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PREFACE 

This report describes an analytical tool for the solution of composite 

beam and slab problems. It may be used as a guide for the study and analysis 

of shear interaction between highway bridge decks and their supporting girders. 

The program described in this report is written for the Control Data 

Corporation 1604 or 6600 computers. It is in FORTRAN language and only minor 

changes would be necessary to make it operable on other systems. 

This is the tenth 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 may 

find it advantageous to review Report No. 56-1 (see List of Reports) as it 

provides background for this report. 
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ABSTRACT 

A method of analysis for' composite beams with any degree of horizontal 

shear interaction is presented. The method is very versatile; it is appli

cable to composite beams that have abrupt, point-by-point variations in their 

structural properties. Also, the beam may be subjected to any configuration 

of transverse or longitudinal load, and it may be supported in any reasonable 

manner. 

There are three important features in the method of analysis presented. 

First, a finite-element model is substituted for the real structure. Second, 

algebraic equations which describe the load-deflection behavior are written 

for the model. Finally, the equations are solved for the unknown deflections 

by a modified form of Gaussian elimination. 

The solution of practical problems is facilitated by the use of the 

computer program, COMBM 1, which utilizes the method of analysis presented 

herein. A series of example problems are included to demonstrate the use of 

the program and the generality of the method. 
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C
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d
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in-lb 

lb 

NOMENCIATURE 

Definition 

Cross-sectional areas 

Distance from interface to horizontal spring 
restrain ts 

Terms in coefficient and load matrices 

Terms in coefficient and load matrices 

Distance from neutral axis to interface 

Terms in coefficient and load matrices 

Slip at interface 

Component of slip due to slope of bars 

Change in horizontal displacement between 
adjacent one-half stations 

Modulus of elasticity 

Flexural stiffness EI 

Incremen t length 

Central-difference slope 

Moment of inertia 

Station number 

Shear connector modulus 

Horizontal spring stiffness 

Dummy index used in summation process 

Bending moment 

Axial tension or compression 

Note: The superscripts "s" and "b" are used throughout the study to refer to 
slab and beam respectively. 
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Symbol Typical Units Definition 

pS , pb lb Applied longitudinal loads 

Q lb Transverse load 

R
S , Rb in-lb/rad Rotational restraints 

S lb/in Transverse spring support 

SA lb/in Axial spring stiffness 

SA 
E Ib/in Equivalent axial spring stiffness 

TS , Tb in-lb Applied transverse couples 

US , U
b 

in Horizontal displacement 

V
S , Vb lb Shear 

W in Vertical deflection 

x in Longitudinal distance along composite beam 



CHAPTER 1. INTRODUCTION 

Statement of Problem 

This study is concerned with the development of an efficient method for 

the analysis of composite beams. In this text, the term "composite beam" 

refers to structural systems consisting of two separate members that are 

joined at their interface by a shear connection. A practical example is a 

highway bridge girder that acts compositely with the floor slab. A typical 

composite beam is shown in Fig 1. The top member is a concrete slab and the 

bottom member is a steel I-beam. Shear connection is provided between the two 

members by studs which were welded to the top of the beam prior to placement 

of the concrete. The method of analysis presented is not limited to concrete

steel combinations such as shown in Fig 1 but is applicable to any similar 

composite system. 

The stiffness and strength characteristics of a composite system are 

greatly affected by the amount of interaction between the slab and the beam. 

Number, location, and strength of the shear connectors are the factors that 

determine the degree of interaction between the two members. A complete 

absence of shear connectors causes the most flexible system. At the other 

extreme, the stiffest possible system is obtained when suffi'cient connectors 

are provided to insure that there is no slip between the two members. It is 

possible to determine the moment of inertia of the system for both of the 

extreme cases; therefore, conventional methods of analysis may be applied to 

them. For intermediate cases, it is not possible to calculate the moment of 

inertia of the system; hence, a new method of analysis is needed. Special-case 

solutions for partial-interaction problems may be found in the technical 

1 
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literature, but a general method of analysis for the full range of composite 

structures has not been found. 

Brief Description of the Method of Analysis 

3 

The method of analysis presented in this text is free of many of the 

severe limitations that are found in conventional methods. The method presented 

herein allows wide variations in loads, supports, shear connectors, and charac

teristics of the members. Development of this method was made possible by the 

advent of the digital computer with its ability to do repetitive arithmetic 

operations rapidly. A basic requirement of the method is the ability to solve 

a large number of simultaneous equations, an ability not practical without the 

aid of a computer. 

There are three steps in the analysis presented herein. First, the real 

physical problem is replaced by a finite-element model which enables a person 

who is not familiar with techniques of numerical analysis to understand the 

equations that describe the behavior of the system. Second, three equations 

which describe the load-deflection behavior of the system are derived from a 

free-body diagram of the model. The load-deflection equations are written in 

terms of three unknowns: horizontal displacement of the upper member, horizontal 

displacement of the lower member, and vertical deflection, which is the same 

for both members. When the three governing equations are written for each 

station in the model, a diagonally-banded set of equations results. Solution 

of this set of equations is the final step of the analysis. 

The three steps outlined above have been incorporated into a computer 

program which makes the solution of practical problems a routine matter. All 

that is required of the user is to describe the physical problem according to 

a data input form that is provided, and the program completes the analysis 

automatically. 
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Limitations of the Method 

While the analysis presented in this text is applicable to a wide range 

of problems, certain assumptions and limitations are built in. A detailed list 

of the pertinent assumptions is given in a later chapter; hence, only a summary 

will be given at this point. The method is valid only for static loads on the 

system; dynamic response is not considered. Also, the assumptions of conven

tional beam mechanics, linear stress-strain properties, small deflections, etc., 

are included. In addition, only linearly elastic shear connectors are presently 

considered. 

Organization of the Report 

A summary of the previous developments which have contributed to this 

report is given in Chapter 2. In Chapter 3, the finite-element model is pre

sented and the load-deflection equations are derived. Chapter 4 is devoted to 

the solution of the system of equations. The computer program is described in 

Chapter 5. Example problems which illustrate correct usage of the computer 

program are given in Chapter 6. The final chapter includes a summary and 

recommendations for further research. 



CHAPTER 2. A SURVEY OF IMPORTANT DEVELOPMENTS 

History of Composite Construction 

One of the first composite structures was built in 1922 by the Dominion 

Bridge Company of Canada. Two I-beams with a concrete slab were tested. At 

about the same time, tests of composite beams were carried out in the United 

States and England. All of the tests indicated good interaction between the two 

materials. In 1926, the patent "Composite Beam Construction" was issued to J. 

Kahn. By the early forties, several composite bridges had been built. The 

first specification for design of composite highway bridges was published by 

the American Association of State Highway Officials (AASHO) in 1944. The 

presentation of design principles in a specification stimulated a great deal 

of interest in composite construction. 

Conventional Methods of Analysis 

In 1912, E. S. Andrews (Ref 2) published one of the first articles on the 

theory of composite concrete and steel beams. Andrews presented equations for 

the computation of stresses that were based on the theory of a transformed 

section. In the transformed section theory, the concrete properties are 

multiplied by the modular ratio in order to convert the concrete to an equiva

lent section of steel. The modular ratio is simply the modulus of elasticity 

of concrete divided by the modulus of elasticity of steel. After the concrete 

has been transformed, the section is treated like a homogeneous steel section. 

Andrews' analysis assumed straight-line stress distributions and no slip between 

the concrete and steel. 

The transformed section theory has been compared with tests of composite 

beams by many investigators. These experiments have shown that the transformed 

5 
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section theory is applicable as long as the bond between the steel and concrete 

is unbroken. The tests have also shown that the theory gives a good approxi-

mation even after bond failure if there is a sufficient number of very stiff 

mechanical shear connectors. For design purposes, the transformed section 

theory has generally been accepted. 

Tests have also shown that, except in the case of complete bond, some slip 

between the slab and the beam is bound to occur and therefore the interaction 

between the beam and slab is not complete. Several theories have been developed 

to consider the effect of slip on the behavior of the system. The most widely 

known of the partial-interaction theories was developed by N. M. Newmark (Ref 12), 

Newmark derived a differential equation which relates the force transmitted 

through the shear connectors to the applied bending moment. The equation is 

applicable to a system composed of different materials joined by an imperfect 

shear connection. It is assumed that: 

(1) the shear connection between the slab and I-beam is continuous 
along the length of the beam, 

(2) the amount of slip permitted by the shear connection is directly 
proportional to the load transmitted, 

(3) the distribution of strains is linear within each of the members, 

(4) the beam and the slab are assumed to deflect equal amounts at 
all points along their length. 

The differental equation developed by Newmark is a general expression, but 

it is solved only for one special case, a simply-supported beam with a concen-

trated load. Once the axial load caused by the shear connectors has been 

determined, it is possible to determine the desired design information such as 

deflections and strains. The objection to this analytical procedure is that the 

governing differential equation must be resolved for each different type of load 

or support condition. For many common cases a solution to the equation would be 

extremely difficult to obtain. 
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A Finite-Element Method of Analysis for Beam-Columns 

The method of analysis presented in this text has been greatly influenced 

by Matlock's numerical solutions to beam-column on elastic foundation problems 

(Ref 10). Matlock's approach to these problems is to replace the real physical 

system by an appropriate finite-element model. The model used by Matlock is 

composed of rigid, weightless bars hinged at their ends. The beam stiffness of 

each finite beam element is concentrated in the springs at the hinges. In Fig 2 

the development of a bar-and-spring model from a section of a beam element 

subjected to pure bending is shown. Figure 2b shows the stresses acting on the 

beam element. The distributed stresses may be replaced by concentrated forces 

as shown in Fig 2c. In Fig 2d the deformed beam element is replaced by a pair 

of plates hinged at the center and restrained by springs at the top and bottom. 

A beam could be represented by a series of such beam-element models as in Fig 

2e. Finally, a cruder model could be made by using rigid bars and springs as 

shown in Fig 2f. 

Based on the model, a set of equations which describes the deflections as a 

function of the applied loads is derived. This set of equations forms a five

wide, diagonally-banded matrix which is solved by a direct elimination procedure. 
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CHAPTER 3. METHOD OF SOLUTION 

General Remarks on the Method of Solution 

In this chapter, three equations which describe the load-deflection 

behavior of the system are derived. The three equations are written in terms 

of three unknowns: vertical deflection, horizontal displacement of the upper 

member, and horizontal displacement of the lower member. The vertical deflec-

tions are measured from any convenient horizontal reference line to the inter-

face of the two members. There is no common reference line for the horizontal 

displacements; instead, the displacement of each point is measured from its own 

initial equilibrium position. For convenience, the upper member wilf hereafter 

be called the "slab" and the lower member will be called the Ifbeam.1f A list of 

the assumptions that were made in the derivation of the equations is given 

below: 

(1) vertical deflections of the slab and beam are equal, 

(2) the slab and the beam interface is a straight line, 

(3) deflections are small compared to the length of the structure, 

(4) linearly-elastic shear connectors are used, 

(5) slab and beam have linear stress-strain properties, 

(6) the strain distribution throughout the cross section of both 
the beam and slab is linear; however, the strain distribution 
for the entire composite section may have a discontinuity at 
the interface as shown in Fig 3d, 

(7) transverse shear deformations are negligible within each member, 

(8) the cross sections of both members are symmetrical about the 
vertical axis and loads are applied only in the plane of the 
vertical axis. 

A numerical solution to a composite structural syst."n may be obtained by 

either of two approaches. One method, as explained in Cha ter 2, is to replace 

9 
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the physical system by an appropriate bar-and-spring model. Equations can then 

be derived which describe the load-deflection behavior of the model. Another 

approach is to base the derivations on an infinitesimal, or differential, ele

ment of the real beam. Finite differences may then be used to convert the 

resulting differential equations to difference equations. Identical equations 

are obtained by either of the two methods. In this chapter, a bar-and-spring 

model approach to the problem is presented because the mathematics involved are 

simpler in this method. The infinitesimal element approach was investigated by 

the author and used to check the equations presented in this chapter. 

Bending of a Composite Section 

When a composite section is subjected to an upward load, the bottom fibers 

of the slab tend to shorten while the top fibers of the beam tend to lengthen. 

If there are no shear connectors to bind the slab and beam together, slip occurs 

at the interface of the beam and the slab as shown in Fig 3a. If shear connectors 

have been installed, they prevent, at least partially, the slip from occurring. 

The shear connectors cause horizontal shear to be transferred across the inter

face, inducing a tension force in the slab and a compressive force in the beam 

when deflected upward. This action is shown in Fig 3c. If enough shear connectors 

are provided to transfer all of the shear that is developed, no slip occurs and 

the upper limit of the strength of the member is reached. Stiffness, number, and 

location of the shear connectors are the factors that determine the amount of 

interaction between the beam and slab. 

Stiffness of the individual connectors is measured by their load-slip 

modulus which is simply the slope of their load-slip curve (see Fig 4). Load

slip curves for a particular shear connection can be determined in the laboratory 

from a push-out test. In a push-out test, shear connectors are placed on each 

flange of steel beam. The length of the beam is variable, but is usually about 
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two feet. Concrete with the same characteristics as the concrete to be used 

in the real structure is poured in the form of a slab against each flange. 

Bond is destroyed between the steel and concrete by lubrication with cup grease. 

After the concrete has set, a series of axial loads are applied to the beam and 

the resulting slips are measured. 

The Bar-and-Spring Model 

Figure 5 shows the model that is used to replace the real system. Each 

member (slab and beam) is represented by a system of bars and springs. All of 

the bending characteristics for each of the two layers of the system are lumped 

in the springs which act at the hinges of the bars. The weightless bars possess 

an infinite resistance to bending, but they are axially deformable. Pin-connected 

vertical spacer rods are included between the slab model and the beam model to 

insure that their vertical deflections are equal. The horizontal shear transfer 

mechanism is modeled by a pointer rod and spring system. To the center of each 

bar is attached an infinitely stiff cantilever pointer rod that extends to the 

interface. A linear spring which represents a shear connector is attached to 

each pair of slab and beam pointer rods. 

An important feature of the model shown is that it permits a completely 

general description of the system. The properties of the system are defined 

only at discrete points; some properties are related to the joints while others 

are related to the bars. Therefore, abrupt variations in the properties along 

the member are allowable. The following quantities are defined at the joints: 

vertical deflection W, bending moments M
S 

and Mb , accumulated axial ten-

transverse loads Q, applied torques T
S 

and Tb , rota-

tional restraints R
S 

A
b 

f" , moments a ~nert~a 

and Rb , support springs S, cross-section areas AS and 

and rb , and distances from the neutral axis to the 
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interfaces and In the symbols above as well as in the remainder of the 

text, the superscript "s" refers to the slab and the superscript "b" refers to 

the beam. The following quantities are related to the bars and are defined at 

the half-station: horizontal displacements US and U
b

, slip Y , shears 

VS and Vb , shear connector modulus K
C 

, horizontal elastic springs K
S 

and Kb , distances from the neutral axes to the horizontal springs s 
a and 

b 
a 

and concentrated longitudinal loads and The quantities listed above 

are shown acting in the positive sense in Fig 6. 

Derivation of Equations 

The relationship between the horizontal displacement and the axial tension 

of the slab can be determined by examination of Fig 7. Between Stations i~ and 

i+t the elongation is given by 

= 

The axial tension is equal to the elongation multiplied by the axial spring 

constant 

Similarly, for Station i-I 

Subtract Eq 3.3 from Eq 3.2 

= N
s + N

S
• - . 1 1- 1. 

= N~ 
1 

= 
s 

N. 1 1-

Sum the horizontal forces on Bar i-~ (Fig 8). 

(3.1) 

(3.2) 

(3.3) 

(3.4) 
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o (3.5) 

Equation 3.5 may be substituted into Eq 3.4 

s c 
1/2Ui-l/2 - Ki - l / 2Yi-l/2 

s 
- P i-l/2 (3.6) 

The term must be eliminated from Eq 3.6 in order that W Yi 

will be the unknowns. An expression for y. l may be obtained by examina-
1-2 

tion of 9. The amount of slip at each half-station is measured by two 

pointer rods that are rigidly connected to the slab and beam bars. Slip at Sta-

tion i is simply the horizontal distance between the tip of the slab pointer 

and the tip of the beam pointer. The pointers are stiff cantilevers; therefore, 

they have the same slope as the bars. It can be seen that the component of sl 

that is due to the slope of the slab bar is 

i-l/2 = (3.7) 

Similarly, 

b f-W, -1 + W. \ 
C. ,1 1 I 

1-1/2 \ h / (3.8) 

Examination of F 9 shows that the total slip is composed of the difference in 

horizontal displacement plus the slip components due to bar slopes by 

Eqs 3.7 and 3.B. 

= 
s s ( - Wi - ~ + Wi \)1 Vb 

Ui - l / 2 + Ci - l / 2 - i-l/2 

(3.9) 

Equation 3.9 may be written 
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L--~--------------------------------~--Ub 

a. Free-body diagram of bars at Station i-1/2. 

b. Free-body diagram of joints at Station i. 

Fig 9. Free-body diagrams. 
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"Y i-l/2 0.10) 

When Eq 3.10 is substituted into Eq 3.6, one of the three governing difference 

equations is produced. 

0.11) 

A derivation similar to the one just outlined yields the second governing 

difference equation which applies to the beam. 

- (- U~_3/2 + U~_1/2) A~_lE~_l/h + (- U~_1/2 + U~+1/2) A~E~/h 

b b c rs b l(s b \ 
- Ki_l/2Ui_l/2 + Ki - l / 2 I Ui - l / 2 - Ui - l / 2 + ~ \C i _l / 2 + ci - l / 2 ) 

= 0.12) 

Equations 3.11 and 3.12 are thus derived from a summation of horizontal forces 

and the axial deformation properties of the slab and beam. The third governing 

differential equation is a moment-equilibrium equation. It also involves a 

summation of vertical forces and the moment-curvature relationship. 

A free-body diagram of a portion of the system is shown in Fig 9a. It 

should be noted that the applied torques and rotational restraints are felt by 

the system as transverse loads one station away from where the torque or rota-

tional restraint is applied (see Fig 9b). For example, if a rotational restraint 

is applied at Station i, then transverse loads equal to the product of the 

rotational restraint and the slope e. 
~ 

are felt at Stations i-l and i+l. 

Sum moments about the interface at Station i are shown in Fig 9a. 
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C
s \) NS + (w + w. + Cb ) Nb _ CSNs _ CbNb 

- i-1 i-1 - i-1 1 i-1 i-1 iii i 

(3.13) 

A similar equation can be obtained from a summation of moments about the inter

face at Station i+1. 

(3.14) 

Subtract Eq 3.13 from Eq 3.14 and rearrange the terms 
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b b + pS cS pb Cb 
+ Pi_l/2Ci_l/2 i+l/2 i+1/2 - i+l/2 i+l/2 (3.15) 

An expression for the shear terms which appear in Eq 3.15 may be obtained by the 

the summation of vertical forces on Station i. 

o (3.16) 

An expression for s 
N. 1 may be obtained by summation of horizontal forces 
1-

along the length of the slab. 

i-1 
s 

N. 1 1- I (~-1/2YL-1/2 + K~_1/2U~_1/2 -
L=l 

Similarly for the beam 

i-1 
b 

N. 1 1- I (+ K~-1/2YL-1/2 
L=l 

Subtract Eq 3.17 from Eq 3.18 

i-1 

\ 
1/2) o 

o 

(3.17) 

(3.18) 

b s 
N. 1 N. 1 1- 1-

b s s b b )< 
1/2 + PL-1/2 - KL_1/2UL_1/2 - KL-1/2UL-1/2 3.19) 
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A similar equation may be written at Station i 

i 

b s \' (8 b s s b b ) 
Ni - Ni = L PL-1/2 + PL-1/2 - KL_1/2UL_1/2 - KL_1/2UL_1/2 (3.20) 

L=l 

Substitute Eqs 3.16,3.19, and 3.20 into Eq 3.15 

i-1 

[I (P~-1/2 + P~-ll2) +} (P~-1/2 + P~-1/2) ] + (- W i-1 + W J 
L=l 

i-1 

[ \' (0 US + I2' ub ) + !.. (Ks US L -L-1/2 L-1/2L-1/z L-1/z Z \ i-liz i-1/2 
L=l 

i 

+ K~_1/2U~_1/2) ] + ( - Wi + W i+1) [ I I S b 
~PL-1/Z + PL - 1/2 

L=l 

i 

+ } (P~+l/2 + P~+lf2) ] - (- Wi + Wi +1) [I (~_lIZu~_1/2 
L=l 
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(3.21) 

b and N terms in Eq 3.21 can be eliminated by substitution of equations 

of the form of Eq 3.2. Also, the MS and Mb terms can be eliminated by using 

the moment-curvature relationship which is given in Eqs 3.22 and 3.23. The terms 

FS and Fb are equal to the products ESr s and Ebrb respectively. 

FS 

+ Wi+l) MS == h! (W i-l 2W. 
1. 1. 

(3.22) 

M~ 
Fb I 

2W. + W i+l) i \W. 1 1. ~ 1.- 1. 
(3.23) 

When Eqs 3.22 and 3.23 are substituted into Eq 3.21, the third governing 

difference equation is obtained. 

i-l 

- ( - W i-l + Wi) [I (P~-1/2 + P~-1/2) + t (P~-1/2 + P~-1/2) ] h
2 

L==l 

i-l 
( 

+ I - W 
\ i-l + wi )[ L (~_1/2u~_1/2 + ~_1/2u~_1/2) 

L==l 

i 

+ K~-1/2u~_1/2)J h
2 

+ (- Wi + Wi+l ) [I (P~-1/2 + P~-1/2) 
lFl 
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i 

+ ~ (p ~ + 11 2 + P ~ +1 /2) ] h
2 

- ( - Wi + Wi +1) [I \ ~ -11 2 U~ -11 2 
L=l 

(3.24) 

Nonlinear Terms in the Moment-Equilibrium Equation 

i-l 
, )\ Lr- ~ ( s s b b 'I 

In Eq 3.24, the terms \ - Wi _l + Wi L \KL-1I2UL_1I2 + KL_1I2UL_1I2/ 

L=l 

i 

and (- Wi + Wi+l) [I (~_1I2U~_1I2 
L=l 

are nonlinear because 

they involve products of two unknowns. The nonlinearity occurs because the 

horizontal springs cause the final axial load distribution to be dependent on 

both vertical deflections and horizontal displacements. For problems in which 

there are no horizontal springs, the terms drop out and the equation is linear. 

For many practical problems this will be the case. In Chapter 5, example prob-

lems will be shown in which the presence of horizontal springs does not affect 

the linearity of Eq 3.24. In these problems, the horizontal spring fixes the 
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structure's location in space and does not affect the axial load distribution. 

An iterative solution must be used when Eq 3.24 is nonlinear. In the 

iterative solution, the products of the horizontal spring constants and the 

horizontal displacements are computed and treated as known stiffness terms in 

Eq 3.24. Zero horizontal displacements are assumed for the first iteration. 

In each successive iteration, the horizontal displacements from the previous 

iteration are used. The process is continued until the computed displacements 

from two successive iterations agree to within a specified tolerance. 
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CHAPTER 4. COMPUTATION OF RESULTS 

Contents of the Chapter 

In this chapter the load-deflection equations that have been derived are 

converted to a form that is convenient for a computer solution. The system of 

equations that results when the load-deflection equations are written about 

every station in the structure is shown in matrix form, and the elimination 

procedure used to solve the set of equations is described. Boundary conditions 

are discussed and the accuracy of the solution is evaluated. The formulas 

used to compute bending moment, axial load, slip, force per connector, shear, 

and support reaction are presented. 

Conversion of Equations to Standard Form 

In this section the three load-deflection equations are converted to a 

standard form that facilitates visualization of the elimination procedure used 

to solve the equations. 

Equation 3.11 may be wri tten in the form 

In this equation the coefficients are defined 

1 
a. 

1 

2 
a. 

1 

3 
a. 

1 

4 a. 
1 

= 

= 

= 

= 

1 s s 
-hA • IE. 1 1- 1-

o 

27 

= 10 
a. 

1 
(4.1) 
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5 c 
a. = Ki - 1/ 2 (4.2) l. 

6 10s b) c a. = - h Ci - 1/ 2 + Ci - 1/ 2 Ki - 1/ 2 l. 

= lAsEs 
h i i 

8 
0 a. = 

l. 

9 = 0 a. 
l. 

10 s a. = - Pi-1/2 l. 

Equation 3.12 may be written 

1b 2 3s 4b 5 68 
b.U, 3/2 + b-:1V. 1 + b.U, 1/2 + b.U. 1/2 + b.W. + b,U'+1/ 2 l. l." l. l.- l. l.- l. l.- l. l. l. l. 

+ b7Ub + b8W = b9 
i H1/2 i H1 i (4.3) 

The coefficients in Eq 4.3 have the following values 

1 1 b b 
b • = -h-A· 1E . 1 l. l.- l.-

b2 1 ( S b) c 
l. - h Ci - 1/ 2 + Ci - 1/ 2 Ki - 1/ 2 

b~ c = Ki - 1/ 2 l. 

b~ ,1 (b b b b) b c ] = - Lh Ai_1E i _1 + AiEi + Ki - 1/ 2 + Ki -1/ 2 l. 

b~ 1 ( 8 b) c = h Ci -1/ 2 + Ci _1/ 2 Ki - 1/ 2 l. 
(4.4) 

b~ = 0 
l. 

b: = lAbEb 
l. h i i 

b~ = 0 
l. 



9 b 
bi = - P i-l/2 

Equation 3.24 may be written in a similar form 

The coefficients are defined 

2 s s s 
c. = he. lAo IE. 1 

1. 1.- 1.- 1.-

3 
c. = 

1. 

b b b 
- he. lAo IE. 1 1.- 1.- 1.-

14 
c. 

1. 

i-I 
4 

c. = 
1. ( 

s b s b\ I - 2 F. l+F. l+F.+F.!+ 
1.- 1.- 1. 1./ 

5 
c. = 

1. 

6 
c. 

1. 

1=1 

1 C s b ~ 2 
+ 2 Pi - l / 2 + Pi - l / 2) h -

( 
s b) 2 

P1-l/2 + P1 - l / 2 h 

29 

(4.5) 
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i-l 
b \ h

2
/ s b \ " 2 ( s s 

+ P i-l/2) - 2" \ P i+l/2 + P i+l/2/ + 2 2} KL-l/2UL-l/2 

8 
c, 

1 

9 
c, = 

1 

10 
c. = 

1 

L=l 

r b b b b b b (' b b \ b l 
h ' 2C A E + CAE + h C + ) K - l iii i+l i+l i+l \ i+l/2 ai+l/2 i+l/2J 

i 

(, FS, + Fb + s b) ~ ( s b \ 2 
- 2\ 1 i F i+l + F i+l + L \PL- l / 2 + PL- l / 2/ h 

L=l 

i 

(4.6) 

1 C s b) 2 + 2 Pi+l/2 + Pi+ l / 2 h - L (K~_1/2u~_1/2 + ~-1/2u~-1/2) h
2 

1=1 

11 
c. = 

1 
1 CS AS s 

- 11 i+l i+l Ei+l 

The Pattern of the Equations 

Each of the three equations (Eqs 4.1, 4,3, and 4.5) is a valid expres-

sion for each station in the model. When the equations are written about 

every station, a system of simultaneous equations results which can be written 
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in matrix form as shown in Fig 10. All of the terms in the coefficient matrix 

are grouped in a thirteen-element wide diagonal band. 

The set of simultaneous equations is solved by Gaussian elimination. An 

extremely fast and efficient solution is obtained because of the large number 

of zeroes in the square coefficient matrix. Those terms that are zeroes before 

the solution begins are not even considered during the elimination process. 

Therefore, tl1e number of algebraic operations that must be performed is greatly 

reduced. It is not possible to take advantage of the zero coefficients 

9 
a. , and 
~ 

b
8 

because the value of these coefficients is altered by the elimi
i 

nation procedure. There are three sets of coefficients used in the matrix; 

therefore, three back-substitution formulas are used. These formulas are also 

simplified by the diagonal banding of the matrix. The back-substitution 

formulas are 

w. = 
~ 

b 
Ui - l / 2 

s 
U i -1/2 

= 

= 

Boundaries and Specified Conditions 

(4.7) 

(4.8) 

(4.9) 

The method of solution presented in this text is extremely versatile with 

regard to boundary conditions. Some of the most common types are discussed in 

this section. 

A zero bending moment occurs at a point when the curvature and axial loads 
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Fig 10. The system of equations written as a matrix equation. 
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in a structure are both equal to zero. This condition is automatically created 

at each end of the structure. When Eq 4.5 is written one station past the 

ends of the structure, some of the terms in the equation are equal to zero 

because physical properties of the system are zero past the ends (see Fig 11). 

The remaining terms specify that the second derivative of vertical deflection 

with respect to distance (curvature) is equal to zero. A zero axial load is 

produced when the first derivative of horizontal displacement with respect to 

distance is set equal to zero (see Eq 3.2). This condition is also created 

automat ly by the physical properties of the system. 

A vertical deflection may be specified at any point in the structure by 

either of two methods. One method is to input a foundation spring of suffi-

cient magnitude to insure a zero deflection. The other approach is to 

manipulate the matrix coefficients. A deflection can be specified at any 

Station i simply by the clearing of all of the coefficients in Eq 4.5 

to zero except C: which is set equal to 1.0 and 
1 

the desired deflection. 

C:4 which is set equal to 
1 

The (resistance to rotation) of a member may be controlled at any 

point by the specification of a rotational restraint. A rotational spring adds 

a bending moment to the system that is equal to the product of the slope at the 

point and the specified spring constant. A very rotational restraint 

causeS the slope at that point to be essentially zero. The zero curvature that 

is automatically created at the end of the member is over-ridden by the speci-

fication of a rotational restraint at the end. 

Horizontal displacements can be controlled by the specification of hori-

zontal No provision is made in the present analysis to control the 

displacements by manipulation of the matrix coefficients. 

To correctly model a cantilever such as the one shown in Fig l2a, the 
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Fig 11. The equations at the end of the structure. 
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c. A slab bar with zero displacement at Station -1/2. 

Fig 12. A cantilever beam. 
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slope and horizontal displacements for both slab and beam should be set equal 

to zero at the member's end. A large rotational restraint can be used to 

enforce a slope that is essentially zero. It is not possible to set the dis-

placements equal to zero at Station 0 because they are defined only at the half 

stations. It is possible, by adjustment of the axial spring stiffness, to set 

the displacement at Station -1/2 and still maintain the correct displacement at 

Station +1/2. If the displacement of Station 0 could be set equal to zero and 

an axial tension NS 
were applied, then a displacement US would exist at 

Station 1/2 in Fig l2b. This relationship can be expressed as 

US NS 
-
SA 

1 

(4.10) 

where 

SA 2 
1 hAlEl (4. ll) 

In Fig l2c, the displacement is zero at Station -1/2, but the same displacement 

is maintained at Station 1/2. The axial tension is still 
s 

N ,but the 

springs have changed to 

(4.12 ) 

The equivalent spring for the two springs in series is 

SA (S~) 
E SA + SA 

2 2 

(4.13) 

SA 1 = "hA2E2 E (4. 14) 

Since US is the same for both cases 

(4.15) 
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from which it is seen that 

= 

Thus, to correctly model a cantilever, the products b b 
A E should be 

twice the normal amount at the station at the point of fixity. 

Accuracy of the Solution 

Approximation errors are introduced when the finite-element model is sub-

stituted for the real structure. This type of error can be reduced to any 

desired level by dividing the model into more increments. An excessive number 

of increments should be avoided because computation time increases in simple 

proportion to the number of increments. Experience will enable the user to 

determine the optimum number of increments for his desired accuracy. 

Because of the large number of arithmetic operations involved in the solu-

tion, round-off errors may occur. A CDC 1604 computer using approximately 11 

decimal digits has been used to verify the method of solution, and no signifi-

cant errors have been observed in the practical problems that have been solved. 

Errors can be caused by the specification of unreasonably large values of cer-

tain of the physical properties. A good ru1e-of-thumb is that the magnitude 

of a rotational restraint should never be greater than 103 times the magnitude 

of the sum of the bending stiffness of the members at that station. Similarly, 

the shear connector modulus should not exceed 102 times the sum of the bending 

stiffnesses. 

Results 

After the vertical deflection and horizontal displacements have been com-

puted, bending moment, axia.1 load, slip, force per shear connector, shear, and 

support reaction can easily be determined. Bending moment is computed for the 

slab and beam by Eqs 3.22 and 3.23. The formula used to compute the axial 
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tension in the slab is given by Eq 3.2. The formula used to compute the beam 

axial tension is not shown because it is very similar to Eq 3.2. An expression 

for slip is given by Eq 3.10. The force per shear connector is simply the 

product of the slip and the shear connector modulus. An expression for the 

shear in the slab is obtained by a summation of moments about the center of 

the slab bar in Fig 9a. The formula is 

s 
V i-l/2 = 

(4.16) 

A similar formula can be derived for the beam shear. Two formulas are used to 

compute support reaction. At any station where a deflection is specified, the 

support reaction is 

Q~ s b + VS b = V i-l/2 V i-l/2 + V i+l/2 Q. 
~ i+l/2 ~ 

b s 
+ 2~ (r~-l + T. 1 -

~-
Ti + l - T~+l) __ 1 [(RS + Rb ) W 

2 t-l i-l' i-2 4h 

(4.17) 

Equation 4.17 can be derived by a sunn:nation of the vertical forces on a joint. 

At the other stations in the structure, the support reaction is simply the 

product of the vertical deflection and the foundation spring stiffness 

Q~ 
~ 

= s.w. 
~ ~ 

(4.18) 



CHAPTER 5. THE COMPUTER PROGRAM 

General 

Program COMBM 1 (COMposite ~ea!:! - 1st 
version) is written in FORTRAN-63 

language for the Control Data Corporation 1604 and 6600 computers. With 

minor changes, the program would be compatible with IBM computers. One sub

routine, INTERP4, is included in the program. Compile times for the program 

are approximately two minutes for the 1604 computer and approximately 13 

seconds for the 6600 computer. The program storage requirement is 21,071 

words. A listing of the program and the definitions of the symbols used 

in the program are included in Appendix 2 and Appendix 3. 

To describe the physical problem to the computer, it is first necessary 

to divide the member into a number of equal increments, which are designated 

by station numbers. Any number of increments 200 or less may be used. The 

left .end of the structure should be located at Station O. In Chapter 3 it was 

pOinted out that some of the physical properties of the system are associated 

with the joints (full stations) while other properties are defined in the bars 

(half stations). To facilitate the description of problems, the half-station 

numbering system has been deleted. In this program each bar in the model has 

the same station number as the joint to the right of it. 

All loads and restraints are defined at discrete points in the finite

element model. Distributed loads and restraints from one-half of the increment 

on each side of the joint are "lumped" at the joint. Therefore, end stations 

should receive half-values of the distributed effects. The input of distributed 

data is facilitated by SUBROUTINE INTERP4. Given a value at the initial and 

-final stations in a distribution sequence, INTERP4 performs a linear interpola

tion between these extreme values and stores the appropriate value at each 

intermediate station. Concentrated loads that occur between stations should 

39 
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be split by the user to the two adjacent stations. The amount of load placed 

at each station should be inversely proportional to the distance between the 

station and the point of application of the load. 

Any system of units may be used to describe the problem (for example, 

pounds and inches), but the system must be used consistently. 

Procedure for Data Input 

A Guide for Data Input is included in Appendix 1. The guide is designed 

so that additional copies may be furnished as separately bound extracts for 

routine use. A parallel study of the guide will help the reader understand 

the following discussion. 

Any number of problems may be stacked and run together. The sequence of 

problems is preceded by two cards which describe the run. The first card of 

each problem contains the problem number and a brief description of the problem. 

The program continues working problems until a blank problem number is encoun

tered; then, the run is terminated. 

Tables of Data Input 

Table 1 is the data-control table. It consists of a single card which 

must be input in each problem. The number of cards in the remaining tables 

and the data-hold options are specified in this table. The data-hold options 

allow the user to retain any of the data tables from the preceding problem. If 

Table 2 or 3 is held, it may not be modified, and the number of cards specified 

for it must be zero. Data in Tables 4, 5, 6, and 7 may be held and modified by 

the addition of new cards, but the total accumulated number of cards in each 

of these tables must be less than 100. The hold options for the various tables 

are independent of each other; however, care must be exercised in order to 

insure that data in the various tables are compatible. 
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In Table 2, the number of increments in the member and the increment 

length are specified. The number of increments must be 200 or less. For 

linear problems the remainder of the card is left blank. For nonlinear prob-

1ems the maximum number of iterations must be specified in order to prevent 

excessive computation. The closure tolerance has the same units as the com-

puted deflections. If the tolerance is unreasonably small, closure may be 

difficult to achieve. -6 For most problems, a value in the range 1 X 10 to 

1 X 10-8 inch is satisfactory. To encourage understanding of the solution 

process, the program requires that three monitor stations be specified. 

Any desired vertical deflection may be specified for any station in the 

structure in Table 3. Each specification requires a separate card. A limit 

of 20is placed on the number of specified deflections. The cards in this 

table may be stacked in any order. 

Physical properties of the slab are described in Table 4. The properties 

include the modulus of elasticity, cross-section area, moment of inertia, 

distance from the neutral axis of the slab to the interface of the slab and 

beam, horizontal spring constant, and the distance from the neutral axis to 

the horizontal spring. The method used for description of distributed data is 

illustrated in Appendix 1. Half-values of the moment of inertia and cross-

section area are automatically produced at the end of each distribution sequence. 

Half-values are not created for the modulus of elasticity because the bending 

stiffness (EI) and axial stiffness (EA) would then be only quarter-values. In 

addition, half-values are not created at the ends of distribution sequences 

for the distance from the neutral axis of the slab to the interface Cs since 

it would not be appropriate for this geometric property. The remaining 

values in the table are defined at the half-stations, and it is also not 
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appropriate to have half-values at the ends of their distribution sequences. 

All of the values in Table 4 are accumulated algebraically in storage. There 

are no restrictions on the order of the cards, except that within a distribu

tion sequence the stations must be in ascending order. 

Physical properties of the beam are described in Table 5. The same 

comments as enumerated for the slab parameters also apply to the same beam 

parameters. 

Transverse loads, foundation springs, and the modulus of the shear con

nectors are described in Table 6. The description of data in this table is 

very similar to Table 4. Half-values of transverse loads and foundation 

springs are created at the end of their distribution sequences. 

Table 7 provides for the description of torques, rotational restraints, 

and longitudinal loads. The data-input rules of Table 4 apply to this table 

also. Torques and rotational restraints are always concentrated effects. 

Longitudinal loads can be either concentrated or distributed. Half-values are 

not automatically created for the longitudinal loads. 

Error Messages 

Checks for common types of data errors are included in the program. An 

error message which defines the message is printed if any of the following 

conditions occur: 

(1) two deflections are specified at the same station, 

(2) the allowable number of cards for an input table is exceeded, and 

(3) the station numbers in a distribution sequence are out of order. 

In addition to the specific error messages, a general purpose error message is 

provided for a number of unlikely errors. If the message "UNDESIGNATED ERROR 

STOP" is printed, the user must investigate the program to determine what 

caused the error. Any error detected by the program will cause the run to be 
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abandoned. Specification of data past the ends of the structure will interfere 

with the automatically created boundary conditions and cause the solution to be 

in error. No check is provided for this type of error. 
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CHAPTER 6. EXAMPLE PROBLEMS 

Purpose 

A series of example problems are solved in this chapter in order to demon-

strate the capabilities and prove the validity of the computer program. The 

first five problems illustrate the uses of the program. These problems are 

hypothetical, but they are typical of actual highway-bridge problems. In the 

sixth problem, the results computed by COMBM 1 are compared to the experimental 

results of Proctor (see Ref 13). In addition to the problems that are presented, 

each example structure has been analyzed for the limiting cases of complete 

shear interaction and no shear interaction. These limiting cases were analyzed 

with COMBM 1 and checked against a computer program developed by Matlock in 

Ref 10. Exact agreement was obtained. A listing of the input data is included 

in Appendix 5 and the computer output listing is included in Appendix 6. 

Example Problem 1. A Simply-Supported Composite Beam 

This example problem demonstrates the method of analysis for a "shored" 

composite beam. A "shored" composite beam is one for which temporary supports 

are provided to carry the dead weight of the slab and beam during the setting 

period of the concrete. The structure analyzed in this problem is shown in 

Fig 13a. It is simply supported and has a span length of 20 ft. The member is 

composed of a 12 WF 27 beam and a 48-in by 4-l/2-in concrete slab. Light-weight 

concrete which weighs 110 lb/ft
3 

and has a modulus of elasticity of 2.3 X 106 

lb/in
2 

is used in the slab. A modulus of elasticity of 2.9 X 107 lb/in2 is 

assumed for the steel beam. Shear connection is provided by a double line of 

1/2-in by 3-l/2-·in welded stud shear connectors. The shear connectors are uni

fonnly spaced at l-ft intervals along the beam. A load-slip curve from Proctor 

(Ref 13) which was obtained from a push-out test on the shear connectors is 
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shown in Fig l3d. The shear connector modulus is determined by the straight 

line through the linear region of the curve. 

A model of the structure which has 20 increments is shown in Fig l3c. 
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Simple supports at each end of the member are modeled by the specification of 

zero deflections at Stations 0 and 20. A horizontal spring is input at Station 

O. This spring does not cause the problem to be nonlinear because the only 

effect of the spring is to fix the location of the structure in space; the 

axial load distribution is not affected. The maximum number of iterations, 

closure tolerance, and monitor stations are left blank because the problem is 

linear (the axial load is a function of vertical deflection only). Shear 

connectors are described from Station 1 to 20 because the connectors are pro

perties related to the bars, which are designated by the same number as the 

joint to their right. The system of station numbers is shown in Fig l3c. The 

input value of shear connector modulus is twice the amount that is computed 

from Fig l3d because there are two connectors at each bar. Loads on the struc

ture include the dead weight of the member itself plus the live loads shown in 

Fig l3c. 

The deflections computed in Problem 1 are shown in Fig 14. Also shown are 

the deflected shapes of the structure for the cases of complete shear interac

tion and no shear interaction. Comparison of the curves shows that the shear 

connection used in Problem 1 is very close to the case of complete interaction. 

Problem 2, which is discussed in the following section, is closely related to 

Problem 1; therefore, the deflections computed in Problem 2 are also shown in 

Fig 14. The computed value "LOAD ON SHEAR CONNECTOR" which is printed in Table 

9 is actually the load per bar and should be divided by the number of connectors 

per bar in order to obtain the load on each connector. This value should be 

compared to the load-slip curve to determine if the maximum allowable load or 
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proportional limit per connector has been exceeded. 

Example Problem 2. An Unshored Construction Problem 

The perfonnance of a composite beam is affected by the support conditions 

while the concrete slab is hardening. When the beam supports its own weight plus 

the weight of the wet concrete when cast, it is called "unshored" construction 

and permanent stresses are locked into the beam. The total stress distribution 

under any given live load may be detennined by the addition of the pennanent 

stresses to the live-load stresses. This procedure is illustrated in this 

problem series. The structure to be analyzed is the same as the one analyzed 

in Prob lem 1. 

A solution for the behavior of the beam under the dead load of the slab 

and beam is given in Problem 2A. The pennanent stresses in the beam may be 

obtained from the values computed in this problem which considers the beam only. 

In Problem 2B, the composite structure is subjected to the live loads 

shown in Fig l3C. It should be noted that the dead load is not present in this 

solution. When the values computed in 2A are added algebraically to the values 

in 2B, a final solution is obtained. For example, the bending moment in the 

beam at Station 10 is 1.152 X 105 in-lb plus 4.917 X 105 in-lb which is 6.069 

X 105 in-lb. The description of the problem is facilitated by the data-hold 

options. All of the data from the previous problem except the loads are held. 

The only new data cards required are those that describe the slab properties, 

the loads, and the shear connectors. The final deflected shape of the struc

ture is shown in Fig 14. 

Example Problem 3. A Cantilever Beam 

The hypothetical cantilever shown in Fig l2a is solved in this problem. 

It is assumed that the member has the same physical properties as the structure 
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in Problem 1. Shear connec tors are spaced according to the shear diagram. In 

the region from Station 0 to 10, a 6-in spacing is maintained between the pairs 

of shear connectors. From Station 10 to 20, the spacing is increased to 12 in. 

In Chapter 4, it was shown that to correctly model a cantilever, the pro

duct of the cross-section area and the modulus of elasticity should be twice 

the nonna1 value at the fixed end. Half-values of area are created at the end 

of each distribution sequence by INTERP4. Therefore, a concentrated value of 

area equal to one and a half times the normal value is added to both the slab 

and the beam at Station O. A large horizontal spring is defined at Station 0 

of both the slab and the beam. The description of the cantilever is completed 

by the specification of large rotational restraints at Station 0 for the slab 

and beam. The deflected shape is shown in Fig 15. 

Example Problem 4. A Two-Span Composite Beam 

A two-span, continuous composite beam is shown in Fig 16a. The negative 

moments that exist in the vicinity of the center support produce tensile 

stresses in the slab which make the analysis of this difficult. Consideration 

of the nonlinear properties of concrete is beyond the scope of this report; 

however, this example problem demonstrates a rational approximation of the 

behavior of the structure. 

The analysis is simplified by the assumption that the slab has its full 

flexural stiffness except between the inflection points, where it is zero. For 

most problems, the location of the inflection points can be estimated. The 

accuracy of the solution can be detennined by examination of the computed 

results. If large tensile stresses occur in the slab or if large compressive 

stresses are computed for the top edge of the beam between the inflection points, 

then a new set of assumptions should be made and the problem re-so1ved. Further 

refinements could be made in the analysis if a more accurate solution were desired. 
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Inflection points are assumed to occur at Stations 22 and 38 of the struc

ture in Fig l6a. A 7-in by 3/8-in cover plate is provided in this region. The 

moment of inertia of the slab is set equal to zero in this region, but the area 

and modulus of elasticity are not because eight reinforcement bars are present. 

Shear connection is provided by sets of shear connectors equally spaced at l-ft 

intervals along the member. Three connectors are in each set and the individ

ual connectors have the load-slip characteristics shown in Fig l3d. The beam 

is a 21 WF 55. Its modulus of elasticity is 3 X 10
7 

lb/in
2

. The 84-in by 7-in 

concrete slab weighs 150 lb/ft
3 

and has a modulus of elasticity of 3 X 106 lb/ 

in
2

. The supports in the center and at the left end are assumed to be on 

rollers. A large horizontal spring is specified for the bottom of the beam 

at the right end which represents the fixed support. 

Examination of the computed results shows that the assumptions made for 

this problem were reasonably accurate. Stresses in the slab can be determined 

from the bending moment and axial load. If stress diagrams are drawn for Sta

tions 20 through 24 and 36 through 40, it can be seen that the stresses in the 

slab change from predominantly compression to predominantly tension at Stations 

22 and 38, just as assumed. The deflected shape of the structure is shown in 

Fig 17. 

Example Problem 5. A Nonlinear Problem 

A nonlinear problem occurs when the rollers at the center support of the 

structure in Fig l6a become locked. The support column, which is fixed at its 

base, resists horizontal movements of the beam. The spring constant of the 

column is approximately 1 X 105 lb/in. It acts at the lower edge of the beam 



o 

-.10 

;i -.20 

z 
0 

I- -.30 
u ... 
...J 
lL. 

-~O ... 
0 

-.50 

10 20 30 40 50 

. ;.:,. .•. :.: .• :.: ... 
............. ,. .-iiI"" ...... .... .-, ..... ,..... ..~~.; 

' ...... :...,,. ..................... ·-;.11:"""'" 
............ --------

Fig 17. Deflected shapes for the structure of Problems 4 and 5. 

60 



54 

which is 9.297 in. below the neutral axis of the beam. A much larger spring, 

1 X 10
8 

lb/in, is specified for the right end of the beam because it is 

assumed to be immobile. These two springs cause the axial loads to be depen

dent on both horizontal and vertical deflections. Longitudinal tractive loads 

of 50 percent of the concentrated vertical loads are specified at the surface 

of the slab at these four locations. These axial loads cause applied moments 

to also act on the slab at those points. A closure tolerance of 1 X 10-6 is 

specified and a limit of 30 is placed on the number of iterations. 

The iteration monitor data, which is printed in Table 8, shows that only 

three iterations were required to reach the specified closure tolerance. The 

longitudinal tractive loads reduce the effective stiffness of the beam which 

tends to increase the deflections. The horizontal spring at the center sup

port tends to reduce the deflections in the second span because it increases 

the effective stiffness of the structure. The net result of these effects is 

to cause the deflections in the first span to be slightly more than the deflec

tions in Problem 4 and the deflections in the second span to be less. 

Example Problem 6. A Comparison of the Method with Experimental Results 

The purpose of this example problem is to verify the method of solution by 

comparison with the results of an experimental study performed by Proctor (Ref 

13). The composite beam tested by Proctor is shown in Fig l8a. It is composed 

of a 12 WF 27 steel beam and 48-in by 4-l/2-in concrete slab with a 1-1/2-in 

haunch. Proctor reports moduli of elasticity of 2.3 X 10
6 

lb/in
2 

for the con

crete and 2.9 X 10
7 

lb/in
2 

for the steel beam. Shear connection is provided by 

a double row of 1/2-in by 4-in welded studs. The studs are evenly spaced at 

l-ft intervals along the length of the structure. In Proctor's test, the 

deflection gages were zeroed before the concentrated loads were applied; 
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therefore, the measured deflections do not include the effect of the dead weight 

of the structure. 

Each of the transverse loads in Fig l8a is located directly above a pair 

of shear connectors. In the bar-and-spring model, loads are defined at the 

joints while shear connectors are defined in the bars. Therefore, the real 

structure cannot be modeled exactly. A 40-increment model of the structure 

is shown in Fig l8c. In this model, the exact spacing between transverse loads 

can be maintained. The value of the shear connector modulus is determined by 

a straight line through the data points of Fig l8d. As with most experimental 

data, the choice of the best straight line is somewhat arbitrary. Any value of 

shear connector modulus between 6 X 105 lb/in and 9 X 105 lb/in is a reasonable 

approximation. The value of 8 X 105 lb/in is used in this problem because 

there are bond and friction forces in the real structure that are eliminated in 

a push-out test. Proctor's test results show that the haunch is in the region 

of tensile stress; therefore, the haunch has no effect except to increase the 

distance from the interface to the neutral axis of the slab. 

A comparison of the analytical and experimental results is given in Fig 19. 

The curves are the results computed by Cm1BM 1 and the "+" symbols are the 

experimental results reported by Proctor. Fig 19a is a comparison of vertical 

deflections. Proctor's value of 0.230 in. for the center-line deflection, which 

is the only value reported, compares exactly with the computed value of 0.230 

in. Six experimental values of slip are shown in Fig 19b. The measured slips 

are located at the ends of the slab, 4-1/2 ft from the center line, and 1-1/2 

ft from the center line. A value of end slip of 0.0046 in. was reported by Proc

tor. This value is in reasonable agreement with the computed value of 0.0057 

in. The values of slip do not compare as well as the deflections because the 



o 

-.10 
~ 

z 
-.20 

z 
0 
.... 

-.30 u 
ILl 
...J 
l1.. 
ILl -.40 0 

...J 
ct -.50 u 
.... 
Q: 
ILl 

-.60 > 

. 10 

.05 

0 

Z 

Q. -
...J 
en 

-.05 

-.10 

40 STA 
.... 

":"" ~COMPLETE SHEAR 
..... ·,,·F INTERACTION ". "'. . ,". .''/ 

L ..... ···.:..:·.:.,:····················;;.·;,/ 
..... ...-. - +- --...-

PROBLEM 6 (PARTIAL SHEAR 
INTERACTION) 

+ EXPERIMENTA L VALUES 

a. Vertical deflection . 

NO SHEAR INTERACTION 

rPROBLEM 6 (PARTIAL 

_L-. _S:~A~ ~~~ERACTION) 
40 STA 

+ EXPERIMENTAL VALUES 

b. Horizontal slip. 

Fig 19. A comparison of analytical and experimental results. 

57 



58 

computed values of slip are much more sensitive to the choice of shear connector 

modulus. A series of supplementary problems was run to determine the relative 

effect of shear connector modulus on computed values of slip and deflection. 

For moduli of 7 X 105 lb/in and 11 X 105 lb/in, the end slip was 0.0064 in. 

and 0.0042 in.; the center-line deflections were 0.233 in. and 0.223 in. 



CHAPTER 7. SUMMARY AND RECOMMENDATIONS 

Summary 

A method has been presented for the analysis of composite beams that 

is valid for any degree of interaction between the elements. The method is 

directly applicable to, but not limited to, the highway bridge problem of a 

concrete slab over a steel beam with shear connectors at their interface. A 

computer program, COMBM 1, has been written which utilizes the method of analy-

sis. Correct usage of the program has been demonstrated by a series of example 

problems. 

The principal features of the method are 

(1) use of a finite-element model to simulate the real structural 
system, 

(2) describing the load-deflection behavior with three equations 
which are written about each station in the structure, 

(3) use of a special version of Gaussian elimination for most 
efficient solution of the system of equations. 

Recommendations for Further Research 

Extension of the method of solution to include shear connectors with non-

linear load-slip curves would be an important development. Ingram (Ref 9) has 

developed a technique for solving beams on nonlinear foundation springs that 

could be modified to fit the case of nonlinear load-slip curves. A nonlinear 

curve could be represented in the computer by a series of points. For any 

specific slip y the load-slip relationship could be represented by a tan-

gent to the curve. The tangent has a slope KC and an intercept P • 

With these values of shear connector modulus and longitudinal load, the problem 
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could be solved by the method presented in this text. New values of slip could 

be computed and the entire process repeated until the values of slip from two 

successive iterations agreed to a preset tolerance. 

A more accurat!e analysis of a composite structural system would consider 

the nonlinear material properties of the concrete slab. Haliburton (Ref 6) has 

presented a technique for the solution of nonlinear bending problems that could 

be incorporated into the method of analysis that has been presented. 

The analysis of a bridge-floor system has been investigated by Ingram 

(Ref 8). Ingram solved the problem of a plate supported by beams, but his analy

sis neglected the transfer of horizontal shear between the plate and beam. A 

natural evolution of the method presented in this text would be a combination 

of it with the work of Ingram. 
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GUIDE FOR DATA INPUT FOR COMBM 1 

With Supplementary Notes 

extract from 

A FINITE-ELEMENT METHOD OF ANALYSIS FOR COMPOSITE BEAMS 

by 

Thomas P. Taylor and Hudson Matlock 

January 1968 
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COMBM 1 GUIDE FOR DATA INPUT - -- Card forms . 
IDENTIFICATION OF PROGRAM AND RUN (2 alphanumeric cards per run) 

w 

80 

80 

IDENTIFICATION OF PROBLEM (one card each problem; program stops if PROB NUM is left blank) 

PROB NUM 

I DESCRIPTION OF PROBLEM (alphanumeric) 
5 II 80 

TABLE I. PROGRAM CONTROL DATA (one card each problem) 

ENTER " 1 " TO HOLD PRIOR TABLE 

~ 
NUM CAR OS ADDED FOR TABLE 

2 3 4 5 6 2 3 4 5 6 7 

0 0 0 0 0 0 0 0 CJ CJ 0 
15 20 25 30 35 40 45 50 55 60 65 70 

TABLE 2. CONSTANTS (one card I or none if Table 2 of pre ceding problem is held) 

NUM MAX CLOSURE 
INCRS INCR LENGTH ITERS TOLERANCE MONITOR STATIONS 

Il I I I I I I 
10 21 30 41 45 55 60 65 70 

TABLE 3. SPECIFIED DEFLECTIONS (number of cards according to Table 1; none if preceding Table 3 is held) 

STATION DEFLECTION 

o 
10 21 30 
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TABLE 4. SLAB PROPERTIES 
:» 
>-' 

ENTER I E
S IS AS C

S KS as VI 

IF CONT'D MODULUS MOMENT CROSS- DISTANCE 
HORIZONTAL 

DISTANCE 
TO ON NEXT OF OF SECTION FROM N.A. TO 

SPRING 
FROM N.A. TO 

STA STA CARD ELASTICITY INERTIA AREA INTERFACE HORIZONTAL SPR I NG 

I I I 
6 10 15 20 30 40 50 60 70 80 

TABLE 5. BEAM PROPERTIES 

ENTER I Eb I b Ab C
b Kb b a 

IF CONT'D MODULUS MOMENT CROSS- DISTANCE 
HORIZONTAL 

DISTANCE 

TO ON NEXT OF OF SECTION FROM N.A. TO 
SPRING 

FROM N.A. TO 

STA STA CARD ELASTICITY IN ERTIA AREA INTERFACE HORIZONTAL SPRING 

I I I I I I I 
6 10 15 20 30 40 50 60 70 80 

TABLE 6. SLAB AND BEAM DATA 

ENTER I K
C 

Q S 
IF CONT'D SHEAR TRANSVERSE SP RING 

TO ON NEXT CONNECTOR FORCE SUPPORT 

STA STA CARD MODULUS 

I I I I 
6 10 15 20 30 40 50 

TABLE 7. SLAB AND BEAM DATA 

ENTER I T
S Tb R

S Rb pS pb 

IF CONT'D SLAB BEAM SLAB BEAM SLAB BEAM 

TO ON NEXT TRANSVERSE TRANSVERSE ROTATIONAL ROTATIONAL LONGITUDINAL LONGITUDI NAL 

STA STA CARD COUPLE COUPLE RESTRAINT RESTRAINT LOAD LOAD 

I I I I I I I I I I 
6 10 15 20 30 40 50 60 70 80 

I STOP CAR D (ONE BLANK CARD AT END OF RUN) 

80 
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GENERAL PROGRAM NOTES 

The data cards must be stacked in proper order for the program to run. 

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

All S-space words are understood to be right-justified integers or whole decimal numbers . . • - 431 
...-----==:::::::::: 

All lO-space words are right-justified floating-point decimal numbers 1-4.32 E-+031 

TABLE 1. PROGRAM-CONTROL DATA 

For Tables 2 and 3, the user must choose between holding all of the data from the preceding problem or 
entering entirely new data. If the hold option for either of these tables is set equal to 1, the 
number of cards input for that table must be zero. 

In Tables 4, 5, 6, and 7, the data is accumulated by adding to previously stored data. The number of 
cards input is independenL of the hold option, except the cumulative total of cards in each of the 
tables can not exceed 100. 

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

TABLE 2. CONSTANTS 

Typical units for the increment length are inches. 

The maximum number of increments into which the beam may be divided is 200. 

The remainder of the card is blank for linear problems. 

For nonlinear problems, the maximum number of iterations must be specified to prevent excessive computation. 
Most practical problems will reach the final solution in less than 30 iterations. 
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Specification of an unreasonably small closure tolerance makes closure difficult to achieve. A tolerance 
of 1.0 X 10-6 is sufficient for most problems. 

Three monitor stations must be specified. The horizontal displacements of the monitor stations are 
printed after each iteration to aid understanding of the closure process. 

TABLE 3. SPECIFIED DEFLECTIONS 

The maximum number of stations for which deflections may be specified is 20. 

TABLE 4. SLAB PROPERTIES 

Typical units: 
variables: 
values per station: 

s 
a 
in 

Data should not be entered (nor held from the preceding problem) which would express effects beyond the 
ends of the composite beam. 

The left end of the composite beam must be located at Station O. 

The variations in the interpolation and distribution process are explained and illustrated on page 68. 

There are no restrictions on the order of cards in Table 4, except that within a distribution sequence the 
stations must be in ascending order. 

At end stations of each distribution sequence, half-values are automatically created for the moment of 
inertia and the cross section area. Care must be taken that double amounts of the other parameters 
are not input at points where they change value. 

TABLE 5. BEAM PROPERTIES 

Typical units: 
variables: 
values per station: 

b a 
in 
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Data in Table 5 is governed by the same rules as Table 4. 

TABLE 6. SLAB AND BEAM DATA 

Typical units: 
variables: KC 

Q S 
values per station: lb/in lb lb/in 

Data in Table 6 is governed by the same rules as Table 4. 

At end stations of each distribution sequence, half-values are automatically created for the transverse 
force and the spring support. 

TABLE 7. SLAB AND BEAM DATA 

Typical units: 
Tb Rb pb variables: T

S 
R

S pS 

values station: in-lb in-lb 
in-lb in-lb 

lb lb per 
rad rad 

Data in Table 7 is governed by the same rules as Table 4. 

At end stations of each distribution sequence, half-values are automatically created for the slab and beam 
transverse couples, and slab and beam rotational restraints. 

-..j 

Ln 
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CONT'D 
FROM TO TO NEXT TYPE 1 TYPE 2 TYPE 3 

Individual Card Input STA STA CARD? DATA DATA DATA 
Data concentrated at one station .............................................. . 

Data uniformly distributed .................................................. .. 

Multiple Card Sequence 

First of sequence ............................................................ . 

Interior of sequence .................................................. . 
End of sequence ..................................................... . 

Resulting Distribution of Data 

TYPE 1 DATA: 

I,A,O,S,T,R J iTTmtfff~ 
STATION NO.O 5 10 15 

TYPE 2 DATA: 

E , C t I I I I I I I I I I II I I I I 
STATION NO. 0 

TYPE 3 DATA: 

K, a, P 

STATION NO. 0 
BAR NO. I 

5 

5 
5 

10 

10 
10 

15 

15 
15 

2~ 2 O~NO 3.0 
0---'--+ 10 O=NO 2.0 

1 '1 --:---. 1 5 O=No 1.0 4.0 
5~15 O=No Z.O 
1 ~15 O=NO 

20 ....... 1-YES Z.O 

~2 ~ i'YES 2.0 
30 O-NO 0.0 

20 l=YfS 0.0 
~28 0="10 4-.0 

32. 1 1-Yf5 2.0 1.0 

~35 0"""0 2.0 1.0 

-3-

-2-
-1-

20 25 30 

-4-
-3-
-2-
-1-

-4-
-3-
-2-
-1-

20 

20 
20 

25 

25 
25 

30 

30 
30 

3·0 

2.0 

1.0 

S 
2.0 
Z.O > 
0.0 
3.0 > 

fIT9 
35 

35 

35 
35 

:r> 
t-' . 

~t:; 
~ 
e 
0 • 
• 
~ 

~ 

D 
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APPENDIX 2 

LISTING OF PROGRAM DECK OF COMBM 1 
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A2.1 81 

PROGRAM COMBM 1 (INPUT.OUTPUT) 13SE66 
1 FORMAT ( 52H PROGRAM COMBM 1 - DECK 2 - MATLOCK-TAYLOR 

28H REVISION DATE = 18 JAN 68 1 
DIMENSION ANl(32). AN2(14), 28MR6 

1 
2 
'3 
4 
5 
6 
7 
B 
9 

Q(207). S(207)' RS(207). RB(207). TS(207)' TB(207). 2flMR6 
PS(207)' PB(207). ES(207). EB(207). SI(207). BI(207)' 28MR6 
AS(207). AB(207). CS(207)' CB(207). SCM(207). FS(207)' 12AP6 
FR(207). W(207). US(207). UB(207J' SH(207). SW)(2071. 08JE6 
BH(207J. BHD(207J. DW(207). RMS(207J. 9"1B(207J. OflJE6 
VS(207J. VB(207J. REACT(207'. KEY(2 07,. A(10.207), 08JE6 
B(9.207)' C(14.207)' IN14(100J. IN24(100), KR24(100J. OflJE6 
ESN2(100). SIN2(100J. ASN2(100J. (SN2(100J. SHN2(100J. 09JF6 

DIMENSION 
1 

SHDN(100J. INlS(100J. IN25(100J. KR::>5(100J. EBN2(100J 22SE66 
BIN2(100). ABN2(100J. CBN2(100J. BHN2(100J. BHDN(100J. 08JE6 
IN16(100J. IN26(100J. KR26(100J. SC"1N(100J. QN2(100). OflJE6 

2 
~ 
4 
5 
6 

10 FORMAT 
11 FORMAT 
12 FORMAT 
13 FORMAT 
14 FORMAT 
15 FORMAT 
16 FORMAT 
19 FORMAT 
20 FORMAT 
21 FORMAT 
31 FORMAT 
41 FOR"1AT 

100 FOR"1AT 
1 I 
2 I 
3 II 
4 
5 I 

200 FORMAT 
201 FORMAT 

1 
2 
3 
4 
5 

300 FORMAT 
1 

310 FOR"1AT 
400 FORMAT 
401 FORMAT 

1 
2 
'3 

SN2(100). IN17(100), IN27(100). KR27(100)' TSN2(100J. 09JE6 
TBN2(100J. RSN2(100J. RBN2(100). PSN2(100J. PBN2(100). ORJE6 
KSW4(100), KSW5(100). KSW6(100), KS~I7(l()O), IN13(20J. OflJE6 
WS(20J. TC(14J. UST(207J. UBT(207J. SAL(207J. BAL(2071.2SJL6 
GAMA(207). FPC(207J. UM(6J 25JL6 

5H • BOX. 10HI-----TRIM 27FE4 ID 
SHI • BOX. 10HI-----TRIM 27FE4 ID 

16A5 04MY3 10 
5X. 16AS ) 27FE4 ID 

AS. 5X. 14A5 J 1flFE5 ID 
(11110H PROB. 15X. A5. 5X. 14A5 J 18FE5 ID 
111I17H PROB (CONTD). 15X. A5. 5X. 14A5 J 18FE5ID 
(1114BH RETURN THIS PAGE TO TIME RECORD FILE -- HM) 12MR5 ID 
( lOX. 1415 J OBJE6 

5X. 15. lOX. EI0.3. lOX. 15. EI0.3.315 ) 29SE66 
5X. 15. lOX. EI0.3 ) 26JL6 

( 5X. 315. 6EI0.3 ) 01AP6 
(111'35H TABLE 1 - PROGRAM-CONTROL DATA 0flJE6 

43X. 35H TABLE NUMBER OBJE6 
43X. 40H 2 3 4 5 6 7 OBJE6 

46H HOLD FROM PRECEDING PROBLEM (l=HOLDJ. 2BMR6 
7X. 615. 09JE6 

3BH NUM CARDS INPUT THIS PROBLEM. 15X. 615 OBJE6 
(11124H TABLE 2 - CONSTANTS I) 2BMR6 
(30H NUMBER OF INCREMENTS. 4BX. 15. 25JL6 
I 28H INCREMENT LENGTH .45X. EI0.3. 25JL6 
I 2BH NONLINEAR PROBLEM. 50X. A5. 25JL6 
I 2BH MAX NUM ITERATIONS. 50X. 15. 25JL6 
I 2BH CLOSURE TOLERANCE. 45X. EI0.3. 25JL6 
I 34H LIST OF MONITOR STATIONS. 34X. 315 29JL6 
(11140H TABLE 3 SPECIFIED DEFLECTIONS 26JL6 
II 30H STA DEFLECTION I 25JL6 

( lOX. 13. SX. E10.1 25JL6 
(111'3~H TABLE 4 SLAB PROPERTIES I 26JL6 
( 50H FROM TO CONTD MODULUS ~OMENT CROSS- 26JL6 

35H DISTANCE. HORIZONTAL DISTANCE. 26JL6 
I 50H STA STA OF OF SECTION 26JL6 

'3SH N.A. TO SPRING N.A. TO 26JL6 
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4 I 50H ELASTICITY iNERTIA ARI::.A 26JL6 
5 35H INTERfACE HORZ SPRING I 26JL6 

411 FORMAT 5X. 214, 13. 1 X. 6El103 ) 281/,R6 
412 FORIvlAT 5X. 14, 4X, 13, 1 x. 6Ell.3 ) 2 B Iv.f~6 
413 FORMAT 9X, 14, 13, 1 X, 6Ell.3 ) 28i'iI~6 

'i00 FORl-jAT (l1140H TABLE 5 BU. t'-'. PROPERTJE:::' I ) 26JL6 
6,)0 FORMAT (l1150H TABLE 6 DATA COMMON TO THE SLAB AND ol::.Ai'1 26JL6 

1 II 'iOH FROM TO CONTD SHEAR TRANSVfRSE -SPR I,'IG 26JL6 
2 I 50H STA STA CONNECTOR LOAD SUPPORT 26JL6 
3 I '.JOH MODULUS I 26JL6 

7()Q FORMAT (/I 150H TABU:. 7 DATA FOr, THE SL!d:3 AND SEA,Y! 26JL6 
1 II 'iOH FROM TO CONT[) SLAB 8EAI, SLAB 26JL6 
2 'IOH BEM~ SLAB BEAM 26JL6 
'I I 50H STA STA TRAN-SVERSE TRAN;:,VI::RSE ROTATIONAL 26.JL6 
4 35H ROTATIONAL LUNGITUD. LONGITUD. 2')JL6 
5 I 50H COuPLE CUUPLE RESTkAII'H 26JL6 
6 'I5H RESTRAINT LOAJ LOAD I I 26JL6 

8UO FURt-1A T {11140H TABU:: B - ITERATION ,'1 0 1\: I TOR DI\ T A 26JL6 
8U5 FORMAT ( I 50H STA D I SPLACEivlENTS AT TAT IONS 25JL6 

1 I 15H IT ER NoT, 11 X. 13. 20X. 13. 19X. 13. 2,)DE6 
;;> I 'ilH NUr!j CLSD U-SLAS U-BEAM J-SLAt:) 290E6 
'I 3<;H U-SEAM u-SLAB U-BEAM I I 29DE6 

810 FOR'1AT 15X. 215, El2.3. Ell.3. E12." fl1.3. E12.3. Ell.3 ) 29DE6 
830 FORIv1AT r 1150H SOLllT ! ON NOT CLOSE!) TO SPECIFIED TOLFRMlCE 27JL6 
850 FORr-1A T (/1135H TABLE 9 COMPuTED RESULTS 26JL6 

1 II 50H STA VERTICAL SLAb ~LAB 26JL6 
2 35H SEAM t3EM, LuAD uN 26JL6 
'3 I 50H DEFLECTION oENDING AxIAL 26JL6 
4 '3'iH bENDING AXIAL SHEAR 26JL6 
5 I r.,OH MOMENT LOAD 26JL6 
6 'I5H MOMENT LOAD COt~NECTOR I ) 26JL6 

875 FORMAT ( I I 13 5H TABLE 10 COMPUTED RESULTS 26JL6 
1 II 'iOH STA SLAB SLAB BEAM 26JL6 
2 30H BEAM SUPPORT SLIP 26JL6 
'I I 'iOH HORIZONTAL SHEAR HORIZONTAL 26JL6 
4 ;;>'iH SHEA!< REACTION 29JL6 
5 I 47H DISPLAC DISPLAC I ) 26JL6 

860 FORMAT ! 5X. 14, 2X, 5E12.3 ) 26JL6 
870 FORiv1AT ( 7lX, E 12.3 ) 26JL6 
880 FOR,'1A T I 'iX, 14, 50X, E12.3 29JL6 
890 FOR,'1A T ( llX, 4F12.'I, 12X, E 12.3 ) 26JL6 
9.;3 FOR,'vJAT I 25H NONE I 28MR6 
904 FORi'1A T 1140H TOO ,-iUCH DATA FUI~ AVA I LAr3U:. STURAGE II I 28HR6 
9u5 FORMAT 46H USING D/ITA FRO...., THE PRF:VIOUS PROBLEi·l ) 28MR6 
907 FORMAT I 4RH ERROR STOP -- TwO DEFLECTIONS SPECIFIED FOR 25JL6 

1 20H THE SAiv\E STATION ) 27JL6 
910 FOR~AT 4"H hJDITIONAL DATA FOR THIS PROdLEt<1 28MR6 
980 FORMAT (l1140H UNDESIGNATED ERROR STOP 281'iR6 

C START EXECUTTON OF PROGI~Ar\/1 28MR6 
NCB (; 28MR6 
NCT4 0 28:v1R6 
NCT5 :: 0 28MR6 
NCTI) :: 0 28fv1R6 
~CT7 :: 0 28MR6 

TTEST " 5H 18FE5 ID 
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1000 PRINT 10 
CALL TIC TOC (II 
READ 12. ( ANI/NI. N 1. ~2 I 

1010 READ 14. NPROB. / AN2(N). N ::: 1, 14 ) 
IF ! NPROB - ITEST I 1020, 9990, 1020 

1020 PR I NT 11 
PRINT 1 
PRINT 13, I ANl(N), N :: 1, 32 ) 
PRINT 15, NPROB, ( AN2(N). N = 1. 14 

C-----INPUT TABLE 1 
1100 READ 20, KEEP2, KEEP3, KEEP4. KEEP5, KEEP6. KEEP7, NCD2. NCD3. 

1 NCD4, NCD5. NCD6. NCD7 
PRINT 100, KEEP2. KEEP~. KEEP4. KEE D 5. KEEP6, KEEP7. NCD2. NCD3. 

1 NCD4. NCD5. NCD6. NeD7 
C-----INPUT TABLE 2 

120e PRINT 200 
IF / KEEP2 I 9980. 1210. 1255 

1210 READ 210 M. H. ITMAX. CLTQL. 1Mb 1M2. li''i3 
C-----COMPUTE CONSTANTS AND INDICES 

HT2 :: H + H 
HE? :: H 11- H 
HE, :: H 11- HE2 
MP2 :: M + 2 
MP'3 ::: H + ~ 

MP4 = 1V1, + 4 
MP,) N1 + ') 
MP~ M + f, 
tv1P7 ::: M + 7 

GO TO 17f,0 
125'1 PRINT 905 
1260 IF ( ITMAX 9980.1262.1263 
1262 LABEL ,)H NO 

GO TO 1265 
1263 LABEL ::: 5H YES 
1265 PRINT 201, M. H. LABEL. ITMAX. CLTOL. IM1. 1M2. 1M3 

C-----CLEAR STORAGE 
DO 12~U J::: 1. MP7 

W{J) :: 0.0 
US! J) .r) 

lJB(JI <J.G 
FS(J) 0.0 
FBfJ) ::: 0.0 
BMSIJ) 0.0 
BMB(J) !:: 0.0 
SAL(JI 0.0 
BALIJI O.J 
GAMAIJ) :: 0.0 
FPC(J) :: 0.0 
VS ( J) ::: ,). () 
VBIJ) U.D 
REACTIJI 0.0 

DO 12 7 (j N::: 1. 1 0 
AIN.J) :: C.O 

1270 CONTINUE 
DO 1275 N::: 1. 9 

83 

12JL'l ID 
26SE6(, 
IBFE5 I D 
28AG3 If) 
26FE5 ID 
26AG3 10 
18FE5 ID 
lBFe5 ILl 
26AG3 ID 
28:'llR6 
08JE6 
OBJE6 
08JE6 
GSJE6 
78rl,;~6 

28i/R6 
28H26 
29JL6 
2 8 ,Ii k6 
28MR6 
2 Si/'K6 
28i-iR6 
12AP6 
28f'11R6 
28f'1,R6 
28i-1R6 
78 i-1R6 
28'IJR6 
78MR6 
28i-1R6 
29JL6 
25JL6 
25JLf, 
25JL6 
26JL6 
28:v.R6 
08JE6 
28~"R6 
08JF6 
08JE6 
2 8,',1 ~f, 
28 i',K6 
29JL6 
29JL6 
29JLf, 
29JL6 
29JL6 
29JL6 
29JL6 
?9JLA 
29JL6 
08JE6 
OBJEf, 
08JEA 
OSJE6 
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RtNd) 0.0 
1275 CONTI~UE 

DO 1280 N 1. 14 
CIN.J) G.O 

1280 CONTINUE 
1290 CONTINUE 

C-----INPUT TARLE 3 
PRINT 3rJD 

DO 1303 J 1. MP7 
KEYUI 1 

1303 CONTINUE 
IF t KEEP3 9980. 1310, 1305 

1305 PRINT 90') 
GO TO 1326 

1310 IE t NCD3 - 20 ) 1312, 1312, 1311 
1311 PRINT 904 

GO TO 99'10 
1312 NCT3 NCD3 

IFI I .GT.~CT3' GO TO 1326 
DO 1325 N I. NCT3 

READ 31. lN13IN), WSIN) 
1325 CONTI~UE 

1326 IF I NCT3 ) 9980. 1327, 1328 
1'327 PRINT 9v3 

GO TO 140() 
IFI 2 .GT.NCT3) GO TO 1351 

1328 DO 135u JA 2, NCT3 
JM1 JA - 1 

DO 1345 N::: JA, NCT3 
IF I IN13IJM1) - INI3IN) ) 1345, 1330, 1340 

1330 PRINT 9(17 
GO TO 9'1'10 

C-----ARRANGE THE CARDS IN ASCENDING ORDER OF STA NUMBER 
1340 INSAV :: r~13(JM1) 

WSAV :: 'liS (Jrvn ) 

1345 

rNI3~JMl) IN13IN) 
WSIJM1) ItISIN) 
IN13(N) :: INSAV 
W5IN) ::: 'tJSAV 

CONTINU 
1 Vjv C0NT T "JUF 
135] CONTINUE 

IFI 1 .GT.NCn GO TO 1400 
DO 13R0 N 1, NCT3 

JS IN 13 (N) + 4 
KEY US I 2 

PRINT 31J. INI3INl. WSIN) 
1380 CONTINUE 

C-----INPUT TAtiLE 4 
14JO PR niT 400 

PR I NT 4[; 1 
IF ( KEEP4 I 9980. 1401, 1410 

14Jl NC14 I 
NCT4 ::: NCD4 

GO TO 143() 

A2.4 

08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
OlJE5 
11 JA5 
23FE5 
03JE3 
23FE5 
267";Y5 
26ill1Y5 
26MY5 
25i·iY5 
25MY5 
25MY5 
25MY5 
015E66 
2 5,MY 5 
25JL6 
02FE5 
25,"1 Y5 
25MY5 
25MY5 
015E66 
25i"H5 
3 lUE4 
02EE5 
02EE5 
25;" Y5 
25t'IY') 
OlJE5 
02FE5 
310[4 
3WE4 
310E4 
310E4 
3 lUE4 
02FE5 
02FE5 
135E66 
015£66 
27(..jy') 

31UE4 
25JL6 
25JL6 
02F':5 
30HR6 
28,~;",6 

26JL6 
29,'<1R6 
28i~R6 

28~-1R6 

28t,jR6 
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14111 PRINT 9',;,) 
IF( 1 .GT.NCT4) C,O TO 1427 
DO 1425 N = I. NCT4 

~Sw4N = KS\v4 (N) 

GO TO ( 1413. 1417. 1421. 1421 ), KS'tl4 N 
1413 PRINT 411. IN14(N)' IN24(N). KR;ll,(N). E.'>N2(N). ::'IN2(N). A.'>N2IN). 

1 CSN?IN). SHN2IN). SHDNIN) 
GO TO 142') 

1417 PRINT 412.IN14IN). Kf~24IN). f:SN2IN). STN2IN). A:'N2(N). C.'>N2(N). 
1 SHN?(N). SHDNIN) 

GO TO 142'i 
1421 PRINT 4]3. IN24(Nh KR24(N)' ESN2(N). SIN2(N).4SN2(N). CSN2IN). 

1 SHN2(N). SHDN(N) 
142') CONTIN1JE 
1427 CONTINUE 

PRINT 91C! 
NC14 NCT4 + 1 
NCT4 NCT4 + NCD4 

1430 IF ( NCT4 - 100 ) 1435. 1435. 1433 
143'3 PRINT 9u4 

GO TO 9991 
1435 IF ( NCD4 ) 9980. 1437. 1440 
1437 P R I ~'T 9 c) '1 

GO TO l'iCO 
1440 KR1 = 0 

DO 147CJ N NC14. NCT4 
READ 41. IN14(N). IN24(N). Kk24(N), ESN2(N). SP.j2(1~). ASI~2(1~). 

1 CSN2(N). SHN2(N) • .'>HLJN(N) 
KSW4(N) = 1 + ~1~24IN) + 2 ". KRI 
KRI = KR24(N) 
KSW4N = KSW4(N) 

GO TO I 145U. 1455. 1460. 1460 ) • KS\'i4 N 
14'i0 PRINT 411. IN14(N). IN24(N). Kk2 /;(N). ESN2(N). SIi'l2(N)' ASN2(N). 

1 CSN2(N). SHN2IN). SHD'''l(N) 
GO Tn 147'" 

1455 PRINT 41Z.rN14(N). KR24(N). ESNZ(N). SIN2(N). I~SN2IN). CSNz(N). 
1 SHN2(N). SHDN(N) 

GO TO 147U 
1460 PRINT 413. IN24(N). Kk24(N). ESN2(N). SIN2(N). ASN2(N). CSN2(1"l), 

1 SHN2(N). SHDN(N) 
1470 CONTINUE 

C-----INPUT TABLE ') 
l,)uu PRINT 5vu 

PRINT 4ul 
IF I KEFP'i ) 9980. 1501. 1510 

1501 NC1') = 1 
~ICT') = NCO') 

GO TO l'i,(I 
1')10 PRINT 90') 

IF (1 .GT .NCT') ) GO TO 1')26 
DO 1525 N = ]. NCT'i 

KSW5N = KSW5IN) 
GO TO I 1513. 1 517. 152 1. 15" 1 ). K S ',i 5 N 

l'i13 PRINT 411. IN15IN). IN25IN). KR25IN). EBN2IN). 9IN2IN). ABN2(N). 
1 CBN2IN). BHN2(N). BHDNIN) 

?8,'~f~6 

015E66 
28HR6 
135E66 
13SE66 
281'~k6 

09JE6 
28\1R6 
09JE6 
09JE6 
28MR6 
09JE6 
09JE6 
28i"R6 
2 bE66 
28MR6 
28MR6 
28"1R6 
2 8,~1 R6 
28r~R6 

?8MR6 
28iVtR6 
28,'v1R6 
28MR6 
28MR6 
28,VtR6 
28;'lk6 
09J::6 
30;·IR6 
28MR6 
13.'>E66 
13SE66 
28r·1k6 
09JE6 
28HR6 
09JE6 
09JE6 
28Mk6 
09Jt:6 
09JE6 
28:'IR6 
28io1R6 
28"1R6 
26JL6 
28HR6 
28MR6 
28,v,R6 
28"1R6 
;>8'o1R6 
01SE66 
28MR6 
135E66 
13SE66 
28iv,R6 
09JE6 

85 
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GO TO 1');>5 
1')17 PRINT 412, INl')(N), KR25(N), EBN2(N), BIN2(N). ABN2(N), CBN2(N), 

1 BHN2(N), BHDN(N) 
GO TO 1')2') 

1')21 PRINT 41 1 , IN?5(N)' KR25(N), EBN2(N), BIN2(N), ABN2(N)' CBN2(N), 
1 BHN2(N), BHDN(N) 

1525 CONTINUE 
1526 CONTINUE 

PRINT 910 
NC15 NCT5 + 1 
NCT5 NCT5 + NCD5 

1530 IF ( NCT5 - lUO ) 1535, 1535, 1533 
1')33 PRINT 9()4 

GO TO 9990 
1535 IF ( NCO') ) 9980, 1537, 1540 
]537 PRINT 903 

GO TO 1600 
154u KRI = u 

DO 1570 N NC15, NCT5 
READ 410 IN15(N), IN25(N), KR25(N), EBN2(N), BIN2(N), ABN2(N), 

1 CBN2(N), BHN2(N)' BHDN(N) 
KSW5(N) = 1 + KR25(N) + 2 * KRI 
KRI = KR25(N) 
KSW,)N = KSW')(N) 

GO TO ( 155u, 1555, 1560, 1')60 ), KSW5 N 
1550 PRINT 411, IN15(N)' IN25(N), KR25(N), EBN2(N). BIN2(!,,), At)N2(N), 

1 CBN2(N), BHN2(N), BHoN(N) 
GO TO 1570 

1555 PRINT 412, IN15(N), KR25(N)' EBN2(N), tlIN2(N)' ABN2(N), CBN2(N), 
1 BHN2(N), BHDN(N) 

GO TO 1570 
1560 PRINT 413, IN25(N). KR25(N). EBN2(N), BIN2(N), ABN2(N)' CBN2(N). 

1 BHN2(N), 13HDN(N) 
1570 CONTINUE 

C----- I NPL'T T MILE 6 
16'-'0 PRINT 600 

IF ( KEEP6 ) 9980, 1601, 1610 
1601 NC16 = 1 

NCT I) = NCD6 
GO TO 11)'lO 

1610 PRINT 90') 
IF( 1 .GT.NCT6) GO TO 1626 
DO 1625 N = 1, NCT6 

KSW6N = KSW6(N) 
GO TO ( 1613,1617, 1621, 1621 ), KSW6 N 

1613 PRINT 411, IN16(N). IN26(N). KR26(N)' SU1N(N), QN2(N), SN2(N) 
GO TO 1625 

1617 PRINT 412, IN16(N), KR26(N), SO-mIN), QN2(N), SN2(N) 
GO TO 11)2') 

1621 PRINT 411' IN?6(N), KR?6(N). SCMN(N), QN2(N), SN2(N) 
1625 CONTINUE 
1626 CONTINUE 

PRINT 91] 
NCl6 NCT6 + 1 
NCT6 NCT6 + NCD6 

A2.6 

28MR6 
09JE6 
09JE6 
29MR6 
09JE6 
09JE6 
29MR6 
13::'E66 
2 9r~ R6 
29MR6 
29MR6 
29MR6 
29MR6 
30MR6 
29MR6 
29MR6 
29MR6 
29MR6 
29r~R6 

291vIR6 
09JE6 
30MR6 
29ivlR6 
13SE66 
13SE66 
28rv'IR6 
09JE6 
291~R6 

09JE6 
09JE6 
29MR6 
09JE6 
09JE6 
29MR6 
29MR6 
29MR6 
29'"vlR6 
2 9,~R6 
29MR6 
29MR6 
29MR6 
01SE66 
29MR6 
13SE66 
13SE66 
09JE6 
29"'1R6 
09JE6 
29"'1R6 
09JE6 
29MR6 
13SE66 
29r~R6 

29MR6 
29i"iR6 
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1630 IF ( NCT6 - 100 ) 1635. 1635. 1633 
1633 PRINT 9U4 

GO TO 9990 
1635 IF ( NCD6 ) 9980. 1637. 1640 
1637 PRINT 903 

GO TO 170 (1 

1640 KR1 = 0 
DO 1670 N NC16. NCT6 

RfAD 41. IN16(N)' IN26(N), KR26(N). S(:"1N(N), QNZ(N). SN2(N) 
KSW6IN) 1 + KRZ6{N) + 2 * KRI 
KSW6N I(SW6(N) 

GO TO ( 1650. 1655. 1660. 1660 ). KSW6 N 
1650 PRINT 411, INI6IN), IN26(N). KR26CN). SCMNIN). QN2(N). SN2(N) 

GO TO 1670 
1655 PRINT 41Z, INI6(N). KRZ6(N), SC~N(N). QNZ(N), SN2(N) 

GO TO 11170 
1660 PRINT 41')' IN26(N), KR26(N), SCMNCN). QN2(N), St''l2(N) 
1670 CONTINUE 

C-----INPUT TAdlE 7 
1700 PRINT 700 

IF I KEFP7 ) 9980. 1 7 01, 1710 
1701 NC17 ::: 1 

NCT7 ::: NCD7 
GO TO 17'10 

17 10 PR I NT 905 
IF! 1 .GT.NCT7) GO TO 1726 
DO 1725 N::: 1. NCT7 

KSW7N KSW7(N) 
GO TO ( 1713. 1717. 1721, 1721 ). KSW7 N 

1713 PRINT 411, 1"l17IN). IN271Nlt KR27IN), TSN21Nlt TBN2IN)' RSN2CNlt 
1 RBN2!N), PSN2(N). PBN2(NJ 

GO TO 1725 
1717 PRINT 412, IN17(N), KR27(N), TSN2!N). T9N2IN), RSN2(N), RBN2(N), 

1 PSN2IN). P3N2fN) 
GO TO 1725 

1721 PRINT 413, IN2,7IN). KR27(Nh TSN2(NJ. TBN2IN), RSN2(N), R,jN2(N), 
1 PSN2(N), PBN2(N) 

1725 CONTJNlJF 
1726 CONTINUE 

PRINT 9lJ 
NCi7 ::: NCT7 + 1 
NCT7 ::: NCT7 + NeD7 

1730 IF ( NCT7 - 100 ) 1735. 1735. 1733 
1733 PRINT 9u4 

GO TO 9990 
735 IF ( NCD7 ) 9980, 1737, 1740 

1737 pRIn 9Li3 
GO TO 1800 

174~ KRI ::: J 

DO 177u N NCI7, NCT7 
READ 41, IN17(N), IN27(N). KR27(N). T~N2(N), TBNZ(N). RSN2(N), 

1 RBN2(N). PSN2(~)' PdN2IN) 
KSW7IN) z 1 + KR27(N) + 2 * ~Rl 
KHI r(Rn(Nl 
KSW7N 

29ivlR6 
29MR6 
29MR6 
29iVlR6 
29MR6 
29"1R6 
29MR6 
29,y1R6 
09JE6 
291v1R6 
13,:,E66 
13SE66 
09JE6 
29MR6 
09JE6 
29rvlR6 
09JE6 
29"'1R6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
01:':'E66 
08JE6 
13SE66 
13SE66 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
u8JE6 
OBJE6 
08JE6 
08JE6 
13.::>t:66 
08JE6 
08Jt:6 
08JE6 
08JE6 
08JE6 
08 J E6 
08JE6 
OBJE6 
08JE6 
08Jt:6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
13 S": 66 

87 
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GO TO I 17~u. 1755. 1760. 1760 l. KSW7 N 
1750 PRINT 411. IN17INl. II\127INl. i<.R27INl. T~N2INl. TtlN2INl. RSN2INl. 

1 RBN2INl. PSN2INl. PBN21Nl 
GO TO 1770 

1755 PRINT 412. IN17INl. KR27INl. TSN2IN). HIN2INl. RSN2IN). RBN2IN). 
1 PSN2IN). PBN21Nl 

GO TO 17 7C! 
1760 PRINT 4n. IN77IN). KR27INl. TSN2IN). Tt3N2INl. RSN2INl. RBN2INl. 

1 PSN2INl. PtlN21Nl 
1770 CONTINUE 
1800 LS~ = 1 

C-----INTERPOLATE AND DISTRIHUTE 
CAL L I I~ T E R P 4 I r'l I-' 7. N C T 4 • 
CALL INTERI-'4 I M1-'7. NCT4. 
CALL INTERP4 ~P7. NCT4. 
CALL INTERP4 MP7. NCT4. 

LS~ l., 

VALUFS FROM 
IN 14 • IN24. 
I I~ 14. 11~2 4. 
IN 14. IN24. 
IN14. I i~24 • 

TABLE 4 
i<.R24. ESN2. ES. LSM 
i<.R24. CSN2. CSt LSi'1 
f(R24. SHN2. ~H. LSI'1 
KR24 • .'oHDN. SHD. L Si"1 

CALL INTERI-'4 MP7. NCT4. IN14. IN24. ~R24. A~N2. AS. LSM 
CALL INTERP4 I 1'11-'7. NCT4. IN14. IN24. KR24. SIN2. 51. LSM 

C-----INTfRPJLATE AND DISTRI~UTE VALUES FROM TABLE 5 
LS"1 1 

CALL INTERP4 MP7. NCT5. 
CALL INTERP4 MP7. NCT5. 
CALL INTERP4 MP7. NCT5. 
CALL INTERP4 MfJ7. NCT5. 

LSM 'J 

CALL IIHERP4 '1P7. NCT'::!. 
CALL INTERP4 i'lP 7. NCT5. 

C-----INTERPULATE AI~ I) UISTRI8UTC: 
LS"1 1 

CALL [l'HERP4 1"11-'7. NCT6. 
LSM V 

CALL INTFRP4 IVIP7. NCT6. 
CALL INTERP4 MP7. NCT6. 

C-----INTERP0LATc: AND UISTRIclUTE 
CALL 
CALL 
CALL 
CALL 

CALL 
CALL 

INTERi-'4 I i~ll-' 7. NCT7. 
INTERP4 I i'IP7. NCT7. 
INTERP4 l'il-' 7. NCT7. 
INTERI-'4 ,jlP 7. NCT7. 

LSM 
INTERP4 MP7. NCT7. 
INTERI-'4 ,'1P7. NCT7. 

CSI,l CS(4) 
CI:l13l Ctll4l 
CSI"1P5l = CSIMI-'4l 
CtllMP5l = CRIMP4l 

DO 1850 J 1. MP7 

IN 15. IN25. 
IN 15. IN25. 
IN 15. IN25. 
IN 15. IN25. 

IN 15. I N2 5. 
IN 15. IN25. 

VALUES FROM 

IN16. IN26. 

IN16. !I'.J26. 
IN16. IN26. 

VALUES FROM 
IN 1 7. IN27. 
I ill 17. IN27. 
IN 17. IN27. 
I I~ 1 7 • 11'<27. 

IN 17. IN27. 
IN 1 7. IN27. 

FSIJl ESIJ) * SIIJl 
FBIJl EtllJl * tJIIJl 

1850 CONTINUE 
KERR = u 
ITER = () 

KR25. EtlN2. Eo. LSM 
KR25. CtlN2. CB. LSM 
KR25. BHN2. BH. LSM 
KR25. oHDN. oHD. LSI'1 

i<.R25. AtlN2. AB. LSi'1 
i<.R25. tlIN2. tl I • LSi" 

TAI:lLE 6 

i<.R26. SCMN. SCI'1. LSI" 

KR26. QN2. a. LSi"1 
KR26. SN2. s. LS,"1 

TAtlLE 7 
KR27. TjN2. TS. LSi" 
f(R27. TbN2. TB. LSM 
KR27. RSN2. RS. LSM 
i<.R27. KtlN2. RB. LS,'1 

KR27. PSN2. PSt LSM 
KR27, PtlN2. PB. LSI'v1 

C-----STURE VALUES OF DISPLAC~MENT FROM THE PREVIOUS ITERATION 
3000 DO 31uu J = 1. MP7 

US T (J l = lJS I J ) 

l 

) 

) 

l 
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13SE66 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
08JE6 
02JL6 
29MR6 
15JL6 
15JL6 
15JL6 
15JL6 
Q2JL6 
15JL6 
15JL6 
29MR6 
29MR6 
15JL6 
15 J L6 
15JL6 
15JL6 
29MR6 
15JL6 
15JL6 
291-lR6 
29MR6 
15JL6 
05AP6 
15JL6 
15JL6 
08JE6 
15..JL6 
15JL6 
15JL6 
15JL6 
08JE6 
15JL6 
15JL6 
29JL6 
29JL6 
29JL6 
29JL6 
29MR6 
29MR6 
29MR6 
29MR6 
26JL6 
25JL6 
25JL6 
25JL6 
25JL6 
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UBT(J) = UB(J) 26JL6 
,1UU CONTINUE 2SJL6 

ITER = ITER + 1 2SJL6 
SMD = ~.U 2SJL6 
NSTA = u 2SJL6 
NS = 1 09JE6 
SMP = u.u 10JE6 
SMPI = 0.0 10JE6 

C-----COMPUTE MATRIX COEFFICIENT~ 08JE6 

1 
2 

1 
2 

DO 3SuO J = 3, MP5 lSJE6 
SMD = SMO + SH(J-l) * US(J-l) + BH(J-l) * UB(J-l) 2SJL6 
SMDI SMD + O.S * ( SH(J) * US(J) + BH(J) * UB(J) 2SJL6 
SMD2 2.0 * SMD + 1.5 * ( SH(J) * U~(J) + BH(J) * UB(J))2SJL6 

SI>1D, 

SMP 
SMPI 
A ( 1 ,J) 
AI/,J) 
AI"J) 

A (4,J) 

A (5,J) 
AI6,J) 

A(7,J) 
A(8,J) 
AI 9,J) 
AIIO,J) 
b 11 ,J) 
B(2,J) 

B I,,J) 
B (4,J) 

B (5,J) 

13 (6,J) 
[l(7,J) 
R I R,J) 
B I 9,J) 
C 11, J ) 

C(2,J) 
C("J) 
CI4,J) 

C I 5,J) 

C(6,J) 

+O.S * ( SH(J+l) * US(J+l) + BH(J+l) * U6(J+l) ) 27JL6 
SMD + SH(J) * US(J) + BH(J) * UB(J) 2SJL6 
+ 0.5 * ( SH(J+l) * US(J+ll + RH(J+l) * UB(J+l) ) 27JL6 

SMP + PS(J-l) + PB(J-l) 10JE6 
SMP + PS(J) + PB(J) 10JE6 
AS(J-l) * ES(J-l) / H 2SJL6 
0.0 2SJL6 
(l.5 * I C:oIJ-l) + CSIJ) + CB(J-l) + Cd(J)) 2S J L6 
* SCM(J) / H 2SJL6 
- ( A::>IJ-l) * ESIJ-l) + A:oIJ) * E:oIJ) ) / H 26JL6 
- SH(J) - SCM(J) 2SJL6 
SCMIJ) 27JL6 
- O.S * CS(J-l) + CS(J) + CBIJ-l) + CB(J) ) 27JL6 
* SCMIJ) / H 2SJL6 
AS(J) * ESIJ) / H 25JL6 
0.0 2SJL6 
0.0 2SJL6 
- PSIJ) 26JL6 
ABIJ-l) * EB(J-l) / H 2SJL6 
- O.S * ( CS(J-l) + C~IJ) + CBIJ-l) + CB(J) ) 2SJL6 
* SU:( J) / H 2SJL6 
SCM(J) 25JL6 
- I Ad(J-l) * E8IJ-l) + ABU) * EB(J) ) / H 2SJL6 
- BH(J) - SCMIJ) 2SJL6 
0.5 * I C:oIJ-l) + CSIJ) + CBIJ-l) + CBIJ) 2SJL6 
* SCMIJ) / H 2SJL6 
C'.O 
ABIJ) * F8IJ) / H 
0.0 
- PB(J) 
FSIJ-l) + FtlIJ-l) -,0.25 * H 
* ( RSIJ-l) + RB(J-l) ) 
CSIJ-l) * ASIJ-l) * ESIJ-l) * H 
- CtlIJ-l) * AbIJ-l) * Etl(J-l) * H 
- 2.0 * ( FSIJ-l) + FBIJ-l) + FS(J) + FBIJ) 
+ HE2 * ( SMP + O.S * I PSIJ) + PBIJ) ) ) 
- S/vWl * HE2 

I CS(J-l) * AS(J-l) * ESIJ-l) + 2.0 * CSIJ) 
* ASIJ) * FS(J) + H * O.S * ( CSIJ-l) 
+ CS(J) ) + SH()(J) ) * SH(J) ) * H 

CBI-.J-l) * AB(J-l) * EB(J-l) + 2.0 * CB(J) 
* Ab(J) * Etl(J) + H * ( O.S * ( CBIJ-l) 

2SJL6 
2SJL6 
2SJL6 
2SJL6 
29JE6 
29JE6 
07JE6 
09JE6 
07JE6 
09JE6 
2SJL6 
07JE6 
07JE6 
07JE6 
07JE6 
07JE6 

89 
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2 

1 
2 
3 
4 
5 

1 
2 

1 
2 

1 
2 

1 
2 
3 
4 

C(8,J) 

C(9.J) 

C(lO,J) 

C(ll,J) 
C!l2.J) 
CI13.J) 

CI14.J) 

+ C B ( J) ) + BHD ( J) } * dH ( J) ) * H 
= FS(J-ll + Ftl(J-l) + 4.0 * ( FS(J) + FtHJ) 

+ FS(J+l} + Fb(J+l} - ( 2.0 * SMP + 105 * 
( PS(J) + PoIJ) ) + 0.5 * ( PS(J+l) 

'" 

:: 

:: 

'" 

+ PB(J+l) , ) * HE2 + S(J) * HE3 + 0.25 * H 
* ( RS(J-l) + I':(B(J-l) + f~S(J+l) + R8(J+ll ) 
+ SMD2 *" HE2 

2.0 * CS(J) * AS(J) * ES(J} + CS(J+l) 
* AS(J+ll * ES(J+l) + ( 0., * ( CS(J) 
+ CS(J+l) ) + SHD(J+l) ) * SHIJ+l) * H I * H 

( 2.0 * C8(J) * A8(J) * EB(J) + CClIJ+l) 
* A8(J+l1 *" Ec1J+l1 + ( 0.5 * ( CbIJ) 
+ CtJ(J+l1 } + tlHu(J+ll ) * tlH(J+ll * H ) * H 
- 2.0 * ( FSIJ) + FB(J) + FS(J+l) + F8(J+l) ) 
+ ( Sf"lPI + 0.5 * ( PSIJ+U + PtllJ+ll ) I * HE2 
- SM03 * HE2 
- CS(J+l) * AS(J+l) * ES(J+l) * H 
CB(J+l) * Atl(J+l) * E8(J+l) * H 
FS(J+l) + Fo(J+l1 - 0.25 * H * ( RS(J+l) 
+ r~B(J+l1 ) 
Q(J) * HE3 + 0.5 * ( - PS(J) * ( CS(J 1) 
+ CS(J) ) + PS(J+l) * ( CS(J) + CS(J+ll ) 
+ P8(J) * I C8(J-l) + Co(J) I - PB(J+l1 
* ( CtHJJ + Co(J+ll ) ) * HE2 - 0.5 * HE2 
* ( TS(J-l) + Tb(J-l) - TS(~+l) - TCl(J+l) 

35vO CONTINUE 
C-----BEGIN GAUSSIAN ELIMINATION 

40viJ 

C-----SET 
4J5D 

4085 

4200 
4201 

425U 

43..;0 

4350 

DO 6000 J:: 4. MP5 
IF I KEYIJ) - 1 ) 9980, 4200, 4050 
SPECIFIED DE~LECTION 
DO 4JB5 N:: 1. 14 

CtN,J) = 0.0 
CONT INUE 

C(7,J) :::; 1.0 
CI14,J) WSINS) 
NS = NS + 1 

IFI CI7,J-l) ) 4201,4401,4201 
CM = - AI3.J) I C(7,J-l) 

DO 4250 N = 3, 10 
TCIN) :: CM * C(N+4,J-l) 
AIN,J) = AIN.~) + T(IN) 

CONTINUE 
CM = -B(2.J) I C(7.J-l) 

DO 4300 N = 2. 9 
TCIN) = CM * C(N+5,J-l) 
BIN.J) = 8IN.J) + TC(N) 

CONTINUE 
CM = - C(4.~) I CI7.J 1) 

DO 435U N = 4. 10 
TCIN) = CM * C(N+3.J-l) 
C(N,J) = CIN.J) + TC(N) 

CONTINUE 
CI14.J) = CI14,J) + CM * C(14,J-ll 
CM :: - Cll.J+l) I C(7,J-l) 

DO 4400 N = 1. 7 

A2.10 

07JE6 
07JE6 
07JE6 
07JE6 
29JE6 
29JE6 
25JL6 
07JE6 
07JE6 
09JE6 
07JE6 
07JE6 
09JE6 
09JE6 
09JE6 
25JL6 
09JE6 
09JE6 
29JE6 
29JE6 
09JE6 
07JE6 
07JE6 
29JE6 
29JE6 
16JE6 
09JE6 
15JE6 
30JE6 
15JE6 
25JL6 
,OJE6 
lOJE6 
30JE6 
30JE6 
30JE6 
040C66 
040C66 
06JE6 
08JE6 
06JE6 
06JE6 
06JE6 
06JE6 
08JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
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44UO 

44Ul 
44u2 

45U0 

455u 

460J 

465u 

4651 
4652 

47uU 

4750 

48'JU 

48,)U 

TC(Nl = CM * C(N+6,J-1) 
C(N,J+1) = C(N,J+l) + TC(N) 

CONTINUI: 
C(14,J+l) = C(14,J+l) + 0.1 * C(14,..)-I) 

IF( A(4,J) l 4402,4651,4402 
01 = - 1:3(3.Jl / A(4.J) 

DO 45~.J N = 3, 9 
TC(N) = CM * A(N+l,J) 
B(N.J) = f3(N,J) + TC(N) 

CONTINUE 
CM = - C(5.J) / A(4.J) 

00 455u N = 5, 10 
TC(N) = CM * A(N-1,J) 
C(N.J) = C(N,J) + TC(N) 

CONTINUE 
C ( 14 , J) = C ( 14 , ..)) +0,1 * A ( 10 .J ) 
CM = - A(I,J+l) / A(4,J) 

DO 460u N = 1, 6 
TC(N) = CM * A(N+3,J) 
A(N,J+l) = A(N,J+l) + TC(N) 

CO~TINUE 

A(10,J+ll = A(IU,J+l) + 01 * A(10,J) 
CM = - C(2,J+l) / A(4.J) 

DO 46~O N = ?, 7 
TC(N) = C~ * A(N+2,J) 
C(N,J+l) = C(N,J+l) + TC(N) 

CONTINUE 
C(14,J+ll = C(14,J+l) + CM ... A(10,J) 

IF( 8(4,J) ) 4652,6000,46,)2 
CM = - C(6,J) / 1:3(4,J) 

DO 47 U 0 N = 6, 1 C 
TC(N) = CM * B(N-2,J) 
C(N.J) = C(N,J) + TC(N) 

CONTINUE 
CI14,J) = C(14,J) + CM * B(9.J) 
CM = ,- A(2,J+1) / R(4,J) 

DO 4750 N = 2, 6 
TC(N) = CM * B(N+2,J) 
A(N,J+ll = A(N,J+IJ + TC(N) 

CONTINUE 
A(lu,J+l) = A(lu,J+l) + CM * d(9,J) 
CM = - 8(1,J+1) / B(4.J) 

DO 4800 N = 1, 5 
TC(N) = CM * d(N+3,J) 
B(N,")+l) 

CONTINUE 
8(N,..)+1l + TC(N) 

R(9,J+1) B(9,J+l) + CM * B(9,J) 
CM = - C(3,J+l) / B(4,J) 

DO 485u N = 3, 7 
TC(N) = CM * I:3(N+l,J) 
C(N.J+1) = C(N,J+ll + TC(N) 

CONTINUE 
C(14,J+1) = C(14,J+1) + CM * d(9,J) 

6uuU CONTINUE 
C-----BEGIN DACK-SUBSTITION 

06JE6 
06JE6 
06JE6 
06JE6 
040C66 
06JE6 
06JI:::6 
06JE6 
06JE6 
(}6JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
08JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
040C66 
06JE6 
06JE6 
06JE6 
08JE6 
06JE6 
06JE6 
06JE6 
06JE6 
08JE6 
06JE6 
06JE6 
06JE6 
06JE6 
06Jt6 
06JE6 
06..)E6 
06JE6 
06JE6 
06JE6 
06JI:::6 
06JE6 
06JE6 
06JE6 
06JE6 
06JE6 
07JE6 

91 
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(,005 
1 
2 

6010 
6015 

1 
2 

('020 
6 0 25 

1 
2 

6100 

DO 6100 L = ~. MP5 
J = MP5 + 3 - L 

IF( C(7.J) ) 6005.6010.6U05 
W(J) = - 1.0 / C(7.J) * ( C(8 • .J) * U::'(J+l) + C(9.J) 

* UB(J+l) + C(10 • .J) * W(J+l) + C(ll • .J) * US(J+2) 
+ C(12.J) l< UB(J+2) + C(13.J) * W(.J+2) - C(14.J) 

IF( B(4.J) ) 6015.6020.6CI5 
UB(J) -1.0 / dI4.J) * ( BI5 • .J) * W(.J) + B(6 • .J) 

IF( AI4 • .J) 
US(J) 

CONT INIJF 

* US(.J+l) + B!7 • .J) * Ud(.J+l) + 13(8 • .J) * W(.J+l) 
- b(9 • .J) ) 
6025.610U.6U25 

1.0 / A(4 • .J) * ( A(') • .J) * UB(J) + A(6.J) 
* W(J) + A!7.J) * US(.J+l) + AI8 • .J) * UB(J+l) 
+ A(9.J) * WIJ+l) - A(10.J) ) 

IF ( ITER - 1 ) 9980. 6110. 6120 
6110 PRINT BUO 

PRINT 805. IMl. 1"12. 1M3 
c---- OETERMINE IF PKubLEM IS NUNLINEAR 

6120 IF I ITMAX ) 9980. 615u. 6200 
615U PRINT 9iJ3 

GO TO 8UOO 
C-----CH~CK THE NUMBER OF IT~RATIONS AGAINST THE SPECIFIED LIMIT 

6200 IF ( ITER - ITMAX ) 6300. 6300. 6250 
6250 <ERR = 1 

GO TO 8uOD 
63UO DO 64u0 J = 4. MP5 

C-----COMPARE DISPLACEMENTS TU THE PREVIOUS ITERATION 
IF I ABSFI US(J) - USTIJ) ) - CLTOL ) 6350. 6350. 6375 

6350 IF ( ABSF( UBI.J) - UbT(J) ) - CLTOL ) 6400. 6400. 6375 
6375 NSTA = NSTA + 1 
6400 CONTINUE 

JMl 1"11 + 4 
JM2 li'-12 + 4 
JM3 I i'-13 + 4 
UM ( 1 ) USU"11 ) 
UM(2) UB Ui'-11 ) 
U"1(~) US(JM2) 
U"1(4) Uf3(JM2) 
U"1(5) US (Jj'-1~) 
11M (A) ue (.JWI) 

PRINT BI0. ITER. NSTA. ( UM(N). N 1.6) 
IF (N::'TA) 998u. BUUU. 3uuO 

C-----CO"1PUT~ RE::'ULTS 
8 u U 0 IV ( 2) = 2. C 1< W I 3) - v.J 1 4 ) 

W(MP6) = 2.0 * WIMP5) - v.JIMP4) 
DO 8u50 J = 3. MP5 

DW2 = I 'IJ(J-j) - 2.U * W(.J) + W(J+j) ) / HE2 
BMS(J) FS(.J) * DW2 
BMSIJ) FBIJ) * DIJ2 
SALlJ) (- US(J) + USI.J+l) ) * ASI.J) 1< ESIJ) / H 
FlAL(J) 1 - UB(J) + lJEl(.J+l) * Atll.J) * EB(.J) / H 

80,)u CONTINUE 
DO 81uu J = 4. MP5 

GAMA(.J) = US(U) - UbI..)) + 0.5 / H * ( CS(..)-I) + CS(.J) 

A2.12 

07JE6 
09JE6 
050C66 
07JE6 
07JE6 

)07JE6 
050C66 
07JE6 
07JE6 
10JE6 
050C66 
07JE6 
07JE6 
07JE6 
07JE6 
02AG6 
02AG6 
25JL6 
25JL6 
02AG6 
25JL6 
25JL6 
25JL6 
26JL6 
26JL6 
26JL6 
27JL6 
25JL6 
26JL6 
25JL6 
25JL6 
25JL6 
27JL6 
27JL6 
27JL6 
25JL6 
25JL6 
25JL6 
25JL6 
25JL6 
25.JL6 
25.JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
29JL6 
26JL6 
26.JL6 
26.JL6 
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1 
2 
j 

1 
? 
j 

81UO 

812U 
1 
;> 
j 

4 
5 

8130 

+ Ctl(J-l) + Cd(J) ) * ( - II'(J-l) + W(J) ) 
FPC(J) = SCM(J) * GAMA(J) 
V,',(J) = ( - tl~I:O(J-l) + bHS(J) - FPC(.)) * 0.5 

* ( CS(J-l) + CS(J) ) + US(J) * SH(J) * SHO(J) 
- ( SAL(J-]) + SALIJ) * 0.5 * ( - W(J-l) 
+ WIJ) ) ) / H 

VB(J) - BMdIJ-]) + Bi'1BIJ) - FPC(J) * 0.5 

CONTINUE 

* 1 Ctl(J-l) + CBIJ) ) - Utl(J) * BHIJ) * RHO(.)) 
+ 1 BALfJ-l) + tlAL(J) * 0.5 * ( - WI.)-l) 
+ WIJ) ) ) / H 

DO 8150 J = ~! MP5 
IF 1 KEYIJ) - 1 ) 9980, 8130, 812U 

REACTIJ) = - V:oIJ) - Vt3IJ) + VS(J+l) + Vd(J+ll 

GO TO 81'i:) 
REACTIJ) 

- UIJ) + ( TS(J-ll + Tt3(J-l) - T:O(J+l) 
- Ttl(J+l) ) / HT2 - ( ( RS(J-l) + Rtl(J-l) 
~-- W(.)-2) - ( RS(J-l1 + RB(.)-l) ) * W(J) 
- ( RS(J+l1 + RBIJ+l) ) * '.-J(J) + ( R.'i(J+l) 
+ Rt3IJ+l) ) .;< W(J+2) I / I 4.0 * HE2 ) 

SIJ) * vi(J) 

R15U CONTINUE 
C-----PRINT RFSULTS 

PRINT 11 
PRINT 1 
PRINT 13, I ANIIN), N = 1, 32 ) 
PRINT 16, NPROB, ( AN2IN), N = 1, 14 ) 

IF I KERR) 9980, 8175, 8160 
816U PRINT 8~u 

8175 PRINT 850 
ISTA = - 1 

PRINT 860, ISTA, ,,1(3), dMSI~), SAL(3), tlMBI'II, BALf~) 

DO 82uu J = 4, ~P5 

I.'iTA = J - 4 
PRINT 87U, FPCIJI 
P R I NT 86 (), l.'i T A, .J(- J I, t3 jvi:o ( J ), SAL ( J 1, 8,', B ( J ), R A LI J ) 

82uu CONTINUE 
PRlf'!T 11 
PRINT 
PRINT n, ( ANl(N), N = 1, 32 ) 
PRH'T 16, NPROtl. ( AN2INI, N = 1, 14 ) 

IF ( KERR I 998U. 8195, b180 
818U PRINT 83d 
8195 PRINT 875 

ISTA = - 1 
PRINT 880, ISTA. REACTI3) 

00 8300 J = 4, MP5 
I.::>TA = J - 4 

PRINT 89u, U:O(J), v,:,(J), 0bIJ), IIBIJI' GAMAIJI 
PRINT 88u, ISTA. REACTIJ) 

8~uU CONTINUE 
CALL TIC TOC 14) 

GO TO llJlO 
998:' PRlf\IT 98 1 1 

9990 CONTINUF 

93 

26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
02AG6 
02AG6 
26JL6 
26JL6 
26JL6 
26JL6 
02AG6 
02AG6 
02AG6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
26JL6 
25.::>E66 
26AG3 ID 
2 81~ R6 
12,MR510 



94 

905 
90S 

1605 

1610 

1620 

1630 

16')0 

1660 
166<; 
1670 

1675 
167f, 
169') 

169A 

1799 

1 

CONTINUE 
PRINT 11 
PRlI'H 1 
PRINT 13. ( ANl(N). N = 1. 32 ) 
P~ PH 19 
END 
SUBROUTINE INTERP4 ( MP7. NCT. JNl. JN2. KR2. ZN, Z, lSM 
DIMENSION JNl(lOO), JN2(100), KR2(100), ZN(100), Z(2071 
FORMAT (//40H ERROR STOP -- STATIONS NOT IN ORDER 1 
FORMAT (//43H UNDESIGNATED ERROR STOP IN SUBROUTINE 

DO 1603 J I. MP7 
ZUI = 0.0 

CONTINUE 
t.1 = MP7 - 7 
KRI = 0 

IFI 1 .GT .NCT GO TO 1676 
DO 1675 NC = 1, NCT 
IF I KRI J 1698, 1605. 1610 

NCI = NC 
JV = JNlINCl1 
KSM 0 

IF ( KR2(NC) ) 169S. 1610. 1670 
Jl JV + 4 
J2 = JN2(NC) + 4 
JS = Jl + KSM 
DENOt.1 = J2 - Jl 
JINCR = 1 
ESt.1 = 1.0 
ISW = 1 - LSM 

IF (DENOM 11695.1620.1630 
DENOt.1 = 1.0 
ISW = 0 

DO 1650 J = JS, J2, JINCR 
DIFF = J - Jl 
PART = DIFF / DENOM 
lUI = ZUI + ( ZN(NCl1 + PART * ( ZN(NC) - ZN(NCll ) I 

* ESM 
CONTI NIJE 

KSM = LSM 
IF ( ISW ) 169A, 1660, 1655 

JINCR = J2 - Jl 
E<;M = ~0.5 
ISW = 0 

GO TO 1630 
IF ( KR2(NC) ) 169S, 1670. 1665 

JV = JN2(NCI 
KR1 KR2(NC) 
NC1 = NC 

CONTINUE 
RETURN 
PRI"!T 905 

GO TO 1799 
PRINT 908 

GO TO 1799 
CONTINUE 
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04MY3 I D 
OSMY3 I D 
ISFE5 ID 
1SFE5 ID 
26AG3 ID 
04MY3 I D 
15JL6 
2SJE6 
14MY5 
14MY5 
26MR5 
26MR5 
26MR5 
10FE6 
12JA5 
01SE66 
26MR5 
02Jl6 
12JA5 
2SJE6 
2SJE6 
02Jl6 
2SJE6 
2SJE6 
n2Jl6 
28JE6 
2SJE6 
2SJE6 
2SJE6 
12JA5 
12JA5 
12JA5 
2SJE6 
2SJE6 
02JL6 
2SJE6 
2SJE6 
12JA5 
2SJE6 
2SJE6 
12JA5 
12JA5 
12JA5 
12JA5 
12JA5 
2SJE6 
12JA5 
12JA5 
12JA5 
14MY5 
14MY5 
lSJAS 
14MY5 
lSJAS 
lSJAS 
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END 
SURROUTINE TIC TOC (J) 

10 FURMATIII130X19HELAP5ED CPU TIME = IS,BH MINUT 5F9.3.BH SECOND5 
11 FURMAT(11130X15HCOMPILE TIME = ,I5,8H MINUTE5.F9.3.8H 5ECONDS 
12 FUR~AT{11130X24HTIME FOR THIS PROdLEM ,IS,BH MINUTE5.F9.3. 

1 RH 5ECO~DS ) 
I = J - 2 

IFIll) 4U.30,30 
30 FI4 F 
40 CALL 5~CUND IF) 

I 11 F 
I 1 = I 11 I 60 
FI2 = F - 11*60 

IFI I ) ')Il,]U,60 
50 DRINT II, Il,FI2 

GO TO 990 
FI, = F - FI4 
12 = FI3 I 60 
FI3 = Fl3 - 12*60 

PQINT 12. 12. FI3 
IFI 1-1 ) 990.990,7U 

70 PRINT 1o. 11.F12 
99'j CONTINUE 

RETURN 
END 

95 

04MA3 ID 
240C66 
255E66 
255E66 
2S5E66 
255E66 
240C66 
2S5E66 
255E66 
2S5E66 
2S5E66 
2SSE66 
2S5E66 
2S5E66 
255E66 
2S5E66 
25SE66 
25SE66 
2SSE66 
25SE66 
255E66 
2S5E66 
255E66 
255E66 
255E66 
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C-----NOTATION 
C 

For~ CO~~tl!V\ 1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A ( • ) 
AB ( ) 
ABN2 ( ) 
AN 1 ( ), 
AS( ) 
ASN2 ( ) 
B ( • ) 
SAL ( ) 
8HI ) 
SHD! ) 
BHDN! 
31 ( ) 
BIN2( 
BMB I ) 
BMS( I 
C ( , ) 
CBI ) 
CBN2! 
CLTOL 
CM 

CSt ) 
CSN2( 
DENOM 
DIFF 
D't!( ) 
DI>l2 
E8 ( ) 
EBN2 ( 
ES I ) 
ESM 
ESN2 ( 
FBI ) 
FPC ( ) 
FSI ) 
GAI'-1A ( 
H 
HE2 
HE3 
HT2 

AN2 ( ) 

IMl, 1M2, 1M3 
IN13( ) 
IN14( ), IN15( ), 

IN16( ), IN17( ) 
IN24( ). IN25( ,. 

IN26( ,. IN271 ) 
INSAV 
ISTA 
I SW 
ITER 
I TEST 

MATRiX COEFFICIENTS 
CROSS SECTIONAL AREA OF tlEAM 
tlEAi"1 OWSS St:CT IONAL AKEA ( I NPv T 
IOENTIFICATION AND r<EMA~~~ (AL~rlA-NUM) 

CROSS SECTIONAL AREA OF ~LAo 
SLAB Cr<0S~ StCT IOI\li-\L Aktl-l ( 11~l-'vT ) 
MATRIX COe~FICItNTS 
DEA"" AX I AL LOAI) 
oEAM HORIZONTAL SPRING CON~TANT 
DIST OF dEAM N.A. TO HORIZ SPRING 
DIST iJF tlEAM N.A. Tu HUKIl SPkll~G (II~PUT) 

tlEAM ~OMENT OF INERTIA 
dEAr~ r>lOMi::NT OF INERTIA ( INPUT) 
btNDING M0MENT IN btAM 
8ENDING MUMENT IN SLAB 
MATRIX COEFFICltNTS 
DISTANCE ~ROM otAM N.A. TO INTer<FACt: 
DIST FROM otAM N.A. Tu INTeRFACe ( INPUT 
CLvSUkE TvLtr<l-II>lCt fur< I~v'~-L-I J~tAr< ~ULU f I UI~ 
CUtFFICIEI\lT MuLTIPLIEr< FOR ELIMINATING 

TEHM~ deLu. TrlE MAIN 0IAGUNAL 
oISTANCE rr<OM ~Li-\B N.A. TO INTtRfACt 
DlsT FROi"l ~LAtl N.A. 10 INTERFACt ( INPUT 
DENOMINA.TOR 
DIFFERENCE 
FIRST I)ERIVATIVE Of DtFLECTION ( SLOPt: I 
SECOND DERIVATIVt OF DEFLECTION 
MODULUS OF ELASTICITY OF BEAM 
BlAM MODULUS OF ELASTICITY ( INPur 
MODULUS OF ELA~TICITY OF SLAB 
MULTIPLIER FOR END STATIONS 
SLAB MODULUS OF ELASTICITY I INPuT 
BEAM FLEXURAL ~TIFFNES~ (TOrAL PER ~TAI 

FORCE IN SrlEAR CONNECTOk~ (TOTAL PER STAI 
SLAB FLEXURAL STIFFNESS (TOfAL PER ~TAI 

TOTAL ~LIP AT INTERFACE 
INCREMENT LENGTH 
H SQUARED 
H CUBED 
H TIMES 2 
MONITOR STATIO~S 
~XTtRNAL ~TA N0MdEK FUR ~Pt(IFlc~ ~t~Lt(T 
INITIAL EXlt:RNAL STA u~EO IN TAbLt:~ 

4, 5, 6, AND 7 
FINAL EXTtRNi-\L ~TA USED IN TABLt~ 

4. 5, 6, AND 7 
TEMPuRARY VALUt OF IN13( ) 
OUTPUT VALUE OF STA NUMBER 
ROUTING SiJITCH 
ITtRATION NUMBER 
= 5 ALPHANUMERIC 8LANKS UStD TO TERMINATE 

THE PROGRAM 

v6AG6 

06AG6 
06AG6 
06AG6 
06AG6 
U6AG6 
06AGo 
06AG6 
U6AGo 
U6AG6 
06AGo 
06AGb 
06AG6 
06AG6 
06AG6 
06AGo 
06AGo 
U6AG6 

)()6AG6 
U6AGo 
U6AGb 
Obi-\G6 
U6AG6 

Jll6AG6 
06AG6 
06AG6 
06AG6 
06AG6 
U6AG6 
06AG6 
06AG6 
06AG6 
06AGb 
ll6AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
U6AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
u6AG6 
06AGb 
06AG6 
06AG6 
06AG6 
u6AG6 

99 



100 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ITMAX 

J 
Jl 
J2 
JA 
JINCR 
JMl 
JM2. JM3 
JNI( ), JN2( 

JS 
JV 
KEEP2 THRU KEEP7 
KERR 
KEY( 
KRI 
KR2 ( ) 
KR24( " KR25( ). 

KR26( " KR27( ) 
KSM 

KSW4( " KSW5( ). 
KSW6( ). KSW7( ) 

L 
LABEL 
LSM 

M 

MP2 THRU MP7 
N 
NC14 THRU NC17 

NCD 2 THRU NCD7 
NCT3 THRU NCT7 

NPROB 
NS 
NSTA 
PART 
Pb( ) 
PBN2 ( 
PSI ) 
PSN2 ( 
Q( ) 

QN2 ( ) 
RB ( ) 
RBN2 ( ) 
REACT ( ) 
RS( ) 
RSN2 ( ) 
S( ) 

SAL( ) 
SCM ( ) 
SCMN ( ) 

A3.2 

MAXIMUM NUMBER OF ITERAfIONS ALLOWED FOR 06AG6 
NON-LINEAR ~OLUTION 06AG6 

DO LOOP INDEX. = Sf A NUMBER 06AG6 
INITIAL STA IN THE DISTRIBUTION SEQUENC~ 06AG6 
FINAL STATION IN THE DISTRIBUTION ~EQUENC~06AG6 
IND~X IN TABL~ 3 SORTING PROCEDURE 06AG6 
INCREMENTATION INDEX 06AG6 
JA - 1 06AG6 
INTERNAL MONITOR STATION NUMBER 06AG6 
INITIAL AND FINAL EXT~RNAL STATION NUMBER 06AG6 

OF THE DISTRIBUTION SEQUENCE 06AG6 
STA OF SP~CIFIED DEFLECTION 06AG6 
INITIAL STA NUMdER ON PREVIOUS CARD 06AG6 
IF = I. KtEP PRIOR DATA. TABLE~ 2-7 06AG6 
SWITCH fO INDICATE IF SOLUfION IS CLOScD 06AG6 
ROUTiNG SwITCH FOR SPtCIFIcD DcrLtCTIONS 06AG6 
PRIOR VALUE OF KR2 ( ) 06AG6 
CONTINUE SwITCH 06AG6 
CONTINUE SWITCHES IN TABLES 06AG6 

4. 5. 6. AND 7 06AG6 
S~ITCH USED FOR DISTRIBUTING VALUES TO 06AG6 

HALF-STATIONS 06AG6 
ROUTING SWIfCH IN fABLE~ 06AG6 

4. 5, 6. AND 7 06AG6 
DO LOOP INDEX 06AG6 
DUMMY VARIABLE USED TO LABEL PROBLEM~ 06AG6 
SWITCH FOR DISTRIBUTING VALUES fO 06AG6 

HALF-~TAfIONS 06AG6 
fOfAL NUMd~R OF INCREMENf~ 06AG6 
M + 2 THRU M + 7 06AG6 
MATRIX COEFFICIENT SUPERSCRIPf 06AG6 
INITIAL INDEX VALUE FOR TH~ INPUT TO THE 06AG6 

PARfICULAR TABLE 06AG6 
NUM CARDS IN TABLES 2 fHRU 7. THIS PROB 06AG6 
TOTAL NUMbER OF CARDS IN THE PARTICULAR 06AG6 

TABLE 06AG6 
PROBLEM NUMBER (PRUGRAM Sf UPS IF BLANK) 06AG6 
INDEX NUMdER FOR SPECIFIED DEfLECTION 06AG6 
NUMBER OF STATIONS NOT CLOSED 06AG6 
INTERPOLATION FRACTION 06AG6 
LUNGlfUUINAL btAM LuAD 06AG6 
LONGITUDINAL BEAM LOAD ( INPUT) 06AG6 
LONGITUDINAL SLAB LOAD 06AG6 
LONGITUDINAL SLAB LOAD ( INPUT ) 06AG6 
TRANSVERSE FORCE (TOfAL PER STA) 06AG6 
TRANSVERSE FORCE ( INPUT ) 06AG6 
ROTATIONAL BEAM RESTRAINT (TOTAL PER STAI 06AG6 
ROTATIONAL Bc:M1 RESfRAINT ( INPUf ) 06AG6 
SUPPORf RtACflON AT EACH ~fA 06AG6 
ROTATIONAL SLAb RESTRAINf (TUTAL PER STAI 06AG6 
ROTATIONAL SLAd RESTRAINT ( INPUT I 06AG6 
SPRING SUPPORT STIFFNESS (TOTAL PER ~TAI 06AG6 
~LAB AXIAL LOAD 06AG6 
SHEAR CONN~CfOR MODULUS (TOTAL PER STAI 06AG6 
SHEAR CONNECfOR MODULUS ( INPUT I 06AG6 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SH( ) 
SHD( ) 
SHDN ( ) 
S r ( ) 
SrN2( ) 
SMD 

SMDl THRU SMD3 
SMP 
SMPl 
SN2( ) 
TBI ) 
TBN2f 
TCI J 

T S ( I 
T SN2 ( 
UBI ) 
UBT ( J 

UM( ) 
US! ) 
UST I ) 

VBI ) 
VSI I 
WI I 
WS! 
WSAV 
Z ( I 
ZN( ) 

SLAB HORIZONTAL SPRING CONSTANT 
DIST OF SLA8 N.A. TO HOKIZ SPKING 
DIST OF SLA8 N.A. TO HOKIZ SPRING (INPUT) 
SLAB MOMlNT OF INERTIA 
SLAB MOMt:N T OF I NER T I A ( INPUT ) 
SUMMATION UF PRUDUCT UF HORIZ SPKING AND 

HORIZ DISPLACEMENT 
NONLINEAR TeRMS UF THE eQUATION 
SUMMATION UF LONGITUDINAL LOAD~ 

SMP + ADDITIONAL LONGITUDINAL LUADS 
SPRING SUPPORT STIFFNESS ( INPUT) 
TRANSVERSE BEAM TORQUE (TOTAL PER srA) 
TRANSVERSE BEAM TORQUE ( INPUT I 
TEMPORARY COEFFICIENTS USED TO ELIMINATE 

TERMS 8ELOW THE MAIN DIAGUNAL 
TRANSVERSe SLA8 TORQUE (TUTAL PER STA) 
TRANSVER~E SLA8 TORQUE ( INPuT ) 
LONGITUDINAL D!~PLACEMeNT uF ~c~M 

LUNGITUDINAL DISPLACEMENT UF BEAM 
FROM PREVIOUS ITERATIuN 

DISPLACEMeNT~ AT THE MONITOR STATIuN~ 
LONGITUDINAL DISPLACEMENT OF SLAB 
LONGITUDINAL DISPLACEMENT OF SL~b 

FROM PREVIOUS ITERATION 
SHEAR IN BEAM 
SHEAR IN SLAB 
LATERAL DEFLECTION 
SPECIFIED VALUe OF DEFL AT STA Js 
TEMPORARY VALUl OF WS( ) 
INTERPOLATED VALUE 
INPUT VALUE FOR INTERPOLATION 

06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
06AGo 
06AGo 
U6AG6 
06AG6 
06AGo 
06AG6 
06AG6 
06AG6 
06AG6 
06AG6 
U6AG6 
06AG6 
06AG6 
06AG6 
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APPENDIX 4 

FLOW DIAGRAMS FOR COMBM 1 
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A4.l 105 

SUMMARY FLOW DIAGRAM FOR PROGRAM COMBM 1 

I 

READ problem number and descriptio~ 

Is there a problem? 

~o '(Yes 

e READ and PRINT Tables 1-7. (data>! 

1800 

Apply SUBROUTINE INTERP41 Distribute data to sto rage 

3000 

Store values of horizontal displacement I 

Compute matrix coefficients I 
4000 

Eliminate terms below main diagOnall~ 
Gaussian 

Solve for unknowns (W, 11, Ub
) 

eliminati 

-------by back substitution 

on 

II 
Is the problem nonlinear? ) 

I Yes No 

PRINT moni tor datal 

s the solution closed to 
he specified tolerance? 

I NO Yes 

Has the max number 
of iterations been 
exceeded? 

)lNo Yes 

8000 

Compute moments, shears, etc. I 

PRINT results l 



106 

(

I 

t 
I 
\ 

GENERAL FLOW DIAGRAM FOR PROGRAM COMBM 1 

READ and PRINT problem identification 

Yes 

READ and PRINT Tables 1 and 2. 
Table 1. Program Control Data 
Table 2. Constants 

READ Table 3. Specified Deflections 

1340 

Rearrange the cards in Table 3 in 
order of ascending station number 

PRINT Table 3. 

READ and PRINT Tables 4, 5, 6, and 7. 
Table 4. Slab Properties 
Table 5. Beam Properties 
Table 6. Data connnon to the slab and 
Table 7. Data for the slab and beam 

beam 

Dis tribute all 
data to storage 

DO for each sta (J) from 1 to MP7 

A4.2 

FS(J) = ES(J) * SI(J) 
FB(J) = EB(J) * BI(J) 

Compute the 
flexural stiffness 

--------

KERR = 0 
ITER = 0 



A4.3 

,-
I 
I 

t 
I 
~ 

3000 

DO for each sta (J) from 1 to MP7 

VST(J) = VS (J) 
VBT(J) = VB(J) 

"""'----------

ITER = ITER + 1 
SMD 0.0 
NSTA 0 
NS = = 1 
SMP = 0.0 
SMPI = 0.0 

Compute matrix coefficients 

4000 

(------ DO for each sta (J) from 4 to MP5 

o 

r-- DO for each N from 1 to 14 

I 

t 
I 
l 
"""'---------

t 

CM - A(3,J) / C(7,J-l) 

Store values 
of horizontal 
displacements 

107 

Begin Gaussian 
elimination 

Clear all coefficients 
to zero 

Set specified 
deflection 

Begin elimination of 
all terms below c7 

i-I 
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t 

( 

I 
I 

1 

I 
l 

-

'--

(

I 
I 
I 

1 

l_ 

(
I 
I 
I 

1 

l_ 

I 
DO for each N from 3 to 10 

I 
TC(N) = CM * C(N+4,J-l) 
A(N,J) = A(N,J) + TC(N) 

14250 

--- ----1 CONTINUE 

I 
CM = - B(2,J) I C(7,J-l) I 

I 
DO for each N from 2 to 9) 

I 
TC(N) = CM * C(N+5,J-l) 
B(N, J) = B(N,J) + TC(N) 

14300 

------ CONTINUE 

I 
CM = - C (4, J) I C(7,J-l)·1 

I 
DO for each N from 4 to 10) 

I 
TC(N) = CM * C(N+3,J-l) 
C(N,J) = C(N,J) + TC(N) 

14350 
------- CONTINUE) 

I 
I C(l4,J) = C(l4,J) + CM * C(l4,J-l) I 

I 
I CM = - C (1 , J+ 1) I C (7 , J - 1) 

I 
DO for each N from 1 to 7 

I 
TC(N) = CM * C(N+6,J-l) 
C(N,J+l) = C(N,J+l) + TC(N) 

14400 

- ------~ CONTINUE 

I 

A4.4 

3 Eliminate a. 
~ 

Eliminate b7 
~ 

Eliminate c~ 
~ 

1 
Eliminate ci+l 



A4.5 

t 

-( 
I 
I 
~ 

I 
l 
'-

-( 
I 

t 

-( 
I 
I 
I 

t 
l 

1 
r C (14, J+1) = C (14, J+1) + CM * C(14,J-1) l 

I 
I CM = - B(3,J) I A(4,J) 

I 
DO for each N from 3 to 9 

I 
TC(N) = CM * A(N+1,J) 
B(N,J) = B(N,J) + TC(N) 

14500 

------ CONTINUE 

I 
I CM = - C (5, J) I A(4, J) 

I 
DO for each N from 5 to 10) 

I 
TC(N) = CM * A(N-1,J) 
C(N,J) = C(N,J) + TC(N) 

14550 

------ CONTINUE 

I 
r C(14,J) = C(14,J) + CM * A(10,J) I 

I 
CM = - A(1,J+1) I A(4,J) I 

I 
DO for each N from 1 to 6 

I 
TC (N) = CM * A (N+3 , J) 
A(N,J+1) = A(N,J+1) + TC(N) 

1 4600 

------ CONTINUE 

I 
r A(10,J+1) = A(10,J+1) + CM * A(10,J) I 

I 
CM = - C( 2,J+1) I A(4, J) I 

I 

109 

Begin elimination 
of all terms 
below a~ 

1 

Eliminate b~ 
1 

Eliminate c~ 
1 

1 
Eliminate ai+1 
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t 

( 
I 
I 

,-

t 
'-

,..-
I 
I 
I 
I 

t 

I 
DO for each N from 2 to 7 

I 
TC (N) = CM ~': A(N+2, J) 
C(N,J+l) = C(N,J+l) + TC(N) 

1 4650 

- - ---- -1 CONTINUE 

I 
I C(15,J+l) = C(14,J+l) + CM * A(lO,J) I 

I 
I CM = - C(6,J) / B(4,J) 

I 
DO for each N from 6 to 10) 

I 
TC(N) = CM * B(N-2,J) 
C (N, J) = C(N,J) + TC(N) 

14700 

- - - - - - -~ CONTINUE 

I 
r C(14,J) = C(14,J) + CM * B(9,J) I 

I 
CM = - A(2,J+l) / B(4,J)1 

I 
DO for each N from 2 to 6 

I 
TC(N) = CM * B(N+2,J) 
A(N,J+l) = A(N,J+l) + TC(N) 

14750 

------- CONTINUE 

I 
I A(lO,J+l) = A(lO,J+l) + CM -1< B(9,J) I 

I 
CM = - B(l,J+l) / B(4, J) I 

I 

A4.6 

2 
Eliminate c

Hl 

Begin elimination 
of all terms 
below b~ 

1. 

6 
Eliminate c. 

1. 

2 Eliminate a
Hl 



A4.7 

TC(N) = CM * B(N+3,J) 
B(N,J+l) = B(N,J+l) + TC(N) 

'---------

( 

I 
---

B(9,J+l) = B(9,J+l) + CM ~'( B(9,J) 

CM = - C(3,J+l) I B(4,J) 

DO for each N from 3 to 7 

TC(N) = CM * B(N+l,J) 
C(N,J+l) = C(N,J+l) + TC(N) 

""""--------

c(l4,J+l) = C(l4,J+l) + CM ~'~ B(9,J) 

""""-------------

( 
I 
I 
I 

r- DO for each sta (L) from 3 to MP5 

I Compute W(J), UB(J), and US(J) 

I 
l 
'---------

6120 

III 

1 Eliminate b
Hl 

3 
Eliminate cHI 

Begin back 
substitution 
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6150 

-( 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t 

+ 

6200 

6500 

DO for each sta (J) from 4 to MP5 

o 

6375 

NSTA ." NSTA + 1 

6400 

'---------

8000 

JM1 = 1Ml + 4 
JM2 = 1M2 + 4 
JM3 ~ 1M3 + 4 

A4.8 

Determine if 
problem is 
nonlinear 

Check the number 
of iterations 
against the 
specified limit 

Compare 
displacements 
to the previous 
iteration 



A4.9 

r 
J 

I 
I 

I 
I 
I 
l 

-

UM(l) 
UM(2) 
UM(3) 
UM(4) 
UM(S) 
UM(6) 

== US(JMl) 
= UB(JM1) 
= US(JM2) 
= UB(JM2) 
= US(JM3) 
= UB(JM3) 

PRINT Monitor Data 

+ 

8000 

DO for each sta (J) from 3 to MPS 

Compute slab bending moment, beam 
bending moment, slab axial load, 
and beam axial load 

--------

(
I 
I 

I 
I 

I 
\ 

DO for each sta (J) from 4 to MPS 

Compute slip. force per connector, 
slab shear. and beam shear 

"------

(~ DO for each sta (J) from 3 to MPS 

I 
I Compute support reaction 
I 
I 
~ 
""'---------

Return for new problem 

113 
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SUBROUTINE INTERP4 

DO for each sta (J) from 1 to MP7 

"'------ --

M = MP7 - 7 
KR1 = 0 

I 
-------- DO for each card (NC) from 1 to NCT 

t 

+ 

NC1 = NC 
JV = JN1 (NCl) 
KSM = 0 

+ 

o 

1610 

J1 .. JV + 4 
J2 = JN2(NC) + 4 
JS = J1 + KSM 
DENOM = J2 - J1 
JINCR .. 1 
ESM = 1.0 
ISW = 1 - LSM 

A4.10 

1670 



A4.11 

t 

I 
\ 

o 
1620 

DENOM ... 1.0 
ISW "" 0 

(--

1630 

DO for each sta (J) from J1 
to J2 by increments of JINCR 

I ~------------.-------~ 

I 
I 
I 

DIFF = J - J1 
PART = DIFF/DENOM 

t Z(J) = Z(J)+(ZN(NC1)+ PART * , 
(ZN(NC)-ZN(NC1)))*ESM 

I 
I 
! --------

1655 

JINCR .. J2 - J1 
ESM • - 0.5 
ISW .. 0 

o 

1660 

1670 

KR1 = KR2 (NC) 
NC1 0; NC 

+ 

"'-- - - -,- - - - - -- - --

115 
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APPENDIX 5 

LISTING OF INPUT DATA FOR EXAMPLE PROBLEMS 
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AS.l 

CHG TO CE051118 
EXAMPLE PROBLEMS 

1 SIMPLE 

2A 

2B 

20 
o 

20 
(' 

o 
o 
1 
o 
3 

o 

20 
20 
o 

20 
20 

3 
8 8 

12 12 
17 17 

20 
0 

20 
0 
0 
0 

0 
1 
3 
8 

12 
17 

SIMPLE 
o 

20 
0 

20 
SIMPLE 

1 
20 
20 

3 
fl 

12 
17 

CODED bY TPT 
FOR COMBM 

RE-PCH BY JJP 

BEAM. UNIFORM SHEAR CUNNECTOR SPACING 

1.200E+Ol 
O.OOOE+OO 
O.OOOE+ulJ 

1 2 1 2 

o 2.300E+06 3.647E+02 2.160E+02 2.250E+00 
o 2.900E+07 2.041E+02 7.970E+00 6.000E+00 

119 

kUI'; 02 JAI'; 67 

6 0 

o 1.000E+06 O.OOOE+OO 
o 1.400E+U6 
o -1.920E+02 
o -1.000E+04 
o -1.000E+04 
o -1.U00E+04 
o -1.000E+04 

BEAM. BEAM PRUPERTIES UNLY 

1.200E+Ol 
O.OOOE+OO 
O.OOOE+OO 

1 2 

0 2.900E+07 2.041E+02 7.970E+OO 
0 
0 -1.920E+02 

COMPOSITE BEAM. LIVE LOAD ONLY 
1 0 1 0 0 0 0 
0 2.300E+06 3.647E+02 2.160E+02 
0 1.400E+u6 
0 -1.000E+04 
0 -1.000E+04 
0 -1.000E+04 
0 -1.000E+04 

o 2 o 

6.000E+00 
1.00UE+06 O.OOOE+OO 

0 5 0 
~.250E+00 

A CANTILEVER BEAM. ~HEAR CONNECTORS SPACED ACCORDING TO SHEAR DIAGRAM 
0 1 1 2 2 8 1 

20 6.000E+lJU 
0 O.OOOE+lJO 
0 20 0 2.300E+06 .3.647E+02 2.160E+02 2.250E+00 
0 0 0 3.240E+02 1.000E+12 
0 20 0 2.900E+07 2.041E+02 7.970E+OO 6.000E+00 
0 0 0 1.196E+Ol 1.0001':.+12 
1 10 0 1.400E+l)6 

12 12 0 1.400E+u6 
14 14 0 1.400E+u6 
16 16 0 1.400E+06 
18 18 0 1.400E+06 
20 20 0 1.400E+06 
H' 10 0 5.000E+03 
20 20 0 5.000E+03 

0 0 0 1.000E+13 1.000E+13 
4 A TWO-SPAN bEAM 

0 1 '3 5 8 6 0 
60 1.200E+Ol 

0 O.OOOE+u[) 
30 O.OOOE+OO 
60 0.000E+OO 



120 AS.2 

0 22 0 3.000E+06 2.401E+03 5.880E+02 
0 60 0 3.500E+00 

23 37 0 O.OOOE+OO 6.320E+OO 
23 37 0 3.000E+U7 
38 60 0 3.000E+06 2.401E+03 5.880E+02 

0 60 0 3.000E+u7 
0 26 0 1.141E+03 1.618E+Ol 
0 26 1.040E+Ol 

26 34 0 1.394E+03 1.881E+Ol 
27 33 0 1.188E+Ol 
34 60 0 1.141E+03 1.618E+Ol 
34 60 0 1.040E+Ol 
60 60 0 1.000E+08 1.040E+Ol 

1 60 0 2.100E+06 
0 60 0 -6.750E+02 

10 10 0 -10320E+04 
24 24 0 -3.300E+03 
43 43 0 -1.320E+04 
57 57 0 -3.300E+03 

') A TWO-SPAN IjEAM WITH TRACT I VE FORCES 
0 1 ] 1 1 0 1 0 0 1 0 4 

60 1.200E+Ol 30 1.000E-06 15 30 45 
30 30 0 1.000E+05 9.297E+00 
10 10 0+2.310E+04 +6.600E+03 
24 24 0+5.775E+03 +1.650E+03 
43 43 0+2.310E+04 +6.600E+03 
57 57 0+5.775E+03 +1.650E+03 

6 AN EXPERIMENTAL COMPOSITE BEAI., 
0 1 2 1 2 5 0 

40 6.000E+OO 
0 Ll.OOOE+ULl 

40 O.OOOE+OO 
0 40 0 2.300E+06 3.647E+02 2.160E+02 3.750E+00 
0 40 0 2.900E+07 2.041E+02 7.970E+00 6.000E+00 
0 0 0 1.000E+06 
1 40 0 8.000E+05 
5 5 0 -6.000E+03 

15 15 0 -6.000E+03 
25 25 0 -6.000E+03 
35 35 0 -6.000E+03 



APPENDIX 6 

COMPUTED RESULTS FOR EXAMPLE PROBLEMS 
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A6.1 123 

PROGRAM COMBM 1 - OFCK ? - MATLOCK-TAYLOR REVISION DATE = 29 DEC 66 
CHG TO CF05111R COOED RY TPT RE-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLE~S FOp COM~M 

PROB 
1 SIMPLE 8EAM, liNIFORM C:;HEAR CONNECTOR C:;PACING 

TABLE 1 - PROGRAM-CONTROL DATA 

HOLD FROM PRECEDING PROBLEM (1=HOLD) 
NUM CARDS INPUT THIS PROALEM 

TARLE 2 - CONC:;TANTS 

NUMBER nF INCRFMENT~ 

INCREMENT LENGTH 
NONLINEAR PRORLEM 
MAX NtJM ntRATIONS 
CLOSI)RE rr'LERANCE 
LIST OF MnNITOR STATIONS 

TABLE 3 

STA 

o 
·?O 

TABLE 4 

~PECTFIED DEFLECTIoNS 

DFFL F.CTl 01\1 

I) • 

n. 

SLA8 PROPERTIES 

FRO"'l Tn CONTf) MnDULUS MOMENT 
STA STA OF OF 

FLASTICITY INERTIA 

0 20 0 2.300F+0'" 3.647F'+02 

TABLE 5 REA"" PROPE~TTES 

FROM Tn CONTo MODULUS ,,",OMENT 
STA STA of nF 

ELA<iTTcITY T NE:~TI A 

0 20 0 ?90PF+07 2.n41E+O? 
0 0 0 -0. -0. 

CROSS-
SECTInN 

AREA 

2.160E+02 

CRnc:;S-
SF:r.Tl 01\1 

ARFA 

7.970E+nO 
-0. 

2 

o 
1 

DISTANCE, 
~I. A. TO 

HITFRFACE 

2.250E+00 

DISTANCE, 
"'.1.\ • TO 

TNTFRFACE 

".OonE+OO 
-I). 

. TABLE NUMBER 
3 4 5 6 7 

o 
o 

o 
2 

o 
1 

o 
2 

o 
6 

20 
1.200E+Ol 

NO 
-0 

-0. 
-0 -0 -0 

HORIZONTAL DISTANCE, 
SPRING N.A. TO 

HORZ SPRING 

-0. -0. 

HORIZONTAL DISTANCE, 
SPRING N.A. TO 

HaRZ SPRING 

-0. -0. 
1.OOOE+06 O. 
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halE 6 OATA COMMO",I TO THE ~lAB ANO I=lEA~ 

FROM TO CONTI') ~HFAF~ TRA"lSVERSE SPt:!ING 
STA STA CONNECToR lOAO SUPP0RT 

MM)I'LU5 

20 0 1.400F+0" -0. -0. 
0 20 0 -0. -1·9201:+02 -0. 
3 3 0 -0. -1.oOOE+04 -0. 
B 8 0 -II. -1.OOOE+04 -0. 

12 12 0 -0. -1.000E+04 -0. 
17 17 0 -II. -1.000E+04 -0. 

TABLE 7 OATA FOR THF SLAB AND BEAM 

FROM TO CONTO SLAP REAM SLAB REAM 
STA STA TRANSVERSE TRANSVERSE ROTATIO~Al ROTATIONAL 

COUPLE COUPLE RESTRAINT RESTRAINT 

NONE 

TARLE R - ITERATJON MONITOR OATA 

STA 
ITER NOT 

NUM CLSO 

DISPLACEMENTS AT STATIONS 
-0 

I)-REAM 

NONE 

-0 

sLAB 
LONGITUD. 

LOAO 

U-SLAB 
-0 

A6.2 

BEAM 
LONGITUD. 

LOAD 

U-FjEAM' 
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PROGRAM COMRM 1 - DFCK 2 - MATLOCK-TAYLOR REVISION DATE = 29 DEC 66 
CHG TO CE05111~ COOED RY TPT RE-PC~ 8Y JJP RUN 02 JAN 67 
EXAMPLI=' PRORLEMS FOp C0MFtM 

PROS (CONTD) 
1 SIMPLE BEAM. UNIFORM SHEAR CONNECTOR SPACING 

TARLE 9 COMPUTFrl RESULTS 

STA VERTICAL SLAB SLAB BfAM BEAM LOAD ON 
DEFLECTION RENDING AXIAL BENDING AXIAL SHEAR 

MOMENT LOAD MOMENT LOAD CONNECTOR 

-1 8.9B7F-02 O. O. O. -0. 
O. 

0 O. 1.2931=:-09 9.193E-09 9.127F-09 3.006E-08 
-1.719E+04 

1 -9.9A7E-02 1.490E+04 -1.719E+04 1.052F+05 -1.719E+04 
-1.656E+04 

2 -1 .1721: - 0 1 3.017E+04 -3.375E+04 2.129E+05 .. 3.375E+04 
-1.517E+04 

3 -2.593F-01 4.657E+04 -4.892E+04 3.286E+05 -4.892E+04 
-1.268E+04 

4 -3.3341=:-01 5.033E+04 -".160E+04 3.5521=:+05 -6.160E+04 
-1.093E+04 

5 -3. 9 a9E-01 5.561E+04 -7.253E+04 3.924E+05 -7.253E+04 
-9.464E+03 

6 -4. 5'49F-0 1 6.210E+04 .. 8.200E+04 4.382E+05 -8.200E+04 
-7.936E+03 

7 -S.002F-01 6.987E+04 -8.993E+04 4.930F+05 -8.993E+04 
-5.969E+03 

8 -5.3351:-01 7.937E +04 -9.590E+04 5.600E+05 -9.590E+04 
-3.069E+03 

9 -5.531F-01 7.665F +04 -9.897E+04 5.409E+05 -9.897E+04 
-9.441E+02 

10 -5.596F-01 7.S83E+04 -9.992E+04 5.351E'+05 -9.992E+04 
9.441E+02 

11 -5.531F-01 7."65E+04 -9.897E+04 5.4091:+05 -9.897E+04 
3.069E+03 

12 -5.3)5F-01 7.937E+04 -9.5901:+04 5.6001='+05 -9.S90E+04 
5.969E+03 

13 -S.002F-01 6.9A7E'+04 -8.993E+04 4.930E+05 -8.993E+04 
7.936E+03 

14 -4.S491='-01 6.210E+04 -B.200E+04 4.3821:+05 -8.200E+04 
9.464E+03 

15 -3. 9 89F-01 5.l:i61F+04 -7.253E+04 3.924E'+OS -7.253E+04 
1.1'l93E+04 

16 -3.334F-Ol 5.n33E+04 -".l60E+04 3.552E+05 -6.160E+04 
1.268E+04 

17 -2.5931='-01 4."57E+04 -4.892E+04 3.2a6E'+OS -4.892E+04 
1.517E+04 

18 -1.772F-01 3.017E+04 -3.375E+04 2.129E+05 -3.375E+04 
1.656E+04 

19 ... A.987E'-02 1.490F.+04 -1.719E+04 1.052F'+05 -1.719E+04 
1.719E+04 

20 O. -2.l:iA7E-09 9.193E-n9 -1.A?5E-08 -8.554E-09 
O. 

21 8.9A7F-n2 O. o. o. -0. 



126 

PROGRAM COMRM 1 - IlfCK ? - MATLOO·-TAYLOR 
CHG TO C~05111R CnnEn RY 1PT 
EXAMPLE PROHLEMS FOp cnM~M 

PROR (CONTDI 

RFVISION ["HE = 
qr::-PC~ tiY JJP 

1 SIMPLr:: RFAM, IiNIFnPM S~EAR CON"JECTOR SPACTt\IG 

TABLE 10 

sTA 

-1 

cnMPUTFD PFC:;ULTS 

StAR 
~OR I ZOl\IT AL 

DISPUC 

REAM 
HORIZONTAL 

DISPLAC 

REAM 
S~FAP 

SUPPORT 
REACTION 

o. 

A6.4 

29 nEC 66 
RUN 02 JAN 67 

SLIP 

-1.?2AE-02 
o 2.1Q2E+04 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

4.401E+03 -3.319E-14 1.742F+04 

4.192E+03 

2.::I51E+03 

2.123E+03 

4.385F-02 

4.1871='-02 I.AI1F:+03 

3.73F!F-02 

S.444E+Ol 

3.25F!F-02 -5.444F+Ol 

2.5701:'-02 -1.AlIE+03 

?372F-02 -1.QS5E+03 

2.197F-02 -2.123E+03 

1.1'1071:'-02 I.Allf-l0 

A.925F-04 1.744F+04 

1.751F+04 

5.185E-03 FI.Fl97F+03 

A.383F-03 

1.215E-02 

1.641E-02 A.R"IF+03 

2.]08F-02 8.Fl27F+03 

2.(,05E-02 

3.)19E-02 4.156E+Ol 

3.638E-02 -4.156F+01 

4.152E-02 -9.8401:'+01 

4.6S0f.-02 -A.8271:+03 

C:;.117E-02 -8.A611:'+03 

5.9]9E-02 -8.9)3F+03 

6.493E-02 -1.751F+04 

6.66F1F-02 -1.744F+04 

(,.757[-02 -1.742F+04 

",.757[-02 1.4F19F:-09 

O. 

O. 

o. 

O. 

O. 

O. 

O. 

O. 

.0. 

O. 

O. 

O. 

o. 

O. 

O. 

O. 

O. 

o. 

O. 

2.192E+04 

u. 

TIME Fnp THIS PRORLEM = o MTNUTES 

fLAPSEn CPU TIMF = o 'V\1NI)TI:5 

-1.228E-02 

-1.]83[-02 

-1.083E-02 

-9.060E-03 

-7.806E-03 

-6.760E-03 

-4.?t'>4E-03 

-2.192E-03 

-6.744E-04 

6.744E-04 

2.192E-03 

4.264E-03 

6.760E-03 

7.~06E-03 

1.083E-02 

1.183E-02 

1.22AE-02 

1.228E-02 

1.055 SECONDS 



A6.5 127 

PROGRAM COMBM 1 - DECK J - MATLOCK-TAYLOR REVISION DATE • 29 DEC 66 
CHG TO CEOS1118 CODED BY TPT RE-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLEMS FOR COMBM 

PROB 
2A SIMPLE BEA~. BEAM PROPERTIES ONLY 

TABLE 1 - PROGRAM-CONTROL DATA 

HOLD FROM PRECEDING pROBLEM (1-HOLD) 
NUM ~ARnS INPUT THIS PROBLEM 

TABLE 2 - CONSTANTS 

NUMBF-R OF INCREMENTS 
INCREMENT LENGTH 
NONLINEAR PROBLEM 
MAX NUM ITERATIONS 
CLOSURE TOLERANCE 
LIST OF MONITOR STATIONS 

TABLE 3 

STA 

o 
20 

TABLE 4 

SPECIFIED DEFLECTIONS 

DEFLECTION 

o. 
o. 

SLAB PRoPERTIES 

FROM TO CONTO 
STA STA 

MOnl)LUS 
OF 

F::LASTICYTY 

MOMENT 
OF 

INERTIA 

NONE 

TABLE 5 REAM PRoPERTIES 

FROM TO CONTI) MODULUS MOMENT 
STA STA OF OF 

ELASTICITY I NF::RTI A 

0 20 0 2.900F.:+07 2.041E+02 
0 0 0 -0. -0. 

CROSS
SECTION 

AREA 

CROSS-
SECTION 

AREA 

7.970E+00 
-0. 

2 

o 
1 

TABLE NUMBER 
3 4 5 6 7 

o 
o 

o 
2 

o 
o 

o 
2 

o 

20 
1.200E+01 

NO 
-0 

-0. 
-0 -0 -0 

DISTANCE, HORlZONTAL f)ISTANCE, 
N.A. TO 

HORZ SPRING 
N.A. TO SPRING 

INTERFACE 

DISTANCE, HORIZONTAL DISTANCE, 
N.A. TO SPRING N.A. TO 

INTERFACE HORZ SPRING 

6.000E+00 -0. -0. 
-0. 1.000E+06 O. 
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TABLE 6 !'1ATA en t-4t·.Jf\1 TO THE C\LAB ANf) RF.'A~ 

FROM TO CONTn c;HEAP TRANSVE:R!'E SPRINf, 
STA STA r:ONNFr:TOR LOA() SUPPOPT 

MO()I'LUS 

C 7.0 (l -1'1. -1.920F+02 -0. 

TARLE 7 nATA FOP THF SLAA AND BEAM 

FRO~ TO cONTn ~LAR ~EAM SLAB B~AM 
STA STA TPANSVFPSE TRANSVFR~F ROTATIONAL POTATIONAL 

COUPLE COUPLE RESTRAINT RESTRAINT 

TABLE R - ITFPATTnN MONTTOk DATA 

ST. DTc;PlACEMENTS AT STATIONS 
ITER NOT 

IIIlIlA CLsn 

NONE 

-0 -0 

SLAB 
LONGITUD. 

LOAD 

-0 

A6.6 

8E.A~ 
LONGITUD. 

LOAD 

'U-SLAB U-BEAM 
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PROARAM cnM~~ 1 - nFCK ? - MATLOCK-TAYLOR RFVySl0N DATE • 29 DEC ~6 
CHG Tn CFOSl]IP cnnED RY TPT NF-PC~ BY JJP RUN 02 JAN 67 
[KAMPLE PPO~IE~5 Fnp cnMRM 

PROA (CONTO) 
?A 51~PI.E Af:AM. RF:AM PRoPERTIES ONLY 

TARLE q cnMPUTEn PFC;ULTS 

STA VFNTIrAL SUI-! SLAB REAM BEAM LOAD ON 
DFH-fCT1('\N AENDII\IG AKIAL BE"IDTI\IG AXIAL SHEAR 

MnM[Nl LOAO WlME.t\JT LOAD CONNECTOR 

-I 1.864F-02 O. O. O. -D. 
O. 

0 o. o. O. -?2A2f-09 ";0. 
O. 

-1.664F-O? O. O. 2.11:\9E+04 -0. 
O. 

2 -3.b74F-n2 O. O. 4.147F.+04 -0. 
O. 

3 -C:;.3P4F-O? D. O. S.R75f+04 -0. 
O. 

4 -f-.9~lF-02 D. O. 7.373F+04 -0. 
O. 

5 -R.33BF-D? O. O. B.f)40f+n4 -0. 
O. 

6 -Q.515F-O? O. O. 9.677F+04 -0. 
O. 

7 -1.046F-ol o. O. I.D4BF+05 -Ob 
O. 

8 -l.I14F-Ol O. O. 1.106E+05 -0. 
O. 

9 -1.1':'6F-Ol O. o. 1.]40f+05 -0. 
O. 

10 -1.170F-ol O. O. 1.152F+nS -0. 
O. 

11 -1.1c;,f,F.-o] O. o. 1.140F+05 -0. 
O. 

12 -1.114F.-nl o. O. 1.106E+05 -0. 
O. 

13 -1.046E-Ol n. O. 1.0481;:+05 -0. 
O. 

111- -Ch51 SE-02 o. O. 9.677£+04 -0. 
O. 

15 -B.338f-02 O. O. S.640E+04 -0. 
O. 

16 -6. Q51F.-02 O. O. 7.373E+04 -0. 
O. 

17 -5.3A4E-02 O. O. 5.A75(+04 -0. 
O. 

1 e . -3.6741='-02 O. O. 4.147f+04 -0. 
O. 

19 -1.864E-02 O. O. 2.189E+04 -0. 
O. 

20 O. o. O. 2.2R2F-09 -0. 
O. 

21 1.8f,4F-O? O. O. o. -0. 
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PROGRAM COMA~ 1 - DECK 2 - MATLOCK-TAYLOR REVISION DATE ~ 29 DEC 66 
CHG TO CE05111B CODED BY TPT RE-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLEMS FOR CO~~M 

PROS (CONTO) 
?A SIMPLE BEA~, REAM PROPERTIES ONLY 

TABLE 10 CO~PUTE'D RFSULTS , 
STA SLAR SLAA REAM BEAM SUPPORT SLIP 

H(,\PI10NTAl SHfAR HORIZONTAL SHEAR REACTION 
DISPLAC OISPL~C 

-1 o. 
O. O. O. -1.901f-l0 -9.319E-03 

0 1.920E+03 
o. O. O. l.A?4E'+03 -9.319E-03 

1 O. 
O. O. O. 1.632E+03 -9.053E-03 

2 O. 
o. O. O. 1.440E+03 -8.548E-0.3 

3 o. 
O. o. o. 1.248E+03 -7.833E-03 

4 O. 
O. O. O. 1.056E+03 -6.937E-03 

5 O. 
o. o. O. 8.640f'+02 -5.886E-03 

6 O. 
o. O. o. 6.720E+02 -4.709E-03 

7 O. 
o. O. o. 4.ROOF+02 -3.433E-03 

8 O. 
O· O. o. 2.R80E+02 -2.088E-03 

q O. 
O. O. O. 9.600E+Ol -7.007E-04 

10 o. 
O. o. o. -9.600F+Ol 7.007E-04 

11 o. 
o. O. o. -2.BADE+02 2.088E-03 

12 o. 
o. o. o. -4.ROOE+02 3.433E-03 

13 o. 
o. o. o. -6.7?Of+02 4.709E"03 

14 o. 
o. o. o. -fi.640F+o2 5.886E-03 

15 o. 
o. o. o. -1.056t=:+03 6.937E"03 

16 O. 
o. O. o. -1.248t=:+03 7.833E-03 

17 o. 
o. O. o. -1.440E+03 8.548E-03 

lR O. 
O. o. o. -1.632f'+03 9.053E-03 

19 O. 
o. o. o. -1.824E+03 9.319E-03 

20 1.920E+03 
o. O. o. -1.901E-10 9.319E-03 

?1 O. 

TIME FOR THIS PPOBLF~ = o MINUTES .653 SECONDS 

EL~PSFn CPU TIME' • 0 MII\IUTES 12.067 SECONDS 
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PROGRAM COM~M 1 - DECK 2 - MATLOCK-TAYLOR REVISION DATE • 29 DEC 66 
CHG TO CEOS111A CODED ~y TPT RE-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLEMS FOR COMBM 

PR08 
2B SIMPLE COMPOSTTE REAM, LIVE LOAD ONLY 

TABLE 1 - PROGRAM-CONTROL DATA 

HOLD FROM PRECFDINr, PROBLEM II-HOLD) 
NUM CARnS INPUT THTS PPOBLEM 

TABLE 2 - CONSTANTS 

U~ING DATA FROM THE PREVIOUS PROBLEM 
NUMBER OF INCREMENT~ 
INCRFMENT LFNGTH 
NONlIN!:AR PRO~LF.M 
MAX NUM TTERATION~ 

CLOSURE TnLFRANCF. 
LIST OF MONITOR STATIONS 

TABLE 3 SPFCIFIF:D nFFLEcTIONS 

STA [)FFU:CT I 01\' 

USIf\IG OAT" FR0M THE pREVIOUS PROBLF:M 
o o. 

?O o. 

TAALE' 4 SLAj,:I p~nPEPTIES 

FROM TO CONT!) MODULlI!' 1040MENT CROSS-
STA STA of OF SECTION 

F.:lA~TI('ITY INERTIA APFA 

0 20 (I ?300F+0~ 3.647F+O? 2.160E+(l2 

TABLE 5 REAM PROPERTIES 

FROM To CONTf) MODULUS MOMENT CROSS-
STA STA OF OF SECTlON 

ELIISTIrlTY INERTIA APE A 

USING DATA FPOM THE pRFVIOllS PR08LFM 
0 20 (I 2.QOflF+07 2.041E+02 7.970E+oo 
0 0 0 -(1. -0. -0. 

2 

1 
o 

DISTANCE, 
",. A. TO 

INTERFACE 

2.250E+00 

DISTANCE, 
N.A. TO 

INTERFACE 

6.0(lOE+00 
..0. 

TABLE NUM8E.R 
3 4 5 6 7 

o 
o 

1 
o 

o 
1 

1 
o 

o 
S 

20 
I.200E+Ol 

NO 
-0 

-0. 
-.0 -0 -0 

.HORI70NTAL DISTANCE, 
SPRING N.A. TO 

HORZ SPRING 

-0. -0. 

HORIZONTAL DISTANCE, 
SPRING NoA. TO 

HORl SPRING 

-0. -0. 
1.oOOE+06 O. 
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ADDTTIONAL DATA FOR THIS PROBLEM 

NONE 

TABLE f, OATA COMMON TO THE SLAB AND BEAM 

FROM TO CONTO ~HEAR TRANSVERSE SPRING 
STA STA CONNECTOR LOAO SUPPORT 

MODULUS 

1 20 0 1.400E"+06 -0. -0. 
3 3 0 -fl. -!.000E+04 -0. 
R 8 0 -0. -1.OOOE+04 -0. 

12 12 0 -1'1. -1.000E+04 -0. 
17 17 0 -n. -1.OOOE+04 -0. 

TABLE 7 OATA FOR THF SLAB AND BEAM 

FROM TO CONTD 
STA STA 

SLAR REAM SLAB ElFAM 
TRANSVFRSE TRANSVERSE ROTATIONAL ROTATIONAL 

COUPLE" COUPLE RESTRAINT RESTRAINT 

"JONF: 

TABLE R - ITERATION MONTTOR DATA 

STA OlSPLACEMFNT5 AT STATION5 
ITER NOT 

NUM CLSD 

NONE" 

-0 -0 
U-SLAR U-BEAM 

SLAB 
LONGITUD. 

LOAD 

-0 

A6.10 

BEAM 
LONGITUD. 

LOAD 

U-SLAB U-BEAM 
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PROGRAM COMHM 1 - nFCK 2 - MATLOCK-TAYLOR REVISION DATE • 29 DEC 66 
CHG TO CEOSI11A CODED 8Y TPT RE-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLEMS FOR COMRM 

PROB (CONTD) 
28 SIMPLE COMPOSITE REAM. LIVE LOAD ONLY 

TABLE 9 COMPUTEI') RESULTS 

STA VERTICAL SLAB SLAB BEAM BEAM LOAD ON 
DEFLECTION BENDING AXIAL BENDING AXIAL SHEAR 

MOMENT LOAD MOMENT LOAD CONNECTOR 

-1 8.268F-02 O. O. O. -0. 
O. 

0 O. O. 9.193E-09 O. 2.B61E-OB 
-1.SBIE+04 

1 -A.2~AE-02 1.360E+04 -1.SBIE+04 9.S94F+04 -1.SBIE+04 
-1.S2SE+04 

2 -i.630F-01 2.777E+04 -3.107E+04 1.9S9E+OS -3.107E+04 
-1.397E+04 

3 -2.386E-Ol 4.32SE+04 -4.S04E+04 3.0S2E+OS -4.S04E+04 
-1.162E+04 

4 -3.0M~E-Ol 4.624E+04 -S.666E+04 3.263E+OS -S.666E+04 
-1.002E+04 

5 -3.670E .. Ol S.088E+04 -6.668E+04 3.S90E+OS -6.66BE+04 
-8.712E+03 

6 -4.18SE-Ol S.6ASE+04 -7.S39E+04 4.012E+OS -7.S39E+04 
-7.347E+03 

7 -4.602F-01 6.422E+04 -A.274E+04 4.S32F+OS -B.274E+04 
-S.S47E+03 

B -4.909F-Ol 7.344E+04 -8.B29E+04 S.IB2E+oS -B.B29E+04 
-2.BlSE+03 

9 -S.090f'-01 7.0S6E+04 -9·110E+04 4.979E+OS -9.110E+04 
-B.S94E+02 

10 -s.IS0F-Ol 6.968E+04 -9.196E+04 4.917E+OS -9.196E+04 
B.S94E+02 

11 -S.090F-Ol 7.0S6E+04 -9.11 OE+04 4.979E+OS -9.110E+04 
2.81SE+03 

12 -4. QOQF-Ol 7.344E+04 -8.829E+04 S.182F+OS -B.A29E+04 
S.S47E+03 

13 -4. 602E'-OI 6.422[+04 -8.274E+04 4.S32F+oS -B.274E+04 
7.347E+03 

14 -4.1eSF-01 s."eSE+04 -7.S39E+04 4.0121=.:+05 ~7.S39E+04 
8.712E+03 

15 -3.670E-Ol S.08Rf.+04 -6.668E+04 3.S90F+OS -6.66BE+04 
1.002E+04 

16 -3.068E-Ol 4'''24E+04 -S.666E+04 3.263F+OS -S.666E+04 
1.162E+04 

17 -2.3861=:-01 4.325E+04 ~4.504E+04 3.0S2E+OS -4.S04E+04 
1.397E+04 

lA -1.6~OF-OI 2.777E+04 -3.107E+04 1.9S9E+OS -3.107E+04 
I.S2SE+04 

19 -8.2~8E-02 1.360E+04 -1.S81E+04 9.S94E+04 -1.S81E+04 
I.SBIE+04 

20 O. -1.293E-09 4.S96E-09 -9.127E-09 -4.277E-09 
o. 

21 8.2r,FIF-O? O. O. O. -0. 
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PROGRAM COMB~ 1 - DFCK 2 - MATLOCK-TAYLOR R~VISION DATE D 29 DEC 66 
CHG TO CEOSIIIA COPED BY TPT PE-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLEMS FOR COMRM 

PRoe (CONTD) 
2B SI~PLE cOMPosiTE REAM, LIVE LOAD ONLY 

TABLE 10 COMPUTED PESULTS 

STA SLAB SLAB BEAM BEAM SUPPORT SLIP 
HORI10NT AL SHEA~ HORIZONTAL SHEAR REACTION 

DISPLAC DISPLAC 

-1 o. 
4.SSSE-02 3.if.,7E-ll -2.861E-14 -9.~56F-ll -1.130E-02 

0 2.000E+04 
4.SS5F-02 4.044E+03 -3.1S8E-14 I.Sq6E+04 -1.130E-02 

1 o. 
4.517F.-02 3.A84E+03 R.211E-04 1.612E'+04 -1.0A9E-02 

2 o. 
4.442F-02 3.670E+03 2.434E-03 1.6331:+04 -9.980E-03 

3 o. 
4.333F.-02 2.140f+03 4.772E-O'3 7.R60F+03 -8.302E-03 

4 O. 
4.1Q6E-02 1.95Sf+03 7.7141:'-03 ~.045E+(l3 -7.1S5E-03 

5 O. 
4.0351:-02 I.R27E+03 1.118E··02 A.173E+03 -6.223E-03 

6 O. 
3.853F-02 1.717E+03 I.S09E-02 A.?83E+03 -5.24f!E-03 

7 O. 
3.6C;3F-02 1.589E+03 1.939E-02 8.411F+03 -3.9"2E-03 

8 o. 
3.440E-02 1.524E+02 2.397E-02 -1.524E+02 -2.011E-03 

9 0,. 
3.220E-02 4.2i8E+Ol 2.870E-02 -4.2181':+01 -6.139E-04 

10 o. 
2.998F-0? -4.21RE+Ol 3.347E-02 4.21SE+Ol 6.139E-04 

11 o. 
2.778E-02 -1.524E+02 3.820E-02 1.C;24E:+02 2.011E-03 

12 o. 
2.S64E-02 -1.5RQE+03 4.279E-02 -A.411E+o3 3.962E-03 

13 o. 
2.364F-02 -1.717E+03 4.708E-02 -B.2P3E+03 5.248E-03 

14 o. 
2.182F-02 -1.R27E+03 5.100E-02 -R.173F+03 6.223E-03 

15 o. 
2.021F-02 -1.955E+03 5.446E-02 -8.045F+o3 7.155E-03 

16 o. 
1.884E-02 -2.140E+03 C;.740E-02 -7.A60F.:+03 8.302E-03 

17 O. 
1.7761:-02 -3.670E+03 S.974E-02 -].633F.:+04 9.QAOE-03 

1R O. 
1.701E-02 -3.R84E+03 ".135E-02 -1.6121:+04 1.089E-02 

19 o. 
1.6621:-02 -4.044E+03 t..217E-n2 -1.5961:'+04 1.130E-02 

20 2.000E"+04 
1.662F-02 9.1QC;E-ll ft.217E:-02 7.45SF.-10 1.130E-02 

21 o. 

TIME FOR THIS PRORLEM = o MINUTES 1.F!28 SECONDS 

FLAPSFn CPU TIMF = n MTNUTE'5 13.6Q5 C;I':CONDS 
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PROGRAM COMBM 1 - DECK? - MATLOCK-TAYLOR REVISION DATE • 29 DEC 66 
CHG TO CEosillA . cOnED ~Y TPT RF-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLEMS FOR COMRM 

PROB 
3 A CANTILEVER REAM, SHEAR CONNECTORS SPACED ACCORDING TO SHEAR DIAGRAM 

TABLE 1 - PAOGRAM-CONTROL DATA 

HOLD FROM PRECEDING PROBLEM (laHOLO) 
NUM CARDS INPUT THIS PROBLEM 

TABLE 2 - CONSTANTS 

NUMBER OF INCRFMENTS 
INCR~MENT LF.NGTH 
NONLINEAR PRORLEM 
MAX NUM ITERATIONS 
CLOSURE TOLERANCE 
LIST OF MONITOR 5TATIONS 

TABLE 3 

STA 

o 

TABLE 4-

SPECIFIED DEFLECTION5 

DEFLf'CTION 

O. 

!;L AB PRoPERTl ES 

FROM TO CONTO MODULUS MOMENT 
STA STA OF OF 

ELA5TICITY INERTl A 

0 20 0 2.300F+06 3.647E+02 
0 0 0 -n. -0. 

TABLE 5 REAM PROPERTIES 

FROM TO CONTn MOOULUS !'IOMENT 
STA STA OF OF 

ELASTIcITY INERTIA 

0 20 0 ?900E+07 2.n41F.+o2 
0 0 0 -n. -0. 

CROSS-
SECTION 

AREA 

2.160E+02 
3.240E+02 

CROSS-
SECTION 

AREA 

7.970E+00 
1.196E+Ol 

? 

0 
1 

DISTANCE, 
N.A. TO 

lNTFRFACE 

2.250E+00 
-0. 

DISTANCE, 
N.A. TO 

INTERFACE 

6.000E+OO 
-0. 

TABLE NUMBER 
3 4 5 

0 0 0 
I 2 2 

6 7 

0 0 
8 I 

20 
6.000E+00 

NO 
-0 

-0. 
-0 -0 -0 

HORIZONTAL DISTANCE, 
SPRING N.A. TO 

HORZ SPRING 

-0. -0. 
1.000E+12 -0. 

HORIZONTAL DISTANCE, 
SPRING N.A. TO 

HORZ SPRING 

-0. -0. 
1.OOOE+12 -0, 
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TABLE ~ DATA CO~MOf\1 TO THE SLAR ANO REAM 

FROM TO CONTD SHEAR TRANSVERSE SPRING 
STA STA CONNEcTOR • l.OAD SUPPORT 

MODULUS 

1 10 0 1.4()OF+Of. -0. -0. 
12 12 0 1.4001="+0f. -0. -0. 
14 14 0 1.400F+01; -0. -0. 
16 16 0 1.400r+01; -0. -0. 
lA 18 0 1.400F+0f. -0. -0. 
20 20 0 1.4001="+01; -I). -0. 
10 10 0 -11. '5.000F+03 -0. 
20 ?O n -0. S.1)00E+03 -0. 

TARLE 7 DATA FOR THF SLAB AND BEAM 

FROM TO CONTD SLAR REAM SLAB BEAM 
STA STA TPANSVFRSF TRANSVERSE ROTATIONAL ROTATIONAL 

COUPLE COUPLE RESTRAINT RESTRAINT 

n 0 0 _no -0. 1.00nE+}) 1.000E+13 

TABLE R - ITERATION MONTTO~ DATA 

STA DTSPLACFMFNTS AT STATIONS 
-0 -0 I TfR "IOT 

NUM CLSD U-SLAH IJ-REAM 

A6.14 

SLAB BEAM 
LONGITUD. LONGITUD. 

LOAD LOAD 

-0. -0. 

-0 
U-SLAA U-BEAM 



A6.15 137 

PROGRAM COMRM 1 - OFCK ? - MATLOCK-TAYLOR REVISION nATE = 29 OEC 6~ 

CHG TO CFOsll1~ cOnED RY TPT AE-PCH HY JJP RUN 02 JAN ~1 
EXAMPLE PRORLEM~ Fn~ rnMRM 

PROS (CONTO) 
3 A CANTILEvER REAM, SHEAR CONNECTORS SPAC~O ACCORDING To SHEAR UIAGRAM 

TABLE 9 COMPllTE"rl RFC;ULTC; 

STA VERTICAL «;LAR SLAR ~EAM BEAM LOAf) ON 
DFFLECTION RENDING AXIAL RENOING AXIAL SHEAR 

MOMENT LOA!) MOMF.'\IT LOAO CONNECTOR 

-1 1.1~6F-03 O. O. o. -0. 
O. 

0 O. 2.1f14E+04 -1i.sloE+04 1.9C;lF+OS -5.S101:+04 
8.11lE+02 

1 1.1~1F-03 4.868F+04 -~.428E+04 3.43SF+oS -S.4281'.:+04 
1.948E+03 

2 4.4~2F-03 4.322F+04 -~.234F.+04 3.0C;OF+OS -S.234F+04 
2.132E+03 

3 9.5cnf-03 3.A51f+04 -4.9~1F.:+1J4 2.1221'"+OS -4.961E+04 
3.211E+03 

4 1.638E-02 3.44AI':+04 -4.633E+04 2.433F+05 -4.633E+04 
3.6S9E+03 

5 2. 464E-02 3.n181:+04 -4.261E+04 2.1121':+05 -4.261E+04 
3.~29E+03 

6 3.423F-n2 2.136E+04 -3.814F.:+04 1.930F+OS -3.874E+04 
4.121E+03 

1 4.499F-02 2.413F.+04 -3.461E+04 1.103f+OS -3.461E+04 
4.211E+03 

8 C:;.679F-02 2.101F.:+04 -3.034E+04 1.4A11:+0S -3.034E+04 
4.402E+03 

9 ~.949F-02 1.~131':+04 -2.S93E+04 1.219F+OS -2.SQ3E+04 
4.S19E+03 

10 8.291F_02 I.S311:+04 -?1411:+04 1.,,~OF+OS -2.141E+04 
O. 

11 9.111F-Q? 1.158F.:+04 -2.141£+04 A.175F+04 -2.1411'.:+0'. 
4.41'>0E+03 

12 1.111E-Ol 1.243E+04 -1.69SE+04 A.110F+Q4 -1.(')9SE+04 
O. 

13 1.2tr.9F-Ol 8.105f+03 -1.695F.:+04 fI.142F:+04 -1.69SE+04 
4.401E+03 

14 1.4?41=:-nl 9.481E+03 -1.25SE+04 6.695F+04 -1.25SE+04 
O. 

15 1.SA4F-0] C;.1tr.4F+03 -1.2551:+04 4.061F+04 -1.2IiSE+04 
4.324E+03 

16 ].146F-Ol fI.467E+03 -A.230E+03 4.S63 F +04 -8.230E+03 
o. 

11 ].911F-Ql 2.743E:+03 -8.230E+03 1.9361':+04 -8.230E+03 
4.?08E+03 

18 2.011F-0] 1.329E+03 -4.022E+n3 2.349F+04 -4.022E+03" 
O. 

19 ?244F-Ol -3.Q49E+02 -4.022E+nJ -2.1~1F+o3 -4.022E+03 
4.()22E+03 

20 2. 4 11F-Ol -2.069F-0~ 2.298E-09 -1.4f-OF:-f)1 -0. 
O. 

21 ?51AF-Ol o. O. o. -0. 
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PROGRAM COM~M 1 - DF'CK ,.. "'ATlOCK-TAYlOR Rr:VtSION DATE. 29 DEC 66 
CHG TO CEOS111A CODED RY tPT AF-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PRORLE M5 FOp COMRM 

PR08 (CONTO) 
3 A CANTILEVER ~FAM, SHEAR CONNFCToRS SPACFO ACCORDING TO SHEAR OIAGRAM 

TABLE 10 COMPUTED PF5ULTS 

STA SlAA SLAi:3 BEAM REAM SUPPORT SLIP 
HORIZONTAL SHF:AR HORIZONTAL SHEAR REACTION 

DISPlA/" DtSPLAC 

-I O. 
-S.S10F-Oll 4.~02E+03 s.SIOE-OB 3.2S2E+04 -1.~31E-03 

0 -I.000E+04 
-3.32RF-04 3.210E+03 7.1S0E-04 2.391E+04 S.R36E-04 

1 O. 
-9.8R4F-04 -1of'10E+03 2.124E-n3 -B.390E+03 1.39lE-03 

2 O. 
-1. 6?1r:-03 -1.756E+03 3.483E-03 -B.244E+03 1.9S1E-03 

3 o. 
-2.t?;?Or:-OJ -loAS7E+03 4.771E-03 -8.I43E+03 2.34\E-03 

4 O. 
-?119~-03 -1.92F1f::+03 S.973E-03 -B.072E+03 2.6l3E-03 

5 O. 
-3.~Q4E-03 -1.979E+03 7.0RlE-03 -B.0?lE+03 2.807E-03 

6 O. 
-3. 71\?F_03 -2.019E+03 a.oB7E-03 -7.981E+03 2.948E-03 

7 O. 
-4.1F10F-03 -2.nCilE+03 8.985E-03 -7.949E+03 3.05SE-03 

R o. 
-4.547r:"03 -2.n AIE+03 9.773E-03 -7.91 9E+03 3.14SE-03 

9 O. 
-4. 8 ('oF-03 -2.illF.+03 1·04SE-02 -7.FlA9E+03 3.228E-03 

10 O. 
-S.1]9F-03 "S.702E+02 1.l00E-02 -4.430F+03 3.317E-03 

11 O. 
-S.377F-03 -1.4ASI:+03 1.lS6E-02 -3.S1SE+03 3.186E-03 

12 O. 
-S.SA2i:"-o3 -5.7781=:+02 I.200E:-02 -4.422F+03 3.274E-03 

]3 Q. 
-S.787F-03 -1.4A2E+03 1.244E'-02 -3.S]BF'+03 3.h3E-03 

14 o. 
-C;.93AF-n3 -S.A73E+02 1.276E-02 -4.4]31:+03 3.226E-03 

15 O. 
-6.0QOI='-03 -1.476E.+03 1.309F.-02 -3.5(141:+03 3.0SBE-03 

16 O. 
-,.,.IRQF-03 -S.9AOE+Q2 1.330E-02 -4.402E+03 3.157E-03 

17 O. 
-~.2R9F-03 -1.464E:+03 1.3S2E .. 02 -3.C,36E'+03 3.006E-03 

IB O. 
-fl.337F-03 -6.t"94f+o2 1.362E-n2 -4.3QIE+03 3.049E-03 

19 O. 
-f .. 3R6F-()3 -'.437':+03 1.373F:-02 -3.C;63F+03 2. R73E-03 

20 o. 
-6.3R6F-n3 3.446E:-09 1.'373E-02 2.434F-OB 2.F173E-03 

21 'J. 

TTMF FOP THIS PRORLfM = o MINUTF:S .858 SECQ"lOS 

I' MTNUTES 14.553 SECONDS 
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PRnGRAM cnM8M 1 - ~FCK ~ - MATLncK-TAYLnR RFVISION DATE = 29 DEC 66 
CHG TO CfOSlllA cnnED ~Y TPT RE-PCH RY JJP 
EXAMPLF PRnRLF~S FOR COMgM 

PROR 

TABLE ] - pRnGRAM-cnNTROL nATA 

HOLD FRnl'1 PRECFOIN~ pRnRLEM ( l=HOLO) 
NlJM CARne; I ~'PlIT THTS PRnHLFM 

TARLE 2 - CONSTANTS 

NU~RFR nF INCPFMFNTe; 
tNCPFME~IT LF~!GTH 

NONLTNFAR PRnRLfM 
MAX NIP" ITERATTO"IS 
CLOSIIRF TOLFR A"'CF 
LIST OF MnNTTOR STATIONS 

TAALF 3 SPFCIFIFO nFFLFCTlnNS 

TAALF: 

FROM 
STA 

0 
0 

23 
23 
3R 

HRLf: 

FRO~ 

STA 

STA 

o 
10 
",0 

4 

TO 
e;TA 

22 
,,0 
31 
37 
hO 

c; 

Tn 
STA 

IWFLF:CT!nN 

"10 

0. 
fl. 

e;LAR PRnPERTTE" 

cO~lTn Mnnl'lIJS i'ln"'lE~IT 

OF nF 
ELAe;TICTTV I~IFRTT A 

0 1.00I1F+Oh 2.41111"+01 
0 -I). -0. 
0 -() 0 n. 
0 1.0noF+01 -0. 

° 1.on(\F+nh ;;>.4011"+01 

~FIIM ppnPEPTTF:e; 

cn~: Tn Mnnlll lie; "O'1ENT 
of r)F 

FLA ST T Cl TV Tt\IFtH I II 

CRnsS-
SECT InN 

I\RF:I\ 

'i oRR(1E+1l2 
_no 

603?nE+oO 
-0 0 

5 08RnF+02 

c~nc;s-

SECTION 
AREA 

2 

0 
1 

I)ISTANCE, 
NoA o TO 

INTERFACE 

-n. 
'3051101"+00 

-0 0 
-no 
-0. 

nISTANCE, 
NoA o TO 
INT~RFACf 

TABLE 
3 4 

0 0 
3 5 

RUN 02 JAN 67 

NUMBER 
5 

0 
8 

6 7 

0 0 
6 0 

60 
10200E+Ol 

NO 
-0 

-0 0 

-0 -0 -0 

HORIZONTAL DISTANCE, 
SPRING N.Ao TO 

HORZ SPRING 

-00 -00 
-Do -Do 
-0 0 -Do 
-0 0 -0 0 
-0 0 -00 

HORIZONTAt DISTANCE, 
SPRING NoA o TO 

HORZ SPRING 



140 

0 M 0 ~.00OE"+07 -0. -0. -0. 
0 26 0 -no 1.141E+!)~ 1.61BE+01 -n. 
0 2(' -0 -0. -0. -0. 1.040E+01 

26 34 0 -0. lo3Q4E+03 1.AAlE+!)l -0. 
27 33 0 -0. -0. -0. 1.1RAE+Ol 
34 £'0 0 -0. 1.141E+01 1.61AE+Ol -0. 
34 M 0 -0. -0. -Q. 1.040E+Ol 
11,0 ~O 0 -0. -0. -0, -0, 

TABLE 6 n/ITA COMMO~I TO THE SLAB AND REAt-' 

FROM Tn CONTI") CjHE'AR TRANSVERSE SPRING 
STA STA t.()NNF:rTOR LOAn SUPPORT 

t.10f)IJLUS 

1 £'0 0 iI.100F+0(' -0. .0. 
0 M I) -0. -6.750E+07 -0. 

10 10 0 -0. -1.320E+04 -0. 
24 2/t 0 -0. -3.300E+03 -0. 
43 43 I) -0. -1·3201="+04 -0. 
57 '57 0 -0. -3,300[+03 -0. 

TABLE 7 nATA F(1P THF SLAR AND BEAM 

FROM T() C()NTn SLAR REAM SLAB BFAM 
STA STA TI:IANSVFRSE TRANSVERSE ROTATIOf\JAL ROTATI()NAL 

C('ltiPLE COtJPLE RES TRA Tf\IT RESTRAINT 

NONt: 

TABL~ ~ - ITFRAT]ON MONTTOR DATA 

STI D]SPLICEMENTC:; AT STATIONS 
-I' -0 ITER "'OT 

NUM CLC;IJ U-SLAA U-eEAM 

A6.1B 

-0. -0. 
-0. -0. 
-0. -0. -n. -0. 
-0. -0. 
-0, -0. 
-0, -0, 

1.000E+08 1.040E+Ol 

SLAB BEAM 
LONGITUD. LONGITUD. 

LOAD LOAD 

-0 
U-SLAB U-BEAM 
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PROGRAM cnMAM 1 - OFCK ? - MATLOCK-TAYLn~ 
CHG TO CfOslllQ cnDED qy TPT 
EXAMPL~ PROBLEMS FOR cnMRM 

PROB (CONTD) 
4 A TWO-SPAN BEAM 

TABLE 9 COM PUT En RF""lJLTS 

STA V£~TJCAL SLAB SLAB 
n~FLF"CTIOt--1 RfNI)ING AXUL 

MOMENT LOAI) 

-1 I.S9sF:-0? O. o. 

0 o. o. -A. J 60E-.09 

-1.5951':-02 1.3141::+1)4 -7.4131':+03 

2 -3.1~3F:-02 2.523E+()4 -J.4t'1AE+04 

3 -4.6AIE-0? 3.652E+04 -2.1691':+04 

4 -~.126F,-02 4.723E+04 -7..A36F,+04 

5 -7.476F,-02 s.75sE+04 -3.461F.:+04 

6 -8. 7 12F-02 ~.76AE+04 -4.03sE+04 

7 -9.8121':-02 7.791£+04 -4.s47E+04 

A -1.0761="-01 A.R61E+04 -4.9fHE+ 04 

9 -1.152F-Ol 1.0031::+05 _5.31sF,+04 

10 -1.209F-Ol 1.'40f+05 -5.s12E+04 

11 -1.243 F-Ol 1.032£+05 -5.520E+04 

12 -1·25tlF-Ol 9.4321::+04 -C;.391E+04 

13 -1.2511='-01 A.6c;,0F.+04 -s·161E+04 

14 -1.221'11="-01 7.91 840 +(14 -4.A52E+04 

IS -1.1A9'::-01 7.?00t.+04 -4.479E+04 

16 -1.13"1"-01 6.470E+04 -4.()s2E+04 

17 -1.070F-Ol 5.7111':+04 -3.s79E+04 

18 -9.9221=:-02 4.911E+04 -3.0651':+04 

19 -9.050F-02 4.05~E+04 -2.s1sE+04 

20 -fl.096F-02 3.135E+04 -1.9351:.+04 

141 

RFVISION nATE = 
RI':-PCH BY JJP 

29 DEC M, 

RUN 02 JAN 67 

REA'" RI:.AM LOAf) ON 
AFNOTNG AXIAL SI1EAR 
W)t-1E(\IT LnAD COt--INECTOR 

o. -0. 
O. 

O. 4.491E-09 
-7.413E+03 

6.243F+04 -7.413E+03 
-7.265E+03 

1.199~+05 -1.41,81':+04 
-7.()10E+03 

1.716F+Os -2.169E+04 
-6.669E+03 

2.24sF+Os -2.R'6E+04 
-6.250£+03 

2. 73sF+05 -3.4611::+04 
-s.142E+03 

3.216F+Os -4.03sE+04 
-s.122E+03 

3.702F+Os -4.s47E+04 
-4.344E+03 

4.211F+OS -4.9AIE+04 
-3.333E+03 

4.768F+Os -s.31sE+04 
-1.972E+03 

s.41sF"+Os -S.sI2E+04 
-7.914E+Ol 

4.904F+Os -5.520£+04 
1.2>151':+03 

4.482F+Os -s.391E+04 
2.303E+03 

4.1111"+05 -s.161E+04 
3.0921':+03 

3.763F+05 -4.1152E+04 
3.731E+03 

3.4nE+0"i -4.479E+04. 
4.267E+03 

3.0751':+05 -4.0s2E+04 
4.731E+03 

2.714E+05 -3.S79E+04 
5.139E+03 

2.334f+05 -3.0651':+04 
5.49AI':+03 

1.927F+OS -2.5151':+04 
s.A05E+03 

1.49 OF + OS -1.935E+04 
6.1)49E+(l3 
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21 -7.0791':-02 2.131F+04 -1.330E+04 1.0]31=:+05 -1.330E+04 
6.20SE+03 

22 -6.020F-0? 5.~13E+03 -7.0931=:+03 5.335[+04 -7.093F.:+03 
6.180E+03 

23 -4.9381=:-02 O. -9.133E+02 -1.3131:+04 -9.133E+02 
S.7SSE+03 

24 -3.!i62F-02 O. 4.~42E+03 -Q.Q22[+04 4.842E+03 
S.63SE+03 

25 -2.827F-02 O. 1.048E+04 -2.347F"+OS 1.048E+04 
S.170E+03 

26 -1.I3Q2E-02 O. I.S6SE+04 -3.A47F.+OS I.S6SE+04 
S.480E+03 

27 -1.102F.-02 O. ?1l3F+04 -S.073F+OS 2ol13E+04 
S.SS3E+03 

28 -4.863F-03 O. ?668F.+04 -6.SQ9E+OS 2.668F.+04 
4.17SE+03 

2Q -Q.821r;:-04 O. 3.085F.+04 -8.419F.+OS 3.08SE+04 
1.8S1E+03 

30 O. O. 3.271E+01t -1.0681:+06 3.271E+04 
-2.237E+03 

31 -2.6Q4F-03 O. 3.047E+.04 -8.3861=:+05 3.047E+04 
-4.S9RE+o3 

32 -R.2761=:-03 O. 2.S87E+04 -6.S39F+OS 2.S87E+04 
-6.06SE+03 

33 -1.61lF-02 O. I.QRIE+n4 -4.QQ9F+05 I.QSIE+04 
-S.943E+03 

34 -2. S66F.-02 O. 1.386F.+n4 -3.7~SF+OS 10386F.:+04 
-S.62QE+03 

35 -3.663F.-02 O. 8.234E+03 -2.1Q7E+oS 8.234E+03 
-6.3S5E+03 

36 -4.852F-02 O. 1.878E+03 -8.4Q8F.:+04 1.878E+03 
-6.B7RE+03 

37 -(',.077f-0? O· -5·000E+03 3.43SF+04 -S.000E+03 
-8.11SE+03 

38 -7.2871=:-02 1.?22E+04 "'1·312E+O'+ 1.162F+OS -1.312E+04 
-7.9F!2E+03 

39 -R.448F-0i? 3.7SRE+04 -2.110F.+04 1.7R6F+OS -2.1l0E+04 
-7.5S2E+03 

40 -Q.S3,1=:-02 5.247F.;+04 -2.86SE+04 2.4Q3F+OS -2.86SE+04 
-6.8Q7E+03 

41 -1. 0C;2F-Ol 6.7541=:+04 -3.SSSE+04 3.20QE+OS -3.SSSE+04 
-S.Q"6E+03 

42 -].1361="-01 8.144E+04 -4olS1E+n4 3.Q6SF+OS -4.11511=:+04 
-4.656E+03 

43 -1.204F-01 1.nllE:+05 -4.617F.+04 4.805F+05 -4.617E+04 
-2.795E+03 

44 -1.2S2F.:-Ol Q.432F+04 -4.8Q6F+n4 4.4R2F+OS -4.SQ6E+04 
-1.4S0E+03 

415 -1.2 8 1""-01 8.Q38E+04 -C;.0411:+04 4.248F+OS -S.041F.+04 
-4.4021=:+02 

46 -1.?,Q?F- o l R.c:.47F+04 -,. QI'5F.+ 04 4.0'-"21="+05 -S.08SE+04-
3.4QQE+02 

47 -1.?Fl6F-nl R.?07f+04 -C;.n50E+o4 3.QOO""+OS -S.OSOE+04 
9.Q74E+02 

48 -1.261F-Ol 7.FlFI)E+04 -4.QSOE+04 3.74SE+05 -4.QSOE+04 
I.SS3E+03 

4Q -1.22SF-Ol 7.C;4QF+O)4 -4.7QsF+04 3.5881=:+0C; -4.7QSE+04 
2. 0S0E+03 

So -1.172F_Ol 7.J97F+04 -4.C;QOF.+04 3.4(,OF+05 -4.S90E+04 
2.511F.:+03 

51 -1.104F-Ol f,.~q5F.+04 -4.33QF.+04 3.23QF:+OS -4033'1E+04 
2.QS2E+03 
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';2 -1.()?3F"-1l1 ~.3qQF+04 _4.n44£+n4 3.1l41F+05 -4.044£+04 
3.387£+03 

53 -Q.?r:I"F"-'l? C:;.947F+n4 -3.705F+04 2.R?M"+05 -3.705£+04 
3.826£+03 

54 -8.2?C;F"-'l? C;.4f>0F.+04 -3.323E+04 2.C;Q5F+05 -3.323E+04 
4.282E+03 

5S -7.0t;6F"-0? 4.943E+04 -2.A94E+04 2.349F+05 -2.894E+04 
4.769E+03 

56 -c;.7ARF"-0? 4.403E+04 -2.41Bf+04 2.0Q2f+05 -2.41BE+04 
5.310E+03 

57 -4.412E-02 3.1'Ic;2E+04 -1.AA7E+n4 1.R31f.+05 -1.8A7E+04 
5.934£+03 

58 -2. 9 Q"lE-n2 2.~23E+04 -1·29 3E+04 1.2471=:+05 -1.293E+04 
6.354E+03 

59 -1.5'"3~-02 1.35c;F.+04 -~.S77F+(l3 6.440F+04 -6.5771=:+03 
6.577E+03 

60 O. -5.c;53E-09 -1.224F-08 -2.6]91=:-08 9.923E-11 
O. 

61 1.5131="-02 O. o. O. -0. 
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PROGPA'" C/')rvRM 1 - I)FCK ? - MATLOCK-rAYLOR REVISION DATE. 29 DEC 66 
CHG TO CFn5111q COnfO qy TPT RE-PCH BY JJP RUN 02 JAN 67 
EXAI.1PLE" PPOHLF:<-"S FOP CI1MR/o1 

PROEl (CONTO) 
4 A TWI')-~PAN REAM 

TABLE 10 C/')l'-1pUTE'D Rf~ULTS 

STA StAR SLAfl BEAM RfAt.4 SUPPORT SLIP 
HOP llO~IT AL SIolFA~ HORIZONTAL SHEAR REACTION 

DI~PtAC DtSPLAC 

-I O. 
_1.H;?QF_02 -C:;.422E_12 -3.323E-02 -2.9A4F.-12 -3.S30E-03 

0 1.522E+04 
-\t8?9F-02 3.:>52E+03 -3.3231:-02 1.1631:+04 -3.530E-03 

O. 
-1·l:l,4j;"-02 3.1121:+1'13 -3·305E-02 1·110E+04 -3.459E-03 

2 Q. 
-1.A44F-02 2.963E+(13 -3'268F-02 1'1'1571::+04 -3.33AE-03 

3 o· 
-1.8C:;9j;"-Ot! 2. AoAF+Q3 -)'215E-n2 1'005F+04 -3·176£-03 

4 O. 
-1.878 F-02 2."47f.+03 -1.14SE-02 9.C;37f'+Q3 -2.976E-03 

S O. 
-1.902F-02 2.4AIE+03 -"1'1591:-02 9·0291:+03 -2.734E-03 

6 O. 
-1.9?9E-02 2.3071::+1'13 -2.959E-Q2 8.5281=:+03 -2.439E .. 03 

7 O. 
-1. qf,OE-Oi? 2.1?IE+03 -2.847E-02 8.038E'+03 "2.068E-03 

A O. 
-1.9c)4F-02 1. 0 17E+03 -2.724E-1I2 7.567E+03 -1.S87E-03 

9 O. 
-2.030 F-0? 1.f,R4F+03 -2.5921:.-02 7.1251:+03 -9.389E .. 04 

10 O. 
-2.0I'AE-0? -A.1'l91F+02 -2.456E-02 -4.1771:+03 -3.769E-OS 

11 o. 
-?.105F-n2 -1.120E+o3 -2.320E-02 -4.6?IF+03 6.118E-Q4 

12 O. 
_?t42F_O? -1.121E+Q3 -2.186E_o2 -5.09SE'+03 1.096E-03 

13 Q. 
-?177;::-n? -1.SQ2E+o3 -2.1'1591:-02 -5.5A8t:"+Q3 1.473E-03 

14 o. 
-?21nF-o? -1.t,7?f.+Ol -1·9391::-02 -6·o94F+03 1.777£-03 

1e; o. 
-?2401o""_O? -1. A34E+03 _1.B28E_n2 -6.607F.+03 2.032E-03 

If, Q. 
-j??M"F-O? -}. Q9 1E+03 -1· 728F:-02 -1'125F+03 2·2S3E-03 

17 O. 
-?c02E'-0? -2.14c:;E+03 -1·F.40F.'-02 -1.646F+03 2.447E-03 

lR o. 
-?313F-02 -2.?96E+03 -1·564E-02 -8.}7QF+03 2.618E-03 

19 O. 
-2.310~-02 -2.443E+03 -1·502F.-1'2 -.8. ~97F + 1'13 2.764£"03 

20 O. 
-2. 34llo""-02 -2.C:;F!f,E+o3 -1.454F-02 -9.~29E'+Q3 2.S80E"03 
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21 o. 
-2.3Ci2F:-02 -3.109E+03 -1.421F:-02 -9.1R2F+03 2.QS'5E-03 

2? o. 
-2.3F,2F:-02 -2.?~7E+03 -1.403F-02 -1.090F+04 2.Cj43F-03 

23 o. 
-2.374F-02 -1.f,~OF+03 -1.401F-02 -1.216F+04 2.7411:-n3 

24 o. 
-2.3431:'-02 -1.6S0E+03 -1.413F.-02 -1.617F+04 2.hl"l3E-03 

25 o. 
-2.277E-02 '-I.C;1 RI':+03 -1.439E-02 -1.~97~+04 2.4b2E-03 

26 o. 
-2.17I3F-02 -1.~10E+03 -1.475E-02 -1.579F+04 2.610E-03 

27 o. 
-7.044 F-07 -1.~32E+03 -1.570E-02 -1.871F+04 2.f:l44E-03 

28 o. 
-1.87C;F-02 -1.?27E+03 -1.576E-02 -1.9?9F+04 1.9RAE-03 

29 o. 
-1.680F-02 -5.425E+02 -1.642E-02 -2.065F+04 8.A15E-04 

30 4.31331:+04 
-1.473F-02 6.C;9SE+02 -1.712E-02 2.130F+04 -1.0hSF:-03 

31 o. 
-i.2~OF-02 1.354F+03 -1.776E-02 1.993F+04 -2.190E-03 

32 o. 
-1.116F-02 1.784E+03 -1.R31E-02 1.8~3F+04 -7.8I3AE-03 

33 O. 
-9.90131:-03 1.747E+03 -1.8741:-02 1.611E+04 -2.830E-03 

34 O. 
-9.031F-03 1.I,Ci2E+03 -1.90SE-02 1.761F+04 -2.681E-03 

35 O. 
-8.510F-03 I.R59E+03 -1.9261=:-02 1.673F+04 -3.026E-03 

36 o. 
.. A.391F-03 2.004E+03 -1.930E-02 1.5911:+04 -3.275E-03 

37 o. 
-9.024E-03 3.376E+03 -1.918E-02 1.31361=:+04 -3.8b4E-03 

18 O. 
-9.202F-03 4.425E+03 -1.885E-02 1.214F+04 -3.B01E-03 

39 o. 
-9.346F-03 3.421E+03 -1.833E-02 1.246F+04 -3.S9~E-03 

40 O. 
-9.541E-03 3.?41E+03 -1. 7 62,E-02 1.197F+04 -3.284E-03 

41 o. 
-9.7A3F-03 3.03I3E+03 -1.675E-02 10150E+04 -2. A41E-03 

42 o. 
-].006F:-02 2.~05E+03 -1.S72E-02 1.10bF+04 -2.?17E-03 

43 O. 
-1.0381':-02 2.310E+02 -1.458E-02 -2.453F+02 -1.331E-03 

44 O. 
-1.0711"-02 -9.049F:-01 -1.337E-02 -6.AA4F.+02 -".903£-04 

45 II. 
-1.11)6F:-02 -2.021E+02 -1.212F-!l2 -1.1~2F:+03 -2.096E-04 

46 o. 
-1·140 F-02 -3.A36F+02 -1·o A6F-n2 -1.6'56F +03 1."66E-04 

47 o. 
-1.174F.-02 -5."7M:+02 -9.616E-03 -2.162F+03 4.750E-04 

413 O. 
-1.20AF-02 -7.139[+02 -A.192E-n3' -2.675E'+03 7.394E-04 

49 O. 
-1.241 F-02 -8.7081':+02 -7.207E-03 -3.194F+03 9.7~OE-04 

50 o. 
-1.272F-02 -1.0?SF.+03 -I,.072F-03 -3.714F+03 1.196E-03 

51 o. 
-1.301F:-02 -1.179E+03 -4.999E-03 -4.235F+03 1.40l,E-03 
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'52 o. 
-1.37.91='0002 -1.334E+03 -3.999F.-03 .. 4.7'5'51='+03 1.613E-03 

53 o. 
-1.3C;4E'-0~ -1.4QOE+03 -3.083E-03 -5.274F+03 I.R22E-03 

S4 o. 
-1.377F_02 -1.~50E+o3 -2.262F.-03 -S.790j:'+03 2.039E-03 

55 O. 
-1.396F:-0~ -1. A13E+03 -1.546E-03 -(,.301F'+03 2.271E-03 

5~ o. 
-1. 41'F'-02 "1.9A3E+o3 .. 9.487F. .. n4 -6.806F+03 2.S2RE-03 

57 o. 
-1. 4;:>6F-02 -2.736E+03 -4.B23F.-04 -1.003F.'+04 2.826E-03 

5R O. 
-1. 435F-02 -2.A9AE+03 -1.626[-04 -1.0541:+04 3.026E-03 

59 O. 
-1. 439E:-02 -3.043E+03 f1.224E-15 -1.107F+04 3.132E-03 

60 1.445E+04 
-1. 4,91='-07. 4.70SE-10 2.219E-15 2.199F-09 3.132E-03 

61 O. 

TIME F()R THTS PROOlLEM = 0 MINUTES 1.013 SECONDS 

ELAPSF.!') CPU TT "1F :I o ""IT NUTES 15.566 5ECONI)S 
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PROGRAM COMR~ 1 - DECK' - MATLOCK-TAYLOR RFVISION DATE • 29 DEC 66 
CHG TO CE051il~ COnEn ~Y TPT WF-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROALE~~ FOR cnM~M 

PROB 
5 A TWO-SPAN BEAM wITH TRACTIVE FORCES 

TAALE 1 - PROGRAM-CONTROL DATA 

HOLD FROM PRECEDING PROALEM ( hHOLl,) 
NUM CARnS INPUT THTS PRO~LEM 

TARLE 2 - CONSTANTS 

NUMRFR OF INCRFMENTS 
TNCRFMENT LENGTH 
NONLINEA~ PRnALEM 
MAX NUM TTERATIONS 
CLOSURE TOLERANCE 
LIST of MONITOR STATIONS 

TARLE 3 5PECIFIED DEFLECTION~ 

STA DFFLECTION 

USING DATA FROM THE PI-lEVIOUS PRORLE'M 
o O. 

30 11. 
60 I). 

TARLE 4 ~LA~ PRoPERTIES 

FROM TO CONTI"I MODULUS 
STA STA OF 

ELASTICITY 

U~tNr, nATA FROM THf 
0 22 0 3.000E+0~ 
0 ,,0 0 -n. 

23 37 I) -I). 
23 37 0 1.00I"lF'+07 
38 flO 0 1.000F+0"" 

ADOITIOt-.IAL nATA FnR 

NONF 

TABLE 5 

MOMENT 
OF 

INERTIA 

PREVloflS 
2.401E+03 

-0. 
O. 

-0. 
2.401F+01 

CROSS
SECTION 
A~F.A 

PROBLFM 
5.AAOE+02 

-0, 
6.320E+00 

-0. 
5.880E+02 

THIS PROALEM 

TA~LE 

2 3 4 

(I 1 1 
1 0 0 

NUMRER 
5 6 7 

1 1 0 
1 0 4 

flO 
1.200E+ol 

YES 
30 

1.000E-06 
15 30 45 

DISTANCE. HORIZONTAL DISTANCE. 
N.A. TO SPRING N.A. TO 

INTERFACE HORZ SPRING 

-0. -0. -0. 
3.500f.+00 -0. -0. 

-0. -0. -0. 
-0. -0. -0. 
-0. '-0. -0. 
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F~OI>1 Tn cot\ITn MnoULLJS r~Oi'1nIT CROSS-
STA STA OF OF SECTION 

FLASTTrITY • HIERT III AREA 

USING Dl\Tl\ FR0M THF: PRFVIOIIS PROBLF:M 
0 60 0 ~0{)0{JE+07 -0 0 -0 0 
0 26 n -no 10141E+03 1061AE+Ol 
0 ?6 -0 -n. -0 0 -0 0 

26 ::14 0 -'1 0 10394E+03 10RAIE+Ol 
27 33 0 _flo _0 0 _0 0 
34 60 0 -n. 10141F+03 10618E+01 
34 60 0 -no -00 -0 0 
60 60 0 -('I 0 -00 -0 0 

AOOIT lO~IAL nATA FOR THIS PROALF.'M 
30 30 0 -0 0 -00 -no 

TARLE" 

FROM TO CONTO 
STA STA 

SHEAR 
CONNFCTOR 

MrlDllLUS 

TRANSVERSE 
LOAf) 

SPRING 
SUPPORT 

USING DA Ttl FR0M THF PIoIF V lOllS PRORLEM 
1 60 0 ?100~+06 -0. -00 
0 60 0 -('I. -6.750F:+02 -0. 

10 10 0 -n. -1.320F+04 -0. 
24 24 0 -no -3.300r=:+01 -0. 
43 43 () -I). -1.320E+04 -0 0 
57 57 0 -n. -3.300E+03 -0. 

ADD IT I O~IAL DATA FOR THIS PRORLEM 

Nnr-.lF 

TARLF: 7 DATA FOR THF SLAB AND REAM 

FR(}M TO cOt\ITn CiLAR REAM StAB 
STA STA TRflNSVFRSE TRANSVERSF ROTATJONAL 

C011PLE COlIPLE RESTRAIt\IT 

10 10 0 ?310F+04 -0. -0 0 
24 24 0 S. 77C,F+03' -0. -00 
43 43 0 ?31o F'+04 -0. -0 0 
57 ~7 0 '5.775F+03 -0 0 -0 0 

TARLE R - ITF.'RATto~ MONT TOR DATA 

STA o t SPL ACEMF't\ITs AT STATIOt\IS 
ITER NOT l~ 

NUM CLS['l II-SLAR II-REAM U-SLAR 

1 6? -).?C;9F-02 -i.020E-02 -9.994E-03 
2 67 -1 .?liR!- -O? -i.O?OE-02 -9 0991E-03 
3 0 -).2"iRF-02 -1.1120E-02 -9 0991E-03 

A6.26 

otSTANCE. HORIZONTAL DISTANCE. 
NoA o TO SPRING NoA o TO 

It\ITFRFACE HORZ SPRING 

-0 0 -0 0 -0 0 
-0 0 -0 0 -0 0 

1 0040E+Ol ... 00 -0 0 
-0 0 -00 .0. 

1018RE+Ol -0 0 -0 0 
... 0 0 -0 0 -0 0 

1 0040E'+01 -0 0 -0 0 
-0 0 1.000E+OR 1 0040E+Ol 

-00 10000E+05 9 0297E+00 

BF.:AM SLAB BEA~ 

ROTATIONAL LONGITUDo LONGITUD 0 
RESTRAINT LOAD LOAD 

-0 0 6.600E+03 -0 0 
-no 1.650E+03 -00 
-0 0 6.600E+03 -0 0 
-0. 1.650E+03 ... 0 0 

30 45 
lI-REAM U-SLAB U-BEAM 

-7.921E-03 -5.532E-03 -7.585E"'03 
-7.9]7E-03 -5.530E-03 -705B2E-03 
-7.9l7F.:-03 -50S30E-03 -7.582E-03 
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PROGRAM COMRM 1 - DFCK ? - MATLOCK-TAYLOR REVISION DATE • 29 DEC 66 
CHG TO CF05111R CODED BY TPT RE~PCH BY JJP RUN 02 JAN 67 
EXAMPLE PPOBL~MS F0p cnMRM. 

PROFl (CONTD) 
.:; A Twn-SPAN FlEAM WITH TRACTIVE FORCES 

TABLE 9 COl-'PIITFD RESULTS 

STA VERTICAL C;LAB SLAB REAM BEAM LOAD ON 
DEFLECTInN RENDING AXIAL BENDING AXIAL SHEAR 

MOMFNT LOAD MOMENT LOAD CONNECTOR 

-I ].632~-o2 o. O. -0. -0. 
O. 

0 O. -2.777E-09 -S.lME-09 -I.320F.-OB 2.245£-09 
-7.367E+03 

I -1.632F.-02 1.307E+04 -7.367E+03 6.209E'+04 -7.367E+03 
-7.219£+03 

2 -3.238F-O? 2.~08E+04 -}.459E+04 1.192E+05 -1.459E+04 
-6.965E+03 

3 -4.7C14F-02 3.f>30E+04 -?155E+04 1.725F'+05 -2.155E+04 
-6.627E+03 

4 -6.277F-07. 4.f>93E+04 -2.S18E+04 2.230E'+05 -2.81BE+0,," 
-6.210E+03 

5 -7.6l'.7F.-02 5.716E+04 -3.439E+04 2.716F+05 -3.439E+04 
-5.707E+03 

6 -A.942F.-O? 6.719E+04 -4.010£+04 3.193F+05 -4.010E+04 
-5.094E+03 

7 -l.OORF-Ol 7.7301:+04 -4.519E+04 3.674F.+05 -4.519E+04 
-4.327E+03 

R -1.107F-Ol 8.7A6E+04 -4.952E+04 4.175F.+05 -4.952E+04 
-3.332E+03 

9 -] •• EUIF-Ol 9.Cl41F:+04 -5.2A5E+04 4.724r=:+05 -5.285E+04 
-1.997E+03 

10 -1·24C1 F.-Ol 1.'i4AE+OS -"'.}45E+04 S.455E+05 -5.485E+04 
-1.402E+02 

II -1·2R7E-ol 1.057E+05 -6·159E+04 5.0?4E'+05 -5.499E+04 
1.266E+03 

12 -1.3oC:;F-01 9 •. MIE+04 -l'..032E+04 4.S91E+05 -5.372E+04 
2.313E+03 

13 -1.302F-O] S.A64E+04 -c;.801E+04 4.212E+05 -5.141E+04 
3.126E+03 

14 -1.2R?F-O] 8.121E+04 -S.488E+04 3.8S9E'+05 -4.828E+04 
3.785E+03 

15 -1.246F-Ol 7.3C17f+04 -C:;.110r::+04 3.515F+05 -4.450E+04 
4.342E+03 

16 -l.IC1c;F.-Ol l'..6f>7E+04 -4.676E+04 3. 16BF-+05 -4.016E+04 
4.831E+03 

]7 -1.131F-Ol ;.913F+04 -4·192E+o4 ?f!10F+05 -3.532E+04 
5.274E+03 

18 -l.OC:;SF:-Ol S.126f+04 -3.665E+04 2.436F+05 -3.005E+04 
5.684E+03 

19 -Cl.6,."F-02 4.2<HE+04 -3.097r::+04 2.042F+05 -2.437E+04 
6.066E+03 

20 -R.737f-02 3.420E+04 -2.490E+04 1.625E+05 -1.830E+04 
6.423E+03 
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21 -7.719F-02 2.4R7E+04 -1.848E+04 1.lR2F+05 -1.lFl8f+04 

-fl.652E':02 
t'J.752E+03 

22 8.179f.+03 -1.1721::+04 7.774E+04 -5.124E+03 

23 -5.552E-02 o. -4.778E+03 
6.947E+03 

2.336F+04 1.822E+03 
6.010E+03 

24 -4.442E-02 O. -4.171E+02 -5.743£+04 7.833E+03 
5.774E+03 

25 -3.356E-02 o. 5.357E+03 -1.A92F+05 1.31'>11::+04 
5.256E+03 

26 -2.350E-02 o. 1.061E+04 -3.392F+05 1.886E+04 
5.585E+03 

27 -1.472E-02 o. 1.620E+04 -4.565E+05 2.445E+04 

-7.516E-03 
5.736E+03 

28 o. 2.193E+04 -6.075F+05 3.018E+04 
4.369E+03 

29 -2.402E-03 o. 2.630E+04 -7.R76E+05 3.455E+04 
2.109E+03 

30 O. O. 2.841F.:+04 -h018E+06 3.745E+04 
-1.~76E+03 

31 -1.103£-03 O. 2.654E+04 -7.973F+05 3.558E+04 
-4.]49E+03 

32 -4.951F-03 o. 2.239E+04 -~.199E+05 3.143E+ 04 
-5.515E+03 

33 -1.093£-02 O. 1·687E+04 -4·715E+05 2·591E+04 

34 -1.854E-02 O. 1.137E+04 
-5.500E+03 

-3.612£+05 2.041E+04 
-5.351E+03 

35 -2. 751E-02 o. fI.020E+03 -2.1A51:+05 1·506E+04 
-6.005E+03 

36 -3.741E-02 O. 1.443E+Ol -9.304E'+04 9.056E+03 
-6.1-85E+03 

37 -4. 769F-02 O. -6.471 E + 03 1.766E'+04 2.571E+03 
-7.891E+03 

38 -5.790F-02 9.588E+03 -1.436E+04 9.112F+04 -5.320E+03 
-7.645E+03 

39 -~.773E-02 3.i13E+04 -2·201E+04 1.480E+05 -1.297E+04 
-7.119E+03 

40 -7.693E-02 4.462E+04 -2.913E+04 2.120E+05 -2.008E+04 
-t'J.407E+03 

41 -8.524F-02 5,R42E+04 -3.553E+04 2.776£+05 -2.649E+04 
-5.450E+03 

42 -9.239E-02 7.312E+04 -4.098E+04 3.475F+05 -3.194E+04 
-4.1371::+03 

43 -9.H07E-02 9.}59E+04 -5.172£+04 4.353E+05 -3.608E+04 
-2.295E+03 

44 -1.019F-Ol A.557E+04 -5.402E+04 4.066E+05 -3.837E+04 
-8.979E+02 

45 -1.041F-Ol 7.950E+04· -c;.491E+04 3.7781:+05 -3.927E+04 
1.451E+02 

46 -1.04f1F-01 7.454E:+04 -C;.477E+04 3.542f+05 -3.913E+04 
9.564£+02 

47 -1.0371:-01 7.0131::+04 -c;.381E+04 3.333£+05 -3.817E+04 
1.617E+03 

48 -1.013F-Ol 6.591E+04 -5.219E+04 3.132f+05 -3.655E+04 
2.178E+03 

49 -9.76 RE'-02 6.i62E+04 -5.002E+04 2.929E+OC; -3.437E+04 
2.676E+03 

50 -9.2791='-02 5.713E+04 -4.734£+04 2.715F+05 -3·170E+04 
3.132E+03 

51 -8.67SE-02 5.23 4E+04 -4.421E+04 2.4A7F+OS -2.857E+04 
3.563E+03 
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S2 -7.91'i7F-02 4.7pf..04 -4.065E.04 2.241E.05 -2.500E.04 
3.978E.03 

53 -7.1"''iF-O? 4.1159E.04 -3.667E.04 l. cH6E.05 -2.103E.04 
4.385E·03 

54 -t'.2AOF-02 3.1:)58E.04 -3.228E.04 1.691E.0!) -1.664E.04 
4.790E·03 

55 -5.3?3E'-02 2.915E+04 -2.749E+04 1.3A5E.05 -1.185E·04 
5.199£·03 

56 -4.3091=:-02 2.229E.04 -?229E.04 1.OS9F.05 -6.652E·03 
5.620E·03 

57 -3.249E-O? 1.554E.04 -1.832E.04 7.3A6E.04 -1.032E.03 
6.060E·03 

5A -2.1C;9F-O? 1.562[+03 -1.226E.04 7.421£+03 5.028£·03 
6.222£·03 

59 -1·0MF-02 -1.394£·04 -".042£·03 -6.623F:·04 1·125E·04 
6.042E·03 

60 O. -5.C:;C:;3E-09 -S.160F.-09 -2. 639F. ... 08 5.263E-ll 
O. 

61 ] .OMF:-O? O. O. O. -0. 
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PROG~AM COMBM 1 - DECK , - MATLOCK-TAYLO~ REVISION DATE .: 29 DEC 66 
CHG TO CE05111R COOED FlY TPT RE-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PROBLE~S FOR COMBM 

PROB (CONTO) 
5 A TWO-SPAN BEAM WITH TRACTIVE FORCES 

TABLE 10 COMPUTED RESULTS 

STA SLAA SLAB BEAM AEA~ SUPPORT SLIP 
HORIZONTAL SHEAR HORIZONTAL SHEAR REACTION 

OISPLAC DISPLAC 

-1 o. 
-e.570E-03 -2.369E_I0 -2.397E-112 -1.10IE-09 -3.508E-03 

0 1.513E+04 
-8.S70F-03 3.233E+03 -2.397E-02 i.156f+04 -3.508E-03 

1 O • 
.. 1=1.6201:'-03 3.092E+03 -2.379E-02 1.103F+04 -3.438E-03 

2 O. 
-8.720E-03 2.943E+03 -2.342E-n2 1.050E+04 -3.317E-03 

J O. 
-8.866F-03 2.788E+03 -2.289E-02 9.9B41::+03 -3.1S6E .. 03 

4 o. 
-9. 0'581::-03 2.627E+03 -2.22 0E-1')2 9.469E+03 -2.957E-03 

5 O. 
-9.292E'-03 2.461E+03 -2.135E-02 EI.960E'+03 -2.71AE-03 

6 O. 
-9.565E-03 2.288E+03 -2.035E-02 fI.459E+03 -2.426E-03 

7 O. 
-9.872E-03 2.103E+03 -1.924E-02 7.969E+03 -2.060E-03 

8 O. 
-1.0211:-02 1.900E+03 -1.801E-112 7.497E+03 -1.587E-03 

9 O. 
-1.057F.:-02 1.A35E+03 -1.671E-02 7.849E+03 -9.510E-04 

10 O. 
-1.099F'-02 -7.352E+02 -1·535E-02 -3.456E+03 -6.677E-05 

11 o. 
-1.hlE-02 -1.136£+03 -1.399E-02 -4.M2E+03 6.028E-04 

12 o. 
-1·182F.-02 -1.338E+03 -1·266E-02 -S.165E+03 1.102£-03 

13 O. 
-1.221E-02 -1.521E+03 -1.139E-02 -5.6571=:+03 1.489E-03 

14 O. 
-}.258E-02 -1.691E+03 -1'020E-02 -6.162F+03 1.802E-03 

15 O. 
-1.293F-02 -1.854E+03 -9.098E-03 -6.674E+03 2.068E-03 

16 O. 
-1.325E-02 -2.01'3E+03 -A·I0SE-03 -7.190F+03 2.301E-03 

17 O. 
-1.353E-02 -2'169E+03 -7'232E-03 -7.709E+03 2.512E-03 

18 O. 
-1.378F.-02 -2.324E+03 -1I.489E_03 -8.229E+03 2.707E-03 

19 O. 
-1.399E-02 -2.479E+03 -S.887E-03 -8.750E+03 2.889E-03 

20 o. 
-1.416E-02 -2.632£+03 -5.434E-03 -9.271E+03 3.0S9E-03 
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21 O. 
-1. 429F-02 -3.347E+03 -S.141E-03 -9.231E+03 3.215E-03 

22 O. 
-}e445F-02 -2.700&+03 -'5.014E-03 -1.055E+04 3.308E-03 

23 O. 
-1.505F-02 -1.751E+03 -S.059E-03 -1.1941:+04 2.862E-03 

24 o. 
-1.50RF-02 -1."'~6E+03 -5.253E-()3 -1.598F:+04 2.750E-03 

25 O. 
-1. 474E-02 -1.540E+03 -S.589E-03 -1.704E+04 2.503E-03 

26 O. 
-1.407E-02 -1.639E+03 -6.020E-03 -1.494E+04 2.659E-03 

27 O. 
-1.3041=:-02 -1.684E+03 -f',.540E-03 -1.824E+04 2.731E-03 

28 O. 
-1.1f,~F-02 -1.2ASE+03 -7.182E-03 -1.932E+04 2.080E-03 

29 O. 
-9.991F-03 -6.206E+02 -7.917E-03 -2.066e:+04 1.004E-03 

30 4.273E+04 
-8.193F-03 5.496E+02 -A.713E-03 2.0231=:+04 -8.931E-04 

31 O. 
-6.514F-03 1.?IRE+03 -9.470E-03 1.889E+04 -1.976E-03 

32 O. 
-S.097F-03 1.~'l8E+03 -}'014E-02 1.781E+04 -2.626E-03 

33 O. 
-4.0?9F'-03 1.~13E+03 -1.069E-02 1.428E+04 -2.619E-03 

34 O. 
-3.310E-03 1.567E+03 -1.116E-02 1.6S1f+04 -2.548[-03 

35 O. 
-2.929F-03 1.754F.+03 -1.153E-02 1.5651:+04 -2.860E-03 

36 O. 
-2.9?BF-03 I.RR9E+03 -1.175E-02 1.484E+04 -3.088E-03 

37 O. 
-3.7471="-03 3.092E+03 -1.182E-02 1.296E+04 -3.758E-03 

38 O. 
-3.942F-03 4.010E+03 -1.168E-02 1.137E+04 -3.641E-03 

39 O. 
-4.092e:-03 3. pqE+03 -1.136E-02 1.1521=:+04 -3.390E-03 

40 O. 
-4.290E-03 2.996E+03 -1·087E-(l2 1.103E+04 -3.051E-03 

41 O. 
-4.532F.:-03 2.792E+03 -1.021E-02 1.056E+04 -2.595E-03 

42 O. 
-4.S10F.-03 2.724E+03 -9.423E-03 1.092E+04 -10970[-03 

43 O. 
-5.lt;2F.-03 1.506E+02 -A.531E-03 -3.839E+02 -1.093E-03 

44 O. 
-5.5301=:-03 -2.534E+02 -7.5A2E-03 -1.6l7E'+03 -4.276E-04 

45 O. 
-5.903F-03 -4.SBIE+02 -f,.61lE-03 -2.088E+03 6.90BE-05 

46 O. 
-6.2761=:-03 -6.423E+02 -S.644E-03 -2.5791:+03 4.554E-04 

47 O. 
-6.6421=:-03 -B.134E+02 -4.700E-03 -3.0R2E+03 7.698E-04 

48 O. 
-f,.997E-03 -9.766E+02 -3.797E-03 -3.594E+03 1.037E-03 

49 O. 
-7.337F.-03 -1.13SE+03 -2.947E-03 -4.111E+03 1.274E-03 

SO O. 
-7.659F.-03 -1.291E+03 -2'163E-03 -4.6301='+03 1.492E-03 

51 O. 
-7. 9bOF.-03 -1.44SE+03 -1.457E-03 -5.151E+03 1.697E-03 
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52 o. 
-~.237F-03 -1.C;99E+03 -R.388E:-n4 -5.('72F+03 1.894E-03 

53 o. 
-R.4R6F-03 -1.754f':+03 -~.IQOF:-n4 -6.192F+03 2.0HRE-03 

54 o. 
-R.7061"-03 -1.QJOE+03 9.240E-05 -f..711f+03 2.281E-03 

55 O. 
-8.bq31"-03 -2.0~7E+03 3.854F-04 -7.2?9F+03 2.4761:-03 

156 O. 
-9.0441"-01 -2.1R4E+03 15.498E-04 -7.1547E'+03 2.676E'-03 

57 o. 
-9.169F-03 -2.919E+03 C;.753E:-04 -1.079E+04 2.RA6E-03 

SF! o. 
-9.215?~-O3 -3.098fo:+03 4.15101='-04 -1.152F +04 2.963E-03 

59 o. 
-Q.2Q31='-03 -15.980E'+02 1.729E-04 -1.470E+04 2.877E-03 

60 1.5631:+04 
-9.293F-03 4.664E-I0 J.729E-(\4 2.J99E-09 2.877E-03 

61 O. 

TIME F()~ THIS PRO~LE'" .. 0 MINUTES 1.200 SECONDS 

F.LAPSED CPU TIMF • (\ MINUTES 16.766 SECOr-lOS 
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PROGRAM COMHM 1 - GFCK 2 - MATLOCK-TAYLOR REVISION GATE = 2Q DEC 66 
CHG TO rFOSIIIQ CODED ~Y TPT RF-PCH BY JJP RUN 02 JAN 67 
EXAMPLF PRO,",! F"c:; F!lR cm"R-M 

PRQR 
6 

HF.lLE 1 - PRnf,RAM-COI\lTR('\L DATA 

HOLD FHn¥. PRFCFDIN~ PWORLF~ (l=HOU")) 
"IUM CA 4 nS INPUT THTC; PPO!:lLFM 

TABLE I' - CONSTANTS 

NUMRFP nF INCRFMENTS 
lNCRFMENT Lf~GTH 
NONl TNfAR ppnl-<I.FM 
MAX NUM TTERATInNS 
CLOSIJRE TrllFRMJCE 
lIST nF MnNTT~p ST.TIONS 

HBlF. '3 

STA 

~PFCTFIED DEFLECTIONS 

DFFLfCTIO"1 

o 
40 

n. 
o. 

TABLE 4 '5LAB PPOPERTtES 

FROM Tn CONTI') MrmUI us MOMENT 
STA STA flF OF 

FLASTICITY INERTIA 

0 40 0 ?:':10 f1 F+Ofi 3.647F+Ot' 

TABLE S RFAM PQnPERTIES 

FROM To CONTO MnOULUS MOME"IT 
STA STA OF OF 

ELA<;T1CITY INE.RTIA 

0 40 0 ?QOOF+07 2.041F+02 
0 0 0 -'1. -0. 

CRnSS-
SECTION 

AREA 

2.160E+02 

CROSS-
SECTION 

ARFA 

7.970E+OO 
-0. 

2 

0 
1 

DTSTA"ICE, 
N.A. TO 

INTFRFACE 

3.750f+00 

OISTANCE, 
N.A. TO 

HITFRFACE 

6.000E+00 
-0. 

TA8LE NUMBER 
3 4 S 

0 0 0 
2 1 2 

6 7 

0 0 
5 0 

40 
6.000E+00 

NO 
-0 

-0. 
-0 -0 -0 

HORIZONTAL DISTANCE, 
SPRING N.A. TO 

HORZ SPRING 

-0. .0. 

HORIZONTAL DISTANCE, 
SPRING N.A. TO 

HORZ SPRING 

-0. -0. 
1.000E+06 -0. 
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TABLE 6 f'1ATA C()~MO"I TO THE SLAB AND REAM 

FROM TO CONTf'1 SHFAR TRMISVFPSE SPRTNr. 
STA STA C()N~IF CTOR LOAn SlJPPO~T 

~OnULIJS 

40 0 il.00I1F+05 -0. -0. 
5 5 0 -n. -f,.000E+03 -0. 

15 15 0 -fi. -6.000F+03 -0. 
25 25 () -11. -f,.000F+03 -0. 
35 35 0 -0. -f,.OOOF+01 -0. 

TABLE 7 nAT~ FOR THE SLAB AND REAM 

FROM TO CONTn SLA8 REAM SLAR 8FAM SLAB 
STA STA TRaNSVFRSE TR~NSVERSF ROTaTl0NAL ROTATIONAL LONGITUD. 

CC'lUPLE CC'lUPLE RESTRAINT RESTRAI~T LOAD 

TABLE R - ITER~TJn~ ~ONJTOR DATA 

STA DTSPLACEMENTS AT STATIONS 
-0 -0 -0 

A6.34 

REAM 
LONGITUD. 

LOAD 

ITER NOT 
NUM CLSD lJ-SLAR U-REAM U-SLAB lI-REAM U-SLAB U-BEAM 

NOl\IE 
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PROGRAM cnMHM 1 - DFCK ? - MATLOCK-TAYLOR REVISION DATE = Z9 DEC 66 
CHG TO CE05111R COnEu ~Y TPT RE-PCH BY JJP RUN 02 JAN 61 
EXAMPLE PROBLFMS Fnp C0MR~ 

PROS (CONTD) 
6 AN FWPFRJMfNTAL COMPOSITE BEAM 

TABLE q COMPIITFf") RFC:;ULTS 

STA VERTT CAL <;LAB SLAB REAM BEAM LOAD ON 
DEFLECTION RE~ID ING AXIAL BENDING AXIAL SHEAR 

MnMFf\:T LOAf) MOME~IT L(\AD CONNECTOR 

-1 1.819F-02 O. O. O. -0. 
O. 

0 o. 1.;:>93F-09 9·193E-09 9.1?1E-09 Z.398E-08 
-4.530E+03 

1 -].819F'-02 3.4SSE+03 -4.S30E+03 2.43BF+04 -4.S30E+03 
-4.41SE+03 

Z -3. 142F'-OZ 6.Q76E+03 -9.00SE+03 4.9ZZF'+04 -9.00SE+03 
-4.360E+03 

3 -c;.51f,F-OZ 1.064f:+04 -1.331E+04 7.150SF+04 -1.331E+04 
-4.113E+03 

4 -7.3';4F-02 1.452F.+04 -1.7S4E+04 1.02SF+OS -1.754E+04 
-3.B97E+03 

5 -9.0ClOF-02 1.814£+04 -;:>.144E+04 1.323E+05 -2.144E+04 
-3.503E+03 

6 -1.074F-Ol I.A91E+04 -2.494E+04 1.339E+05 -Z.494E+04 
-3.Z04E+03 

1 -1.Z30F-ol 1.956E+04 -2.814f+04 1.3ROF+05 -Z.814E+04 
-2.96AE+03 

Fl -].37FlF'-Ol 2.044E+04 -3·111E+04 1·44ZE+05 -3.111E+04 
-2.175E+03 

9 -1.5J7F-01 2.155E+04 -3.389E+04 1.521E+05 -3.389E+04 
-2.603E+03 

10 -1. 641F-Ol 2.2A7f+04 -3.649E+04 1.614F+05 -3.649E+04 
-2.43AE+03 

11 -1. 7,;7F'-01 2.439E+04 -3.B93E+04 1.7;:>11=:+05 -3.893E+04 
-2.262E+03 

12 -l.H77F-01 2.61ZE+04 -4.119E+04 1. R43F+05 -4'119E+04 
-2.05AE+03 

13 -1· 976F'-OI 2.81 (,[+04 -4·325E+04 1·983E+05 -4.3Z5E+04 
-I.A06E+03 

14 -?.fl62F-01 3.038E+04 -4.505E+04 2.144E+05 -4.50SE+04 
-1.4BZE+03 

15 -?l;1SF-01 3.;l06E+04 -4.6C;3E+!14 2. :n2F+05 -4.653E+04 
-1.053E+03 

16 -?IClSF-", 3.11RE+04 -4.159E+04 i?;:>43F+05 -4.759E+04 
-1.Z84E+OZ 

17 -;:>.240F-ol 3.oCloE+04 -4.831E+04 ?lAOF+05 -4.831E+04 
-4.146E+02 

18 -2.272F'-ol 3.n32F+o4 -4.819F+04 ;:>.140F+05 -4.A79E+04 
-2.614E+02 

19 -2.2o2F-OI 3.000f:+04 -4.906E+04 i?1l7f+05 -4.906E+04 
-8.h31E+01 

20 -2.2of\F-ol 2.990F+(i4 -4.914F:+1\4 2.11 OF+05 -4.914E+04 
8.631E+01 
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21 -??q;:>F"-(\l 3.nooF+04 -4.906F+04 2.117F+oS -4.906f+04 
2.674E+02 

?2 -? ?7?F-O 1 3.(\121:+04 -4.A79f+n4 2.140F"+05 -4.879E+04 
4.746E+02 

1'3 -??40F"-01 3.090f+04 -4.R11E+04 ?1AOF+05 -4.fl31E+04 
7.284E+02 

24 -?l QC;F-Ol 3.17f1E+04 -4.759E+0'+ ??43f+05 -4.759E+04 
1.053F.+03 

25 -?11"iF-Ol 3.306E+Q4 -4.653E+1)4 ?1321::+05 -4.653E+04 
1.482E+03 

26 -?062F-01 3.n3RF+04 -4.50SE+04 2.144F+05 -4.505E+04 
1.806E+03 

27 -1. 9 76F"-0] ?~JOF.+(l4 -4.3?5E+04 1.9A3F+OS -4.325E+04 
2.058E+03 

2A -1. k 77F"-01 2.6]2F+04 -4.1l9F+04 1.~43F+05 -4.119E+04 
2.262E+03 

29 -J.767F"-OJ 2.439F.+04 .. 3.A93E+04 1.7?IF+05 -3.893E+04 
2.438E+03 

30 -].647F-OJ ?2F17F+04 -1.649E+0'+ 1.614F+05 -3.649E+04 
2.603E+03 

31 -1.517F-ol ?1Sc;E+04 -3.389E+04 1.5?IF+OS -3.389E+04 
2.775E+03 

32 -1.37RF"-01 2.044 F.+04 -3,111E+04 1.442F+05 -3.111E+04 
2.968E+03 

33 -1.210 F-1)1 I. QS6E+04 -2.flI41:+o4 ].1p.oF+oS -2.81 4 E+04 
3.204E+03 

34 -].074F-01 1.~97E+04 -?494E+04 1.139F+05 -2.494E+04 
3.50 3E+03 

35 -9.I)QOF-0? I.R74F=+04 -2.1441:+04 1.1231':+05 -2.144E+04 
3.S97E+03 

36 -7.364F-02 1.452E"+04 -1.754F.+04 1.02Sf+05 -1.754E+04 
4.173E+03 

37 -5.57I1,F-02 1.064E+04 -1.337E+04 7.505f+04 -1.337E+04 
4.360E+03 

3~ -3.742F-0? 6.976F.+03 -9.005E+03 4.922E+04 -9.005E+03 
4.475E+03 

39 -1. 0 79F-1)2 3.4SSF+03 -4.530f+03 ".4381=:+04 "4.530E+03 
4.S30E+03 

40 O. O. 6.894E .. OQ O. -4.277E-09 
O. 

41 1.I-QQF-0? O. O. O. -0. 
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PROGQAM COt-'HM 1 - IIFCI<' ? - MATLClCI<'-TAYLCl~ RF:VTSION flATE = 29 nEC 66 
CHG TO CF:05111~ cOnED RY TPT Rf-PCH BY JJP RUN 02 JAN 67 
EXAMPLE PPOHI E~S FnQ cn~RM 

PRClR (COt--'TD) 
6 AI\J F:XPFRI~ENTAL COMPnSITE 8EA~ 

TABLE 10 cnMPUTfO QFSUl TS 

STA SIIIR C;LAR REAM RF:A~ SUPPORT SLIP 
HnR170~ITAL C;HfA~ HORIZONTAL SHFAR REACTION 

DIC;PI_Ar orSPLAC 

-I O. 
i?4Rf.F_02 ?~OOF.-I0 -2.39 8E-]4 1.4R4F-09 _5.b63E-03 

0 1.200E·04 
2· 4R f.F-O? 3.400 E+03 -2.522E-r4 8.600F+03 -5.bb3E-03 

O. 
?4RIF-0? 3.3~3f+03 1.176f-n4 R.637F+03 -5.594E-03 

2 o. 
?470F-0i? 3.30)F+03 3.S14f-04 ~."99F+03 -5.450E-03 

~ o. 
i?4~4F-0? 3.i?10F:+03 ".983F-(\4 R.790F+03 -5.217E-03 

4 O. 
2. 4 31F-0i? 3.0R3F+03 1.154E-03 R.917f+03 -4.A71E-03 

15 O. 
?407F:-02 2.164E+03 1.71 OE-03 3.A3~E+03 -4.379E-03 

6 q. 
? 377F-02 2.03?F+03 i?~57E-03 3.91.8F:+03 -4.004E-03 

7 O. 
?341F-02 I.Q?R~:+03 3.0ASF:-03 4.072F+03 -3.710E-03 

A O. 
2.305F-0? I.Fl44t+03 3.896E-03 4.1156F+03 -3.46AE-03 

9 o. 
2.2f.4F-n? 1.770F+03 4.77Sf-03 4.?301'"+03 -3.i?54E-03 

10 O. 
?2?OF-0i? 1.7011=:+03 ~.7?2F-03 4.?99F +03 -3.047E-03 

11 o. 
i?I73F-o? 1.6?QF+03 1..733F:-n3 4.1711'"+03 -2.8t'7E-03 

12 o. 
?1?3F-0? 1.54~F+03 7.B02E-03 4.454F+03 -2.572E-03 

13 o. 
?07I F-0? 1.44M+n3 R.92SE-03 4.S54F+03 -2.257E-03 

14 O. 
2.IJ]7F-ni? 1.3)6F+03 1.0091'"-02 4.6R4F+03 -1.~"2E-03 

15 o. 
1. 9 f,lF-0? 3.9QC)F+02 10130,,"-02 -3.9QSF+02 -1.317E-03 

16 O. 
,.901F-nl? 2.71 9r + f1 2 1.254F-02 -7.71 9 [+02 -9.10"iE-04 

17 u. 
1.~4"iF-()i? 1.74RF+1)2 1.379F:-1)2 -1.74fIF+02 -5.933E-04 

lA o. 
1.7p,I.F-02 9.74<;1:+01 1.506E-02 -9.745f+Ol -3.34?E-04 

19 O. 
1.7?7F-0? 3ol?f<t+Ol 1.633E-n2 -3012AE+nl -1.o79E-U4 

20 o. 
1.hf.7 F-n? -3.1?RF+Ol 1.761f-0? 3.1?HF+ol l.n"r<:)E-04 
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21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

1.60"F-02 

1.549F-02 

1.4C:HI="-o2 

1. 433F-02 

1.377E-02 

1.323F-02 

1.270F-02 

1.2211="-02 

1.174F-02 

1.130F-02 

hOe9F- 02 

1.051F-02 

1.017F-O? 

Q.870F.-03 

9.611F-03 

9. 400F-03 

Q.23F1F-03 

9.1?9F-03 

Q.~7C;F"03 

9.075F-03 

-9.745E+01 

-1.74I=1E+02 

-2.7]9F+02 

-3.995F+02 

-1.316[+03 

-1.446E+03 

-1.546E+03 

-1.629F+03 

-1.701E+03 

-1.770E+03 

-1. A44E+03 

-1.Q28E+03 

-2.0321'"+03 

-2.1f,4F+03 

-3.0R3E+03 

-3.2101':+03 

-3.301E+03 

-3.363E·03 

-3.4001::+03 

-1.079F-ll 

I.AR8F:-02 

2.015E-02 

2.140E-02 

2.264E-02 

2.3S5F-('l2 

2."-OlE:-02 

2.614E-02 

2.721E-02 

Q.745f+01 

1.7481=:+02 

2.7J9F+02 

3.Q95F+02 

-4.6R4F+03 

-4.554E+03 

-4.454F+03 

-4.3711="+03 

2.822E-02 -4.299F+o3 

2.QI6E-~2 -4.230F+03 

3.004E":02 

3.085E-02 

3.158[-02 

3-223E-02 

3.279E-02 

3.324E-02 

3.359E-02 

3.31=12E-02 

3.394F.-02 

3.394E-02 

-4.156F+03 

-4.072F+03 

-3.968F+03 

-3.836F+03 

-1=I.917F+03 

-R.7QOF+1)3 

-A..699F+03 

-A.f:.:HF+03 

-A.f:.00F+03 

-f,.69SF-12 

o. 

o. 

O. 

o. 

o. 
O. 

O. 

O. 

O. 

O. 

O. 

(I. 

O. 

O. 

o. 
O. 

O. 

O. 

(I. 

1.20IlE+04 

O. 

A6.38 

3.342E-04 

5.933E-04 

9.10'SE-04 

l.:n 7E-03 

1.A52E-03 

2.257E-03 

2.572E-03 

2.827E-03 

3.047E-03 

3.7.54E-03 

3.ctf)8E-03 

3.710E-03 

4.004E-03 

4.379E-03 

4.871E-03 

5.217E-03 

5.450E-03 

5.594E-03 

5 .... I'I'3E-03 

5.f)63E-03 

TIME FOR THIS PRORLFM = o MINUTES .7Q4 SEcoNDS 

o fYlHIUTES 17.560 SECONDS 
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PP'Or;Pll'-1 r(WH 1 - nrCK ;;> - h/,TLnr,,-T/lYI ()~; f./I'"VI'HON illiTE = ?<l DEc 66 
r:H(; TO CF(l., 111 '1 CI'P~ I) r.<Y lPT PF -Pr:H f'V JJD RUN O? JAN 1'>7 
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