.373E-04 1.863E 03 -1.!:6eE 02 0 
4 Ie :.4(OE 01 C 2.664 E-04 9.282E 02 -3.105E 02 -4.678E-03 
4 1<; 5. FC [ 01 E.427E-C4 2.809E-04 0 -1.~47E 02 0 

" -1 -3.CCOE 00 -E.61tE-C4 2.872E-04 0 -1.t.42E 02 0 ~ 

5 C I') 0 2.718E-04 -9.853E 1)2 -3.;:74E 02 -4.773E-03 
~ 1 3.C,)CE 00 7.6<;2E-C4 2.41CE-04 -1.964E 03 -1.l21E 02 0 
5 2 t..C;JOE Of) 1.44t.E-':;; 2.104E-04 -1.958E 03 2.118E 00 0 
5 3 <;.~CCE Q() 2.:J32E-Q3 1.79<;E-04 -1.952E 03 2.118E 00 0 
5 4 1.2<::JE 01 2.525[-('; 1.494E-04 -1.945E 03 2.118E 00 0 
::. 5 1.5C'OE J1 2.928E-(,3 1.191E-04 -1.93<;E 03 2.118E 00 0 
~ t. 1. ecIJ E 01 3.240E-(,~ E.882E-05 -1.933E 03 2.118E 00 0 
<; 7 2.1crF -)1 3.4I:lE-('3 5.867E-05 -1.926E 03 2.11EE 00 0 
5 8 2.4C~E ;)1 3.5<;2E-(3 2.863E-05 -1.920E 03 2.118E 00 0 
5 <; 2.71:0E 01 3.633E-C; -1.323E-06 -1.914E 03 2.1leE OC 0 
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5 Ie 3.CC'OE 01 3.5E'IE-C3 -3.117E-C5 -1.907E C3 2.1IeE 00 0 
5 11 3.3CCE 01 3.44tE-C3 -t .092E-(15 -1.90lE 03 2.11eE 00 0 
5 12 ;.t"OE 01 ;.21eE-rj3 -<;.057E-05 -1.895E 03 2.lleE 00 () 

5 13 3.SCCt: 01 2.9C2[-C; -1.20 lE-04 -1.B8BE 03 2.11eE 00 0 
5 14 4.2CCE 01 2.4<;13[-(3 -1.49tE-Q4 -1.882E 03 2.1IeE 00 0 
5 15 4.5CCE 01 2.(;C5E-C3 -1.78<;E-04 -1.875E 03 2.11EE 00 0 
'5 It 4.EC(J[ )1 1.424E-03 -2.082E-04 -1.869E 03 2.1IeE 00 0 
'5 17 5.lc:(,E 01 7.557E-(4 -2.373E-04 -1.863E 03 1.~6eE 02 0 
'5 Ie :.4CCE 01 0 -2.664E-04 -9.282E 02 3.105E 02 4.762E-03 
5 19 5.700E 1)1 -8.427[-04 -2.80<;E-'.)4 0 1.~47E 02 0 

6 -1 -3.::0GE 00 3.137E-(J3 -1.046E-C3 0 1.'33E 03 0 
6 0 C C -C;.30CE-()4 7.398E 03 2.C27E 03 -2.387E-04 
6 1 3.i~CCE GC -2.443E-03 -7.194E-('4 1.216E ll4 4.108E 02 0 
6 2 t.CCCE OC -4.317E-C3 -:.474E-C4 9.862E 03 -7.12CE 02 0 
t 3 C; .( CO E 00 -:.7'EF-0; - 4 .1.187 E - () 4 7.890E 03 -6.C37E 02 0 
6 4 1.2CCE 01 -t.7t<;c-C3 -2.983E-04 6.240E 03 -4.S73E 02 0 
6 5 1.5r;CE 01 -7.517E-C3 -2.112E-04 4.906E 03 -3.<;2eE 02 0 
t t 1.et~OE 01 -E .03t E-C3 -1.425E-04 3.883E 03 -2.S02E 02 0 
t 7 2.1COE 01 -E.37;E-03 -E.749E-05 3.165E 03 -1.E95E 02 0 
t 8 2 .4': 0 F. 01 -8.5tlE-C3 -4.131E-05 2.746E r.3 -9.C66E 01 0 
6 9 2.7CCf 01 -E.621E-C; t.20lE-C7 2.62lE C3 6.28CE 00 0 
6 10 ;.L0f)E (11 -E.5:7f.-03 4.284E-05 2.784E 03 I.Cl3E 02 0 
6 11 3.3CU (11 -8.3t3E-C3 E.982E-1)5 3.229E 03 I.S45E 02 0 
t 12 .; .HeE 01 -E.OlSE-O; 1.459E-04 3.95lE 03 2.E5eE 02 0 
6 13 3.<;CCE 01 -7.4EeE-G3 2.154E-04 4.944E 03 3. I 52 E 02 0 
t 14 4.2COf 01 -f;.72tE:-C3 3.025E-04 6.202E 03 4.f27E 02 0 
(; 15 4.5r;CE vI -S'.673E-C3 4.1l2E-04 7.720E 03 5.483E 02 0 
(; It 4.c(Cl:: 01 -4.259E-C3 :.457E-04 9.49lE 03 6.;2CE 02 0 
6 17 5.1eOE 01 -2. 3C;<; [-03 7.098E-04 1.15lE 04 -4.340E 02 0 
t Ie :.400E 01 C <; • (173 E-04 6.887E 03 -1.SI9E 03 2.908 E-04 
t 1<; 5.7CCE 01 3.(,45E-(3 1.015E-03 0 -1.148E 03 0 

rltJE 1 tJ.lt\LTES, " . - \, ~H 1/60 SECCNC5 
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PROCRA~ FR~~E 4 - MATLCCK - CECK ~ REVISICN DATE 30 AP 65 
CE1~llle CCDED BY BRG,C~F RUN CATE 26 DC 66 
EXA~FLE FR[ELE~S FINAL REP[RT 

PReE 
2 MULTI-STORY FRIl~ED STRUCTURE 

TABLE I. C[~TRCL DATA 

PRI[R-C~TA OPTIC~S ( I=~CL[ ) 
~L~ C~R[S INPUT T~IS FRCP-LE~ 

~AX ~L~ IT[RATIC~S 

~L~ CF X-~EAMS 

~L~ CF Y-~EAMS 

X ~IIC y-eEA~ I~CR LE~GTH 

CL[SLPE TClERA~CE 

~C~IT[R STIlS NR,J 

TAdLE 2. CL[SLR[ SPRI~G V~lUES 

5PRI~G ~L'" 

1 
2 

ClCSLR= SPRIIIG 

4.27CE c.t 
2.CCOE ~e 

TABLE 3~ IIL~ CF INCRE~ENTS FCR E~C~ BEA~ 

fl!:/lM NUM t\UM OF INCRS 

1 9-: 
~ 15(; 
? 15C 
4 96 
'.: 96 
t 96 
7 66 

TABL E 4. EEA~ INTER5ECTIns 

I II T hEAl-' STIl AEA~ 

1 C 4 
2 1 45 5 
3 1 SC f:. 
4 2 C 4 

" 2 45 5 

VERTICAL LOADS ONLY 

7 f6 

TABLE IIU~BER 

2 3 4 5 6 

o 
2 

5T A 

'16 
'16 
'16 
66 
66 

o 
1 

2 45 

o 
11 

o 
4 

o 
34 

20 
3 
4 

L;.GODE CO 
1.OOOE-C'1 

3 90 

A6.B 
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6 2 0;0 6 66 
7 2 1:'0 7 66 
E 3 0 -4 36 
9 :; -4:' 5 36 

1',: :3 ':;0 6 36 
11 :3 1:'0 7 36 

TABLE !:: • SFECIFIED CEFLECTICNS H.C SLOPES 
P.EOl" Sltl 
f\U/J f\L/>I OSE CEfLECTICN SLOPE 

-4 0 3 C 0 
!:: 0 :3 0 0 
f: 0 :3 C a 
7 {) 3 C 0 

TABL E 6. FIX EC STIFHESS /1M LCJIC CATA 

Bur 
Nll' FRO TO CCf\TC F C S T R 

1 I') 9') ',' (: 1.<;2(E CE ( 0 c 0 
1 -4: 0;;) (, C -4.0CrE 01 C C 0 
2 0 150 C 6.-48CE CE ( C C a 
:2 a -45 c C -7.5(CE Cl a C 0 
2 ':;0 IS', C ( -7.5((,E Cl a c 0 
~ Q 1 1.75(E lC ( 0 c 0 

15 1 1.53H CO; C C C 0 
:3{) 1 1. !::3H CO; ( 0 c 0 
-45 1 1.75(E Ie ( C C 0 
6() 1 1.!::3tE (0; ( 0 e 0 
75 1 1. !::3H CO; C 0 C 0 
g ') 1 1. 7SCE ic e a c 0 

III 1 1.!::3H CO; C 0 a 0 
129 1 1.53tE CO; C 0 C 0 
150 C 1.75(E 1C ( 0 c 0 

:3 15 15 0 ( -2.!::COE C-4 0 C 0 
"l 30 30 0 C -2.!::COE C-4 C 0 0 
:3 -45 90 ("' C -7.5COE 01 a c 0 '-
:3 120 12(1 ( C -'i.eCCE C-4 a c 0 
-4 0 36 C 5.1E-4E (9 C C ". 0 v 

4 ;c 66 c 1.53t.E CO; C C C 0 
-4 U 96 C (;.-4ECE CE C C C 0 
5 0 36 {, 5.1E4E C<; ( a c 0 
5 3c 66 r. 1.53H co; C c c 0 
': U 96 (, (;.4ECE Of C 0 C 0 
C Q 31:0 { 5.le4E c<; r 0 C 0 " (; 3c 66 C 1.53H C.:; ( a c 0 
(; U 96 r: (; • t, ac E CE C 0 C 0 
7 0 36 C 5.1E4E CO; C a c 0 
7 31': 66 L 1.53H C.:; ( c c a 
t, 0 18 C e ( 5.4COE 04 C 0 
5 0 18 C r. c 5.4COE 04 0 0 
(; 0 18 ( C C 5.4COE 04 0 a 
7 f) lR C ( C 5.4CCE 04 C 0 
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TtlBLE 7. ITERATION IJCI\ITCR o A Ttl At\[ SLCPES AT FCUR SELECTED ~TtI T IONS 

eEAIJ SH BEAM STA E!EAIJ STA BEAM STA 
ITR CLCSL.RE I\CT I\CT 4 <;6 7 66 2 45 3 90 
I\L.r-' ~PRII\G SHB CLCS 1 G 2 150 5 l:6 6 36 

1 4.27(E (6 22 11 2.l:COE-C4 3.592·E-C4 3.611E-03 -3.400E-02 
7.ll6E-C4 7.896E-03 1.15CE-04 -1.342E-03 

2 2.CCCE OR 22 11 2.1C3E-C4 -2.659E-04 2.132E-04 -7.570E-03 
2.~<;7E-G4 4.641E-C4 -2.11CE-04 -7.502E-03 

3 4.27CE 06 22 11 -4.CC9E-C4 -2.206E-03 -5.5l~E-03 -7.357E-03 
-~.3<;3E-C4 -1.2l8E-02 -8.484E-04 -7.6l4E-03 

4 2.CCCE 08 22 11 -4.1l4E-C4 -2.443E-C3 -<;.'i14E-04 -7.585E-03 
-4.C l8E-C4 -2.36lE-03 -1.C5; E-03 -7.606E-03 

5 4.271:1:: (16 22 11 -!:.530E-04 -2.676E-03 -1.77lE-03 -7.652E-03 
-.l: .Cj33E-G4 -3.860E-C3 -1.151E-03 -7.627E-03 

6 2.CCCE \)8 22 11 -~.5l8E-C4 -2.70lE-03 -1.17;E-03 -7.631E-03 
-5.5l8E-C4 -2 .691E-0 3 -1.18:E-03 -7.634E-03 

7 4.27CE 06 22 11 -~.5E6E-C4 -2.732E-03 -1.2'i~E-03 -7.640E-03 
-5.549E-C4 -2.886E-03 -1.1'ilE-03 -7.637E-03 

8 2.CCCE C8 22 11 -~.586E-C4 -2.734E-03 -1.2C1E-03 -7.637E-03 
-!:.585E-G4 -2.733E-03 -1.20;E-03 -7.638E-03 

<; 4.27CE 06 22 11 -5.l:04E-C4 -2.738E-03 -1.221E-03 -7.639E-03 
-5.l:l6E-C4 -2.756E-C3 -1.205E-03 -7.638E-03 

1(' 2.CCCE OfJ 22 11 -~.l:04E-C4 -2.738E-G3 -1.2Cl:E-03 -7.638E-C3 
-5.l:04E-C4 -2.738E-C3 -1.2Gl:E-03 -7.639E-03 

1 1 4.27CE 06 22 11 -5.l:C4E-C4 -2.738E-C3 -1.2Gt;E-03 -7.639E-03 
-~.l:C1E-C4 -2.740E-03 -1.2ClE-03 -7.639E-03 

12 2.CCr:[ 08 22 11 - ~ .tC4E-C4 -2.738E-C3 -1.2Q1E-03 -7.639E-03 
-5.6C4E-C4 -2.738E-C3 -1.2C'iE-03 -7.639E-03 

13 4.270E 06 22 11 -5.l:C4E-G4 -2.738E-C3 -1.2CEE-03 -7.639E-03 
-5.l:03E-04 -2.738 E-C3 -1.207E-03 -7.639E-03 

14 2.CCCE ·J8 2 ~) lC -~.l:a4E-C4 -2.738E-C3 -1.2C1E-03 -7.639E-03 
-!:.l:C4E-C4 -2.738E-()3 -1.2C1E-03 -7.639E-03 

15 4.27CE 1~6 21; 11 -~.l:03E-C4 -2.738E-C3 -1.2ClE-03 -7.639E-03 
-~.l:r3E-C4 -2.738E-C3 -1.20lE-03 -7.639E-03 

It 2.CCCE r: 8 16 ; -5.l:C3E-C4 -2.738E-G3 -1.2C1E-03 -7.639E-03 
-5.l:C3E-C4 -2.738E-03 -1.2C1E-03 -7.639E-03 

17 4.27r;E 06 It lC -5.6C3E-C4 -2.738E-('3 -1.2C1E-03 -7.639E-03 
-5.l:C3E-C4 -2.738E-C3 -1.2C7E-03 -7.639E-03 

Ie 2.CCr:E ::8 13 C -5.l:C3E-G4 -2.738E-C3 -1.2C'iE-fl3 -7.639E-03 
-~.l:C3E-C4 -2.738E-U3 -1.20 I E-03 -7.639E-03 
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PROGRAM FRAME 4 - MATLCCK - DEC~ ~ REVISION DATE = 30 AP 65 
CE05111E CCOED BY BRG,CMP RUN CATE 26 OC 66 
EXA~PLE PRCELE~S FINAL REPCRT 

PROB (COr-,TO) 
2 MULTI-STORY FRA~EO STRUCTURE VERTICAL LOADS ONLY 

TABLE 8. RESLLTS ITERATICr-, IE 

NB JSTA x CEFL SLOPE ~CMENT ShE AR ERROR 

1 -1 -4.CCOE 00 2.3/5E-C; -5.931E-C4 0 2. COO E 02 0 
1 C C C -5.603E-04 1.600E 03 3.02E 02 1.138E-02 
1 1 4.COOE OC -2.1(EE-0; -4.95lE-04 3.066E 03 1.f65E 02 0 
1 2 E.CCCE OC -3.9flE-C; -4.326E-04 2.932E 03 -3.342E 01 0 
1 3 1.2 CO E 01 -5.5fSE-0; -3.12SE-04 2. B8E 03 -3.342E 01 0 
1 4 1.fCCE 01 -L944E-C; -3.160E-04 2.665E 03 -3.;42E 01 0 
1 5 i:.CCOE 01 -E.OSl£-03 -2.61SE-04 2.531E 03 -3.;42E 01 0 
1 f i:.4COE 01 -S.03SE-03 -2.105E-04 2.391E 03 -3.342E 01 0 
1 1 2.800E 01 -S.HlE-03 -1.62CE-04 2.264E 03 -3.342E 01 0 
1 E 3.200E 01 -1.0; 3 E-O 2 -1.162E-04 2.130E 03 -3.342E 01 0 
1 S 3.tCCE 01 -1.011E-C2 -1. 324E-05 1.996E 03 -3.342E 01 0 
1 1C 4.CCOE 01 -1.0S2E-C2 -3.304E-05 1.863E 03 -3.342E 01 0 
1 11 4.4COE 01 -1.0SEE-C2 4.311£-06 1.129E 03 -3.342E 01 0 
1 12 4.ECOE 01 -1.0ESE-02 3.90lE-05 1.595E 03 -3.342E 01 0 
1 13 ~.2COE 01 -1.0HE-02 1.085E-05 1.462E 03 -3.342E 01 0 
1 14 5.600E 01 -1.032E-02 11.99lE-05 1.328E 03 -3.342E 01 0 
1 15 t.COOE 01 -S.8t4E-03 1.262E-04 1.194E 03 -3.342E 01 0 
1 16 t.400E 01 -S.3C9E-03 1.491£-04 1.06lE 03 -3.342E 01 0 
1 11 t.ECOE 01 -E.6t1E-C3 1.104E-04 9.21lE 02 -3.342E 01 0 
1 18 1. 2COE 01 -1.946E-03 1.883E-04 1.934E 02 -3.342 E 01 0 
1 19 1.tOOE 01 -1.HOE-03 2.034E-04 6.591E 02 -3.342E 01 0 
1 20 E.CCOE 01 -t.31SE-03 2.158E-04 5.26lE 02 -3.342E 01 0 
1 21 E.400E 01 -5.434E-03 2.254E-04 3.924E 02 -3.342E 01 0 
1 22 E.ECOE 01 -4.516£-03 2.32lE-04 2.581E 02 -3.342E 01 0 
1 23 S.200E 01 -3.511E-03 2.361E-04 1.25lE 02 -3.342E 01 0 
1 24 S.tCOE 01 -2.621£-C3 2.314E-04 -8.585E 00 -3.342E 01 0 
1 25 1.000E 02 -1.61EE-03 2.358E-04 -1.423E 02 -3.342 E 01 0 
1 26 1.C40E 02 -1.4C4E-04 2.314E-04 -2.159E 02 -3.342E 01 0 
1 21 I.CEOE 02 1. 13E E-04 2.243E-04 -4.096E 02 -3.341E 01 0 
1 28 1.120E 02 1.054E-C3 2.144E-04 -5.432E 02 -3.341E 01 0 
1 29 1.160E 02 1.8ESE-03 2.011£-04 -6.169E 02 -3.341E 01 0 
1 30 1.200E 02 2.6t:7E-03 1.862E-04 -8.106E 02 -3.341 E 01 0 
1 31 1.240E 02 3.31EE-03 1.619E-04 -9.442E 02 -3.341E 01 0 
1 32 1.280 E 02 4.01CE-03 1.468E-04 -1.018E 03 -3.341E 01 0 
1 33 1.320E 02 4.5~3E-03 1.230E-04 -1.212E 03 -3.341E 01 0 
1 34 1.3tOE 02 4.9S4E-C3 S.634E-05 -1.345E 03 -3.341E 01 0 
1 35 1.400E 02 .5.323E"'03 t.692E-05 -1.419E 03 -3.341E 01 0 
1 36 1.440E 02 5.5i:c;E-03 3.412E-05 -1.613E 03 -3.341E 01 0 
1 31 1. HOE 02 5. 6C lE-03 -2.121£-01 -1.146E 03 -3.341E 01 0 
1 3E 1.520E 02 5.521E-C3 -3.805E-05 -1.880E 03 -3.341E 01 0 
1 39 1.560 E 02 5.2S1E-03 -1.860E-05 -2.014E 03 -3.34lE 01 a 
1 40 1.600E 02 4.8SEE-03 -1.219E-04 -2.-141E 03 -3.141E 01 0 
1 41 1.640 E 02 4.32lE-C3 -1.68lE-04 -2.28lE 03 -3.341E 01 0 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

(' 

2 ., ,. 

2 
2 
2 
2 

42 
43 
4 /• 
45 
41: 
47 
48 
4'1 

51 
52 

54 

SI: 
".7 
52 
5'1 

61 
t? 
(:3 

f4 
65 
te. 
U 
U' 
t. S 
7: 
n 
72 
73 
74 
75 
If: 
77 
7E 
7'1 
E(; 

- 1 

? 

4 
5 
6 

1.CEeE: ')2 
1 .72 C F to 2 
1.H:CE02 
1.ECCE: 02 
1.1':40£ el2 
1.E>!f'E: 02 
1. S2eE: '12 
1 • <; I:'~ C '.12 
2.f.('CE 02 
2.r4CE iJ2 
2.ceo~ 02 
2.121':['02 
2.1CCr: '~\2 

2 • 2·: S E ;) 2 
2.24CE r)2 
2.~er;E fl2 
2.32C= C2 
2.31:1)[= 02 
2.4(OC 02 
2.44CE '.i2 
2.4(;St: n 
2 • : 2 Q f ,"2 
2 • :-:: t C r~ ,) 2 
2 • f: ,; '1 E (I 2 
l.t40E )2 
2.6ECE: u2 
2.72rE- '-)2 

2. nOl· 02 
2.2(1)': )2 
2 •. ~4C[ ~12 

2.ti::!J[ )2 

2 • '12 (]!' :)? 

2.S6(f, f)2 

3.;.40l D2 
3.Cf:<:[ 02 
3.12CE (2 
3.16~t ')2 

3.2CGE 'J2 
3.24 C !-' .. I? 
3 .;; fOe E :\? 

;.~2C[ ()2 

;.;f:CF ('2 
~ • 4 ~: oJ [ i) 2 
3.4 l ,::t'!2 
~./teOf ,'1'2 

~ • '; 2 C f_- ~ .1 2 
~.I:f;rr: ~'12 

3 • t: C!': ii 2 
3.C4CE J2 

-G.CCf)~ uG 
r. 

4 • (. '.' .:: l~ J r 
E. cat Or 
1.2::":1" 01 
1.f::C<:: 01 
2.,':CE 1~1 

2.4CSf ~Jl 

;.~~4C-C; 

2.5E':E-C3 
1.4C4f=-C3 

C 
-2.623E-C3 
-7.1~;E-C3 

-1.331t:-C2 
-2.\.,E~E-C2 

-2.Q44[-C2 
-3.8S2E-(,2 
-4.'1(4E-C2 
-:.S~7E-(2 

-7.'232[-(2 
-[.11C£:-']2 
-'1.1741"-(2 
- 1 •. : 2 1 f:' - C 1 
-1.11S[-:;1 
-1.212[-C1 
-1.2<;e:-C1 
-1.316[:-Cl 
-1.'.~4E-S1 

-1.5(3[,-Cl 
-1.,)"CE-l.1 
-1.'JHE-(l 
-1.b12c-G1 
-1.625[-C1 
-l.(~27E-:l 

-1. (;1(; 1:'-\1 
-1.5<;3[-(1 
-1.'J~SE-r.1 

-1.'513[-Cl 
-1.'.56F:-Cl 
-1. 3S" f'-(1 
-1.314[-1';1 
-1.23(][-C1 
-1.13eC-Cl 
-1.~4C[-C1 

-'1.37(:[0-(2 
-[.316i::-C2 
-1.2~e[,-C2 

-f.1<Sc-C2 
-S.';SE~-C2 

-4. "7'< :::-('2 
-3.1(SE-(2 

-1.4"E-C2 
-7.('E2c-(~ 

- '3 •. : U: F: -;: ? 
( 

S.2EEC-C4 

-6.54eL:-C3 
c 

:.r~lE~-(; 

[ .6(:S[-(,3 
1.111[-C2 
1.2'5Cf:-C2 
1.2stE-C2 
1.21:5[-'';2 

-2.17(E- f 4 
-2.687E-C4 
-3.232E-:'4 
-': .')34 [-04 
-E.942E-(;4 
-1.B6E-G3 
-1.7eSE-03 
-2.'117E-03 
-2.262E-C3 
-2.44S[-('3 
-2.'58lE-1J3 
-2.66H-::' 
-2.692E- r 3 
-2.6771:-(; 
-2.621[-03 
-2.526[-r:3 
-2.395E-'~3 

-l.2;;[-03 
- 2 • '. '4 1 E - l' 3 
-1.825E-G; 
-1.586[-(3 
-1.32S!:-(.3 
-1.'_i57E-C3 
-7.7lSE-Q4 
-4.786 E-n4 
-1.dOC['-84 

1. 2~7E-04 
'< .2<)OE-04 
7. 147E-':4 
1.1,:,)1 E-rJ3 
1.277[-(;3 
1 • :j 3 8 E - :)3 

1. 7BC E-r,'3 
2 • ,) (: t E - ~ 3 
2.1'1S[-1l3 
2.36eE-r3 
2.5'>5E-C3 
2.6N!::-C3 
2.673E-\:3 
2.691:E--r3 
2.675E-(:3 
2.606E-03 
2.48o':E-03 
2.311E-(,3 
2.(:7eE-(,3 
1.784E-U3 
1 .425 E - 03 
S.97ec-C4 
4.9'16[-04 
2.322E-04 

1.637E-,)3 
1.446E-(;3 
1.r;P4E-03 
7.61eE-C4 
4.783E-04 
2.313E-,J4 
1.9·)2E-CS 

-1.605E-C4 

- 2.415 [ ,) 3 
-2.548[ 'J3 
-2.682E 03 
-1.462E 1)4 
-2.289E 04 
-1.952E :)4 
-1.63CE 04 
-1.324E 1)4 
-1.034E ')4 
-7.607E 03 
-5.03CE 03 
-2.613E (13 
-3.565E C2 

1.74CE 03 
3.677E 03 
5.45'tE 03 
7.U7lE C,3 
8.528E 03 
S.825E (]3 
1.096E 04 
1.194E ()4 
1.276E 04 
1.341E 04 
1.391E (]4 
1.425E 04 
1.442E r14 
1.444E 1';4 
1.430E 04 
1.399E 04 
1.353[ 1)4 
1.29lE 04 
1.213E :]4 

1.118!: 04 
1.GC8E 04 
p..e16E 03 
7.393E J3 
5.R10E ('3 
4.067E 03 
2.164E 1,]3 
1.0:)5E 1)2 

-2.123E 03 
-4.506E 03 
-7.G4<1E lJ3 
-9.752E 03 
-1.261E 04 
-1.564E 04 
-1.8821: "4 
-2.216E 04 
-1.283E 04 

o 

o 
-3.C99E 04 
-5.532E 04 
-4.896E C4 
-4.28<1[ C4 
-3.713E 04 
-3.166E 04 
-2.650E '14 

-3.341E 01 
-3.341E 01 
-l.~CSE 03 
-2.~26E 03 
-6.116E 02 

8.242E 02 
7.E42E 02 
7.442E 1)2 
7.C42E 02 
6.~42E 02 
6.242E 02 
5.E42E 02 
5.'<42E 02 
5.C42E 02 
4.~42E 02 
4.l42E 02 
3.E42E 02 
3.442E 02 
3.C42E 02 
2.1:42E 02 
2.242E 02 
1.E42E 02 
1.'<42E 'J2 
1.C42E 02 
6.423E 01 
2.423E 01 

-1.:77E 01 
-5.~77E 01 
-g.:77F 01 
-1.35eE 02 
-1.15EE 02 
-2.15EE Q2 

-2.:seE 02 
-2.S5EE 02 
-3.35eE 02 
-3./581: 02 
-4.15eE 02 
-4.:seE 02 
-4.S5EE 02 
-5.3S8E C2 
-5./5EE 02 
-t.15EE 02 
-6.:5RE 02 
-6.S5EE 02 
-7.3SEE 02 
-7.15EE 02 
-8.15eE 02 

7.'<84E 02 
2.171E 03 
1.I:04E 03 

-3.E74E 03 
-6. S 15 E 03 
-2.245E 03 

1.:S4E 03 
1.'<7Sf 03 
1.4C4E 03 
1.;2SE 03 
1.2S4E 03 
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A6.13 101 

2 7 2.8t:CE Col l.H:EE-C2 -3.':gCE-C4 -2.163E 04 1.17<;E 03 0 
2 E 3.2rCE 01 1.01EE-C2 -4.2134E-04 -1.707E 04 1.I04E 03 () 
., <; 3 • t J~ 0 L- ell E.2~lf-r:; -:.2'lf.:E-C4 -1.2AOE f14 1,(2<;[ 03 r '-
2 1'": 4 • (>:~o E n1 f:."ICf'-('3 -5.'374E-C4 -E.835E 03 g.~3EE 02 0 
2 1 1 4.4'~0r: 01 3.5'::2l-(:3 -f:.. :jOf:. E-~)l( -5.170E ('3 8.18eE 02 0 
2 12 4.1::C:0r: 01 S.655E-(,4 -f:..521E-(;4 -1.8C4E 03 8.C38F 02 0 
2 13 c;.2CCE 01 -1.U':E-r3 -f:..538E-r;4 1.261E 03 7.288E D2 0 
2 14 :.f:."CF 01 -4 .2f:.5E-\~3 -f:. .375E-'j4 4.02f:.E 03 6.~38[ (12 0 
2 15 f:..CCOE 01 -f:..7f:.5E.-C; -f:..05CE-f14 f:. .4g}E 113 5.18EE 02 n 
2 If:. f:..4(jC;: 01 -C;.1~f:.E-"3 -5.583E-1,4 8.657E 03 5.C38E 02 0 
2 1 7 f:..8COE' :) 1 -1.123[-(2 -4.gg1E-C4 1.0 52E 04 4.28EE 02 0 
2 1 p. 7.2COt \11 -1.31CE-C2 -4.2g3E-'.!4 1.20C;E 04 3.:3EE 02 0 
2 IS 7.f:CCF. ,H -1.4f:.7E-C2 -;.5':1EE-,)4 1.335E 04 2./8EE 02 0 
2 2C E.(CC[ I} 1 -1.~SCE-r2 -2.654E-r4 1.432E 84 2.C3EE 02 (J 

2 21 E./i'~Cf' 'Jl -1.67SE-C2 -1.-(')CE-(;4 1.4g8E 04 1.L8EE 1)2 0 
2 22 E.e(lCE 11 -1.7?C[-n -E.135E-f)5 1.535E (14 5.381E 01 0 
2 ~< 

"-~ S.2CCf' ~j 1 -1.744[-[2 1. 36C E-(5 1.541E ()4 -2.11SE :1l (1 
2 24 S • f:. CC E J1 -1.72C[-G2 1.()8C E-04 1.51EE 04 -g.USE 01 0 
2 25 I • ::. ,; (; t O? -1.658[-C2 2."01E-04 1 • 4 64 E ()4 -1.'il2E 02 n 
2 2f:. 1 • r: 40 E ,,2 -1.5f:CE-L2 2.87SE-1.:4 1.3B1E 04 -2.~62E 1)2 0 
2 2 7 1. f~ Ee L 02 -1.427E-C2 :3. 6gf:. E-!:4 1.267E 04 -3.112E 02 0 
2 28 1.12J[ ,) 2 -1.2f:.4E-C2 4.434E-04 1.124E ()4 -3.S62E 02 0 
2 2S 1. leI) E 02 -1.C73E-(2 5.(75E-(,4 '1.505E 03 -4.712E 02 0 
2 ~~ t; 1.2CO':: 02 -8.57Er:-r~ 5.5gS[-,)4 7.470E 03 -5.~62E 02 0 
2 31 1.240f d? -(;.247E-C~ :.ge8E-C4 5.13f:.E 03 -6.L12E 02 (1 

2 32 1 .2 eel 02 -3.7E8E-C3 f:..223E-C4 2.5()lf 1;3 -6.S62E (J2 0 
2 33 I • ; 2C [ ;)2 -1.2U!F-G3 f:..287E-G4 -4.338E 02 -7.112E Q2 0 
2 34 1.3f:.rE ~) 2 1.2HE-03 f:..161E-C4 -3.668E 03 -8.462E 02 (l 

2 35 1 .4 C IJ E 02 3.6f:.QE-C3 :.B25[-04 -7.203t ('3 -'1.212E 02 0 
2 36 1.44f][ !J? 'i.gClE-C3 :.262E-04 -1.104E ()4 -g.S62E Q2 (1 

2 37 1.4ECE. (12 7.b7CE-C3 4.453E-04 -1.517E '14 -l.C7lE 03 (1 

2 3e 1.:: 2( 1: ()2 S.'if4E-C3 3.38CE-Q4 -1.g61E (]4 -1.14f:.E 03 0 
2 J9 1.5(;()[ 02 1.C:7E-C2 2.C23E-(J4 -2.434E ()4 -1.22lE 1)3 0 
2 4l 1 • f:. .: c C :) 2 1.lCeE-C2 3.651E-1')5 -2.g38[ 04 -1.2gf:.E 03 0 
2 41 I.He;: 02 1.;JE7E-(2 -1.613E-(,4 -3.471E '14 -l.~71E ()3 I) 

2 42 l.tteE 112 S.7S2E-C3 -3.'13(E-(,4 -4.035E C4 -1.~4(;E 1)3 0 
2 43 1.720E 02 7.7221:-(3 -f:..603E-04 -4.628E (;4 -1.~21E 03 0 
2 44 I .7 f:.C [ 02 4.'5('C;E-C3 -S.653E-C4 -5.252[ ()4 2.:53E 03 0 
2 45 1.F.Cr:'E 02 C -1.2'~7t:-·:)3 -2.S86E C4 7.~gSE 03 -g.866E-02 
2 4f:. 1.E',CE 02 -:.148E-C:! -1.264E-C3 7.47Ef. 03 4.184F. 03 0 
2 47 ] .tB.'E 02 -1.:::IlE:-C2 -1.217E-"3 7.617E 03 3.~87i 01 0 
2 4E 1. S 2C. E (.1 2 -1.4ESE-1:2 -1.17GE-('3 7.757E 0.3 3.487[ 01 0 
2 4'1 I.Sf:.\j[ ~) 2 -1.S47E-(,2 -1.122E-('3 7.8Y6E 03 3.487E 01 0 
2 "',., ..... J 2.(CCE (12 -Z.3Ef:.E-C2 -1.J72[-(3 E.036E 03 3.487E 01 0 
2 ') 1 2.':4Cf: J2 -2.BC~F-C2 -1.(;22E<3 E.175E 03 3.487E 01 0 
2 52 2. (" PC E 02 -3.2C4E-(i -S.714E-C4 8.315E 03 3.487E 01 0 
2 5~ 2.12(:[ r, 2 -3.~E2[-CZ -S.197[-(4 E.454E 03 3.~87C 01 0 
2 54 2.If:.Cf:' 02 -3.<;3S\::-('2 -E.67CE-C4 e.593E ')3 3.4e71:' 01 0 
2 55 2.2"( E 02 -4. 7..7f:. E-C2 -E.13(;E-C4 8.733E 03 3.487E 01 0 
2 5(; 2.24(,[ IJ 2 -4.5SC[-C2 -7.,)g2[-C/1 8.872E C3 3.487[ 01 (; 

2 57 2.2P.';E :':2 -4.8E3E-C';: -7.·J4CE-C4 '1.C12F 03 3.4B7E 01 0 
2 se 2.?2rr: 02 -!:.1:~t-C2 - f • 4 '1 r t - {A S.lSlE ('3 3.487E: 01 0 
? ~S 2 •. 3trt ') 2 -<;.4(1f:-r;; -:.91lE-C4 S.29lE 03 3.~87E 01 0 
2 te ;;.4r('~ ,);' - 5 • t- ;; t [ _., L -:.3331:-C4 '1.431) I: 0.3 3.487E '.11 0 
2 (:l 2.441~L '"! 2 -.5 • G 2 E ~ - \: 2 -4.74(;C:-(,4 S.570[, 03 3.~8Er: 01 0 
2 U 2.it~~_:~ ')2 -f:.."rtF-i.;' -4.1SlE-C4 g.7C:SE 03 3.48eE 01 0 
<: t3 ;;.::2(';: ,,, , , -f:..lf:. ... l-(';. -~.54eE-c4 g.84EE 03 3.~88E 01 0 
;; t4 2.~f:(,E Cl2 -t.2S(,F- 2 -2.935E-04 '1.ge8E 03 3.488E 01 0 
.., 65 i.UCe. 07 -f .3S5 E:- .;: - 2 • J 1 5 !:: - \' 4 1.0131: ~4 3.48eE 01 0 L 

L U 2.L4"::: {)2 - (: .4 7 ~ t:.- ;:; -1.6f:l5E-C4 1.027E 1'4 3.488E 01 0 
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<. t 7 2.tf:Cl 02 -t.53Cf-C2 -1.D47E-04 1.041E C4 3.488E 01 0 
2 te 2.72([ \,2 -t.5:SE-C2 -4.00':E-05 1.GSSE 04 3.488E 01 0 
2 tS ~.1tnE 02 -t.5t2E-C2 2.S4EE-OS 1.069E 04 3.488E 01 () 

2 7 r 2.eCr:'!: '.I 2 -f..S38F-C2 <; .187E-OS 1.082E 04 3.488E 01 0 
2 71 2.P40E 02 -t.4E8E-C2 1.~9lt-04 1.C96E C4 3.488E 01 0 
2 n 2 • E eo E ()2 -t.411E-C2 2.272E-C4 1.11CE ')4 3.48EE 01 0 
2 n 2.S2nE 02 -t. 3et f-C 2 2.962E-C4 1.124 E 04 3.488E 01 0 
2 74 2.<;f.CC: 02 -t .174F'-({ 3.66CE-C4 1.138E 04 3.4 8E E 01 0 
2 75 ~ • \~ .: (" L CI2 -t.~il4E-C2 4.367E-C4 1.1S2E 04 3.488E 01 0 
2 7t =.':4C[ 02 -5.8251:-(2 ':.083E-04 1.166E 04 3.~88E 01 0 
2 n ~.C8()E (12 -':.6':7[-('2 ':.807f:-fJ4 1.180E 04 3.48EE 01 C 
'2 78 3.12(;[ 02 -5.3tCE-(2 t.54C[-(,4 1.194E 04 3.488E 01 0 ., 7S 3.1tOE '")2 -'3.CE4E-r.2 7.28H-C4 1.2C8E 04 3.48EE 01 0 '-

2 80 3.21.:0E f)2 -4.778E-02 E.'J31E--::'4 1.222E 1)4 3.48EE 01 0 
2 e 1 3.2~CE il2 -4.44lE-C2 E.79(;[-04 1.236E 04 3.488E 01 0 
2 82 3.2 eo E '12 -'i.(l7SE-[2 S.S57E-G4 1.2S0E 04 3.488E 01 0 
2 83 3.320[' 02 -3.677E-C2 1.(J33E-03 1.2C4E 04 3.48EE 01 0 
2 24 3.3tC1E ~, 2 -3.2481::-C2 1.112E-J3 1.278E 04 3.4881" 01 0 
2 E': 3.4cn 02 -2.7E8[-C2 1. 191E-(;3 1.292E 04 3.488E 01 (1 

2 Bt 3.44CE 02 -2.2<;': E-c;2 1.271E-C'3 1.306E 04 3.488E 01 0 
2 E7 3.~eO[ 02 -1. 771E-('2 1.352E-C' 3 1.320E Q4 3.488E 01 0 
2 Ee 3.52C:: n2 -1.213f-f2 1.434E-(i:1 1.333E 04 3.488E 01 0 
'2 es 3.:t(,[ 02 -(; .234E-C3 1.S17E-03 1.347E 114 -t.~9tE 03 (1 

2 9 ,~ 3.teO[ ~'2 C 1.437E-03 -3.943E 04 -1.a8E 04 1.375E-01 
2 Sl 3.t4(1l: Cl2 5.2tC[-C3 1.j5tE-r:3 -S.393E 04 -4.!:32E 03 0 
2 S2 3.tFCI: ~12 8.447[-(3 '3.632E-04 -7.S69E 04 2.C23E 03 0 
2 S? 3.nnE ~J 2 S.7ttc-03 1.2CSE-C4 -t.77SE 04 1.<;48E 03 0 
2 <;4 3.7(.01:- 02 <;.412[-fl.3 -2.741E-04 -LOllE 04 1.E73E 03 0 
2 S5 ~.fC('E 112 7.513[-(3 -t.224[-04 -5.276E ()4 1.iSSE 03 0 
2 St .3 • E 4rE t12 4.432E-C3 -S .264[-(4 -4.S72E 04 1.i23E 03 0 
2 ..,7 3.t80E 02 1.61SE-('4 -1.188E-C3 -3.S98E 04 1.E48E 03 0 
:2 sa 3.s2~c 02 -5.C'7lf-C3 -1.4CSE-03 -3.253E 04 1.!:73E 03 0 
2 SC; ; • S 60 E 02 -1.lllt:-C2 -1.59CE-C3 -2.639E 04 1.498E 03 0 
? 1 C (. 4.CCCE 02 -1. 77S t-(2 -1.735E-C3 -2.0S5E 04 1.423E 1)3 0 
2 1..l 4.(40E 02 -2.4SSE-(2 -1.84SE-03 -1.S0lE 1)4 1. 34EE 03 0 
2 H2 4. CEO l: 02 -;.2~5t-C2 -1.921E-CI3 -S.762E 03 1.273E 03 0 
'2 1;.3 4.12CE (, 2 -4.J3tE-:2 -1.96tE-03 -4.819E 03 1.19EE 03 0 
2 1(,4 4.1tOF 02 -4.8ZSr-C~ -1.982E-03 -1.76'5t C2 1.123E 03 0 
2 1(5 4.2COi:: C,2 -5.1:22[-C2 -1.97(E-';3 4.1661' ('13 1.C4EE 03 () 

2 1:-1': 4.240E 02 -f.. 4(4 E-C 2 -1. 931E-r,3 8.209E 03 9.132 E 02 (I 

2 L7 4.28('[ 02 -7.lf:1E.-CZ -1.86SE-03 1.195E 04 8.<;82E 02 0 
2 1 i. e 4.32':( jJ 2 -7.9CC[-C2 -1.785E-~3 1.54CE 04 E.~32E J2 (I 

2 1 v" 4.3(:('[ 02 -E.S<;4[-(2 -1.68CE-(,3 1.854E 04 1.482E 02 0 
2 1 . r 1 _ 4.4((E c) 2 -<;.244E-C2 -1.5S7E-03 2.138E 04 6.132E 02 0 
2 111 4.44CE 02 -S.p.4C'E-rz -1.417E-03 2.392E 04 S.<;82E 02 (I 

2 112 4.4eCE 1)2 -1.('38:::-Cl - 1 • 262 E - (J 3 2.617E 04 5.232F 02 (' 

2 113 4.:2CE ll2 -1.C;E5E-Cl -1.u95E-C3 2.81lE (14 4.482E 02 0 
2 114 ~.~f;C[ 02 -1.125[-':1 -S.163E-114 2.975E 04 3.132E 02 0 
2 1 1 5 4.trCE 02 -1.158E-n -7.284E-C4 3.11CE 04 2.<;82E 02 0 
2 llt 4. t 40 r' u2 -l.lEH-1l -5.333E-C4 3.214t 04 2.232E 02 0 
~ 117 4.t8:1: () 2 -1.2(H-Cl -3.32tE-C4 3.288E 04 1.~82E 02 0 ,. 
.., 118 4 • 72'.' F 02 -1.21Cf.-Cl -1.283E-U4 3.332E 04 7.323E 01 0 '-

£: 11 S 4.H('c (12 -1.211E-Cl 7.78SE-C5 3.347[ 1)4 -1.i6l:E OC 0 
2 1;; ( 4.CCF 02 -1.2r.4I'--(1 Z.84CE-n4 3.331E ()4 -7.E7tE 01 0 
;- 1 i 1 4.E4r;E. 02 -1.lf8t=-Cl 4.882E-C4 3.28SE Q4 -l.~lH 02 0 
2 12.2 4.E~Gr: 02 -1.lt5E-CI t.R87E-04 3.210E (J4 -2.26EE 02 0 
2- 123 4.<;2CE 02 -1.1~3E-Cl E.83'::l-24 3.104E '.14 -3.C1H Q2 0 
2 1Z4 4.Stn[ U2 - 1 • ') <; 4 E - C 1 1.07lE-03 2.968E (4 -3. /6EE: 02 0 
2 125 ~.rr.CE (J? - 1 • :148 E' - 0,1 1.24SE-C13 2.803E Q4 -4.51Ef 02 0 
2 1 - {.. " . 5.(4C[ 02 -S.943t-C2 1.41tE:-O~ 2.607E 04 -S.~6EE 02 0 
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2 127 :.c ,=C E 02 -S.344E-C2 1.570E-03 2.381E 1}4 -6. C IE E 02 0 
2 128 : .120 to (J 2 -E .6E7E-('2 1.70SE-03 2.12SE 04 -6./6EE 02 (1 

2 12'> 5 • 160 E 02 -7.977E-(2 1.831E-03 1.840E 1')4 -7.~18E 02 0 
2 13(1 5.2CCE 02 -7.22?E-C2 1.935E-03 1.524 E C4 -8.~68E 02 () 

2 131 5.240E 02 -t..42SE-fJ2 2.01SE-03 1.178E f14 -9.C18E 02 [) 

2 132 5.28CE 02 -':.6C7E-C2 2.G8CE-03 8.026 E 03 -S./68E 02 0 
2 133 ':.320E 02 -4.HSE-C2 2.117E-03 3.96SE 03 -l.CS2E 03 0 

2 134 5.3 (:0 E 02 -3.913E-C2 2.128E-03 -3.883E 02 -1.127E 03 0 
2 135 5.4fJCE ('12 -3.':1£:3E-(2 2.111E-03 -S.G4SE 03 -1.202[= 03 0 
2 136 5.440E 02 -2.224E:-(2 2.065E-C3 -1.000E C4 -1.277E a3 0 
2 137 5 .480 E 02 -1.41lE-C2 1.987E-03 -1.S26E 04 -l.;S2E 03 0 
2 138 :.520E 02 -(:.3':2E-(;3 1.87SE-a3 -2.082E 04 -1.lt27E 03 0 
2 13 S 5.':(:01" (12 8.<)2eE-r4 1.72<)E-(,3 -2.667E 04 -1.!:02E 03 0 
2 14( 5.6COE 02 7.478E-03 1.S4SE-03 -3.283E 04 -l.!:77E 03 0 
2 141 ':.(:40E 02 1.32':E--1:2 1.323E-03 -3.n9E 04 -1.t.S2E 03 0 
2 142 5.6eOl 02 1.8Ct.[-C2 1.('SSE-03 -4.604E 04 -1./27E 03 0 

2 143 5.72CE 02 2.173E-C2 7.531E-C4 -S.310E 04 -l.EC2E 03 0 
2 144 ':. HCE 02 2.4(8E-(2 4.026E-()4 -6.046E 04 -l.E77E 03 0 
2 145 5.ECCE 02 2.4<;5E-('2 5.80SE-06 -(:.812E n4 -l.~S2E 03 0 
2 146 5.84CI~ 02 2.413l-(2 -4.392E-(')4 -7.607E 04 -2.C27E 03 0 
2 147 5.eecE 02 2.143E-(2 -S.343E-04 -8.433E 04 -2.102E 03 0 
2 148 :.<;2C;:: 02 1.6t.t;E-r2 -1.48H-03 -9.289E 04 -2.177E 03 0 
2 14 e; 5.e;f:I~E 02 <;.SE4E-(3 - 2 • U 8 2 E - () 3 -1.017E 05 4.t.80E 03 0 
2 lSC 6.(;(OE 02 C -2.738E-03 -S.54SE Ci4 1.272E 04 8.2S8E-02 
2 151 t..(40E n -1.232E-(;2 -3.081E-03 C 6.~31E 03 0 

3 -1 -4.CCCE no 2.23<;E-~~2 -5.S<)8E-03 " -7.116E 04 0 v 

:;;, ( c C -<;.72eE-r)3 -S.692E 05 -1.~9SE 05 9.550 [-03 
3 1 4.CCCE OC -2.343[-C2 -5.985E-03 - 1 • (139 [ 1)6 -4.t.33E 04 0 
3 2 E.~GCE OC -4.7EEf-(:2 -t..233E-f'3 -S.3<;9E 05 2.lt83E 04 (\ 

3 3 1.2eOE (II -7.33Cc-C;: -t..473E-C3 -8.406l IJS 2.lt83E 04 (1 

3 4 LUGE 01 -<;. 9t.t. E-G2 -t..7(13E-()3 -7.413E 05 2.483E 04 0 ., 5 2.CCCE 01 -1.U<;E-C1 -t. • <)2C E-n -6.420E 05 2.483E 04 (\ 
--3 6 2.4COE 01 -1.S5C[-C1 -7.123E-03 -5.427E 05 2.lt83E 04 0 
3 7 2.E('01: 01 -1.83<;F-Cl -7.30<;E-83 -4.434E 05 2.483E 04 0 
3 e 3. nc [ 01 -2.135E-C1 -7.474E-03 -3.441E 05 2.lt83[ 04 0 
:3 e; 3.t.COE 01 -2.437E-Cl -7.612E-(3 -2.448E 05 2.lt83E 04 0 
3 Ie 4 • C': 0 E 01 -2.7lt4E-Cl -7.717E-03 -1.454E 05 2.lt83E 04 0 
:3 11 4.40GE 01 -3.l':4E-Cl -7.775E-1"13 -4.614E 04 2.lt83i: 04 0 
3 12 It.EUl[ 01 -3.3t.t.E-(1 -7.76EE-C3 5.316E 04 2.483E 04 0 
3 13 5.2(:OE 01 -3.6/t.E-Cl -7.663E-(3 1.525E 05 2.lt83E 04 0 
3 14 5.6COE 01 -3.97S[-01 -7.386E-1":3 2.518E 05 2.lt83E 04 (1 

3 15 t..CCCE 01 -4.2t.7E-Cl -t..735E-'"'3 3.S11E 05 1.2331'. 04 0 
3 16 t..4COE 01 -4.518E-Cl -:.B22E-C3 3.504E 05 -1.142E 02 0 
3 17 (:.eCCE 01 -4.732E-Gl -4.91CE-03 3.497E 05 -1./42E 02 0 
3 18 7.2r:IJE .j 1 -4.<)11[-(;1 -4.J[!CE-IB 3.49CE 05 -l./4H 02 0 
3 Ie; 7.f:CCE 01 -:.L'':2[-C1 -3. r!93c-"3 3.483E 05 -1.142E 02 0 
3 2C E.CCOE 01 -5.EeE-Cl -2.187E-r;3 3.476E CS -1.i42E 02 0 

3 21 8.4COE 01 -5.2~7F:-C1 -1.2f32E-C3 3.46<;E 05 -1.742E 02 0 
3 22 E.eCGE 01 -:. 2t.1 [-(: 1 -3.7<)Ef-C4 3.462E 05 -1.142t: 02 ('I 

3 23 ".2COI: '11 -5.25P.E-Cl 5.2C)EE-C4 3.45SE '15 -1.141E 02 0 
3 24 ".t.Cf'E ;)1 -5.21e;E-Cl 1.42(,E-(3 3.448E 05 -1.14lE 02 0 
3 25 1 .... f:GE :J2 -5.144E-G1 2.317E-'13 3.441E 115 -1.i4H 02 0 
3 26 1.C4C[ 02 -':.C34E-Cl 3.212E-03 3.434E 05 -1./41E 02 0 
3 27 1.C80E (l2 -4.BE1E-C1 4.105E-C3 3.427E ('5 -1.141E 02 0 
3 2H 1.120E 02 -4.7CSE-C1 4.9<;7E-03 3.420E 05 -1.741E 02 0 
3 2<; 1 • 1 to E 02 -4.487E-1'1 5.887E-1)3 3.413E 05 -1.741E 02 0 
3 3C 1.2COE f)2 -4.234F-C1 t..775E-C3 3.406E (')5 -1.267E 04 0 
3 31 1.2 4C E 02 -3.94t.E-Gl 7.403[-03 2.399E Q5 -2.~17E 04 0 
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3 ."32 1. 2 i.:r: E 02 -3.642E-Cl 7.663E-0 1.392E 05 -2.~17E 04 0 
3 33 1.32CE u2 -3.3~2E-Cl 7.75':E-03 3.853E 04 -2.~17E 04 0 
3 34 1.31':0E 02 -3.C22t:-C1 7.75Ct-03 -t.217E 04 -2.~17E 04 0 
3 ~~ 1.4(01: ()2 -2.712t:-(1 7.681E-03 -1.629E 05 -2.~17E 04 0 
3 :;c 1.44r.E ,)2 -2.4C71:-r,1 7.567E-03 -2.t36E 05 -2.~17E 04 (') 

3 j 7 1.480 t: 02 -;;.lC7[-(1 7.42CE-03 -3.643E G5 -2.~17E 04 0 
3 38 1.: 2CE 02 -1.814['-(1 7.24tE-03 -4.6S0E 1J5 -2.~17E 04 () 

3 3S 1.:t';E ')2 -1.527E-(1 7.052E-C3 -5.65cE OS -2.~17E 04 (\ 

3 4·: 1.tCOE 02 -1.249t-G1 t.84CE-C3 -t.663E 05 -2.~17E 04 0 
3 41 1. t 41"] E 02 -9.8C2t-C2 t.61':E-()3 -7.67CE C5 -2.~17E ()4 0 
3 42 1.f.8Ce 02 -7.2(2E-r2 t .378t:-(;3 -8.677E 05 -2.~17E 04 0 
3 4 :; 1.72CE 02 -4.699E-[2 t.13(E-03 -9.6S4[ 1';5 -2.~17E 04 0 
3 44 l.?tC [ 02 -2.2S8E-C2 :.874E-03 -1.0691: 06 4.~72E 04 0 
3 45 1.BeCt 02 ( 5.675E-03 -t.027E 05 1.28tE 05 2.026[-02 
3 4t 1.E4:JE 02 2.243E-O ': .60lE-C3 -4.044E (14 t.S63E 04 0 
3 47 1.8eCE 02 4.4ElE-(2 5 • 'J 9 1 E - (J3 -4.564F C4 -1.;J9E 03 0 
3 42 1.921JE 02 t.715£-(2 ':.578E-03 -5.115E 04 -1.414E 03 0 
3 49 1.9 tCE 02 E.943E-C2 ':.562E:-113 -5.695E (')4 -1.489E 03 0 
3 5( 2." CO E 02 1. 11t E-C 1 ':.543E-03 -t.306E 04 -1.~64E 03 0 
3 51 2.C40E ,)2 1.3~EE-':.:1 ':.52(E-O~ -t.946E :)4 -1. U9E 03 0 
3 52 2.C80F )2 1.5~8E-Cl 5.492E-(13 -7.617E C4 -1.714E 03 C 
3 :;3 2.12CE 02 1.777E-C1 ':.459E-(n -fl.317E "'4 -1.189E 03 0 
3 ':lo 2.1tGE 02 1.995E-(;1 ':.417E-1)3 -9.048E 04 -1.E64E 03 0 
3 55 2.2CO[ 02 2.21CE-()1 ':. 36t E-'J) -9.80SE 04 -1.S39E 03 0 
3 5t 2 .2 4C E 02 2.424E-C1 ':.30lE-G3 -1.060E "5 -2.C14E 03 0 
3 57 2.28CE 02 2.63': E-(l ':.2HE-C3 -1.142E 05 -2.(S9[ 03 0 ., jp 2 • 320 E 02 2.841E-C1 :.100E-C3 -1.227E as -2.164E 03 0 
3 :is 2.~tOE 02 ~. '~;43[-C 1 4.932E-03 -1.315E 05 -2.239E 03 0 
3 t '~ 2.4CCE 02 3.23tE-C1 4.648E-03 -1.406E 05 -2.~14E 03 I) 

~ t1 2.440 E 02 3.4141:-01 4.27GE-113 -1.500E 05 -2.~S9E: 03 0 
3 t2 2 .480 [ 02 ~.577E-(n 3.866E-C3 -1.597E C5 -2.Lj64E 03 0 
3 c3 2.:20E 1)2 3.724t-Cl 3.437E-03 -1.697E 05 -2.~39F. 03 0 
3 c4 2.StOE ('2 3. 852E-C 1 2.982E-C3 -1.80("'1:: 05 -2.tl4E 03 0 
3 c;:: 2.CCOE 02 3.9c2E-C1 2.499t-03 -1.906[ OS -2.t89E 03 0 
3 ct 2.c40E (2 4.(,':2[-Cl 1.989E-03 -2.015E ()5 -2.164E 03 0 
3 C7 2. t 8e E C) 2 4.121E-Cl 1.449E-C3 -2.127E as -2.E39E 03 0 
3 cE 2.72(:E 02 4. 1t8 [-Cl 8.802E-04 -2.243E 05 -2.S14E 03 0 
3 c9 2. HOF 02 4.192E-C1 2.808E-(14 -2.361E 05 -2.S89[ 03 0 
3 L 2.Er,(:[ 02 4.1SlE'-Cl -~ .497E-()4 -2.482E 05 -3.C64E 03 0 
3 71 2.flLjCE 02 4.HH-C1 -1.012E-03 -2.606E 05 -3.139[ '13 0 
3 7? 2.8ecc 02 4.l1Ct:-CI -1.707E-C3 -2.733E 05 -3.214E 'J 3 0 
3 7 ~ 2.9 2C t: 02 4.C27E-C1 -2.43tE-r.3 -2.863E os -3.28<;E 03 0 
3 74 2.960E 02 ~.C;15E-C1 -~.199E-(,3 -2.996E 05 -3.~t4E 03 0 
3 7S 3.C~~CE 02 3.771E-C1 -3.997E-03 -3.132E 05 -3.439E :13 0 
3 7t 3. C 40 E 02 3.595E-C1 -4.65tE-03 -3.27lE 05 -3.~14E 03 0 
3 77 3.C80E 02 3.3S9E-Cl -':.~J94E-(,3 -3.413E 05 -3.~S9E 03 0 
3 78 3 .120 f 02 3.1E8E-C1 -:.43lE-03 -3.558E 05 -3.t64E ']3 0 
3 79 3.1tOE 02 2.9c4E-01 -':.709E-C3 -3.706E 05 -3.13<;E J3 0 
:. t!( 3.<:COE 02 2.731[=-(1 -:.'15(E-03 -3.BS7E 1)5 -3.E14E 03 0 
3 fl1 3.24CE 02 2.4EEE-CI -(;.163[-C3 -4.011E 05 -3.E89E 03 0 
:. «2 :. • 2 ~o t: 02 2.238F.-C1 -[.35eE-C3 -4.168E 05 -3.964E 03 0 
3 C3 3.32GE 02 1.9ECC-('1 -6. 53tE-~3 -4.328E 05 -4.09E 03 0 
3 [4 3.3teJE 02 l.71SE-Cl -t.703E-03 -4.491E 05 -4.114E 03 0 
3 to':: 3 .4 CC E 02 1.444E-C1 -t .861E-('3 -4.657E 05 -4.189E 03 0 
3 E t; 3.Lj40E 02 1.1ctE-C1 -7.CJlCE-()3 -4.826E ':)5 -4.264E 83 0 
3 C7 3.48CE 02 8.827[:-C2 -7.153E-C3 -4.9g9E os -4.339E 03 0 
3 f'2 ~.520E 02 5.9~e,=-r:2 -7.29CE-C3 -5.174E C5 -4.414E 03 (l 

3 c9 ~.560E 02 2.995E-(2 -7.423E-03 -5.352i:: 05 -1.(03E 05 () 

3 9 ~" 3.t('(lE 02 ( -7.63<';E-(;3 -1.319E 06 -1.ECtE 05 -3.542£-02 
3 <; 1 ~ • (.4(; E (12 -3.1H:E-C2 - E • (, 2t E - C 3 -1.98CE 06 -E:.C;47E 04 0 
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3 S2 ~.ctCE )2 -(:.421E-C2 -E.4geE-03 -1.875E 06 2.t2<;E 04 (I 

~ <;3 :? .72(: [ ( ~ Jr -<;.914E-(2 -E.96'5E:-C3 -l.77eE 06 2.t2<;E 04 0 
3 94 3.7CCf: :' 2 -l.J'5<;[-Cl -<;.42t'E-C3 -1.665E 06 2.t2<;E 04 0 
3 95 3.[:::,'([: U2 -1.74tE-Cl -<;.88tE-03 -1.560E 06 2.t2<;E 04 0 
3 Sf :.t4(lE 02 -2.1~G[-Cl -1.(34E-02 -1.4541' 06 2.(:2<;E 04 C 
3 S7 3.f~CE ;)2 -2.513[-(1 -1.07<;E-C2 -1.34C;E 06 2.t2<;E 04 0 
3 SE 2.<;2([ U2 -3.C13!::-Cl -1.122E-02 -1.244E 06 2.t2<;E 04 0 
3 9S 3.SCrf: 02 -~.47IF-(;1 -1.166E-(,)2 -1.139E 06 2.t2<;E 04 0 
3 ICC 4.CC[ ('2 -3.C;45E:-Cl -1.20t'E-1)2 -1.034E 06 2.c2<;E 04 0 
3 HI 4.:40F 02 -4 .4~7E-Cl -1.24<;E-C2 -9.286E 05 2.t2<;E 04 (l 

3 1L 2 4. r: En F.: 02 -4.945E-Cl -1.2S<;E-C2 -tl.234E 05 2.1'2<;1' 04 0 
3 1" .3 4 • 120 f: [12 -'5.4tU-Cl -1.328E-02 -7.182E 05 2.t2<;E 04 0 
3 }(4 4. lec[ L2 -f .:t:7E-rt -1.364E-C2 -6.l3CE 05 2.t2<;E 04 0 
3 1 \J 5 it • 21-:~ E. 0~ . L -t .• ~tC.[-Cl -1.3<;<;E-02 -5.07C;E 05 2.t2<;E 04 0 
3 iCc 4.24Ct (i ") 

"L -7.12t1'<1 -1.431E-C2 -4.027E 05 2.t2<;E 04 0 
3 1,,7 1,.?1::\:[ () 2 -7.7C4E-C1 -1.45<;E-02 -2.975E 05 2.t2<;E 04 0 
3 1UJ 4.32CF Q? -E.2S3F-r:l -1.482E-G2 -1.923E 05 2.t2<;E 04 0 
3 1<..9 4. :3 toE 02 -E.9SCE-(1 -1.498E-02 -S.716E 04 2.t2<;E 04 0 
3 111' 4 .4;0 [ (' ;> -S.4Slt'-(;1 -1. 5(J2 E-02 1.H02E 04 2.t2<;E 04 0 
3 III 4.44CE (12 -l.l'C9F:: CC -1.484E-r,2 1.232E 05 2.t2<;E 04 0 
3 112 4.4ErE 0;> -1.\.:t8E CC -1.438E-02 2.284E 05 2.t2<;E 04 0 
3 113 Lt.:2~~ 02 -1.124[ CC' -1.365E-02 3.336E 1)5 2.f.2<;E 04 0 
3 114 4. ': tC l (j 2 -l.l77E CC -1.265E-C2 4.387E 05 2.t2<;E 04 0 
3 115 4 • t C(J [ (12 -1.225E (C -1.137E-02 5.439E: 05 2.t29E 04 0 
3 lle 4.t40[ 02 -l.UEE (C -<;.814E-03 6.491E 05 2.t2<;E 04 0 ., 117 4.(;EOf ('12 -1.3C4E r:C -7.987£-83 7.543E 05 2.t2<;E 04 0 
3 111" 4.7201: (I ;> -1.3~2E CC -5.885E-03 S.S94E 05 2.t29E 04 0 
3 llS 4.7t:CE 02 -1.351E r.C -3.510E-1)3 9.646£ 1)5 2.t2'>E 04 0 
3 12,' 4.2:::0<:: 02 -l • .3tCE rc -E,613E-04 1.070E 06 1.~95E 03 0 
3 121 4.f4C[ l) ? -l.J!:8F. CC 1.HOlE-~J3 9.750E 05 -2.:71E 04 0 
3 122 4.8SCF ') 2 -1.34cE CC 4.217E-03 S.802E 1)5 -2.~71E 04 0 
::l 123 4.'72f;f~ 02 -1.324E CC I' • 3S!: E-IJ3 7.053E (')5 -2.;71E 04 0 
3 124 4.StCt' 02 -1.2S4'" C( e.307E-113 6.905E 05 -2.~71E 04 0 
3 1;:5 :.CCCt 02 -1.2::eF CC 9.982E-C3 5.957E 05 -2.~71E 04 0 
3 l?t 5.::LtCt: 02 -l.215t CC 1.14lE-02 S.009E 05 -2.~71E 04 I) 

3 127 :: .reOE 02 -l.lttC C( 1.259[-02 4.G60E 05 -2.;71E 04 (1 

:3 128 5. 12C: E 1)2 -1.114[ CC 1.352E-(]2 3.112E 05 -2.;71E 04 0 
3 12<; 5 • 1 t'J f: 02 -l.;)':eE CC 1.421E-02 2.164 E (15 -2.::71E 04 0 
3 1 ., .., 

_\. '5 .2:::0 [ 02 -l.-CCE CC 1.460E-02 1.216E OS -2.:71E 04 0 
3 131 :.24Cr:= 02 -<;.41-4F-C1 1.472 E-02 2.676E 04 -2.;71E 04 0 
3 132 5.2 Be E 02 -E.824[-G1 1.47CE-C2 -6.S06E 04 -2.::7lE 04 (1 

3 13] 5 • 3 2C E 02 -E.2313E-C'l 1. 46C E-02 -l.62C;E 05 -2.:71E 04 0 
3 134 ::.~t'JE 02 -7.6::7[-G1 1.443i.:-Ci2 -2.S77E fJS -2.~71E 04 0 
3 1:3 5 5.4Ct;E 02 -7.CE3[-Cl 1.422E-02 -3.525E 05 -2.:71E 04 0 
3 13t 5.44Jr: 02 -t.51<;E-Cl 1.397E-C2 -4.474E 05 -2.:7lE 04 0 
3 137 5.480E' (,2 -:.'>UE-Sl 1.37CE-C2 -5.422E 05 -2.~71E 1)4 0 
3 131' :.:2()E' 02 -::.423E-rl 1. 34C E-C2 -6.37CE 05 -2.:71E 04 0 
3 1 ,~ 

~ , 5.5tOE 02 -4.S<;::lE-Cl 1.3('<;E-C2 -7.318E ()5 -2.:71E 04 0 
3 14 r :.t(;OE U? -4.37tE-Cl l.27t:E-C2 -S.266E 05 -2.:7lE fl4 0 
3 141 !:.t:4CC '12 -3. 8721:'-Cl 1.242E-C2 -9.215E 05 -2.:7lE 04 0 
3 142 '5.t13CE 02 -;.JE2[-Ol 1.207E-(,2 -l.016E ,'6 -2.:7lE 04 0 
3 14 '! :.72(:[ ')2 -2.9UE:-Cl 1.171E-02 -l.IlIE 06 -2.:7lE 04 0 
J 144 :.7f:CF: 02 -2.445f-Cl 1.134E-02 -1.2,)61' 06 -2.371E 04 0 
3 145 :.t:CO:: 02 -1. S<;<; [-Cl 1.:'97E-r:? -1.3uH 06 -2.~71E 04 0 
3 146 :.f4IJE 02 -1. 5tt ;:-Cl 1. 'J 5 8 E - G 2 -1.396E 06 -2.:71E 04 0 
3 147 :.l:'8CE- 02 -1.lS2E-Cl 1.02CE-fi2 -1.49GE 06 -2.~71E 04 0 
3 14e ~.C;20~ 02 -7.52lf'-(,2 9.0(11 E-en -l.585E 06 -2.371E 04 (") 

3 149 :.StCE n -3.tECE-C2 9.402E-03 -1.68CE 06 8.722E 04 0 
3 1 " c: .... ' .. t • C ~~ C E I) 11 C 8.998E-03 -8.S74E 05 2.1CCE 05 -1.746E-02 
3 1:: 1 t.C40[ -J? 3.51EE-C2 E.795E-03 0 l.leSE 05 0 
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4 -1 -4.fCC[ or t. 32f. E-C4 -1.582E-04 a 2.~62E 04 0 
4 C r C c 2.050E 05 4.10tE 04 0 
4 1 4.CC~E 1] t. )2f. E-04 3.034E-1)4 3.765E 05 1.12tE 04 0 
4 2 f..L:~~CF o~ 2.4;:7[-1;3 ~.HICE-C4 3.431E us -8.~63E 03 0 
4 "3 1.2eOI: 01 5.2Elc-C~ E.328E-04 3.096E 05 -8.~6f.E 03 0 
4 4 1.tCIJE 01 C).OSCE-C3 1.e5'OE-03 2.761E 05 -8.372E 03 0 
4 5 2.~cnc: 01 1.375E-(,2 1.25'OE-C3 2.426E 05 -8.382E 03 0 
4 t 2.4COf 01 1.91tE-(2 1.433E-C3 2 .C 9 1 E 05 -8.39f.E 03 0 
4 7 2.ECCE 01 2.'522E-r:2 1.592E-0 1 .754 E 05 -8.415E 03 0 
4 E 3.2::01: 01 3.1ElE-(l2 1.704[-03 1.417[ 05 -8.439E 03 0 
4 '0 3.t:CE 01 3.8E5E-C2 1.80aE-03 1.079E 05 -8.46SE 03 I) 

4 H 4.CCCE 01 4.622E-G2 1.87CE-03 7.4 OOE 04 -8.~C4[ 03 0 
4 11 4.4COE 01 5.3EIE-C2 1.914E-03 3.990E 04 -8.~47E 03 0 
4 12 4. t ,;0 E' 01 t.l~3[-C2 1.932E-03 5.626E 03 -8.~95E 03 0 
4 13 ~.2COl: 01 t .927E-C2 1.923 E-C' 3 -2.8B6E 04 -8.t51E 03 0 
4 14 5.f.COE 01 7.tSlE-U 1.887E-C) -f..358E 04 -8.112E 03 0 
4 15 t.feot:' 01 E.43tf'-C2 1.H25E-(')3 -9.856E 04 -8.HOE 03 I) 

4 If. t.4CIJE 01 'O.1~lE-<:2 1.735E-03 -1.338E 05 -8.€54E 03 0 
4 17 t.ECOE (>1 C).825E-C2 1.618E-1"13 -1.694E 05 -8.S34E 03 0 
4 12 7.2(0[' .')1 1.']45E-Cl 1.474E-03 -2.053E 05 -8.S98E 03 0 
4 IS 7.6(0:: 01. 1. ICC E-\'l 1.301E-'J3 -2.414E 05 -9.C2CE 03 0 
4 2C E.CCCE Cil 1.149[-Cl 1.lJl[-C3 -2.775E 05 -9.C2CE 03 0 
4 21 E.4COE ,J 1 1.1€P.E-C1 E.731E-C4 -3.135E 05 -9.C20E 03 0 
4 22 E.8rOE 01 1.21SE-Ol f..172E-04 -3.496E 05 -9.C20E 03 0 
4 23 'O.2COE 01 1.238[-(;1 3.335E-()4 -3.857E 05 -9.C20E 03 0 
4 24 S. t i;C [ 01 1.245E-Cl 2.20lE-05 -4.218E 05 -9.(2CE 03 0 
4 25 1.CCOE 02 1.24CE-Cl -3.174t:-C4 -4.579E 05 -9.C20E 03 0 
4 if. 1.C40[ 02 1. 22CE-(:l -t.84f.E-04 -4.939E 05 -9.C2GE 03 0 
4 27 1 I' ~ r' r • .....v L 02 1.lE5E-Cl -1.'l8CE-03 -5.300E 05 -9.(2CE 03 0 
4 2f' 1.12Cf ')2 1.133E-Cl -1.502[-03 -5.661E 05 -9.C2CE 03 0 
'j 29 1.1 e;!: !) 2 1.0t5E:-Cl -1.953E-03 -f..022E as -9.C2CE 03 0 
4 3(' 1.2.:n[= f) ? S.772[-0£ -2.432E-03 -6.383E 05 -9.C2CE 03 0 
4 31 1.24C[ 02 E.7CIE-C2 -2.938E-03 - 6 •. 743 E as -9.(2CE 03 0 
4 32 1 • .2 Be [ () 2 7.421E-G£ -3.47.2E-C3 -7.104E 05 -9.C20E 03 0 
4 33 1 • 32<: E ,12 5.9£3[-C2 -4.034E-03 -7.465E 05 -9.C2CE 03 0 
4 34 1.3t'lt: ('2 4.1S4E-C2 -4.624E-C1 -7.826E 05 -'O.C2CE 03 0 
4 35 1.4CCC 02 2.223E-C2 -5.242E-03 -8.187E as f..214E 04 0 
4 3f. 1. 448 F: r) 2 C -5.728E-03 -2.855E 05 1.363E as -9.550E-03 
4 37 1.4E::J[ <) 2 -2.3~9E-C2 -5.544E-03 2.714E 05 t.E07E 04 0 
4 ::I:'! 1.52D[ 'J 2 -4.4~tE-C2 -4.854E-03 2.591E 05 -3.C8f.E 03 0 
4 39 1.5f-OE ~l ? -f:.. 242 [-C 2 -4.195E-03 2.467E 05 -3.C8f.E 03 (j 

4 4C 1. h: ~ E 02 -7.7<;2[-02 -3.56SE-03 2.344E 05 -3.C86E 03 (l 

4 41 1. f: 4C E (12 -S.OS7C-C2 -2.<:;75E-03 2.220 E 05 -3.C86E 03 0 
4 42 1.6eC~ .')2 -1.()17E-Cl -2.412E-03 2.097E 05 -3.C8f.E 03 0 
4 43 1.720 E 02 -1.lC3E-('l -1.882E-03 1.973E 05 -3.C8f.E 03 0 
4 44 1.760 E )2 -l.H8E-r.l -1.385E-03 1.85CE 05 -3.C8f.[ 03 0 
4 45 l.eCCE 1)2 -1.2131:-Cl -'O.19'OE-04 1.727E C5 -3.C8f.E 03 0 
4 4t 1.840E 02 -1.241E-('1 -4.854[-C4 1.603E 05 -3.C8tE 03 a 
4 47 1. e ec [ u2 -1.2521::-[1 -E .40lE-05 1.480E 05 -3.C8f.E 03 0 
4 48 1. '0 2n [ 02 -1.24H-Cl 2.tl52E-04 1.35f.E 05 -3.C9f.E 03 0 
4 4'0 1.'OtCE (12 -1.22'O[-Cl t.223E-04 1.233E C5 -3.C 8f.E 03 0 
4 !-{"'1 

J , 2.CCa!:: ~? -1.1'OEe-Cl S.273E-04 1.109E 05 -3.C8f.E 03 0 
4 51 £.(4(;[ [\2 -1.155E-(1 1.20CE-03 9.85SE 04 -3.Cflf.E 03 0 
4 5 ~. 2. C 8U O? -1.1C2E-(1 1.441[-03 8.624E 04 -3.Cflf.E 03 0 
4 53 2 • 12(' E ('I? -1.04([-Cl 1.64SE-C"3 7.39CE C4 -3.C8(;E 03 0 
4 54 2. HOE: 02 -S.7CU-C2 1.82f.E-(l3 6.156E 1')4 -3.C8f.E 03 (I 

4 55 £.2C('~ (12 -E.94CE-f2 1.97GE-03 4.921E 04 -3.C8f.E 03 0 
4 St 2.2~(JE (12 -E.12f.E-C2 2.!)82E-1)3 3.687E 04 -3.C8f.E 03 0 
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4 57 2.2 Be E 02 -7.274[-(2 2.162E-f,3 2.452E 04 -3.C8tE 03 0 
4 58 2.~2CE 02 -f. .3<;7[-(2 2.210E-03 1.218E 04 -3.C8(;E :)3 0 
4 '::9 2.~(;(;c 02 -5.5C7E-(;2 2.225E-03 -1.647E 02 -3.C8tE '13 0 

4 tC 2.4(0;: ('2 -4.617E-r2 2.20SE-03 -1.251E 04 -3.C8tE 03 0 
4 61 2.44CE fJ 2 -~.74CE-(2 2.16CE-03 -2.485E 04 -3.C8tE 03 0 

4 62 2.48fJE 1)2 -2.8EeI:'-C2 2.(17SE-C3 -~.720E 04 -3.C8tE 03 0 
4 U 2.S20E (12 -2.07tF-C2 1.96tE-03 -4.954E 1)4 -3.C8tE 03 0 
4 64 2. ': t'.) E r12 -1.315f-C2 1. 821E-03 -6.188E 04 -3.C8tE 03 0 
4 65 2.teCE 02 -t.l<;CE-C~ 1.644E-03 -7.423E 04 7.E82E 02 0 
4 66 2.t40E (,2 ( 1.44tE-03 -5.558E 04 6.:!21E 03 2.271E-02 
4 67 2.t80[ ')2 5.37f.E-(:! 1.27lf:-1l3 -2.366E 04 4.10tE 03 0 
4 6£1 2.720 r: 02 1.017E-G2 1.128[-03 -2.273E 114 2.~15E 02 0 
4 6S 2. HGF 02 1.44(E-C2 S.902E-04 -2.181E 04 2.~15E 02 0 
4 7e 2.ECfJE 02 1.8(SE-C2 E.585E-04 -2.088E 04 2.:!lSE 02 0 
4 71 2.84C[ 02 2.127E-f2 7.325[-(\4 -1.995E 04 2.~15E 02 0 
4 72 2.e£1O!: J2 2.3<;5E-1:2 t.121E-Q4 -1.903E 04 2.~15E 02 0 
4 73 2 • <; 20 E ()2 2.t16E-C2 4.975E-('4 -1.810E 04 2.~15E 02 0 
4 74 2.<;tGE :J 2 2. 7<;j E-C2 :! .887f:-04 -1.718E 04 2.:!15E 02 0 
4 75 3.[':CE 02 2.S27E-C2 2.855E-04 -1.625E 04 2.~15E 02 0 
4 7f. :!.G4Ct U2 :! .'J2IE-C2 1.881E-04 -1.532E 04 2.~15E 02 0 
4 77 ~.r:8(lE 02 3 .':J(E E-(;2 S.632E-1)5 -1.440E '14 2.~15E 02 0 
4 78 ~.12JJF li2 3.C.<;8E-C2 1.031E-05 -1.347E 04 2.315E 02 0 
4 7S :! • HC I: 02 3.CEtE-C2 -(;.99SE-05 -1.254E 04 2.315E 02 0 
4 8;.1 3.2COF: 02 3 • ti 4 2 E -C 2 -1.44tE-C4 -1.162E 04 2.~15E 02 0 
4 eI 3.240 C J2 2.S70E-C2 -2.134E-04 -1.069E 04 2.~15E 02 0 
4 82 ~.2f'n[ 02 2.f'72E-C2 -2.76tE-C4 -9.767E 03 2.~15E 02 0 
4 83 3.3211E '12 2.74SE-C2 -3.34CE-04 -8.840E 03 2.~15E 02 0 
4 t!4 3.3tOt 02 2.6(4[-C2 -3.857E-04 -7.914E 03 2.315E 02 0 
4 -," c _ :!.4(;OE 02 2.44:E-C2 -4.317E-04 -6.988E 03 2.315E 02 0 
4 ef. 3.440E 02 2.2S<;E-C2 -4.72CE-04 -6.062E 03 2.31SE 02 0 
4 E:7 3.480E 02 2.('t3E-C2 -S.06tE-(l4 -5.136E 1)3 2.~15E 02 0 
4 88 ~.~20t ')2 1.1:l54E-r:2 -S.354E-04 -4.210E 03 2.~15E 02 0 
't AS ~.Str:1' 02 1.('34E-C2 -5.585E-04 -3.284E 03 2.315E 02 0 
4 9-~ :!.6CJE 02 1.4C7E-02 -5.75SE-04 -2.357E 03 2.~15E 02 0 
4 S 1 :!.t401' 02 1.174E-C2 -S.87tE-C4 -1.431E 03 2.~15E 02 0 
4 S2 ~.fECE 02 S.:HSE-C3 -5.93tE-04 -5.052E 02 2.~15E 02 0 
4 S3 ~.720E ')2 (;.9E8E-C3 -5.93SE-04 4.210E 02 2.315E 02 0 
4 <;4 ~. HOE I) 2 4.6U~E-C3 -5.884E-04 1.347E 03 2.315E 02 0 
4 S5 3. 8 ,~C1:: ;) 2 2.2ElE-C3 -5.772E-04 2.273E 03 3.157E 01 0 
4 96 3.241;E 02 C -S.603E-04 1.60IJE 03 -2.E42E 02 -1.738E-02 
4 97 ~.E8CE 02 -2.2G2E:-03 -5.50SE-04 a -2.COCE 02 0 

5 -1 -4.COE or; -t. 27C E-C4 1.568E-04 C -2.~39E 1)4 0 
5 (, C C 0 -2.032E 05 -4.f64E 04 0 
5 1 4.r:1J81' ac -t.21CE-C4 -3.0071'-04 -3.732E 05 -1.lllE 04 0 
5 2 E.IJ,OE ')C -2.4[6E-C3 -5.75SE-04 -3.400E 05 8.28SE 03 0 
5 3 1.2COE 01 -5.2341:-03 -E.2S4E-04 -3.068E 05 8.292E 03 0 
5 4 l.cCOI: 1)1 - S • '; C S E - 'J :! -1.(14SE-03 -2.737E 05 8.298E 03 0 
5 5 2.CCGc C 1 -1.H3E-C2 -1.248E-03 -2.405E 05 8.~C8E 03 0 
5 t 2.4C~F 01 -1.8<;SI:-(:2 -1.420E-C3 -2.072E 05 8.~2lE:: 03 0 
5 7 2.EC'OE 01 -2.4<;S[-C2 -1.567E-G3 -1.73SE D5 8.:!4CE 1)3 0 
'5 8 3.2CC[ 01 -3.153[-(2 -1.68S[-03 -1.405E Ci5 8.~64E 03 0 
5 9 3.6COF. ') 1 -3.85GE-C2 -1.784E-03 -1.G70E 05 8.393E 03 0 
5 Ie 4.,:COE \)1 -4.5ECE-r2 -1.854E-1)3 -7.334E 04 8.429E 03 0 
5 1 1 4.4C0E I) 1 -5.3:!3E-C2 -1.897E-03 -3.955E 04 8.471E 03 0 
5 12 4.ECOE f)1 -(;.CJ<;EE-C2 -1.915E-1;3 -5.576E 03 8.:1SE 03 0 
5 1 :3 5.2COE 01 -(;.8(;S[-C2 -1.90tE-C3 2.86CE 04 8.~74E 03 0 
r. 14 5.tr'OE 01 -7.t23E-C2 -1.871E-03 6.3'J1E 04 8. U5E 03 0 

" 1 5 t.UOE 01 -E.3(;2E-C2 -1. 80S E:-/":3 9.768E 04 8.102E 03 0 
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'5 16 t.4i'C[ 01 -S.l'lOIC-C2 -1.72CE-(13 1.326E 1)5 8.176E 03 0 
r::; 17 t.ECI';[ Cl1 -S.737t:-C2 -1.6(}4E-(13 1.679[ 05 8.E55E 03 0 
'3 18 1.2CCF. lil -1. .. :35[-C1 -1.46GE-C3 2.035E C5 8.S18E 03 0 
" 1'1 7.t,:OF 01 -l.(SlE-Cl -1.29CE-C3 2.392E 05 8.S4CE 03 0 
~ ~ I .... E • eJ ()f= '.II -1.1~8E-C1 - 1 • '.', 9 1 E - (~ 3 2.750E 05 8.S40E 03 0 £- ' , 

5 21 E.4tJ(,;i:: 01 -1.171:f:-1;1 -E.6'53E-C'4 3.107E 05 8.S4CE 03 C 
':i -7 

'-~ E.fC()[ (l1 -1.2CEE-C1 -t.117E-04 3.465E ('5 8.S40E 03 0 
~ 23 S.2-:0E ('1 -1.227E-0 -3.3li tE-(,4 3.823E 05 8. S 4C E 03 0 
~ 24 S.t'jCE 01 -1.2~4E:-o,;l -2.182E-05 4.1UOt 05 8.S41)E 03 0 
5 25 1.·':;C(:E 02 -l.Z;!S[-rI 3.145E-(;4 4.538E 05 8.S4CE 03 0 
5 U 1. r 4C'F' O? -1.2CSF--C1 t.785E-C4 4.895E 05 8.S4CE 03 0 
5 27 1.eeOr: ~I 2 -1.174[-C1 1. fi7G[-(13 5.253E f"J5 8.S4(E 03 0 
') 21' 1.12(,[ (' 2 -1.123[-(1 1.48S[-()3 5.611E 05 8.S4C[ 03 0 
5 2'1 1.1 (;C [ 02 - 1 • ') ~ 5 £: - C 1 1.93tE-03 5.968E 05 8. S 4C E 03 0 
5 3C 1. 2 CG t: 02 -S.6E5E-C2 2.41CE-03 6.326E 05 8.<;40E 03 0 
') 31 1.24('[ 02 -E.623[-C2 2.912E-C3 6.683E 05 8.S4CE 03 0 
5 32 1.21'([ 02 -7.3~5E-C2 3.442t-C3 7.041E 05 8.<;4CE 03 0 
5 33 1.32CE 02 -5.1:7CE-(2 3.99SE-03 7.399E 05 B.S4CE 03 0 
') 34 1.3(:Cf: ~) 2 -4.1'::t[-C2 4.583E-G3 7. 7 56E 05 8. S40 E B 0 
5 35 1.4(C[ (;2 -2.2C3t-\2 5.19tE-G3 8.114E OS -6.195E 04 0 
5 36 1.440E li2 C 5.675E-(,3 2.8GOE 05 -1.357E 05 -2.026E-02 
5 37 1.4 eo E 02 2.337E-(2 5.485E-(3 -2.743E as -6.76SE 04 0 
5 3P. 1.52GE 02 4.3EEE-C2 4.787E-(,3 -2.615E 05 3.204E 03 0 
<= 3'1 l.':tC[ 1)2 t.1ttt-('2 4.123E-C3 -2.487E 05 3.204E 03 0 
':' 4C 1.(:eOE 02 7.6EtE-C2 3.492E-G3 -2.359E 05 3.204E 03 0 
5 41 1.t40[: 02 E.9tCF:-[2 2.894E-,,)3 -2.231E 05 3.204E Q3 0 
5 42 1.(:Ert: 02 1. cec E-Cl 2.33CE-(;3 -2.103E 05 3.204E 'J3 0 
5 43 1.720E 02 1.0E2E-C1 1.7'1'1 E-C3 -1.974E 05 3.204E 03 0 
5 44 1.HOE 02 1.144E-C1 1.302[-[:3 -1.!!46E 05 3.204E 03 0 
5 45 1.ECC::' 02 1. lE(: E-(l ~.374E-C4 -1.718E 05 3.204 [: 03 0 
5 46 1.HeE 02 1.211E-Cl 4.(67E-(,4 -1.59CE 05 3.204E 03 0 
5 47 1. ~ flc[ 02 1.21SE-Cl <;.387E-06 -1.462E 05 3.204E 03 0 
5 48 1. '1 2C E f) 2 1. 212f-r.l -3.54(:E-C4 -1.333E os 3.2f'l4E 03 0 
5 4'1 I.StCE 02 1.1SlE-('1 -(:.851E-:14 -1.205E as 3.204E 03 0 
5 SO 2.eCCE 02 1.157E-(1 -S.823E-(l4 -1.077E 05 3.204E 03 0 
5 ':: 1 2.C4C[ 02 1.112E-01 -1.246E-C3 -S.490E 04 3.21J4E 03 0 
':' 52 2.':8('[ 02 1.(,57[-(1 -1.477E-(13 -8.208E 04 3.204E 03 0 
5 ~~ 2 • 1 2(: [: ,) 2 S.93<;E-(2 -1.674E-C3 -6.926E 04 3.204E 03 0 
5 '::4 2.1(:CE c) 2 S.234[-C2 -1.837E-C3 -5.fJ44E 04 3.204E 03 0 
5 55 2.2Cr.F :)2 E.4tSE-C2 -1.961::E-03 -4.363E 04 3.204E 03 0 
5 5(: 2.24('[ (, <' 7.(:(:CC-(2 -2.C65E-r:3 -3.081E 04 3.204E ')3 0 
5 57 2 .2 ec E 02 fO.818E-C2 -2.128E-C3 -1.7S;E 04 3.2C4E f"J3 0 
5 5e ~.320E D2 5.'157[-('2 -2.158E-03 -5.174E 03 3.204E 03 0 
':' r;s 2.3(:01: 02 5.1.''11[-(2 -2.155E-(:3 7.6441: 0, 3.204E 03 0 
5 to 2.4~CE 02 4.2:3[-(2 -2.llEE-r.3 2.046E C4 3.204E 03 0 
5 (:l 2.4';('E 02 3.3<;7I::-r2 -2.(J48E-(;3 3.328E: 04 3.204E 03 0 
5 t2 2.4 ec E J2 2. 5S4f-C 2 -1.945[-03 4.610E 04 3.204E 03 0 
5 (:3 2.:2CE 02 1.84CE-t2 -1.80EE-C3 5.891E 04 3.204 E 03 0 
5 t4 2.56(,[ O? 1.148f=-C2 -1 • 63eE-C~ 7.173E (';4 3.204E 03 0 
5 (:') 2. (:CCE 1;' 5.2SSE-(3 - 1 • 4 3 5 E - CJ 3 8.455E 04 -9.45CE 02 0 

" tf: 2.t40[ 02 ( -1. 2C'7t:-O.1 6.417E 04 -6.S24E 03 9.866E-02 
5 t7 2.t8('[ 02 -4.3'::1:E-(,: -S.99(:E-(,4 2.916E 04 -4.(:04E 03 0 
5 t8 2 .72-)[ 02 -7.YS7E-(;3 -E.253E-04 2.734 E 04 -4.:4SE 02 0 
') (:'1 2.HCE tl2 -1.(SH-C2 -(:.621E-1;4 2.552E 04 -4.:4'110' 02 0 
': 70 2.t"CE () 2 -1.32'1['-(2 -5.102E-C4 2.370E 04 -4.:4SE 02 0 
5 71 2.i:!4CF O? -1.5C4E-(,~ -3.695E-C4 2.188E r.4 -4.:4SE 02 (\ 

5 72 2.82GE ')2 -1.62~[-C2 -2.401E-04 2.0'J6E 04 -4.:4SE 02 (l 

5 73 2. C; 2 G..: n2 -1. 6St;F-C2 -1.21SE-(:4 1.824E 04 -4.~4SE 02 0 
5 74 2.S'<:C[ 02 -1.723[=-(2 -1.494E-05 1.642E G4 -4.~4SE 02 0 
5 75 3. r CC t C12 -1.7C8E-C2 E .'J8CE-f]') 1.460E 04 -4.~4SE 02 0 
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c: 7t 3.(4('E 02 -1.6';eE-C2 1.653E-~4 1.278E 04 -4.:4<;E 02 0 -' 

5 77 3.:' er. f J2 -1.5/(:1:-(12 2.386E:-04 1.096E 04 -4.::4<;E 02 0 

" 76 :3. 12tJ f 02 -1.'iUE-C2 3.'J:)(;E-C4 9.14lE 03 -4.::4<;E 02 (' 
-' 

:: 7<; 3.1(;2[: C' 2 -1.3:(;E-C2 3.514E-04 7.321E 03 -4.:4<;E 02 0 

5 8el 3.2(OE J2 -1.lE(;E-l:2 3.91CE-04 5.501E 03 -4.:4<;E 02 0 
5 E 1 3.24C'E 02 -1.~J23c-C2 4.193E-04 3.682E 03 -4.:4<;E 02 0 
5 82 :?2EQ[ ;) 2 -8.5C4:=-(;3 4.365[-C4 1.862E 03 -4.:4<;E 02 0 
5 23 3.320l 02 -(;.7:5E-C3 4.423E-C4 4.242E 01 -4.~49E 02 0 
5 84 3 • -~ f;~ [ 02 -4.9c(;f-C3 4.:nCE-04 -1.777E 03 -4.::49E 02 0 
5 85 3.4COI: );:> -3.24CE- r 3 4.204E-04 -3.597E 03 -4.:4<;E 02 0 
5 86 3 .4 4C E 02 -1.6r2E-C~ 3.92CE-04 -5.417E 03 -4.::4<;E 02 0 
5 87 3.480::: n -<;. 8<;eE-C:: 3.535E-04 -7.236E Q3 -4.:4<;E 02 () 

5 88 ~.520~ 02 1.226E-C3 3.032E-('4 -9.ll56E 03 -4.:4<;E 02 0 
5 a<; ;.~tCE 02 2.327t-C3 2.417E-C4 -1.08BE 04 -4.:4<;E 02 0 
5 <;G 3.(;CCE 02 3.ltCE-(,3 1.69(E-04 -1.270E 04 -4.:4<;E 02 0 
5 <; 1 3.(;481: 02 ~.67<;[-(3 E.49<;E-05 -1.'t51E 04 -4.:4<;E 02 0 
5 <;2 3.(;SOC 02 3.t:l3<;F-(3 -1. ;;22E-('5 -1.633E ()4 -4.:4<;E 02 0 
5 <;3 3.72CE n2 3.5S7r-C3 -1.167E-04 -1.815E 04 -4.:4<;E 02 0 
5 94 3.7(;C[ 02 2.9((;[-(3 -2.344E-04 -1.9S7E Q4 -4.:4<;E 02 0 
5 95 3.8COE 02 1.722E-C3 -3.633E-C4 -2.17SE 04 1.C21E 03 0 
5 <;(; 3 • I:: 40':0 fJ2 ( -5.G"HE-04 -1.181E 04 2.i24E 03 -3.753E-02 
') <;7 3.f~CE ') 2 -2.3C5E-:3 -5.763E-()4 a 1.47tE 03 0 

(; -1 - 4 • (; c c c or: E.44ll::-C4 -2.11CE-04 0 3.41SE 04 0 
6 C r: C (' 2.735E 05 6.27<;E 04 0 
6 1 4 • ;:r~(1 E [IC E.441E-C4 4.046E-04 5.024E 05 2.303E 04 0 
(; 2 E.CfCE 0C 3.23<;E-(,3 7.752E-04 4.577E 05 -1.11(;E 04 0 
(; :; 1 • 2 :~ (' I: fJ 1 7.CJ4(;E-r:3 I.lllE-03 4.13lE 05 -1.11(;E 04 0 
(; 4 1.6erl[ 01 1.213E-(,2 1.413['-[;3 3.684E 05 -1.117E 04 0 
6 5 ~.l(,OE (. 1 1.835E-C2 1.68CE-r-3 3.237E 05 -1.118E 04 0 
(; 6 2.4COF (11 2.5:7[-(;2 1.912E-C3 2.789 E ]5 -1.12CE 04 0 
6 7 2.5C(,[ ') 1 3.3c';E-(2 2.110E-(3 2.34lE (;5 -1.123E 04 0 
(; E 3.2 0:( E 01 4.245[-('2 2.273['-0 1.891E as -1.12CE 04 0 
(; <; 3.£'(,f (, 1 5.lE3r-C;; 2.4(12E-03 1.440E n5 -1.13CE 04 0 
(; lC Lt.C(Of: 01 f.it(;E-(2 2.49(;E-n3 <;.873E n4 -1.135E 04 0 
c 11 4.4C'CE 01 7.lEC[-C2 2.554E-1;3 5.324E 04 -1.14CE 04 0 
(; 12 4.ECCE (J 1 8.21CE-C2 2.57EE-r;3 7.506E 03 -1.147E 04 0 
f 13 '; • ;:: CCf (,I <;.242(-('2 2.56(;E-()3 -3.85lE 04 -1.154E 04 0 
6 14 5.(;~r:E '"'1 1.:'2(;[-C1 2.518E-0 -8.483E 04 -1.162E 04 0 
(; 15 c ., CO E: (J 1 1.12(;t-Cl 2.435E-1)3 -1.315E 05 -1.172E 1')4 0 
t. IC (; .4 (0 E (11 1 .221 r: - C 1 2.315[-03 -1.786E n5 -LISlE 04 (\ 

6 17 c.EeCi[ 01 1. 311 [-(1 2.15<;[-03 -2.260E 05 -1.192E 04 0 
(; 1 tJ i.2CCE )1 1. 3<;4 E-Cl 1.96(;E-03 -2.739E 05 -1.20lE 04 0 
(; 1<; 7.UJ'[ 01 1.4c8f-(1 1.73(;E-G3 -3.22lE 05 -1.204l:: 04 0 
(; 2( E.t:JOE C'l 1.533E-C1 1.46<;E-(,3 -3.702E 05 -1.204E 1)4 0 
6 21 E.4CO[ 01 1.5E(;[-[1 1.16~E-C3 -4.183E 05 -1.204E 04 0 
6 22 E • e cc [ 01 1.(;£(;E-(1 E.235E-04 -4.665E 05 -1.204E ')4 0 
6 23 S.2COt: (>1 1.(;~2f--Cl 4.45CE-(;4 -5.146E OS -1.204E 04 0 
(; 24 s.cCCE: (II 1.6(1[-(1 2.937E-05 -5.628E as -1.20H 04 0 
(; 25 1.CCOle 02 1. 654f-Cl -4.234E:-04 -(;.lC9E 05 -1.20H 04 0 
(; 2C 1.:40F ['2 1.628[-:1 -S.134[-1';4 -6.59CE 05 -1.204E 04 0 
(; 27 1. L EC E 02 1.5(,lE-Cl -1.44CE-(3 -7.C72E 05 -1.204E 04 a 
(; LE 1.12(' E 02 1.512[-(1 -2.(I05E-Ij~ -7.553E C:5 -1.204E 04 0 
6 29 1.160;: 01' 1.42~[-Cl -2.6:)(;E-83 -8.035E 05 -1.204E Q4 0 
(; 3C 1.2C('[ ,:-02 1.3C4f-(1 -3.245E-C3 -8.516E 85 -1.20H 'J4 0 
(; 31 1.24CE 02 l.lClE-\! -3.92CE-03 -8.997E 05 -1.20H 04 0 
(; 32 1. at E 02 <;.9C2[-C2 -4.633E-(3 -9.47SE 05 -1.~04E 04 0 
6 33 1. 3 2( [ 02 7.9(2/:-(;; -5.383E-C3 -9.960E 05 -1.20H 04 0 
(; 34 1.3CC[ 02 :.5<;(;[-(2 -to 1 7C E-C3 -1.044 E 06 -1.204E 04 0 
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t 3 c; 1.4CIJE (l2 2.<;UE-(:~ -t.CJCJ4E-C3 -1.092E 06 8.;73E 04 0 
L H: 1.44CE (J 2 C -7.63SE-(,3 -3.743E 05 1.E33E 05 3.542E-02 
t ""7 1. 4 8C E G2 -3.145E-C;:: -7.374E-03 3.741E 05 9.132E 04 0 
t 2f 1.520E 02 -';.Cj(CE-C~ -t.423E-03 3.563E 1)5 -4.443E 03 0 
f. 3S 1.C:tO[ r,12 -E.2E3f'-CZ -';.51SE-03 3.385E 05 -4.443E 03 0 
t 4D 1.teet 82 -1.C;1E-C1 -4.66CE-C3 3.207E C5 -4.443E 03 0 
t 41 1 • t 40, E 02 -1.2ClE-('1 -;.848E-(13 3.030E 05 -4.443E 03 0 
t 42 1.teOE I) 2 -1.3;SE-('1 -;.U82E-03 2.852E 05 -4.443E 03 (l 

t 43 1.72GE: 02 -1.4'i8E-C1 -2.363E-03 2.674E 05 -4.443E 03 0 
6 4 It 1. ?to[ ,)2 -1.528E-G1 -1.689E-C3 2.497E 05 -4.443E 03 0 
6 45 1.e.::nE (12 -1.'5E3::-Cl -1.062E-03 2.319E 05 -4.443E 03 0 
6 46 1.E4!Jf:: (12 -1.U3C-C1 -4.811E-04 2ol4lE 05 -4.443E 03 0 
6 47 1.seOE 'J 2 -l.t21E-[;l 5.273E-C5 1.963E 05 -4.443E 03 0 
6 48 1.S2JE 02 -1.6CSE-1]1 5.40SE-04 1.T86E 05 -4.443E 03 0 
6 4S 1.stnE ')2 -1.578E-C1 S.828E-04 1.b08E 05 -4.443E 03 0 
6 S( ;::.CGOE 02 -1.5:CE-C1 1.378E-03 1.430E a5 -4.443E 03 0 
6 51 2.(4'JE 02 -1.4t8E-Cl 1.728E-03 1.253E 05 -4.443E 03 0 
t :-2 :2.ceOE 02 -1.3S2E-(1 2.')31[-03 1.075E 05 -4.443E 03 0 
t 53 2. l20 E r) 2 -1.3::5[-C1 2.288E-C3 8.972E (14 -4.443E 03 0 
6 54 2. ItO E ::>2 -l.7.(SE-':l 2.498E-(;3 7.195E 04 -4.443E 03 0 
t ::5 2.2801:: 02 -l.lctE-':l 2.662E-03 5.418E 04 -4.443E 03 0 
f; ~6 2.240E 02 -S.9t3E-f'2 2.780E-()3 3.640E 04 -4.443E 03 0 
t 57 2.2eO[ I) 2 -E.832[-C2 2.852E-1)3 1.863E 04 -4.443E 03 0 
t 58 2.320E !) I' -7. tElE-r:2 2.877E-G3 8.621E 02 -4.443E 03 0 
t 59 2.3tCE 1)2 -t.S3CE-02 2.fl5tE-i)3 -1.691E 04 -4.443E 03 0 
t t .~ 2.4COf' vI' -S.3St[-iJ2 2.78SE-03 -3.468E ()4 -4.443E 03 0 
t 61 2.441"E J2 -4.2S8E-1';2 2.t7tE-03 -5.245E 04 -4.ii43E 03 0 
t t2 2.4~r;E I) 2 -3.255f:-02 2.51tE-:J3 -7.022E 04 -4.443E 03 0 
6 t3 2.521Jf' 'j 2 -2.2Etf-:2 2.31(E-03 -8.799E 04 -4.443E 03 0 
t t4 2.5tnE ,) ? -1. 1.,(7E-C2 2.;,58E-1)3 -1.058E 05 -4.443E 03 0 
6 t5 2.tUE fI? -t. 3S3 E-(1~ 1.75SE-(3 -1.235E 05 2.188E 03 0 
6 t6 :2 • Hfl E ;12 c 1.431E-':3 -8.826E 04 1.12SE 04 -1.375E-01 
t t7 2.t8C;:: 'I ~ ~.lCCE-r:~ 1.173E-03 -3.319E 04 7.138E 03 0 
6 6R 2.72CE ')2 S.3ElE-C~ S.74(E-04 -3.116E 04 5.C74E 02 0 
6 69 2. ?to E ')~ 1.2ESE-C2 7.87SE-04 -2.913E 04 5.C74E 02 0 
t 7:- 2.f'COE 02 1.5(;8[-C2 t.144E-C4 -2.710E 04 5.C74E 02 C 
t 11 2.f'4CE 02 1.7ElE-C2 4 .'j34 E-(:4 -2.507E 04 5.(74E 02 0 
t 77 2.BErE 1./2 1.S~lE-C2 3.14SE-C4 -2.304E 04 5.C74E 02 0 
6 n 2.':i20E 02 ;::.~25E-C2 1.69CE-f14 -2.101E 04 5.C74E 02 I) 

f; 74 2.Str;E (l2 2 .~,tt[::-C2 4.553E-(5 -1.898E 04 5.C74E 02 0 
t 75 ~.(~C'E \.12 2.l-jtlE-C2 -t.537[-C5 -1.695E 04 5.C74E 02 I) 

6 76 ~.'::40c (J 2 2.014E-C2 -1.637E-C4 -1.492E 04 5.C74E 02 0 
(; 71 ~.,:crf D2 1.<;3C[-C2 -2.496E-C4 -l.289E 04 5. (74 E 02 0 
t 78 3.12r.[ l/2 1.814E-C2 -3.22<;E-04 -l.DB6E 04 5.C74E 02 0 
t 7<; 3. He E 02 1.t72E-C2 -3.S37E-C4 -8.833E 03 5.C74E 02 0 
6 U 3.2:CE (12 1.5(1E-(2 -4.32CE-04 -6.804E 03 5.C74E 02 0 
t e 1 :.24C1E 02 1.32tc-C;:: -4.671E-C4 -4.774E 03 5.C74E 02 0 
t n 3.2EGF (12 1.1~:H-C2 -4.90SE-C4 -2.745E 03 5. C74 E 02 0 
t 83 3.3 2n I" 02 S.33~E-G3 -';.OltE-C4 -7.156E 02 5.C74E 02 0 
(; 54 3.3tCE 02 7.32Cf--C; -4.997E-04 1.3l4E 03 5.C74E 02 0 
t [I~ 3.4(~CE 02 5.331E-O; -4.8541:-04 3.343E 1')3 5.C74E 02 0 
6 2t 3.44C'E ()2 3.437E-(3 -4.585E-04 5.373E 03 5.C74E 02 0 
C 87 3.48()F Cl2 1.610E-(,3 -4.19CE-04 7.402E 03 5.C74F 02 ~ 

t ee 3.<;2C[ l,2 13.4<;([-( !: -3.67lE-04 S.432E 03 5.C74E 02 0 
t BS 3.':6C'E (;2 -l.2t1E-G~ -3.C,ZtE-C4 1.146E 04 5.C74E 02 0 
f; 90 3.(,I~G[ 02 -2.33tE-C: -2.25t[-04 1.34SE 1)4 5.C74E 02 0 
6 <;1 3.t4CC 02 -3 •. 12E-(3 -1.36CE-C4 1.552E 04 5.C74E 02 0 
t '12 :.tSC'E 02 -3.424E:-(; -3.391E-C5 1.755E 04 5.C74E 02 0 
6 S3 ~ .7 20 ~ C'2 -3. '343 E-,'; E.~62E-05 1.958E 1)4 5.C74E 02 0 
t S4 :.7f:Cl: 02 -2.7?S[-(j~ 2.C.77E-C4 2.1tlE 04 5.C74E 02 0 
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t '15 3.eCC'E (l2 -1.tEIE-(3 3.474i:-C4 2.364E 04 -1.C97E 03 0 
6 Sf: 3.e4C~ 02 C 4.99tE-C4 1.283E 04 -2.S55E 03 1.129E-02 
t <;7 ;.88C[ 02 2.315E-(3 '5.788E-04 0 -1.t04E 03 0 

7 -1 -4.CIJQE OC -<;.<;34[-04 2.484E-('4 0 -4.C23E 04 0 
7 C f. C C -3.21<)E 05 -7.39CE 04 0 

7 1 4.r:COF. OC -<;.934 £:-04 -4.764E-C4 -5.912E 05 -2.ilCE 04 0 
7 2 8.C(lOE 00 -3.812E-C; -<;.124E-04 -5.387E 05 1.313E 04 0 
7 3 1.2(0 E 01 -8. ZS2E-C 3 -1.308E-()3 -4.86lE 05 1.314E 04 0 
7 4 l.tOCE 01 -1.427E-02 -1.663E-03 -4.33tE 05 1.315E 04 0 
7 5 2.C';OC 01 -2.1o::<;t:-C2 -1.977E-03 -3.810E ()5 1.~HE 04 0 
7 t 2.4COE 01 -3.GC<;E-C;; -2.25CE-03 -3.283E 1)5 1.318E 04 0 
7 7 2. E CO E 01 -3.9tCE-[2 -2.483E-{:3 -2.755E 05 1.32lE 04 0 
7 8 3.2CCE 01 -4.9<;tE-C2 -2.67tE-C3 -2.22tE 05 1.:!25E 04 0 
7 9 3.tCOE 01 -t.l(CE-C2 -2.827E-03 -1.695E 05 1.3 3C E 04 0 
7 Ie 4.C(;CE 01 -7.2:7E-('2 -2.937E-(,,3 -1.162E 05 1.335E 04 0 
7 11 4.4COt 01 -8.4'5Cf-C;; -3.COcE-C3 -6.266[ 04 1.342E 04 C 
7 12 4.8CCE 01 -<;.6t2E-C2 -3.034[-03 -8.834E 03 1.35CE 04 0 
7 13 '5.2COE '.n -1.::EeE-Cl -3.02CE-03 4.532E 04 1.358E 04 0 
7 14 '5.f.CCE 01 -1. 2C8 E-Cl -2.964E-('3 9.983E 04 1.368E 04 0 
7 15 t.CCGE () 1 -1.325E-Cl -2.865E-03 1.548E 05 1.37<;E 04 0 
7 1 t t.4DOE 01 -1.437E-Ol -2.72'5E-03 2.10lE 05 1.39CE 04 0 
7 17 t.aCOE 11 -1.543E-0 -2.54lE-C3 2.660E 05 1.403E 04 0 
7 18 7.2COF. Ul -1.64CE-Ol -2.314E-C3 3.224 E 05 1.413E 04 0 
7 1'1 7.{;OC[ 01 -1.728E-Ol -2.043E-03 3.790E 05 1.416E 04 0 
7 2(' E .rGO!: 01 -1.8C41:-(,1 -1.729E-(;3 4.357E 05 1.41tE 04 0 
7 21 8.4",)[ 01 -1.l3ttE-Cl -1.371E-03 4.923E 05 1.4 HE 04 0 
7 22 E.e'~CE Jl -1.<;13E-Cl -9.692E-f"14 5.490E 05 1.41H 04 0 
7 n <;.2eCE f)l -1.944E-Ol -5.237E-04 6.056E 05 1.41H 04 0 
7 24 <; • f. -:0 E 01 -1.<;:5E-(1 -3.457E-()5 6.623E 05 1.416E 04 0 
7 25 1. C CO E 02 -1.<;46E-\1 4.983E-04 7.190E 05 1.41H 04 0 
7 26 1.1;40E 0.2 -1.<)lst-Gl l.n75c-03 7.756E 05 1.41H 04 0 
7 27 1. C EO E 02 -1.8tCE-CI 1.695E-03 8.323E 05 1.41H 04 0 
7 2~ 1 • 120 [ 02 -1.7Et:E-CI 2.359E-03 8.889E 05 1.41H 04 0 
7 2<> 1.160f 02 -1.672E-Cl 3.067E-03 9.456E 05 1.~IH 04 0 
7 30 1.2COE: 02 -1.534[-01 3.818E-03 1.002E 06 1.41tE 04 0 
7 31 1. 24C-E 'J2 -1.3tH-CI 4.614E-03 1.059E (J6 1.41H 04 0 
7 32 1. 2 Be E !) 2 -1.H5E-Cl ~.453E-C3 1.116E 06 1.416E 04 0 
7 31 1.320[ 02 -<;.3CCE-C2 t.335[-1J3 1.172E 06 1.41H 04 0 
7 34 1.3tOE 02 -f..'i85[-C2 7.261E-C3 1.229E 06 1.41H 04 0 
7 3') 1.4CCE 02 -3.4S1E-C2 8.232E-C3 1.285E 06 -<;.ntE 04 0 
7 36 1 .4 4C E 02 C 8.998E-03 4.541E 05 -2.125E 05 1.146E-02 
7 37 1.413';E 02 3.7(8E-C2 8.72<;E-03 -4.146E 05 -1.C64E 05 0 
7 32 1.:20E 02 t.<>E3E-C2 7.673E-03 -3.965E 05 4.~3CE 03 0 
7 3<; 1.';tGE 02 <;.84tE-C2 t.664E-C3 -3.183E 05 4. ~ 3C E 03 0 
7 4C 1. teO E 02 1.231E-Cl '5.702E-C3 -3.602E 05 4.~3CE 03 0 
7 41 l.t40£ "'2 1.441E-Cl 4.788E-(,3 -3.42lE OS 4.~3CE 03 0 
7 42 1. t ~o E 02 1.614E-Cl 3.921E-C3 -3.240E 05 4.:3CE 03 0 
7 41 1.72C[ 02 1.7:4 E -( 1 3.10CE-1)3 -3.059E 1)5 4.:30E 03 0 
7 44 1. He E .)2 1.8t3E-CI 2.328E-()3 -2.871E 1')5 4.~30E 03 0 
7 45 I.BUE 02 1.94H-Cl 1.6C,2E-C3 -2.696E 05 4.~3CE 03 0 
7 46 I.P4CE 02 1.9<;lF.-CI <;.232E-C4 -2.515E (JS 4.:3CE 03 a 
7 47 l.EErE 02 2.014E-f;1 2.<>I<;E-04 -2.334E 05 4.~3GE 03 0 
7 ~e 1.<;20[ 02 2.CI4E-Cl -2.923E-04 -2.153[ 05 4.:3CE 03 0 
7 4<> 1. StO E 82 1.9<;IE-(1 -8.293E-04 -1.97lE 05 4.:3CE 03 0 
7 51: 2.CCO[ li 2 1.9~et:-C'l -1.31<;[-OJ -1.790E 05 4. : 30 E 03 0 
7 '5 1 2.':'40E 02 l.gEU-Cl -1.762E-03 -1.6C<;E 05 4.:3CE 03 0 
7 52 2. C en r: 02 1.80[-Cl - 2 • 157 E- C 3 -1.428E 05 4.:3CE 03 0 
7 S 3 2. 120 E ')2 1.713E-01 -2.505E-03 -1.247E 05 4.:3CE 03 0 
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7 54 2ol(;C[ 02 1.6U:E-C1 -2.B06E-03 -1.065E 05 4. !: 3C E 03 0 
7 55 2.2':":E 02 1.4EEE-C,1 -3.G6CE-03 -8.!l42E 04 4. !: 3C E 03 0 
7 S6 2.240[ l) 2 l.Jl'lE-C1 -3.267E-(;3 -7.030E 04 4.!:3CE 03 0 
7 57 2.28CI.: 02 1. 227[-Cl -3.426E-03 -5.218E 04 4.!:3CE 03 0 
7 52 2.320" ()2 1.(]F.7E-C1 -3.53'iE-03 -3.406E 04 4.!:3CE 03 0 
7 5Ci 2.36C1E' O;J 'i.4itCE-C2 -3.60itE-03 -1.594E 04 4.!:3CE 03 0 
7 6( 2.4GOE 02 7.9SlE-C2 -3.622E-C3 2.1BOE 03 4.!:3CE 03 0 
7 tl 2.4itCt' t. 2 6. 5it3 E-(2 -3.592E-03 2.03CE 04 4.!:3CE 03 0 
7 t2 2.4 ec F. 02 5.117E-C2 -3.51H-C3 3.B42E 04 4. !: 30 E 03 0 
7 t3 2 .520 t (;2 3.730[-C2 -3.392E-03 5.654E 04 4.:3CE 03 0 
7 tit 2.:tOF 02 2.4C3E-02 -3.222 E-C3 7.466E Cl4 4.!:3CE 03 0 
7 t5 2.tCC[ (·2 1.1:3[-(:2 -3.003E-03 9.278E 04 -2.itClE 03 0 
7 t6 2. t 40 E G2 C -2.738E-('13 5.545E 04 -1.16GE 04 -8.258E-02 
7 t7 2.t:eOt: J2 -1.L38E-C2 -2.594E-03 a -6.C03lE 03 0 

TIt" ': 2 Mli\LTES, 45 Af\ C U60 SECCNC~ 
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