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PREFACE 

This report consists of six Chapters and four Appendices. For those 

interested in the underlying mathematical formulations, Chapters II and III 

develop the design of straight and draped strand beams as mathematical 

programming problems. For those interested in how to use the straight and 

draped strand design computer programs, complete input instructions and 

output interpretation are presented in Chapters IV and V. Each of these 

two Chapters is self-contained and can be understood without referring to 

other sections of the report. Chapter VI is concerned with the analysis of 

multi-beam bridges, and deals primarily with instructions on the use of a 

computer program. This Chapter is also independent of others in the report. 

The Appendices deal with program documentation. Should the user wish to 

modify the programs, he will find subroutine descriptions, variable de­

finitions and flow charts in Appendices B, C and D. Appendix E contains a 

listing of each program as it existed at the time of this report. 

The equations required for problem formulatton are extensive, 

since they are developed in their enttrety. For clartty, highli.ghters 

(solid arrows) have been attached to those equattons i~n the text whi.ch 

are the end result of manipulating preceding equations or which are 

especially significant. 

Recently the Texas Highway Department (THO) became a part of the 

Texas Department of Highways and Public Transportation (TDHPT}. 

References in the test to THO pertatn to thi's latter organization. 
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ABsTRACT 

Three computer programs have been developed or adapted to assist in 

the design of multi-beam prestressed concrete box girder bridges. Programs 

DBOXSS and DBOXDS treat girders with straight and draped strands, respectively. 

Each program has a 11 design" option which selects concrete release strength 

and strand pattern for a specified cross section and 28-day concrete strength 

to minimize the total number of strands used. The programs also contain 

an 11 0ptimization" option which determines release and 28-day concrete 

strengths and strand pattern that minimize the total cost of the girder. 

An analysis program AMBB has also been developed to compute lateral load 

distribution factors for the members of a_multi-beam bridge. Specifications 

governing the designs produced are from the American Association of State 

Highway and Transportation Officials, 1973 Bridge Specification and 1974 

and 1975 Interim Specification. 

DISCLAIMER 

The contents of this report reflect the views of the authors who are 

responsible for the facts and the accuracy of the data presented herein. 

The contents do not necessarily reflect the official views or policies of 

the Federal Highway Administration. This report does not constitute a 

standard, specification or regulation. 

iii 



SIJlvt1l\RY 

This report presents formulations for the automated designand analysis 

of multi-beam prestressed concrete box girder bridges and documentation of 

the computer programs implementing these formulations. Simple span box 

girders of specified cross sectional dimensions are considered. Computer 

programs DBOXSS and DBOXDS treat girders containing straight and draped 

strands, respectively. The design variables determined by the programs 

include the number of strands in each strand row, concrete release and 28-day 

strengths and stirrup spacing. For straight strand designs, the extent and 

location of bond breakage is determined and for draped strand designs, the 

end eccentricity of the strands are computed. Each program has a 11 design 11 

option which. for a specified 28-day strength, determines the strand pattern 

and release strength which minimizes the total number of strands used. An 
11 0ptimization 11 option is also available with each program which determines 

release and 28-day concrete strengths and strand patterns that minimizes 

the total cost of the girder, based on the costs of concrete and strands 

supplied by the user. 

Specifications governing design are those of the American Association 

of State Highway and Transportation Officials. 1973 Bridge Specifications 

and 1974 and 1975 Interim Specifications. Design restrictioni include 

limits on release and service load stresses, upper and lower bounds on 

camber at release, ultimate and cracking moment capacities and maximum and 

minimum concrete strengths. 

An existing computer program for the rigorous analysis of multi-beam 

bridges has been modified to compute 1 atera 1 di stri buti on facto.rs for 

maximum moment for individual beams in a multi-beam bridge. Standard 
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AASHTO truck and lane loadings as well as arbitrary multi-axle vehicles 

can be treated by the program AMBB. 

All programs have standard, simplified input forms and concise output 

formats. The computer core requirements for the programs in source form 

are 170,000 bytes for DBOXOS, 264,000 for DBOXSS and 294,000 for AMBB. 
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can be treated by the program AMBB. 
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REC~NDATIOO FOR IMPLEMENTATIOO 

These computer programs are available to assist the bridge designer 

in carrying out the routine calculations associated with his job. In 

addition, their optimization options automatically produce the optimum 

design under a rather restricted set of conditions. Because of the 

rapidity with which proposed designs can be processed, these programs 

will permit designers to explore a wider range of possible solutions to a 

design problem. The programs should be equally useful for routine designs 

-utilizing standardized cross sections as well as to explore new concepts 

for possible future standardization. 

vi 

I 
I 

I 
I 
I 
I 

I 
I 

I 



I 
I 

,If 

~ 
.j 

I 
I 
I 
I 
I 

I 
I 
I 
I 

I I 

I I I 

TABLE OF CoNTENTS 

PAGE 

PREFACE I I I I I I I I I I I I I I I I I I I I I I I I I I i i 

ABsTRAcT • I I I I I I I I I I I I I I I I I I I I I I I I i i i 

SI.MVlARY. I I I I I I I I I I I I I I I I I I I I I I I I I i V 

RECDr'MENDATIONS FOR IMPLEMENT AT! ()\J 

LIST OF:FIGURESI • I I I I I I I • 

I I I I I I I I I I I I vi 

I I I I I I I I I I I I i X 

I NTRODUCT 100 I I ' I I I I I I I I I I I I I I • I I I • I I l 

DESIGN OF Box GIRDERS WITH STRAIGI-IT STRANDS. I I I I I I I 5 

2~1 DESIGN CONSIDERATIONS ........ . . . . . 5 

2.2 STRAIGHT STRAND DESIGN FORMULATION-OPTIMIZATION 

OPT I ON. . . . . . . . . . . . . . . . . • . . . . . 19 

2.3 STRAIGHT STRAND DESIGN FORMULATION-DESIGN OPTION. 37 

2.4 DETERMINATION OF FINAL DESIGN-STRAIGHT STRANDS. . 41 

2.5 VARIABLE CORRESPONDENCE FOR STRAIGHT STRAND DESIGN .. 42 

I I ·I • DEsIGN oF Box GIRDERS WITH DRAPED STRANDS I I I I I I I I I 44 

l 1 DESIGN CONSIDERATIONS . . . . . . . . . . 0 • 0 44 

3.2 DRAPED STRAND FORMULATION-OPTIMIZATION OPTION . . . . 51 

3. 3 DRAPED STRAND FORMULATION-DESIGN OPTION • . . . . . . 62 

3. 4 DETERMINATION OF FINAL DESIGN-DRAPED STRANDS. . . . . 65 

3. 5 VARIABLE CORRESPONDENCE FOR DRAPED STRAND DESIGN. 66 

IV I PROGRAM DoeuMENTATI oo-DBOXSS I I I I I 

4. 1 PROGRAM INPUT . . 

4.2 SAMPLE PROBLEMS 

I I I 

4. 3 INTERPRETATION OF PROGRAM OUTPUT. . . 

vii 

I I I I I I I 68 

. . 68 

. 77 

. 84 



V. PROGRAM DocUMENT AT 1 (}j - DBOXDS I • I I I I I I I I I I I I I. I I 96 

5. 1 PROGRAM INPUT ' • • I I I I I I I I I I I I I I I I I I I I 96 

5. 2 SAMPLE PROBLEMS I I I I I I I I I I I I I I I I I I I I I I 1 05 

53 INTERPRETATION OF PROGRAM OUTPUT 1 1 r 1 1 r 1 1 r 1 r r 1 1 110 

VI. ANALYSIS OF MULTI-BEAM BRIDGES i I I I I • I I I • I ••• I I I 122 

6. 1 ROUTINE ANALYSES USING PROGRAM AMBB 1 . . ' I f f I I r 1 • 123 

6.2 DETERMINATION OF LIVE LOAD LATERAL DISTRIBUTION FACTORS 

USING PROGRAM AMBB, I I I I I I I r I I I I I t r I I I I I 129 

REFERENCES I I I I I I I I I I I I I I I I I I I I I I I I I I I 157 

APPENDIX A - BEAM COST SURVEY DATA I I • I I I ,· I I I I I I I I 159 

APPENDIX B - DEFINITION OF VARIABLES APPEARING IN LABELED 

COMMON BLOCKS OF DBOXSS AND DBOXDS, I I I I I I I I 166 

APPENDIX C - DESCRIPTION OF SUBROUTINES USED IN DBOXSS 

AND DBOXDSI I I I I I I I I I ~ I I I I I I I I I 1 173 

APPENDIX D- DESCRIPTION OF MODIFICATIONS TO 6HOSE 1S MULTIBEAM 

BRIDGE ANALYSIS PROGRAM I I I I 

APPENDIX E - PROGRAM LISTINGS. I I 1. I I I I 

viii 

I I I I I I 

I I I I ; I I 

I I I I 207 

I I I I 214 

I 
I 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I 



I 
I 

All 

J 
I 
il 
I 
I 
I 
I 

I 
I 

•• 
I 
I 
I 

I 
I 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

LIST OF FIGURES 
Title 

Cross Section of Typical Multi-Beam Prestressed Concrete 
Box Girder Bridge ................... . 

Page 

2 

Notation fdr Description of Bond Breakage on Prestressed 
Strands. . . . . . . . . . . . . . . . . . .. . . . ·· . . 2 

Prestress Induced Moment Diagram for Calculation of Release 
Camber in Beams with Straight Strands· .... · · · . · 9 

Strain Profile and Resultant Forces at Ultimate Moment . . . . 9 

Ultimate Moment Capacity vs. Total Strand Force Eccentricity ... 13 

Required Total Strand Force Eccentricity vs. 28-Day Concrete 
Streng.th ... . . . . . . . . . . . . . . . . . . . . . . . . 13 

Relative Concrete Cost vs. Release Strength for Four Texas 
Fabricators. . . . . . . . . . . . . . . . . . . . . ..... 18 

Hypothetical 28-Day Release Strength Relationship .... . 20 

9 Linearized Representation of Concrete Cost vs. Release Strength .. 23 

10 Linearized Representation of 28-Day vs. Release Strength ..... 27 

11 

12 

13 

14 

15 

16 

17 

18 

Cracking and Ultimate Moments Plotted Against Total Strand 
Force Eccentricity ............. • ... . . 35 

Mini mum Required Strand Force Eccentricity vs. Re 1 ease Strength. . 35 

Center Line and End Sections of Draped Strand Beam ... 

Notation Describing a Strand Row ........ . 

Prestress Induced Moment Diagrams for Calculation of 
Release Camber in Beams with Draped Strands ..... 

Approximation of 28-Day Strength vs. Release Strength ... 

Stations for Stress Checks in Draped Strand Design .. 

Centerline and End Sections of Beam with Improper Draping 
of Strands . . . . . . . . . . . . . . . . . . . . . . . . 

ix 

.. 46 

46 

. 50 

. • 53 

.. 54 

. 54 



No. Title 

19 Input Form for DBOXSS. . . . . . . . . . . . 
20 Proposed Relationship Between 28 Day Strength and 

Release Strength . . . . . . . . . . . . . 
21 Completed Input Form for Example Problem No. 1 / 

22 Beam Cross Section for Example Problem No. 2 

23 Completed Input Form for Example Problem No. 2 . 

24 Output for Example Problem No. 1 

25 Output for Example Problem No. 2 . . . . . 
26 Input Form for DBOXDS. . . . . 
27 Completed Input Form for Example Problem No. 3 . 

28 Completed Input Form for Example Problem No. 4 . 

29 Output for Example Problem No. 3 . 

30 Output for Example Problem No. 4 . . . 
31 Joint and Beam Forces in Multi-beam Bridge . 

32 Multiple Lane Bridge . . . . . . . 
33 Input for Example Problem No. 5. . . . . . . 
34 Output for Example Problem No. 5 . 

35 Input Form for AMBB. . . . . . . 
36 Typical Beam and Hinge Arrangements. . . . . . . 
37 Data Input Work Sheet for AMBB . ~ . . 
38 Completed Work Sheet for Example Problem No. 6 . 

39 Input for Example Problem No. 6. .. . . . 
40 Output for Example Problem No. 6 . 

.X 

. . . . . 

. . 

. . 

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

. . 
. . 

. . . . 

. . . 

. . . 

. . . 

Page 

. 69 

78 

81 

. 83 

85 

87 

91 

97 

. 108 

111 

113 

117 

126 

126 

128 

130 

143 

146 

. 148 

. 149 

150 

152 

I 
I 
'ft. 

I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 



•• 
•• 

I 
I 

•• 

No. 

Cl 

C2 

C3 

C4 

Title 

Flow Chart for Main Program .... . . . .. . . . . . . 
Component Areas Used in Computing Cross Sectional 
Properties . . . . • • . . • . . . 

Dimensions of Cross Section Used in Computing 
Concrete Compression Zone • . . . . . . . . 

Flow Chart for Subroutine ULTMP ..•..... 

xi 

Page 

177 

193 

199 

200 



I 
I ,. 

I 
I 
I 
I 
I 

I 
I 
,.,., 

I 
I 
I 



,I 
I 

""' 

:'I ,-

i 
I 
I 
I 
I 
I 
I 
..... 

I 
I 
I 

I. INTRODUCTION 

The simple span multi-beam prestressed concrete box girder bridge is a 

special use structure which may be the most economical selection when traffic 

disruptions, limited clearance, or other unusual conditions exist. This type 

of bridge construction consists of a number of box girders (not necessarily 

of identical cross sectional dimensions) laid side by side across the bridge 

bents. Lateral continuity between the girders is established by placing a 

concrete key (Figure 1) and transverse post tensioning at one or more points 

along the span. The bridge is usually completed with the addition of an 

asphalt wearing surface. 

The design of this type of bridge requires the selection of cross 

sectional dimensions of the box girder(s) to be used, the release and 28 day 

strengths of the concrete, the number and placement details of the pre­

stressing strands, the spacing of stirrups and designation of other conven-

tional reinforcing details. A number of "standard" box shapes have been 

established by various states, including Texas, and fabricators in those 

states usually have considerable capital invested in steel forms and other 

hardware peculiar to the standard beams used in highway construction there. 

Thus, it is generally necessary for the designer to utilize standard box 

girder dimensions (with the possible exceptions of box width or void size) 

in order to gain maximum economy. Therefore, the question of what cross 

sectional dimensions to use for a particular design has not been addressed 

in the research efforts reported herein. Likewise, the design of 

conventional reinforcing details (with the exception of stirrups) 

1 
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has been omitted from consideration due to the difficulty of insuring that 

all necessary reinforcing can be fitted into a particular box design and 

fabrication still be feasible. While the design items listed above that were 

omitted from consideration are by no means unimportant, those items which 

remain lend themselves to ari automated (computer designed) approach. 

Two distinct types of prestressing cable arrangements are commonly 

used in box girders. The first incorporates straight cables, which may 

have bond breakage near the ends of the beam to ~ontrol stresses and camber. 

The second utilizes draped cables, in combina~ion with straiqht cables, to 

attain the same controls. The latter arrangement rarely uses bond breakage 

unless end splitting problems are encountered during fabrication. When 

bond breakage is used to aleviate end splitting, it generally only extends 

over a few feet adjacent to the ends of the beam. Two automated design 

computer programs were developed in this study to treat the two types of 

cable layouts. The first has been given the name DBOXSS (~esign of !!_ox 

girders with itra i ght it rands) and the other DBOXDS {~es i gn of Box girders 

with Draped itrands). Each of these programs has two options available 

to the designer. The 11 0ptimization 11 option automatically selects the 

minimum cost design, based on the costs of concrete and prestressing strands 

used. If the designer wishes to exert more control over the design or 

does not have at hand the unit cost information required by the optimization 

option, he may select the 11 design 11 option which computes a design based on 

the minimum number of strands that can be used. The underlying mathematical 

formulations used in both the optimization and design options are taken 

from the theories of linear and integer programming. Chapters II and III 

of this report present a brief description of the mathematical structure 



of these optimization formulations and develops the design of straight 

and draped strand box beams in these formats. The input to the programs 

has been simplified through the use of standard input forms. A description 

of program input and interpretation of output is contained in Chapters 

IV and V for DBOXSS and DBOXDS, respectively. Also presented there are 

several example problems to assist the designer in understanding the use 

of the programs. 

The design programs produce a design for a single box girder from 

a complete bridge. The fraction of the total load carried by the bridge 

which is assigned to the box girder under consideration is determined 

automatically by the current (1974 Interim) AASHTO Specification provision 

covering lateral load distribution in multi-beam bridges. This provision 

is empirical and the limits of its applicability can be examined in the 

research reports on which the provision is based. Situations frequently 

arise where the use of this means of determining lateral load distribution 

is questionable. To assist the designer in such cases, this study has 

adapted a third computer program AMBB {Analysis of Mult1 .. Beam Bridges) 

which carries out a rigorous analysis of a multi-beam bri<lge and determines 

the fraction of total bridge live loads carried by each beam. The designer 

may thus choose to exercise this program first to obtain the lateral load 

distribution factors for beams in a proposed bridge and input them to 

the appropriate design program. This analysis program can also.compute 

forces acting on the joints between beams which may be of assistance in 

designing concrete keys and transverse post tensioning. The program has 

a simplified standard input form which is described in Chapter VI, together 

with interpretation of program output and several example problems. 
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li, DESIGN OF Box GIRDERS Vll11~t STRAIGHT STRANDS 

The design of prestressed concrete girders with straight strands can 

be cast as a linear, constrained optimization problem in which the design 

variables are concrete strengths and prestressing strand layout, and the 

constraints are restrictions on structural behavior ~utlined below. 

Once the design problem has been cast in this format, st~ndard computational 

procedures are available for its sol uti on (l )*. .The genera1 form of the 

linear,. constrained optimization problem (Linear Programming problem or LP 

problem) is: 

minimize \ 

su~ject to: 

C X + C X + ··~··· + C X 1 1 2 2 n n 

+ a1 x ·.< b1. nn-

. . . . 
~ x +a +········+a x ~ b 

m1 1 m2 · mn n - m 

x (' x2 , •••• , xn ~ 0. 

( 1 ) 

(2) 

where x
1

, .... , xn are the variables, Eq. (1) the objective function and 

Eq. (2) the constraint set. This chapter is devoted to formulating the beam 

design problem in the mathematical form given above. 

2.1 DESIGN CONSIDERATIONS 

The arrangement of prestressing strands in a beam have a direct 

effect o~ the stresses at release and under service loads and on camber 

of the beam. The position of strands in the beam and the extent of bond 

breakage (also referred to as 11Wrapping") can be described by a doubly 

subscripted variable NS .. for the general case shown in Figure 2. Here, 
1] 

*Numerals in parenthesis refer to entrie~ in the Reference section of 
this report. 

5 



wrapping is assumed to occur in lengths which are integer multiples of 

L/40, up to a maximum length of L/4. Wrapping is assumed to terminate 

just to the left of one of the 11 wrapping points. N1j fs defined as 

the number of bonded·strands present in strand row i, at wrapping point 

j. In Figure 2, if the row shown in plain view were number 2, then 

NS2 1 
= NS 2 2 = NS 2 3 = 8 

' ' ' NS 2 4 = NS 2 5 = NS 2 6 = 4 
' . , ' NS 2 7 

= NS 2 8 
= NS 2 9 = 2 

' ' ' NS2 10 = NS2 11 = O. , ' 

The wrapping of strands reduces the prestress induced stresses toward the 

end of the beam, where load induced stresses to offset them are small. 

The total stress at the top and bottom of the beam (taking tension stress 

as positive) at release ~t a wrapping point can be written as 

where 

(T) 
NR ! 1 di l M. 

(1 - ~)F 1: - NSi . 
J 

cr • = A+ --z.t --,::-
J 0 i=l 

,] t 

NR 11 di l M. 
(B) NSi . +-t:-

cr. = (1 - ~ )F .t - A- ---c- ,] 

J 0 i=l 
b b 

NR = number of rows which can contain strands, 
F = force in a single prestress strand prior to release, 

0 
~ = fraction of initial prestress force lost immediately 

after release, 
A = cross sectional area of the box gird~r, 

d. = distance from the e.g~ axis of the beam to strand row 
1 i (positive if row i above e.g. of beam), ---- ----

zt & Zb ~ section modulii of beam (both positive quantities), 
Mj = bending moment at point j due to beam weight. 
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Stresses at, any 1 ocati on between quarter points can be obtai ned by setting 

subscript j ~ 1 and replacing Mj with the moment at that.location. Equa­

tions (3) and (4) ignore the effect of strand development length. The 

cross sectional properties A and Z include the transformed area of conven­

tional compression reinforcing in the top of the beam, if present. The 

stresses existing under service load conditions can be computed from 

where 

cr~T) = (1 - n)F ~R -
J 0. 1 

-(B) 
a. 
J 

1= 

NR 
= (1 - n)F E -

0 i=l 

M. M. 
NS .. - _J_z - _J_ 

, ,J t zt 
M. M. 

NS. . + ·_J__ + _J_ 
1 ,J zb z 

b 

n = fraction of initial prestress force lost under service 
load conditions, 

(5) 

(6) 

zt & zb = section modulii of beam plus shear key, 

Mj = moment at point j due to beam and shear key weight 

Mj = total live and dead ·load moment acting on the composite section 
(i.e., with shear key) at point j. . 

Stresses at any section between quarter points (j = l) can be obtained from 

Eqs. (3) thru (6) by setting subscript j = 1 and substituting the moments 

acting at that section forM. and M .• 
J J 

Camber control is an important consideration in the design of prestres~ed 

concrete box girders. If the beam camber is upward upon release, there is 

a tendency for the camber to increase with time due to creep and shrinkage 

effects in the concrete and because of the absence of significant additional 

dead load such as a deck slab. A downward camber on release may tend to 

become more downward with time. Although long term camber is the quantity the 

7 



designer seeks to control, its accurate computation is difficult. Gen­

erally accepted analytical means for its computation (2, 3) require a 

knowledge of the creep and shrinkage properties of the concrete, which in 

turn depend on the materials and mix design used as well as curing conditions. 

In the absence of accurate creep and shrinkage data, many designers rely 

on cambers computed at release as a guide to insuring satisfactory long 

term behavior. The release camber can be computed from previously defined 

quantities {see Figure 3) by 

1 {(1 11 
8. = 8. - E . I - s)F l: h.6.y;} 

DL 0. 1 J J J C1 J= 
(7) 

where 
NR 

(8) h. = l: d. ·NS .• 
J i=l 1 1 ,J 

el/8 j=l 
y. = ( 11 - . ) .L L J J "4"0 +-so j=2' .... ' 11 

oj = {L/4 j=l 
L/40 j=2,, .... ' 11 

{9) 

and 

8. = mi~span camber {positive upward), 
8.DL =midspan deflection due to beam ·weight {positive upward), 

E . = modulus of elasticity of concrete at release . 
C1 

In addition to satisfactory behavior under release·and service load 

conditions, a box girder must have adequate ultimate moment capacity. 

The current AASHTO Specification (4) requires that the computed ultimate 

moment capacity of a section Mu be not less than Mur' where 

(1 0) 
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MLL = maximum live load moment, 

MDI~ = dead 1 oad moment, 

I = (L+~~S) , the impact factor, 

L = span 1 ength (ft). 

The method of computing ultimate moment capacity at midspan depends upon 

the location of the neutral axis in the cross section. If the neutral axis 

falls within the deck slab (Figure 4), then Mu is given by {4), 

P*f* 
} M . = A* f* d {1 0 - 0 6 su 

u s su . . . fi 
c 

( 11 ) 

where 

(12) f~{l.O - 0.5 
P*f' l f* = s 

su f' J c 

and 

·f* su =average stress in the prestresstngstrands at ultimate, 

A* s 
f' s 
f' c 
P* 

b, d 

= total area of prestressing steel, 

= ultimate strength of strand, 

= compressive strength of concrete, 

= A*/bd s ' 
= (See Figure 4). 

This computation neglects the contribution of the compre·ss.ion steel to 

moment capacity and is justified on the basis of the proximity of the compres­

sion reinforcing to the neutral axis when the latter lies in the deck 

slab. When the neutral axis lies below the slab, as indicated in Figure 4, 

then a trial and error approach is required to determine Mu. For a 

prescribed location of the neutral axis (the dimension c), the total 

compressive force in the concrete C is computed from 
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C = 833f'A . . c c ( 13) 

where Ac is the area between the neutral axis and the top of the section 

and dis the location of the e.g. of this area. Equalibrium of horizontal 

forces requires that 

C' + C = T 

The force C' is the force in the compression steel, given by 

C' -
&'E A' · e' <yield strain s s s ' s--

e' >yield strain s 

The force in the tendons at ultimate is 

T = f* A . su. s 

(14) 

(15) 

(16) 

where f~u is the average tendon stress, determined from the stress­

strain characteristics of the tendon material, which can be approximated 

by (5) 

where 

f;u ~ f pl 

f;u > fpl 

esu = average strain in the prestress strands, 

fpl =proportional limit stress of strand material, 

Es· = modulus of strand material, 

al = fpl/Es 

a2 = 1. + (f~- fp1 )/(f~- 2fpl) 

a3 = fp1 (f~- fp1 ) 2/(f~- 2fpl) 

11 

( 17) 



If the total tensile force T ~xceeds the total compression (C + C'), 

then the neutral axis depth cis too small. If (C + C') exceeds T, then the 

correct c value is less than that assumed. Once the proper c has been ob­

tained, the ultimate moment capacity can be computed from 

M = C'(d- d') + C(d- d') u 
(18) 

The average compressive stress over the concrete compression zone (.833f~), 

and the stress-strain relationship for the tendon (Eq. (17)) were derived 

on the condition that Eqs. (11) and (18) give th.e same moment capacity when 

A~ = 0 and the neutral axis is located in the deck slab (5). 

It will later prove useful to have a relationship between the strand 

pattern in a box girder and its ultimate moment capacity. Let 

NR 
p =- L d.·NS. . (19) 

i=l 1 1,1 

define a positive parameter (the di are normally negative quantities) which 

is a measure·of the total available strand force eccentricity. For a 

specified concrete strength f~, the ultimate moment capacity of a section 

Mu can be plotted against the parameter p, as shown schematically in Figure 5. 

For a specified required ultimate moment capacity Mur' a minimum value of 

the strand force eccentricity p exists for each concrete strength. The plot 

of p vs. f~, shown in Figure 6, provides a convenient means of insuring that 

the fi na 1 strand pattern and 28 day concrete strength selected wi 11 yi-e 1 d 

an adequate ultimate moment capacity. 

Current prestress concrete design practice recognizes the importance 

of adequate warning of impending failure in an overloaded structural 

member. A natural means of achieving this end is to insure that signifi-
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cant flexural cracking of the section occurs prior to failure. Thus, the 

AASHTO Specification (4) requires that 

Mu ~ 1. 2 • Mer (20) 

where M is the moment required to produce a tensile stress at the bottom of cr 
the section equal to the modulus of rupture strength of the concrete. 

The net prestress force in a strand at release and under service 

load conditions is dependent on the loss factors ~ and n (Eqs. 3 thru 6). 

The AASHTO Specification (6) provi.des a method of long term prestress loss 

calculation which includes all factors currently thought to have~·signifi­

cant effect. The loss may be written as 

where 

n = (21) 

f = stress in strand immediately after· initial tensioning (ksi), e 

SH = loss due to concrete shrinkage (ksi)~ 

ES = loss due to elastic shortening (ksi), 
CR = loss due to creep of concrete (kst), c 

CR = loss due to relaxation of prestressing strand (ksi). s 

The four components of prestress loss are computed from 

where 

SH = 17.0- 0.15RH (22) 

ES = Esf . /E . {23) 
Clr Cl 

CRc = 12fcir - 7 fcds 

C R s = 20 • - • 4 E S - • 2 { S H + C R c ) 

RH = average annual relative humidity in percent, 

E = modulus of elasticity of prestress strand, . s 

14 

(24) 

{25) 
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E . = modulus of elasticity of concrete at time of strand 
Cl ·release, · 

f i =concrete stress at e.g. of strands due to prestress 
c r force immediately after releas~ and beam weight. The 

stress is computed at the point of maximum moment. 
f = concrete stress at e.g. of strands due to all dead 
cds loads except those present at release (i.e., beam weight). 

.. 
The prestress loss immediately after release can be estimated from 

~ = [ES + .SCRs]/fe (26) 

The fraction of the total live load on a multi~bearn bridge that is 

carried by a single box girder must be determined prior to design. In 

the absence of a rigorous analysis, the AASHTO Specification (8) suggests 

the following empirical estimate: 

where 

and 

SID = fraction of axle load carried by th~ girder 

S = 0.5(12NL + 9)/Ng 

D = 
5 + NL/10 + (3-2NL/7)(1-C/3) 2 

5 + NL/10 

NL = total number of traffic lanes, 

N = number of longitudinal beams, g 

C = K(W/L), a stiffness parameter, 
K = 1. for box sections, 
W = overall bridge width, 
L = span length. 

. c < 3 ' -
; c > 3 

(27) 

(28) 

(29) 

A rigorous analysis for multi-beam bridges has been developed by Ghose and 

Powell (9) and programmed by Ghose. The method is based on Fourier 

series expansion representations of applied loads and individual beam 

15 



responses and compatibility of displacements at the juncture of adjacent 

beams. The computer program has been obtained from the authors and 

·modified so that lateral distribution factors for each box girder in a 

bridge are automatically computed for AASHTO truck and lane loads and for 

an arbitrary axle train configuration" The designer may use this program 

to determine lateral load distribution factors in lieu of those computed 

from Eq. (27). The details of the program's use are contained in Chapter 

VI. 

Stirrup requirements are computed from current AASHTO Specification 

provisions (4). The stirrup spacing sj at the jth tenth point is given 

by 

where 

and 

s. = 2A f Jd./(V(j)- V(j}) 
J v sy J u c 

0.06f'bjd. < l80b'd. 
c J - J 

= 1 • 30 { V (. j ) + i( I • V ( j ) ).}·. 
~ DL 3 LL 

·sj = stirrup spacing at ith tenth point, 

Av = area of stirrup, 

fsy =yield strength of stirrups, 

b' = total width of beam web, 

dj = distance from e.g. of strands to top.of section at ith 
tenth point, 

(30) 

( 31) 

(32) 

J = fraction of d. which gives the distance from the center of 
compression t~ the e.g. of strands; taken as D.9~ 

v~t) = total dead load shear at jth tenth point, 

vil) = total live load shear at jth tenth point, 

16 
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cp = strength factor, taken as 0.9, 

I = L ~0125 , the impact factor, 

L = span length (ft). 

The "best" prestressed concrete beam (whose structural behavior is 

satisfactory) is the one with the lowest bid price. Bid price is influ­

enced by some factors over which the designer has control and by others 

which he can not control. The latter category includes differences in 

pricing procedures among fabricators and little correlation between the 

geographical location of a bridge and the fabricator ~ho produces the beams 

for it. However, despite the uncontrollable nature of some factors, it is 

believed that the cost model .developed below provides a means of ranking 

beams according to expected bid price . 

The final cost of a beam is assumed to consist of the cost of concrete, 

cost of strand and cost of strand wrapping. The cost of concrete is primarfly 

a function of release strength. Higher release strengths require some 

additional materials (cement, admixtures, etc.) but the principle cause 

for increased cost is the additional curing time needed. This trend is 

evident from the results of a survey of producers of highway beams in the 

state of Texas. Four responses to the questionnaire shown in Appendix A 

were received. The questionnaire asked the fabricator to list the in-place 

cost of concrete with release strengths ranging from 4.0 to 8.0 ksi, 

assuming that the cost of 4.0 ksi release strength concrete is $1.00/cu.yd. 

This method of cost presentation was used in an attempt to circumvent 

fabricators• natural reluctance to divulging actual cost information. Concrete 

cost is plotted against release strength in Figure 7 for the four responses 

received. 
17 
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Costs associated with prestressing strands consists of the cost of 

materials and cost of placing strands and wrapping them. The reported in­

place cost of·l/2 in. diamete~ grade 270K 7 wire strand ranged from $0.20 

to $0.15 per foot. Unfortunately. no cost figures on strand wrapping were 

sought in the questionnaire. Additional consideration is given to determining 

cost figures for design in Chapter IV. 

Although the release strength f~i and 28-day strength f~ of beam 

concrete frequently are treated as independent parameters in design, 

fabrication practices indicate a strong correlation between the two quantities. 

Most fabricators have a relatively small number of mix designs which are 

used to cover the usual range of required strengths. For a specific mix 

design, the release strength may vary considerably, depending on the method 

and length of time of curing, but the 28-1:1ay strength attained is largely 

independent of these factors. Thus, if one specifies a release strength 

of 6.0 ksi, and a 28-day strength of 6.5 ksi, he may actually get an f~ 

of 7~0 ksi, depending on the fabricator involved. Thus, the design does 

not take full advantage of the concrete strength available under service 

load conditions. For a particular fabricator~ one can generally construct 

a plot off'. vs. f' whose general form will follow that shown in Figure 8. C1 . C · · 

2.2 STRAIGHT STRAND DESIGN FORMULATION - OPTIMIZATION OPTION 

In this section the problem of determining the concrete release and 

28-day strengths and strand pattern layout which mini·mizes the total cost 

of a box girder is formulated as a linear programming problem whose mathe­

matical structure was ~iven in Eqs. (1) and (2). The notation used here 

differs slightly form Eqs. (1) and (2) in that the design variables x1 , .. ~, xn 

19 
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are represented by symbo 1 s defined in the preceding section in order to more 

clearly preserve the physical significance of the equations . 

Before proceeding to the formulation of the objective function and 

constraints, additional notation must be introduced. Let the concrete 

release strength f~; be given by: 

10 
f'. = 4.0 + E f. 

Cl i =l 1 
(33) 

where f1 , ... , f 10 are design variables whose values satisfy the inequalities: 

0 < f. < 0.5 
1 

f.+, < f. 
1 - 1 

i=l, •. ·., 10 

i=l, .•. , 9 

Note that by this definition, any release strength between 4.0 ksi 

(34) 

(35) 

(f1=f2= .•.• f10=0) and 9.0 ksi (fi=f2= .... f10=0.5) is admissible. For 

example, a release strength of 5.35 ksi would result if f1=f2=0.5, f 3=0.35,· · 

f 4=f5= .... f 10=o. A minimum release strength of 4.0 ksi was selected to 

conform with current AASHTO s.tanda~ds, whi 1 e an Upper 1 imi t of 9. 0 ksi was 

selected because it is at the extreme upper limits of concrete strength 

which fabricators in the state of Texas are able to produce. The expression 

for f~i given in Eq. (33) was derived on the basis of a need to maintain 

linearity in objective function and constraint equations which follow. 

2.2.1 Objective Function 

The total cost of the box girder is assumed to be the sum of concrete 

cost Cc, strand cost Cs and strand wrapping cost Cw. As developed in 

Section Z.l, the cost of concrete is assumed to be a function of release 

strength. Let c0, c1 , ••• , c10 denote the cost of concrete with f~; = 4.0, 

4.5, ... , 9.0 ksi. Then the cost of one cubic yard of concrete can be written 



as 
10 

c0 + 2 E (c. - c .. 1)f. 
i:l 1 1- 1 

(36) 

where fi are defined in Eqs. (33) thru (35). Note that Eq. (36) assumes 

a piecewise linear variation in concrete cost, as shown in Figure 9. The 

total cost of the concrete is then given by 

A·L 
cc = 3888 

10 
c0 + 2 E (c. - c. 1)f. 

. 1 1 1• 1 1= 

(37) 

where A is the area of the section in square inches and L is the length of 

the beam in feet. Note that Eq. (37) neglects additional concrete used 

in forming interior diaphragms and end closures. 
NR 

The total number of strands used in the beam is given by E NS. 1• 
i =1 1 

' 
If cs is the cost per foot of strand, the total st~and cost is given by 

NR 
Cs = c L E NS. l 

s i=l 1' 
(38) 

Takingcw as the cost per foot of strand wrapping, the total cost of wrapping 

strands may be written as 

Cw = cw . 5L E. NS. l -~40 E E NS. . 
NR 2L 11 NR I 

. ·i=l 1
' j=2 i=l 1 ,J 

(39) 

Thus, the total cost of the beam (objective function} becomes 

NR 2cwl 11 NR 
( c L + . 5 c L ) I NS . l - 40 E E NS . . 

s w i~l 1 ' j=2 i=l 1 'J 
Minimize 

A·L 10 A·L·co 
+ 1944 E (ci - Ci-l).fi +. 3888 

i =1 
(40)~ 

Equation (40) is linear in the design variables NS .. and f. as required 
1 ,J . 1 

by Eq. ( 1). 
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2.2.2 Constraints on Release Stresses [Constraints l thru 12] 

When the strands are released, stresses are produced in the beam by 

prestress force and the weight of the beam. These stresses are generally 

tensile at points along the top of the beam and compressive at the bottom. 

In order to prevent damage to the beam, stresses must be held within certain 

limits which are a function of the concrete release strength. Generally 

the stress limits (in ksi) are of the form 

crtj = .031623Stj~ _(f~i in ksi) (41) 

(42) 

where Stj and Scj are constants, which, in general may vary from point to 

point along the beam (hence the subscript j). The.AASHTO Bridge Specifi­

cations (4) currently stipulate that Stj. = 7.5 and Scj = 0.6. The square 

root in Eq. (41) causes di.fficulties· since it applies to f~i which is 

a design variable and thus introduces a nonlinea.rity into the formulation. 

With little error, Eq. (41) can bawritten as 

(f~i and crtj· in ksf) (43) 

Equation (43) is obtained from Eq. (41) by re.placing~ with a first order 

Taylor series expansion about the point f~i = 4.5 ksi. The error in this 

expression is 4.2% at f'
1
• = 8.0 ksi,. and decreases as f',·. approaches 4.5 ksi. c . c ' 

R-elease stresses are. checked top and bottom at the end of the beam 

(j = 11 in Figure 2), L/2.0 (j = 9), 2L/20 {j = 7), 3L/20 (j = 5}', 4L/20 (j = 3) 

and L/4 (j = 1). For points on the top of the beam, tensile stress is. limited 

to crtj by 
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(T) 
a. - at. < 0 J . J-

j=l, 3, .•. , 11 (44) 

Substituting Eqs. (3) and (43) into (44) gives 

NR 
(1 - ~)F r -

o .. 1 1= 

1 di 
-A + -z- NS .. - .007454St.f•. t 1 ,J . J C1 

M. 
~ + + .03355St. ; j=l, 3, ... , 11 (45) 

t J 

Replacing f~i in Eq. (45) with Eq. (33) results in the following linear 

inequality constraint in the design variables: 

NR ll d. 10 
(1 - ~)F0 • r - .A++ NSi J. - .007454St. r .f. 

1=1 t , Ji=l 1 

M. 
.::.. z~ + .06337Stj ; j=1, 3, ... , 11 (46)~ 

Letting j in Eq. (46) range over 1, 3, 5, ..• , 11 produces 6 constraints· 

which limit release stresses in the top of the beam to the tensile allowable. 

For points on the bottom of the beam, compression stress is limited to 

acj by 

-a~ B) - a . < 0 
J . CJ - j=l,3, ... ,ll 

Substituting Eqs. (4), (33) and (42) into {47) yields 

NR 
-(1 - ~)F r -

0 i=l 
M. 

< + + 4.0S . 
- b CJ 

1 di 10 
-A - -z- NS. . - S . r. f. 

b 1,J CJi=l 1 

; j = 1' 3, ... ,11 

Six constraints limiting compression stress in the bottom of the beam 

result from taking j=l, 3, .•. , 11. 
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2.2.3 Constraints on Service Load Stresses [Constraints 13 thru 20] 

Let 

a tj = • 031623Stj ~ 

= s .f' 0 cj CJ c 

( f • in ks i) c (49) 

(50} 

denote the allowable tension and compression stresses .under service load 

conditions. Stress checks are made on compression in the top and tension 

in the bottom pf the beam at midspan, 2/10 and l/10 points, and for tension 

in the top and compression in the bottom at the end of the beam. Using 

the. Taylor series expansion to eliminate the radical, Eq. (49) becomes 

(f ~ and crtj in ksi) (51) 

The 28 day strength f' depends on release streng.th in a manner depicted in c . . 

Figure 8. A piecewise continuous linear relationship between f' and f'. 
C . C1 

is given by 

10 
f' = g0 + 2 E {g. - g. 1)f. 

c . 1 1 1- 1 
1= 

(52) 

Where g0 , g1 , ... , g10 are the 28 day strengths which correspond to release 

strengths of 4.0, 4.5, ... , 9.0 ksi (see Figure lO). Substitution of Eq. (52) 

into Eq. (51) gives 

otJ· = stJ· l· oo1 454[ g0 + 2 ·.~ 0 
( 9 . - g. 1 ) t. J + . o33.55l 

. 1=1 1 1- 1 
(53) 

Tension stresses in the bottom of the beam are limited by 

-(B) 
aj - atj < 0 (j=O, 3, 7) (54) 
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The subscript value j = 0 denotes midspan of the beam. Substitution of 

Eqs. (5) and (53) into (54) gives 

NR l d. 10 
(1 - n)F E - :--A - -z1 

NS .. - .01491St_J· .. E {g . .-g. l )f. 
0 i = 1 b . 1 ,J 1 = 1 1 . 1 - 1 

M. M. 
.s_- +- --::L + .007454StjgO + .03355Stj 

b zb 
(j=l ' 3' 7) (55)~ 

A discrepancy in notation exists between Eqs. (54) and {55) .. In the former, 

the subscript j takes values of 0, 3, 7 ·While in the latter, j ·= 1, 3, 7. 

The use of j = 1 indicates that prestress fo.rce induced stress is computed 

with bonded strands at the quarter·pofnt (i.e., NS. 
1
), which· is valid since 

1 , ' 

the number of bonded strands there is the same a.s that at midspan. The 

moments Mj and Mj however, should be replaced with those occurring at midspan 

when j = 1. 

The tensile stress in the top of the beam at the end is limited to 

0 tll by 

-(T) 
all - crtll < 0 {56) 

Noting that the load induced stresses are z-e;ro at the end, Eq. (56) becomes 

( l - n ) F -~R ~ 1- _:__Al + dz i !_ NS • 11 - • 01491 St 11 . ! 0 ( 9 . - 9 . 1 ) f . 
oi = l . t '\ 1 t 1 = 1 1 1- 1 

.s_ .007454StllgO + .03355St1l 

The compression stress in the top of the beam under service load is limited 

by 

;~T) - -a . < o 
J CJ -

(j=O, 3, 7) 

28 

{57)~ 

(58) 
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The allowable compression stress cr . is . . CJ 

crcj = scjf~ 

which, after the substitution of Eq. (52) becomes 
10 

crcj = scj {go + 2i:l (gi - gi-l lf;} 

Replacing aJ~T) with Eq. (5) and cr . with Eq. (60) yields 
CJ 

NR l di 
-(1 - n)F ~ - - + --

. . oi=l A zt 

10 
NS. . - 25 . ~ (g. - g. l )f. 

1,J CJi=l 1 1- 1 

M. M. 
< _J_ - _J_ + s .g 
- Z - CJ 0 

t zt 
(j=l' 3, 7) 

(59) 

(60) 

(61)~ 

As in Eq. {55), when j=l, Mj and Mj are taken as the moments at midspan. 

The compression stress at the bottom of the beam at its end is limited 

to ac by 

-(B) 
-all - acll ~ 0 (62) 

Substituting Eq. (6) for cr11 and Eq. (60) for ocll and noting that load 

induced stresses are zero at the end of the beam, gives 

NR l d. 10 
-(1- n)Fo.~,- --;r:---z, NSi 11- 2Scll.~ {gi-g. l)f. 

1= b ' 1=1 1- 1 

2.2.4 Constraints to Insure Proper Strand Wrapping [Constraints 
21 thru (20 + lO·NR)] 

Bond breakage is initiated at the end of the beam and proceeds 

toward the quarter point (see Figure 2). The variables NS;,j give the 

number of bonded strands present in the ith strand row at point j. If 

29 
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wrapping begins at the end of the beam and terminates just to the left 

of one of the wrapping points (denoted by j}, then NSi,j must be greater 

than or equal to NS. "+l for all rows and wrapping points. This require-, ,J 

ment is imposed through the (lO·NR) inequality constraints. 

NS . 2 - NS. l < 0 ( 64 )......6 
1 ' 1 ' - """'111111111 

NS. 3 - NS. 2 < 0 
1' 1 ' -

. 
NSi,ll - NSi,lO ~ O ( i = 1 , 2, •.. , NR) 

2.2.5 Constraints Limiting the Number of Strands in Each Row 
[Constraints (21 + lO·NR) thru (20 + ll·NR)] 

The number of strands that may be placed in a row is limited by the 

dimensions of the box cross section and the necessity of maintaining 

adequate clearance between strands and between the strands and the edges 

of the section. If NM1 denotes the maximum number of strands that can 

be placed in row i, then 

NS. l < NM. 
1, - 1 

( i = 1 , 2 , •.. , NR) (65)~ 

2.2.6 Constraints to Insure Proper Release Strength Representation 
[Constraints (21 + ll·NR) thru (39 + ll·NR)] 

The concrete release strength representation used in Eq. (33) is 

valid only if the constraints given in Eqs. (34) and (35) are satisfied. 

Thus, to obtain a proper problem formulation, the constraint set must 

include 

f. < 0.5 
1 -

(i=l, ..• , 1 0) (66}~ 
fi+l - fi < 0 (i=l, ..• , 9) (67}~ 
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2.2.7 Bounds on Initial Beam Camber [Constraints (40 + ll~NR) and 
(41 + ll·NR)] 

Let t:J.+ and 6- denote the maximum and minimum initial midspan deflections 

admissible in a particular design, with positive deflections taken as 

upward. If, for example, a designer wished to insure that a beam did not 

have an upward camber of more than 3.25 in. nor less 0.75 in. (the lower 

bound perhaps being imposed to insure that the long term camber under the 

additional weight of wearing surface and shear key was not downward), 

6+ would be +3.25 in. and 6- would be 0.75 in. The initial camber I:J. 

is the sum of the deflections due to prestress and weight of the beam 

(t:J.D
1

). The initial deflection t:J.DL due to beam weight is 

where 

wL4 
!:J.DL = -22.5 E .I (in.) 

Cl 

w =beam weight (kips/ft), 
L = span length (ft), 
I =moment of inertia of beam section {in4), 

E . =modulus of elasticity of beam concrete at release (ksi). 
Cl 

Substituting Eq. (68) into Eq. (7) yields the following expression for 

initial camber 

11 = E ~ I { 22. 5wl 
4 

- ( 1 - ~) F ~ 1 .r~ d . • NS . .l o • y . } 
c1 .· 

0 j=1 ~=1 1 1 •jj J J 

(68) 

(69) 

where yj and oj are given by Eq. {9). The upper bound on camber is en­

forced by 

+ 
b. < I:J. 

which upon substitution of Eq. (69) and rearrangement b~comes 

(70) 

- ( 1 - ~) F ~ 1 r ~R d . • NS . .l 0 .y . < E . Ill+ + 22 • Swl 4 ( 71 ) 
oj=1 ~=1 1 1 ,jJ J J - c1 

3] 



The form of Eq. (71) is not yet acceptable because it involves the modulus 

of elasticity of the concrete at release, which depends on the release 

strength f~i· The modulus of elasticity frequently is assumed to vary 

with the square root of eye 1 i nder strength; i.e. , 

E . = .031623K~ 
Cl Cl (Eci and f~; in ksi) 

Replacing the radical with a Taylor series expansion and substituting 

Eq. (33) for f~i gives 

10 } 
E . = K {· 007 454 2: f. + . 06337 

Cl • 1 1 1= 

(72) 

(73) 

The constant K depends on the unit weight of the concrete ( 10 ) and can 

be taken as 57,000 for normal weight. concrete. Substitution of Eq. (73) 

into (71) gives the final form of the constraint 

- ( 1 - t,: ) F ~ l { ~ .. R d . • NS . ·} o .y . - • 007 454t/ K ~ O f. 
0 j= 1 i = 1 1 1 ,J J J i =1 1 

< .06337KIA+ + 22.5wL4 

In a similar fashion, the lower bound constraint is given by 

( 1 - t,:) F . ~ l · { ~.R d . · NS . . } . o .y . + • 007 4·54A- K ~O f. 
0 j=l i=l 1 1 'J J J i=l 1 

< .06337KIA- - 22.5wL4 

2.2.8 Constraints to Insure Adequate Ultimate Moment Capacity 
[Constraint (42 + ll·NR)] 

(74)~ 

(75}~ 

The computed ultimate moment capacity of the beam Mu must be greater 

than or equal toMur' the required ultimate moment capacity defined in 

Eq. (10). This requirement can be written as 

-M < -M u - ur (76) 
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The ultimate moment capacity Mu is not linearly related to the strand pattern 

at midspan (described by the design variables NS. 1) nor the concrete 
' 1 , 

strength (described by the design variables fi). Thus, an indirect method, 

one which is linear in the design variables, must be used. The device for 

accomplishing this was developed in Section 2.1 (Eq. 19 and Figures 5 and 6). 

Figure 6 shows the relation between the parameter p, which is a measure of 

total strand force eccentricity, and concrete strength f~. Those beams 

having a midspan strand pattern and concrete strength which yield a moment 

capacity in exce.ss of Mur are represented by points that lie above and to 

the right of the curve shown in Figure 6. Let i)0,p-1, ... ,p-10 be the 

minimum total strand force eccentricities necessary for Mu=Mur' for 28 

day concrete strengths corresponding to release strengths of 4.0, 4.5, ... , 

9.0 ksi. The curve shown in Figure 6 can be approxirnated with the following 

relation 
10 

"P="Pa+2E CP". -"P1l)f. 
. i=l 1 - 1 

(77) 

Note that Eq. (77) defines a piecewise linear approximation to the curve 

in Figure 6. That is, for f; values which give a release strength that is 

an integer muliple of 0.5 ksi, the value of~ computed from Eq. (77) 

lies on the curve. In order to insure that adequate total strand force 

eccentricity is present, we write 

-p ~ -p (78) 

and substituting Eqs. (19) and (77) into (78) we have 

NR 10 
E d .. NS . 1 + 2 L cr;. - p. 1 ) f . < -Po 

i=l 1 1' i=l 1 1- 1 -
(80) 

Moving the design variables to the left of the inequality yields the final 
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form 
NR 10 
>: d.· NS. l + 2 E (p. - p. l) f · < -p0 ; ::: l 1 1 ' i = 1 1 1 - 1 --

(80)4 

The computational procedure for constructing the pi in Eq. (80) is straight­

forward. Beginning with a release strength of 4.0, the corresponding 28 

day strength g. is used to compute moment capacity. Strands are added to 
1 

the section, 2 at a time, beginning with first (bottom) row and the 

ultimate moment capacity Mu is computed using Eqs. (11) or (18). If 

M < M additional strands are added, progressively filling the first, u ur 
then the second row, etc., until M > M • The corresponding value of p u- ur 
computed with Eq. ( 19) is then taken as pi. 

2.2.9 Constraint to Insure ·M > 1.2M [Constraint (43 + ll·NR)] u - cr 
The cracking moment capacity is defined as that moment which produces 

a tensile stress of 7 ._5~ (f~ in psi) at the bottom of the beam (4). 

Using the strand pattern at midspan, the cracking moment is given by 

M = Z {- ( 1 - n ) F ~R - [.!_ - -!LJ NS • 
cr b oi=l [A Lb.. 1,1 

+ .2371~- i~} (81) 

where M
0 

=midspan moment due to beam weight and f~ is in ksi. Once again 

an indirect approach to formulation of this constraint must be used to 

avoid introducing nonlinear terms. Figure 11 shows schematically the relation­

ship between the ultimate moment capacity of the section Mu, 1.2 times 

the cracking moment M . and the total strand force eccentricity (defined cr 
in Eq. (19)). For small values of p, the cracking moment capacity exceeds 

the ultimate moment capacity. As strands are added, Mu rises more sharply 

than does 1.2Mcr' and at the point p', exceeds 1.2Mcr· Thus, for the 
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particular f~ under consideration, the requirement that 

-M < -1 2M u - • cr (82) 

can be stated as 

-p ~ -p 
I . (83) 

As f~ increases, the point·of intersection of the Mu and 1.2Mcr curves 

genera.lly moves to the right. Figure 12 shows the variation of p' with 

concrete strength. Let P(J' pl , ... , P1o denote the minimum total strand 

force eccentricity necessary for Mu ~ 1.2Mcr' for 28-day strengths corres­

ponding to release strengths f~i of 4.0, 4.5, ... , 9.0 ksi. The curve of 

Figure 12 is approximated with straight line segments by 
10 

p' =Po'+ 2 E {p!- p~ 1)f. (84) . 1 1 1- 1 1= 
Substituting Eqs. (19) and (84) into (83) yields 

NR 10 
L: d . • NS . l + 2 E (p ! - p ~ l ) f · ~ -p0

1 

i=l 1 1' i=l 1 1- 1 
(85)~ 

The computation of p! can be carried out in a ma~nner analogus to that for 
1 

P; in the ultimate moment constraint. 

2.2.10 Lower and Upper Bounds on Concrete Strength [Constraints 
(44 + ll~NR) and (45 + ll·NR)] 

If during the computation o:f the pi for the ultimate moment capacity 

constraint, it is found that Mur can not be attained for a pa·rticular 28-

day strength g1, the release strength corresponding to ~i+l must be taken as 

the minimum permissible release strength. That is, 

10 
-4. 0 - E f. < ( f I • ) • 

i=l 1 -. c1 m1n 

36 
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If Mur can be obtained for all prescribed 28 day strengths, (f' .) . ·. · · c1 m1n 

is taken as 4.0 ksi. 

Release strengths in this formulation are assumed to range up to 

9.0 ksi. Should this be greater than the actual release strength that 

can be obtained, the release strength variables must be bounded from 

above by 

10 
4.0 +. L f.< (f'.) . 

1
. 1 - · c 1 max 

1= 
(87}~ 

·where (f~;)max is maximum attainable value off~;· 

2.3 STRAIGHT STRAND DESIGN FORMULATION - DESIGN OPTION 

Should the designer wish to specify the 28 day strength f~ to be used 

and obtain the strand pattern and minimum release strength, he may specify 

the 11 design" option. For this problem formulation, the design variables 

are limited to those which define the strand pattern (Nsi,j) and the 

release strength f~i· 

2.3.1 Objective Function 

The objective in this case is to minimize the total number of strands, 

while wrapping strands only where necessary to keep the release strength 

to a minimum or to control camber. Mathematically, this is equivalent to 

NR 
Minimize {csL + .5cwL) L NS. 1 -

i=l 1
' 

2lc 11 NR 

40W L L NS .. 
• j=2 i=l 1 ,J 

By taking cs' the cost per foot for strand, very large (say, $100.00), 

we are assured of obtaining the minimum number of strands. Assigning a 

(88)~ 



cost of cc·A·L/1944 to concrete insures that f~i will be as small as possible. 

We select cc such that the total concrete cost will be a small fraction 

of the strand cost (say, equal to the cost of one stra,nd). Finally, a 

small cost for wrapping (say c = $.01) insures that strands will be wrapped w 
only where necessary, but will always be used if it results in a lower 

release strength f~i· 

2.3.2 Constraints on Release Stresses [Constraints 1 thru 12] 

Release stress constraints in this case differ from those developed 

in Section 2.2.2 in the concrete strength variable. Noting that the re­

lease strength is given by f~i' Eq. (45) limits the tension stress at each 

section (j=l, 3, ... , 11) to the allowable tension stress by 

(1 - ~;; )F .~ -{ A1 + -!L} Ns. . - • 007454st···. f • . 
0 i = 1 . Lt .· 1 , J J C 1 

M. ::_ * + • 03355Stj (j=1, 3, ... , ll) (89)~ 

Compression stress at points on the bottom of the beam are limited to the 

allowable compression stress through modification of Eq. (4.8) to obtain 

-(1 - ~;)F ~ - f _Al - dzi }Nsi J. - sc· J.f~; 
0 i=l l · b ' 

M. 
< + ( j = 1 ' 3 ' ... ' ll ) - b (90)~ 

2.3.3 Constraints on Service Load Stresses [Constraints 13 thru 20] 

The expression for 28-day strength used ih Section 2.2.3 is replaced 

with the specified strength f2a· Tension stresses at the bottom for sections 

at midspan, j = 3, and j =- 7 are limited by 

NR ~ l d. } M. M. ~ 
(1 - n)F r:. - 1.-A - -z1 

NS .. ~ -+- --:=1- +St. f' 2.8 0 ; = 1 { b · 1 ,J b zb J 

(j=1' 3, 7) . (91}~ 
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As before, MJ. and R. are taken as midspan moments when j ~ 1. 
. J 

The tensile stress in the top of the beam at its end is limited by 

(92)~ 
while the compression stress at the bottom is limited by 

(93)~ 

Compression stresses in the top of the beam at midspan, j 

are limited by 

= 3, and j = 7 

(94)~ 

2.3.4 Constraints to Insure Proper Strand Wrapping [Constraints 21 

thru (20 + lO·NR)] 

The constraint set to insure proper strand wrapping for this formula­

tion is identical to that used in the optimization option and is given 

by Eq. ( 64). 

2.3.5 Constraints Limiting the Number of Strands in Each Row 
[Constraints (21 + lO·NR) thru (20 + ll·NR)] 

This constraint set is also identical to that defined previously, 

and is given by Eq.' (65). 

2.3.6 Bounds on Release Camber [Constraints (2l + ll·NR) and (22 
+ ll·NR)] 

The revised form of these constraints is obtained by substituting the 

expression for modulus of elasticity at release 

Eci ~ K { .007454f~i + .03355} (f~; & Eci in ksi) (95) 



into Eq. (71) to obtain 

11 NR 
-(1 - ~)F Z [I d.·NS .. ]5.y. - .007454KI6+fcr

1 
.. 

oj=1 i=l 1 1,J J J 

< .03355KI6+ + 22.5wL4 (96}~ 
and 

11 NR 
(1 - ~)F0 I [I d.·NS .. ] .y. + .007454KI f~i 

j=l i=l 1 1 ,J J J . 

< .03355KI6- - 22.5wL4 (97}~ 
2.3.7 Ultimate Moment Capacity [Constraint (23 + ll·NR)] 

Letting 'P denote the mi-nimum tota.l strand force eccentricity which 

provides Mu greater than or equal to Mur for the speci'fied 28 day strength 

f~8 , and altering Eq. (79), we have 

NR 
l: d. • NS. ll < -p 

i=l 1 1, -
(98)~ 

2.3.8 Cracking Moment Capacity [Constraint (24 + ll·NR}] 

Taking p' as the minimum total strand force eccentricity which i-nsures 

that for the concrete strength f~8 , the ultimate moment capacity is equal 

to or greater than 1.2 Mcr'gives 

NR 
I d .• NS . 11 < - p I 

i=l 1 1
' 

2. 3. 9 Lower and Upper Bounds on Concrete Strength [Constrai.nts 
(25 + ll·NR) and {26 + ll·NR)] 

The release strength f~i can not be less than the THO standard 

minimum of 4.0 ksi, 

-f I • < -4 0 
C1 - • 
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nor exceed the specified 28 day strength, 

f'. < f218 
Cl -

2.4 DETERMINATION OF FINAL DESIGN - STRAIGHT STRANDS 

(101)~ 

The linear programming formulation used requires that prestress loss 

at release ~ and long term loss n be specified. These quantities are 

actually dependent, in part, on the design variables defining concrete 

strength and strand pattern. This short~oming in the formulation can 

be treated through an iterative process. Initial values for ~ and n 

are assumed, and the linear program solved to obtain concrete strepgths 

and strand pattern.. Corrected values of ~ and n are then computed by the 

procedure described in Section 2.1. If the computed losses are less than 

those assumed, the design is adequate. If not, the new computed losses are 

incorporated in the constraint equations and the linear program resolved. 

Experience with the computer programs inidicate that this process generally 

converges in 3 to 5 iterations, st,rting with t=0.05 and n=O.lO. 

The variables in a standard linear programming formulation are assumed 

to be continuous. Thus, one may obtain a non-integer number of strands 

in a solution. The final design is obtained by rounding the strand 

variables to the nearest integer number. In straight strand box beam designs 

there are normally a sufficient number of strands present in a strand row 

so that rounding does not significantly affect the final solution (for 

example, 12 strands in row 2 as opposed.to 11.78 strands obtained from the 

L.P. solution). 

The linear programming formulation permits the early detection of 

unrealistic design requirements that may inadvertently be imposed by the 

designer. These can occur in a variety of ways, such as too stringent 

,41 



camber restrictions or insuf~icient number of strands permitted to sustain 

the loads which are to be carried. Such a conditi·on is. automatically de­

tected by the Simplex algorithm (1) during an attempt to solve the 

linear program. 

After a solution has been obtained for an L.P. problem, the behavior 

restrictions (allowable stresses, camber limits, ultimate moment capacity, 

etc.) which control the design can be easily determined. Those inequality 

constraints which are "tight" at the final ~olution (i.e., those. which are 

satisfied as equali.ties) control, whi:le those which are satisfi-ed oy some 

margin have no effect on th.e final design. This information can be used 

by the designer should he choose to alter some of initially specified 

properties of the design (such as section .dimensions ~or maximum number -of 

strands permitted in a. row) in order to obtain a-_more effie-tent 6eam. 

2. 5 VARIABLE CORRESPONDEN_CE FOR STRAIGHT STRAND DESIGN 

The 1 i near programmi-ng proh}em format; g.iven in Eqs. (1) and (2} 

utilizes desi'gn variables x1, ... , xn'· .while th~ notation_ used in the 

objective function and constraint relat_ionships-,.retai·ned ,NS;,J for the 

variables representi.ng the number, of. :bonded ~t.r-.~nds, at .e,ach: w~appi~ng point 

and fi, ... ,f10 to deno~e variables a~sociated with- -release ~trength. 

(f~; for the desi.gn option). Correspondence>between th~se-two sets of 

notation are as follows: 

2~5.1 Optimi~ation Option 

The NS;,j correspond to 

xl = NSl,l 

x2 = NS2, 1 
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xNRAV = NSNRAV,l 

xNRAV+2 = NS2,2 

. 
x2·NRAV = NSNRAV,2 

. 
xlO·NRAV = NSl,ll 

xlO·NRAV+l = NS2,11 

. 
xll·NRAV = NSNRAV,ll 

and the f; correspond to 

xll·NRAV+ll =flO 

The total number of variables n is equal to (ll·NRAV + 11). 

2.5.2 Design Option 

(1 02) 

(103) 

The correspondence between xk and NS;,j is the same as that given in 

Eq. {102). The release strength is xll·NRAV+l and the total number of 

variables n is (ll·NRAV + 1). 
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I I I • DEsIGN oF Box GIRDERS WITH DRAPED· STRANDS 

In this section, the problem of determining the concrete release 

and 28-day strengths and strand pattern layout which minimizes the total 

cost of a box girder which may contain draped strands and has no strand 

bond breakage is formulated as an integer programming problem. The integer 

programming problem has the same mathematical structure as the linear pro­

gram described by Eqs. (1) and (2) with the exception of the design 

variables x1 , ... , xn which are required to take only integer values. While 

the integer programming formulation more closely reflects the true nature 

of the design problem, i,ts solution requires considerably more computational 

effort than does the 1 inear program. It is used here in 1 i.eu of the 

linear programming approach because of variable rounding difficulties 

inherent in the draped strand formulation. Draped strand design practice 

requires that a fixed number of strands be draped ;·n a row (as many as 

six strands, depending on web width). If any drapable strands in a row are to be 

draped, all must be draped. Thus, i.f a linear programming formulation 

was used, and the final soluti.on indicated that 2.9 strands were to be 

draped, this value would have to truncated to zero or rai·sed to 6 (assuming 

6 drapable strands per row). This obviously would lead to considerable 

differences between the L.P. optiJnum desi.gn and that obtained from it b_y 

roundi.ng. 

3.1 DESIGN CONSIDERATIONS 

Let NSi denote the total number of strands prese_nt tn strand row i 

(row number 1 is the bottom most strand row} and I; tie a binary vari.able 

(either 0 or 1) indicating the presence of draped strands in row i 
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(I; = 1) or their absence (I; = 0). For the case shown in Figure 13, 

Ns1 = 10 r, = 0 
NS2 = 10 12 = 0 
NS = 3 6 13 = 1 

NS - 4 I4 = 1 4 -
(1 04) NS = 4 Is = 1 5 

Let NR equal the number of rows which may contain strands, NRAV equal the 

number of the top-most strand row in the section (NRAV = 10 in Figure 13), 

NB be the row number of the first row containing draped strands (NB = 3 

in Figure 13), and EN be the product of the number of rows of draped strands 

and the number of rows by which the strands are raised at the end of the 

beam. In Figure 13, the number of rows of draped strands is 3 and the 

number of rows by which they are raised is 4, giving EN=l2. Define NW 

as the number of drapable strands per row, e as the distance between the 

straight and draped strands in a row at the end of the beam, ej as this 

distance at point j along the beam, and aL as the distance from the end of 

the beam to the ho1ddown point (Figure 14). 

The stress in the top of the beam at point j due to prestress in row 

i i s given by . 

(1 05) 

+ (1 - ~)F (-d.) z1 (NS. - NW·I.) 
0 1 t 1 1 

Collecti.ng common terms and factoring yields 

~ . ( T) = .. ( 1 - ~ ) F Ll + ~t t NS . - ( 1 - ~ ) F ZNW e . I . 
1 ,j o 1 A zt ~ 1 o t J 1 (1 06) 
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FIGURE 14. NOTATION DESCRIBING A STRAND ROW 
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Noting that ej : Tje' where Tj is a factor dependent on the location of point 

j, Eq. (106) becomes 

~~:J = -(1 - (}F 0 ~ l + ~: f NSi - (l - E;)F0 ~: -rje1 1 

The total stress in the top of the beam at point j due to all rows of 

strands is obtained by surmning the effects of each row, i.e. 

~ (T} NR ~ (T) 
a . = I:· a. . 

J i=l l,J 

Substituting Eq. (107) into (108) and collecting terms gives 

~ ~ T) = - ( 1 - ~) F ~R j l + d i l NS i - ( 1 - ~) F o ~Wt . 
J . .. o ; = 11 A zt ~ 

NR 
T·e I: I . 

J i=l 1 

(1 07) 

( 108) 

(1 09) 

The strand end eccentricity e must be an integer multiple of the strand 

row spacing GS. The spacing between all rows must be the same in order 

that a given design can be fabricated with equal eas.e by hardware that 

depresses strands at the holddown points or that lifts strands at the 

ends of the beam .. Thus, e may be written as 

e = N·GS (11 0) 
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where N is the number of rows by which the draped strands are raised at 

the end of the beam. Substituting Eq. (110) into Eq. (109) gives 

( T) . NR [ 1 d i j · NW . 
(} . :;: - ( 1 .,. ~) F E -A + -z- NS . - ( 1 - f;; ) F -z-

J 0 i=l t 1 0 t 
NR 

1:.GS•N r I. (111) 
J i=l 1 

It follows from the definition of 11 that Ll; is equal to the number of 

rows with draped strands, and that NLI; is equal to EN which was defined 

previously. Thus Eq. (111) becomes 

cr~T) = -(1 - ~)F ~ ~ + ~] NS· - (1 - ~)F ~ 
J . o i = 1 [ A . zt 1 o zt 

1: .• GS ·EN (112) 
J 

At this point a comment is in order concerning the seemingly bizarre set 

of variables (NSi' 11, NB and EN) used to arrive at an expression for 

prestress induced stres·s. The inte~er programming format used to formulate 

the beam design problem requires that all constraint expressions (including 

those developed later to limit beam stresses) be linear in the design 

variables. If the expression for stress given in Eq. (109) were used, 

it would contain the product of design variables (e and the r1}. The 

introduction of transformed variables to produce a linear expression is 

not without its complications. As will be shown later, a rather complex 

set of additional constraints must be introduced to insure that the minimum 

cost design obtained in the transformed design space corresponds in a 

unique way to an obtainable design. 

Using previously defined terminology and a procedure analogus to 

that just explained, the stress at point j in a beam produced by all sources 

under release conditions can be written as 
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cr~T) = -(1 - ~)F ~R j_A1 + dzi l NS. - (1 - ~)F ~-r.GS·EN 
J o i = 1 1 t ~ 1 o zt .J 

M. 
- __l_ (113) 

zt 

cr~B) = -(1 - ~)F iR j_A1 .,. dzi l NS
1
• + (1 - t;)F zNW -r.GS·EN 

J 0 i::.;l 1 b ~ 0 b J 

M. 
+ __l_ (114) 

zb 

and for service load conditions 

O~T) = ~(1 - n)F ~R .j _Al + dzi l NS. - (1 - n)F ~W T .GS·EN 
J 0 i=l 1 t ~ 1 · 0 t J 

M. M, -z;-- t (115) 
t 

I NR l d. f cr\ .. B) = -(l - n)F .. 2: _Al - -z1 NS. + (1 - n)F NZW -r.GS·EN 
J 0 i=l ·b · 1 0 b J 

M. M. 
+++--::}--- (116) 

b zb 

Camber at midspan after strand release can be written as 

where M
5

, ME and t1D are shown in Figure 15 and given by 

NR 

( 117) 

M = (1 - ~) F 2: d. ( NS. - NW ·I.) (118) 
s oi=l 1 1 1 

NR 
MD= (1 - t;)F NW 2: d.I. (119) 

0 i=l 1 1 
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FIGURE 15. PRESTRESS INDUCED MOMENT DIAGRAMS FOR CALCULATION OF RELEASE CAMBER 
IN BEAMS WITH DRAPED STRANDS 
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The computation of ultimate moment. capacity, cracking moment and 

prestress loss is identical to that described in Section 2.1. The calcula­

tion of stirrup spacing differs from that previously developed only in 

that the shear force to be resisted by the stirrups v~i) is reduced by 

the amount of the vertical component of force exerted by draped strands 

at points between the end of the beam and holddown point. 

3.2 DRAPED STRAND FORMULATION - OPTIMIZATION OPTION 

In this section, the problem of determining the concrete release strength, 

the mid-span strand pattern and end eccentricity of draped strands which 

minimizes the .total cost of a box girder is formulated as an integer program. 

The variables·. NS;, NB and EN are integer, assuming afly integer va 1 ues which 

satisfy the constraints defined below. The variables 1
1 

and the variables 

Ki (introduced below) are binary· variables, which can assume only the values 

0 or 1. The release strength of beam concrete ~an be written as 

10 
I: f'. = 4.0 + 0.5 . l K. 

C1 1= 1 
( 121) 

where K; are binary variables (taking values of either 0 or 1} satisfying 

the inequalities 

i=l,.,.,9 (.122) 

This form renders discrete values of release strength in 0.5 ksi i.ncrements. 

The 28 day strength corresponding to a speci.fic release strength can be 
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expr·essed as 

f' = g + c 0 

10 
L: 

i=l 
(g. - g .. 1 )K. 

1 1- 1 
(123) 

which is a discontinuous step approximation to the function relating 

release strength to 28-day strength (Figure 16). The cost per cubic yard 

of concrete as a function of release strength is given by the discontionuous 

step approximation 

10 
c + L: (c. -c. 1)K. 

0 i=l 1 1- 1 
(124) 

3~2.1 Objective Function 

The total cost of the beam is assumed to consist of the cost of concrete 

and cost of strands. This can be written as 

·NR 
A·L ~~inimize c t L: NS. + 1944. s i=l 1 

10 A·L 
L: (ci ·- ci -1 )Ki + 1944 co 

i=l 
(125)~ 

3.2.2 Constraints on Release Stresses [Constraints :1 thru 8] 

Release stresses are checked at the top and bo·ttom .of the beam, at 

the holddown (j~8}, SL/40 (j=5}, L/10 (j=6) and at the end (j=7)(see Figure 

17). The point 5L/ 40 is used so that different allowable stresses cou 1 d 

be imposed, at the designers' o:pti on, for points ·between the end :of the beam 

and the first tenth point and for those· po·i nts between the tenth poi.nt and 

the holddown. The points chosen are the end points of each of these two 

intervals. At release, if the allowable stresses are satisfied at each end 

of the interval, they will be satisfied at all points within the interval 

because the offsetting stresses produced by beam weight increase· parabolically 

while those due to prestress increase linearly with position along the interval. 
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To insure that the allowable tensile stress in the top of the beam is 

not exceeded, it is necessary that 

- ( 1 - l:") F
0 

~R j l + d; l NS. - ( 1 l:") F NW T GS EN 
<, i = 1 ~ A zt ~ 1 - ~ o zt j · · 

10 M. 
-.003727StJ• L K. < ~ + .06387StJ.; 

i=l 1 - zt 
j=5' 6' 7' 8 

Referring to figure 16, T • J is given by 

0. . j=l (a-. 125) ; j=5 ' a 
(a-.40) ; j=2 (a-.10) ; j=6 a 

't'· = (a-.30) J ; j=3 1 • ; j=7 a 
(a-. 20) ; j=4 o. ; j=8 

a. 

(126)~ 

( 127) 

The bracketed quantity in Eq. (127) has the following interpretation: 

(X) =X if X > 0., (x> = 0. if X~ 0. 

To insure that the allowable compressive stress in the bottom of 

the beam is,not exceeded,.it is necessary that 

(1 - ~)F ~RJ-A1 - dzi l Ns. - (1 - ~)F NW TJ·Gs·EN 
o i=l b ~ 1 o zb 

10 M. 
-0.5SCJ. L K .. < 4.05 . + ·zJ ; 

1 - CJ b i=l 
j = 5, 6, 7, 8 (128)~ 

3 ~ 2. 3 Constraints on Service Load Stresses !Constra i,nts 9 thru 22] 

Servi·ce load stresses are checked top and bottom at midspan, 4L/10~ 

3L/l0, 2L/10, SL/40, L/10 and the end. To insure that the allowable tension 

stress in the bottom of the beam at all points except the end do not e.x~ 



ceed the allowable tensile stress, it is necessary that 

NR j 1 d i t . . NW -
-(1 - n)F 0 i~l rA- zb ~ NSi + (1 - n)Fo !b TjGS·EN -.007454Stj . 

10 M. M. 
t (g

1
• - g. )K. < - .,J - _1_ + .007454-S.tJ"go + .03355StJ' ; , -2 , - ,..b' -

i=l zb 

j=l ' ... ' 6 (129)~ 
At the end of the beam (j=7), tension stress in the top is limited by 

The compression stress ·in the top of the beam at all points except the end 

is limited to the allowable by 

NH 
(1 - n)F 

0 
l: 

i=l 

- s . CJ 

10 M. M. 
l: ( g 

1
. - g . l ) K • < _ _1_ - _]_ + S g , - , - zt cj o i=l zt 

j=l, ... , 6 (131)~ 

and at the end of the beam, the compression stress in the bottom is limited by 

10 
-Sc7 L (g,. ~ g,._,)Ki ~ sc79o 

i=l 
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3.2.4 Sufficient Number of Strands in Row for Draping [Constraints 

23 thru (22 + NR)] 

Two variables, Ns1 and I1 are associated with each strand row. If 

strands are to be draped in row i {I; = 1), then there must be at least NW 

strands present in that row (NS;~ NW). This is assured by the constraint 

set 

-NS. + NW·I. < 0 
l 1 

i = 1 , ••• , NR {133)~ 

3.2.5 Contiguous Draped Strands [Constrain~s (23 + NR) thru (21 + 2·NR)] 

Fabrication practices require that strands which are draped must be 

in adjacent rows. For example, this condition wouldnot be acceptable: 

row 1 with draped str~nds (1 1=1), row 2 with no draped strands (1 2=0) 

and rows 3, 4 and 5 with draped strands (I3=I4=I 5=1). This situation is 

depicted in Figure 18, where it can be seen that the draped strands in row 

1 would have to cross over those in the second row as the first row 

strands were raised. This condition is precluded by the constraint set 

i(I.+l -I.)- NB < 0 1 1 -
i=l, ... ,(NR-1) (134)--4 

where NB is the row number of the first row containing draped strands. 

3.2.6 Upper Bound on EN [Constraints (22 + 2·NR) thru (21 + 3·NR)] 

The maximum number of rows by which draped strands can be raised at 

the end of the beam depends on how many of the NR possible rows that may 

contain strands actually have them. Referrin[ to Figure 13, which has 

5 rows filled, tt can be seen that at most, the top most 3 rows that are 

draped can be raised by 5 rows. If there were six rows containing strands 
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(with the 3 top most draped), then the maximum lift at the end would be 

4 rows. In the first case, the maximum value permitted for EN would be 

15. For the latter case, EN could not exceed 12. Thus, the upper bound 

on EN depends on the total number of rows containing strands, which is 

given by 

NR 
NB-1 + l: 

i=l 
I. 

1 (135) 

and the total number of strand rows available, NRAV. Upper bounds on 

EN are imposed through the following set of constraints 

NR 
EN+ [J + l]NB- [NRAV- 2J- 1] l: I.< J2 + 2J + 1; 

i=l 1 -

J = 0 , 1 , . . . , ( NR-1 ) {136)~ 

. 3.2.7 Upper and Lower Bounds on NB [Constraints (22 + 3·NR) and 

(23 + 3·NR)] 

The number of the first row containing draped strands, NB, must 

lie between 1 and NR, i . e. , 

NB < NR 

-NB < -1 

3.2.8 Constraints· to Insure that if NB ~ i + 1, then I; = 0 

[Constraints {24 + 3·NR) thru (22 + 4·NR)] 

(137)~ 
{138)~ 

From the definition of NB and I; it follows that for those rows below 

row NB, I1=o (1=1 , ... ,NB-1). The constraint set defined in Section 3.2.5 

insure~ that draped strand rows are contiguous, that is, I1=o for rows i 
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below the draped strand rows and above the top most draped strand. However, 

as yet, nothing ties the first draped strand row (the first row i for which 

li~O) to NB. For example, at this point, nothing would prevent the occurrence 

of a situation where NB=3 and I1=I2=I 3* .... =1. The following constraint 

set insures that this arrangement does not occur. 

NB + NR·I. < NR + i 
1 - i=l, 2, ... ,(NR-1) {139~ 

3.2.9 Constraints to Insure that if NB = i, then I; = 1 [Constraints 

(23 + 4·NR) thru (22 + 5·NR)] 

The constraint sets in Sections 3.2.5 and 3.2.8 do not preclude the 

occurrence of a situation where NB=i and Ii~l. For example, NB=3 and 

I1=I2=I 3= .... =0. This condition is prevented by 

i -1 
~NB- (i + 1) .I IJ.- I;~ -(i + 1); i=l, 2~ ... , NR 

J=l 
(140}~ 

3.2.10 Maximum Number of Strands per Row [Constraints (23 + S·NR) 

thru (22 + 6·NR)] 

Letting the maximum number of strands that can be placed in row i 

(straight strands plus draped strands) be denoted by NM1, we have 

NS. < NM. 
1 ..,-- 1 i = 1 , 2, ... , NR {141)~ 

3.2.11 Constraints to Insure Proper Release Strength Representation 

{Constraints {23 + 6·NR] thru (31 + 6·NR)] 

The Ed nary variable representation of f~; defined in Eq. (.121} is 

valid only if the inequalities appearing tn Eq. (122) are satisfied. Thus, 

it is required that 
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-Ki + Ki+l < 0 i=1, .... ,9 (142)~ 

3. 2. 12 Bounds o.n Re 1 ease Carriber [Constraints {32 + 6 · NR) and ( 33 + 6 · NR)] 

Letting t..+ and t..- denote the maxi.mum an.d mi.nimum :midspan camber allowed, 

and using Eq. (117) for the camber -which occurs, we ha:ve 

+ 
< E .It.. 
~ C1 

(143) 

for the upper bound constraint on cambe·r. Substitution of Eqs. (118) 

thru (120) for t4s, ME and M0 and noting th.at the modulus of the concrete 

E . can be written approximately as 
Cl 

Ec; = K I . 003727 . 1 ~ Ki + .06337 t 1 1=1 -~ 

where K is defined in Eq. ( 72 ), we have 

L2 
-- (1 - ~)F 8 0 

·NR 
E .d.NS. .. 1 1 1 1.= 

(al)2 ln 
- - 6- (1 - ~)F0NW·.GS·EN- .003727I·Kt..+ ._E

1 
K; 

1= 

< .06337K·lt..+ + 22.5wL4 
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In a similar manner, the lower bound 11- is imposed through 

L2 
- (1 - ~)F 8 0 

NR 
E d.NS"' 

. 1 1 1 1= 

2 10 
+ (~~) (1 - ~)F0NW·GS·EN + .003727·K11- E K. 

• 1 1 1= 

< .06337K·IA- - 22.5L4 (146)~ 

3.2.-13 Adequate Ultimate Moment Capacity [Constraint {34 + 6·NR)] 

The discussion in Section 2.2.8 applies in this case, with Eq. {80) 

being modified to give 

NR 
E d.NS. + 

. 1 1 1 1= 
(147)~ 

3.2.14 Ultimate Moment Capacity Mu ~ l.2Mcr [Constraint {35 + 6·NR] 

The change of variables used above also applies for this constraint, 

giving 

10 I I 

E (p. - P· 1)K. <Po' 
i=l 1 1- 1 - (148~ 

3.2.15 Lower and Upper Bounds on Concrete Strength [Constraints 

(36 + 6·NR) and (37 + 6·NR)] 

The lower limit (f~;)min and upper limit (f~;)max on concrete release 

strength are enforced by 

10 
-0.5 E K

1
• < 4.0 ~ (f' .) . · c1 m1 n 

i=l 
(149)~ 
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accomplished by first solving the integer formulation of Section 3.2 or 3.3 as a 

standard linear programming problem (i.e., assuming all variables are continuous). 

A benefit derived from this approach is the possible detection of unrealistic 

design requirements as discussed in Section 2.4. There is no guarantee, 

however, that such a condition will be detected in the L.P. problem since it 

is theoretically possible to obtain a solution to a continuous problem where 

no feasible solution in integers exists. 

3.5 VARIABLE CORRESPONDENCE FOR DRAPED STRAND DESIGN 

The correspondence between the variable notation, x1, •.. ,xn used in 

Eqs. (1) and (2) and that incorporated in this chapter is as follows: 

3.5.1 Optimization Option 

. 
xNR = NSNR 

= NB 
XNR+l ' 

xNR+2 = EN 

xNR+3 = 11 

x2·NR+2 = 1NR 

x2·NR+3 = Kl 

. 
x2 · NR+ 1' 2 = Kl 0 
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3.5.2 Design Option 

xNR+l = NSNR 

xNR+2 ~ NB 

xNR + 3 = EN 

xNR + 4 = 11 . 

. 
x2·NR+3 = 1NR 
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IV. PROGRAM DocUMENTATION - DBOXSS 

The computer program DBOXSS implements the box girder design form­

ulation developed in Chapter II. Described below are the standard input 

form and its use, interpretation of program output and several example 

problems. 

4.1 PROGRAM INPUT 

Figure 19~shows the input form to be used with the program. 

4.1.1 Title Cards 

The first three input cards are title cards providing a means of 

job reference. The information preprinted on the form in various columns 

need not be punched on the data cares - it will be printed out automat­

ically during output. The information on these cards is optional. The 

first two cards should only be input once per computer run. The third 

title card is the first card in a data pack when multiple problem runs' 

are made, as explained below. 

4.1.2 Load and Options Card 

The type of standard AASHTO laoding (H-15, H-20, HS-15 or HS-20) is 

entered in columns 5 - 6 and 8 - 9. The live load distribution factor 

entered in columns 13 - 16 is the fraction of an axle load to be carried 

l;>y the beam. This distribution factor is applied to the axle train loading 

(if used) as well as AASHTO truck and lane loadings. If columns 13 - 16 

are left blank, the program automatlcally computes lateral distribution 

using Eqs. (24) thru (26), (the AASHTO distribution factor). If a vehicle 

other than an AASHTO truck is to be used for design, enter a "1 11 in column 

20 and complete the axle train data cards. If both axle train and AASHTO 
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loadings are specified, the larger of the axle train, AASHTO truck and 

AASHTO lane moments are used at each desgin point(Figure 2). A uniform 

dead load carried by a single box girder(i.e. with no lateral distribution 

of load) is entered in columns 24- 27. This provision allows the user to 

include the weight of such things as a wearing surface in the design. 

Concentrated dead load forces applied to a single girder are indicated by 

placing a 11 1" in column 31 and completing the concentrated loads on a single 

beam data cards. Column 48 dictates which program option is to be used. 

If a 11 1" is entered, the program determines the minimum cost design, based 

on cost information input from part 2 of the form. This is the .. optimization 

option". If column 48 is left blank, the program exercises the "design 

option", in which the strand pattern and release strength are selected 

which minimize the number of strands used, assuming the beam concentrate 

has the 28 day strength entered in columns 35 - 37. 

4.1.3 Axle Train Cards (Use Only if "1 11 Entered in Column 20 of 

Load and Options Card) 

A mov,ing load pattern: of up to ·1~ axles may be used for design. 

The first card contains the total load on each axle. To facilitate 
. --

ihput, the user should sketch the axle train configuration~ labeling 

either the right-most or left-most axle as axle 1 and numbering the· 

remaining axles in sequential order. The weight of each axle is then 

placed in the appropirate columns of the first data card. The spacing 

of axles is input on the second data card, where axle spacing is defined 

as the distance from axle 1 to the axle under consideration. As an ex-

ample, an AASHTO HS~20 truck (with rear axles seperated 14 feet) whose 

71 



light axle was designated as axle 1, would require 8.0 in columns 4- 6 

on the first card and 32.0 in columns 8 - 10 and 12 - 14. The second 

card would contain 14. in columns 8 - 10 and 28. in columns 12 - 14. 

The program automatically scales axle train axle loads by the lateral 

distribution factor, but no impact factor is applied. 

4.1.4 Concentrated Loads on Single Beam Cards (Use Only if Column 

31 of Load and Options Card Contains nl") 

Up to 10 concentrated forces acting on a single beam (no lateral 

distribution assumed) may be input .. The first card contains the mag-

nitude of the load, while the second card contains the distance of each 

load from the left support. This program provision is intended for small 

loads only. Service load stress checks are based on the assumption that the 

maximum moment due to all dead plus five load occurs either at the l/10, 

2/10 or 5/10 point. If large concentrated forces are ,entered,. this· 

assumption may be in error, resulting in an overstre5sed design. 

4.1.5 Beam Dimensions Card 

The dimensions of the beam ·cross section which ar,e to be input are 

shown on the figure at the upper right corne·r of part 1 of the input form. 

The fillets (dimensi·ons X andY) are assumed to slope at 4S degrees. 

Most any cross sectional shape can be accommod.ated with the diwensions shown. 

An ordinary rectangular voided section can be obtained, for example, by 

inputing dimensions such that A=B=(2·W+M) and G=H=£=C=O (or left blank). 

4.1.6 Bridge and Beam Properties Card 

The information input on this ca·rd is used to compute the lateral 

distribution factor (if columns 13 .. 16 of the load and options card is 

left blank) and other quantities u-sed to formulate the constraint set . 
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The span length is entered in columns 4 - 7, bridge width in columns 11 -

14, number of traffic lanes in columns 18 - 19 and number of longitudinal 

beams in columns 23 - 26. The number of longitudinal beams is input 

as a decimal number to accommodate unusual conditions (such as a mixture 

of two or more different box cross sections in the same bridge). Compression 

steel is sometimes used in box sections to help control long term camber. 

The area of this steel, which is input in columns 29- 32, is considered 

·in the computation of section properties, using a transformed steel area 

of (n-1) for properties with shear key and 2(n-l) without. The distance frorr. 

the top of the beam ta e.g. of compression steel is entered in columns 36 -

39. If l~ft blank, the program assumes T/2. Maximum and minimum acceptable 

release cambers are input in columns 43 - 47 and 51 - 55 (upward camber is 

positive, downward camber negative). These apply to the midspan camber at 

release produced by prestress and beam weight. A typical application of 

the lower bound camber would be to insure that a beam did not deflect 

downward under full de'ad load (say, shear key plus wearing surface). If an 

estimate of the ftnal release strength is made, then a wodulus of elasticity 

can be computed, and the midspan downward deflection under shear key and 

wearing surface weights determined. This value is entered {as a positive 

number in this case) under minimum initial camber. This will insure that 

the final design has enough upward initial camber to offset the downward 

deflection caus-ed by the addition of shear key and wearing surface. If 

columns 43 - 47 or 51 - 55 are left blank, then the constraint is ignored 

during desigo. The distance from the bottom of the beam to the centerline 

of the first (bottom-most) strand row is input in columns 59 - 60. If 

column 64 is left bla.nk! the spacing between all rows of strands is assumed 
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to be 2.0 inches. If this is not the case, enter "1 11 in column 64 and complete 

the non-standard grid spacing card. If column 68 is left blank, the program 

assumes normal weight concrete (150 lbs/ft3), 50% relat1ve humidity and 

.153 in. 2 grade 270 strands. The allowable stress coefficients are taken as 

0.6 for compression and 7.5 for tension at release and 0.4 and 6.0 under 

service loads. 

4.1.7 Maximum Number of Strands per Row 

The maximum number of strands, as well as the number of rows available 

for strands is determined from this input data. Strand rows are numbered 

consecutively, taking the bottom-most row as row 1. The computation time 

required to obtain a final design increases rapidly as the number of avail­

able strand rows increases. Thus, one should include only those rows which 

will likely be used. As written, the program is limited to 10 rows of strands. 

4.1.8 Nonstandard Grid Spacing Card (Use Only if "1" Entered in Column 
64 of Bridge and Beam Properties Card) 

The spacings entered on the data card are the distance from the row under 

consideration to the row above. Tht.JS, the center to center spacing between 

rows 1 and 2 would be placed in columns 4 - 5, between rows 2 and 3 in columns 

7 - 8, etc. If a uniform spacing (different from 2.0 in.) is to be used, only 

columns 4 - 5 need be completed. The program will automatically assume this 

uniform spacing throughout if it.encounters no other entries beyond columns 4-

4.1.9 Miscellaneous Properties Card (Use Only if "1" Entered in Column 

68 of Bridge and Beam Properties Card) 

If properties other than the standard values listed in Section 4.1.6 

are to be used, they must be entered on this card. Only those properties which 

differ from standard values need be entered. If the program encounters 
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blanks on the card where a property is to be read, it automatically assumes 

the standard value. The unit weight of concrete, if different from .150 

k/ft3, is entered in columns 4- 6. Relative humidity is entered in columns 

11 - 12, strand area in columns 17 - 19 and ultimate strength of strands 

in columns 24- 26. The coefficients used to specify allowable stresses 

are entered in columns 31 - 55. If the allowable compressive release stress 

differs from 0.6 f~i or the allowable tensile stress from 7.5 lf~i' then 

the coefficients (those that replace 0.6 and 7.5) should be entered in 

columns 31 - 32 and 34 - 35 for the end l/10 of the beam (j = 8, 9, 10 

& 11 in Figure 2) and in columns 37 - 38 and 40 - 41 for the remainder 

of the beam. If the allowable compressive long term stress differs from 

0. 4 f ~ or the a 11 owa.b 1 e 1 ong term tensi 1 e stress from 6. 0 If~, then the new 

coefficients should be entered in columns 45 - 46 and 48 - 49 for the end 

1/10 of the beam and in columns 51- 52 and 54 ... 55 for the remainder of the 

beam. 

The final beam camber at midspan after all prestress losses and creep 

and shrinkage effects have occurred is computed using the method developed 

in reference (2). Cambers are computed and displayed using four different 

sets of creep and shrinkage coefficients typical of concretes in highway 

beams produced in four localities in Texas. Should the designer have 

information on the creep and shrinkage properties 6f the concrete he expects 

to be used in a particular design, he may enter the appropriate coefficients 

in columns 58 - 75. The program will then compute and display the expected 

midspan camber for these conditions. 
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4.1.10 Concrete Cost Coefficients Cards {Use Only if 11 111 Entered 

in Column 48 of Load & Options Card) 

The cost of concrete in dollars per cubic yard can be input for concrete 

release strengths up to 9.0 ksi. If an estimate of the cost per cubic 

yard for 4.0 ksi release strength can be made, Figure 7 can be used as a 

guide to establishing the cost of higher strengths in the absence of actual 

cost data. Should release strengths beyond some value {say, 7.0 ksi) 

not be feasible, then the values (7.5, 8.0, 8.5 and 9.0) beyond that point 

should be left blank. 

4.1.11 Strand Cost Card (Use Only if "1" Entered in Column 48 of Load 

& Option Card) 

The cost per foot for strand is entered in columns 14 - 16 and the cost 

of strand wrapping in columns 63 - 65. 

4.1.12 28 Day Concrete Strength Cards (Use Only if 11 1" Entered in 

Column 48 of Load & Options Card) 

The relationship between release strength and 28 day strength is defined 

by the data input from these cards. It isn't possible to construct a general 

relationship between release and 28 day strengths becasue of the many factors 

that influence it. There are similarities in the operations of the major 

producers of highway beams in the state of Texas (12} which permit a 

reasonable estimate of the relationship. 

Fabricators generally use a 24 hour steam curing production sequence. 

Beams are cast in the afternoon, allowed to gain their initial set (minimum 

of 3 hours after casting before steam curing is begun {13)) and then steam 

cured overnight. A total steam· curing period of 18 hours at 140° to 150° F. 
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is typical of most operations. Hanson (14) collected data on concretes made 

with type III Portland cement and subjected to 15 hours of steam curing at 

150° F. commenctng 3 hours after casting. Concrete strengths were generally 

around 4 ksi at 18 hours (release) and 5 ksi at 28 days. For the data 

reported, the 18 hour strengths averaged 74% of the 28 day strengths. 

This percentage is probably valid over the usual range of release strengths 
\ 

utilized in THO prestressed designs, which is approximately 6 ksi. If this 

percentage i's applied to release strengths between 4 and 6 ksi, the first 

straight line segment shown in Figure 20 is produced. Higher release 

strengths generally demand longer periods of steam curing and result in 

smaller percentage gains in release strength over 28 day strength. At the 

extreme limit of 9 ksi release strength, the fabrtcator would no doubt be 

forced to keep the beams under special cure for the majority of a 28 day 

period before release strength ~as reached. Under these conditions, the 

ratio of release strength to 28 day strength should be approximately 1 . 

If a linear variation in strength gain over release strength is assumed 

between 6. and 9. ksi release strengths, the second straight line segment 

shwon in Figure 20 is obtained. 

4.1.13 Multiple Problem Runs 

The user may process more' than one destgn in a single computer run. 

The first problem must contai·n the three title cards descrtbed tn Section 

4.1.1. Each additional problem whtch is run should have the third title 

card as the first card in the data set. 

4.2 SAMPLE PROBLEMS 

Described below are several example problems demonstrati~ng the. wae of 
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the standard input form. 

4.2.1 Example Problem 1 

A multibeam box girder bridge is to carry two lanes of traffic with HS-20 

loading and span 35.0 ft. The girder cross section is to be formed using the THO 

type 11 611 side form and is to have an overall width of 4.0 ft. A 27 3/4 

in. wide by 23 l/2 in. deep void is to be used, and the girder has one 

interior diaphragm weighing 440 lbs. Seven boxes will be used, with 

a 1.2 in. space between adjacent boxes, giving an overall bridge width of 

28~6 ft. The bridge will be surfaced with a 2 in. asphaltic concrete 

topping. The design will incorporate a 5.0 ksi 28 day strength and 1/2 in. 

diameter grade 270k strands. The dimensions of the section are such that 

5 rows of strands can be placed. The first row of strands is 2.5 in. above 

the bottom of the section and can. accommodate a maximum of 22 strands. The 

remaining 4 rows are spaced uniformly at 2.0 in. increments and each can 

hold 6 strands. However, no more than one row of 22 strands should be 

required. Six number 9, grade 60 conventional reinforcing bars are 

to be placed in the deck slab, 2.5 in. down from the surface. 

The shear key weighs approximately 180 lbs/ft. (l/2 key on either side 

of the beam) and the 2 in. wearing surface 90 lbs./ft. Assuming the release 

strength for the design will be approximately 4.0 ksi, the modulus of 

elasticity of the concrete will be 3.83 million psi. The moment of inertia 

of the cross section without shear key is approximately 122,000 in. 4. The 

total downward deflection of a single girder, under the weight of shear key and 

topping based on the assumed modulus is computed to be 0.02 in. This value 

is specified as the minimum initial camber permitted. For this relatively 
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short span, excessive camber should not be a factor and is therefore to be 

ignored in design. 

The bridge is to be situated in a coastal environment, so no tension 

will be allowed in the bottom of the beam, under service loads, where it 

is exposed to the air~ Tension may occur in the top of the beam near the end, 

due to prestress, but since the top will be protected by a wearing surface, 

the us ua 1 tension a 11 owab 1 e of 6. 0 If~ wi 11 be imposed for the end 1 I 10 of 

the beam. 

The design option is used for this problem. The completed input form 

is shown in Figure 21, and the program output in Figure 24. 

4.2.2 Example Problem 2 

A 44 ft. wide by 50 ft. long bridge is to be constructed from 16 box 

girder units. The box cross section is that proposed as a standard by the 

Federal Highway Administration (15) and is shown in Figure 22. The vertical 

positioning of strand rows is that suggested in Reference (15); the first 

row 2 3/4 in. above the bottom of the beam and the second row 4 in. above 

the first. A lateral spacing of 2 in. center-to-center is used between 

strands in a row and thus permits a maximum of 17 strands in row 1 and 4 

strands in row 2. Grade A-416, 7/16 in. diameter strands (ultimate strength 

of 250 ksi and cross sectional area of .1089 in.2) are to be used. The sec-

tion contains 5 No. 4 bars for compression reinforcing as shown. The com­

pleted structure will carry an asphaltic concrete wearing surface whose av­

erage thickness is 5 in. over the two beams at the center of the bridge. The 

resulting dead load is approximately 160 lbs./ft. per beam. The beam must have 

an upward camber at release, but can not exceed .75 in. to insure a relatively 

level riding surface under full dead load. Allowable release and service load 

stresses in the concrete are those specified in the AASHTO Bridge Spec1fication 
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TEXAS HIGHWAY DEPARTMENT 

BRIDGE DIVISION 

Part I of 2 BOX BEAM DESIG'J PROGRAM 
(STRAIGHT STRANDS) 

Shoot 1. of~ 

Ll r-1 T I-IHIIU111.J61d fCloiUJN!l-Tvl 
26 ~ li-fl 1 J61H}NJA!vl· jN(of. l liiill211111 I 

4e 54 
t··· -~ . ----t [)It lslil~t JciTJ [iJi] 

10 II 

[cJo~ITIRfOJLJU }N(ol. I r-IfltiSZ 
13 19 

IS Iuisi~ IITITIE!ol lalvl IN~ I I I I I I 1.1 
44 54 

~n 
26 28 

fOIEJSfciRJifPIT[i]gNJ flfXlNiiPJL.lri]Pflfciili.lilijlMOf~[j[JJ I l I I I I I I I I I I I I I I I I I 
13 54 

-----r;. . I 
- ~--~ 
- ·---

0 

T 
/ ... ____ ..,. ____ _:.. 

X 
--w 

___ M_~ 

~ 

Live Load 
Distribution 

Factor ...,........... I Enter 1 F.or Ax.le. Tralnr Ent.er 1 if concentro.ted Force• 
Applied To Sinoie Seem 

Uniform Lood rEnter 1 For 

Optimization 
Option 

~=--7 ~ "--­~--L_ lF I 
A. A.S.H.T. 0. 

L.L. 

iiJ-(ilg I ll I I 
5 6 a 9 13 16 

AXLE TRAIN 
Axle 'Loads (kips) 

on Single 28 Day 
Beam(k/ff) Strength(ksi} · 

D I I JCICI Ill 00 
20 24 27 31 35 y7 

Omit for Optimization 
Option 

D +---- 8~ 
48 

~~~;~~;;;;;~;;;;;; 
8 10 12 14 IG 18 20 22 24 26 29 30 32 34 36 38 40 42 44 46 48 50 52 54· 56 59 60 62 64 66 69 70 72 74 

I • 2 i • 3 i "4 I •5 
Distance From Axle 1 to Axle i 

I • 6 i,. 7 J .. 8 i = 9 

CONCENTRATED LOADS ON SINGLE BEAM 

i=IO 1•11 i: 12 i= 13 '"'4 '·"''' t = 16 j: 17 i = 18 

Loa.d (kips) ~BHBBHBB±EBBHBBHBEffiBBHBEffiBEffiB Distance Fine Lett Support (ft) 

4 e 10 14 16 20 22 26 2e 32 ~ !a 40 44 46 5o 52 56 58 62 

BEAM DIMENSIONS 
A (In) B (in) C(ln) 0 (In) E (In) F (In) . G (In) H (!n) M (In) T (In) W(ln) X (In) Y {In) 

14111111 ~11161 Wi1 I I 1!4 II I lSI I J I lSI I I IIIII I .J4111 ij(ll1111 155 II ISJ I I Ill! I I II I I 
4 7 9 1.2 14 17 19 22 24 27 29 32 34 37 39 42 44 47 49 52 54 57 59 62 64 67 

Distance to r Dioto•<O F"m Bollom of B"m" S""' R,_ Number Area of e.g. of Maximum Minimum 
Span Bridge Of Number Compression Compression Initial I nltial rEnter f to Read Nonstando1 d Grid Spac•n<; Cord 

Length Width Traffic Of Reinforcing -Reinforcing Comber Camber . rEnter I to Read MIH. Properties Cord 
(, t) ( f f} Lone• Beams (in2) (in) (in) (in) 

(131~ I I It~~ [I I l'n I l J ~ ! I I ttl~ I I I I II I I IIQ'll I 1M D w 
4 7 II 14 1819 23 26 29 32 3G 33 43 47 5l 55 5960 64 68 

MAXIMUM NUMBER OF STRANDS PERMITTED IN ROW i 

~rnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrn 
4 5 1 e 1011 1314 1617 ,9 20 222! 2szs 2a29 .;132 34::>::: 3-:-:;a ~~4' 4344 4647 4950 5253 5556 ses9 6162 6465 G7ea 7')71 73?4 7€77 ,9 eo 
i=l i=2 i:3 iT4 i=~ i=6 i•7 i~e ,. 9 i=!C i"ll i=i2 i•l3 i=l4 i•l5 i=l6 i•t7 ,.,a i•l9 i=2o i•2l i•22 io:23 ;•24 j:z~ ·=2to 

FIGURE 21. COMPLETED INPUT FORM FOR EXAMPLE PROBLEM NO. 1 
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Part 2 of 2 

BOX BEAM DESIGN PROGRAM 

{STRAIGHT STRANDS) 

NONSTANDARD GRID SPACING CARD (Enter This Card Only if Previously Specified} 

Sheet 1 of~ 

Oi~!<Jnctt from now I To How (i+ I) rnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrn 
4 :'> l t1 tOll IJI4 1617 l!l21 222l 2,26 20~9 3132 J43~ 37.~t3 •1041 4344 '164'7 4")~0 :)2~ !)~!)6 !:10~9 6162 646~6766 7071 73"/4 7':Jl& 

i•l i•l i•3 i•4 i•:) 1•6 1•7 I•B I•~ 1•10 1•11 i•l~ 1<13 1•14 1•1~ 1•16 1•17 1•16 1•19 1•20 1•21 1•22 1•23 ••24 1•2:5 

MISCELLANEOUS PROPERTIES CAR_D (.Enter This Cord Only if Previously Specified) 

Unit Weight 
Concrete 
(I< /Cu.Ff.) 

f]]J 
4 6 

Relot!ve 
Humidify 

( 0lo) 

rn 
II 12 

Strand 
Area 
C tn2) 

ill] 
17 fg, 

Stri'Jild 
Ultimate 
Strength 

( ksi) 

OJ] 
24 "26 

Allowable Stress 
---Release---

e 'r c T 

mrnrnm 
31 32 34 3~ 37 38 40 41 
End 1110 Remainder 

Coefficients (ksl) Creep S Shrinkooe Coefticlenrs !p.- in. S Ooys) 

---(Long Term)---

C T C T 

[0 [[]OJ··~ OJ] 
45 46 48 49 51 ·!J2 54 ~5 oa 60 

CREEP 2 SHRK I 

DJJ {]]] ITO 
63 65 68 70 73 7~ 

CREEP I SHRK 2 

End 1110 Remoi~der 

CONCRETE C·OST COEf'FlCtENTS (lnelude Only for Optimttation Option) 
Rereose Strength (l<sl) 1$ Cost YO 

4.0I<si 1$ [[[[] 4;5Ksi/J 
7.0Ksil$ DTIJ 7.51<sl/$ 

ll 14 

~-··_.~ ... _ ••• -.· .. 

~ 
24 - -1 

5.()Ksi I j 
S.()Ksi I$ EB33 

37 40 

5.5Ksl/ $ 
8.5Ksl./$ 

f_-_ ... r.·_,_-.m·_·· .. _· ... --.- .. 

[[[[] 
50 ~3 

6.0Ksl/ j []]]] ..•. -.. · .· .. ·. 
9.01<111. rn=IJ 

63 66 

6.51<51/J rrr-rt 
76 79 

STRAND COST J em /Lfneol Foot (OptiMIZOlion Only} STRAND WRA·PPI'NG COST -[]I] 1 LlneOI f:oot 

63 6!5 

(Optimization ()nly) 

14 16 

28 DAY CONCRET£ ST'R'ENGTHS ( rnclufe Only fo·r Opthnhotton) 
Release StNin;th 128 Doy Strength . 

4.0 Ksl I ·tm .. · ·. ... 4:_5KSI I ·ffE·.-·. . . : 

7.0 K"sf I · · 7.5l<si I · · · 
- .. . •' ...... -

II 13 24 ·2 

--~- - - - - -

S.OI<si I liD_ .. _ .. · 
S.OKsi I UlJ 

~7 39 

s.sKsi ,·_c_·J ._Il .•. -. 
S.OKsl I [[lJ 

50 52 

FIGURE 21 (CONTINUED) 
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Figure 22. BEAM CROSS SECTION FOR EXAMPLE NO. 2 
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(4) for inland regions. 

The ; n-pl ace cost of beam concrete· ts. assumed to be $.150/cu.yd. for 

release strengths up to 5.5· ksi'" $:200 for f'. = 6 .. 0 ksi and $230 for 
Cl· 

I . . . • 

f . = 6.5 ksi. Release strengths greater tt.lan 6.5 ksl' are assumed to 
Cl 

be unavai 1 able. The 28 day concrete strength· cor·respandi;ng. to each re-

lease strength is assumed to be that given in Figure 20 .. 

The optimization option is used for thi-s problem with the completed 

input form shown in Figure 23. Prog·ram output for thi·.s problem is shown 

in Figure 25. 

4. 3 INTERPRETATION OF PROGRAM. OUTPUT 

The program first reads i·nput data and performs basic checks for input 

errors. At present, the program checks include·; prope-r AASHTO loading 

designation and omitted s-pan length and omitted number of longitudi na 1 

beams (if no live load distribution factor is input}. The input data is 

printed out before design calculations are begun so that the u-ser can 

locate input errors wh-ich might cause the program to te-rm-inate abnormally 

before producing any other output. The ou;tput format i:s essentia~lly 

the same for design and optimization options (see first sheet,. Figures 

24 and 25). 

The second sheet of output summari ze·s the design results,_ as seen in 

Figures 24 and 25. The first items listed are the release and 28-day concrete 

strengths. For the design option, the 28-day strength is that specified 

on input, while the release strength is computed b-y the- program. In the 

optimization option, release strength is computed and 28 day s.trength is 

obtained from 28-day vs. release strength input data. The modulus of 

elasticity listed is computed usi-ng the ACI equation (10) and the unit 
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TEXAS HIGHWAY DEPARTMENT 

BRIDGE Dl VI Sl ON 

- - - -·~- -
Part I of 2 BOX BEAM DESIG\J PROGRAM 

(STRAIGHT STRANDS) 
Sheot4_of~ 

loll lslr!Rll !eli] ~ 
10 Ji 

I_ riDJ-[JJ)JuFI""LI [Clo[UIN[ffY] 
I~ 26 

l8.10£@1Hf#)Aivl INioJ. I ~5BI I I 
. 48 54 

44 54 

(cjoJNITIR{o{Li.]N)9{.] t_ IS411F=IO[] 
13 19 

ITttl iiDTil 
26 28 

loJEisJc!RII{Pit[i]OJNJ lillliJMiiLIII IPIIIijlla.Jeiij IMIOJ.IItll I J Ill I Ill I Ill I I I Ill 1· 
13 54 

I t---- -· __ A __ 

~--~ 

I~ 
I 

ol 

I or- ., 
I~ 

r 

A.A.S.H.T.O. 
Live Loa.d 

Distribution 
Foetor ......,....,. I Enter 1 For Axle Tralr Enter 1 if. concentrated Force. 

Applied To Sinole Beam 
Uniform Load 

on Single 28 Day · . 

Optimization 

Option rEnter 1 For I -,1 . 

~ (.)~ ' 

~----~- ! 

'! 
L.L. 

~-[1Tg l i I I I 
s 6 a 9 13 16 

AXLE TRAIN 
Axle Loads C kips) 

Beam(k/ft) Strength(ksi) 

D I I Ill~ D ITO . 
20 24 27 31 35 y7 

Omit for Optimization 
Option 

(jJ 
48 

~~~~~~~~~~~~~;~~~~ 
8 10 12 14 16 18 20 22 24 2.6 28 30 32 34 36 38 40 42 44 46 .48 50 52 54 56 56 60 62 64 66 68 70 72 74 

i=2 i=3 i•4 ia:5 1•6 is7 1=8 1=9 i=IO io:lf i=t2 1=13 1=14 i.•l5 1=16 r•l7 i:fS 
Distance From Axle 1 to Axle i 

CONCENTRATED LOADS ON SINGLE BEAM 

8±EB8±EB8±EB8±EB8±EB8±EB8±EB8±EB8±EB8±EB 
4 8 10 14 16 20 22 26 28 32 34 38 40 44 45 50 52 56 58 62 

Load ( k; ps) 

Distance Fme Left Support (ft) 

BEAM DIMENSIONS 
A (in) 8 (In) C (In) D (In) E (in) F (In) G {In) H (In} M (In) T (in) W (fn) X {In) Y (in) 

116J11SJ I~ I I It IS I I ltiTII I I I 12'1 I lSI! I I I l11S I I'll I ltlcl I I I lSS I I lSI I I I ~ I I I 1111 I 
4 7 9 12 14 17 19 22 24 27 29 32 34 37 39 42 44 47 49 52 .54 57 :59 62 64 67 

Distance to r Ol•t"" F"m BoHom of B<om 1o Sl<"d Ro-Number Area of c. g. of Maximum Minimum 
Span Bridge Of Number Compression Compression Initial Initial rEnter! to Re;:Jd Non~rondarJ Gr~d Srac"'9 Car-:1 

L.engrh Width Traffic Of Reinforcing R ein1orc:ing Camber Comber rEnter I to Read MIS.::. Prc~er!ies Ccrd 
( t t) ( f I) Lanes Be oms (in2J (in) (in) ( i.n) 

I I~ I I ~~ I []} llltJ II Ll1l«J I I~ liS I 11~51 I I lo~ I I I llli IJJ w 
4 7 II 14 18 19 23 26 29 32 36 :39 43 47 Sl 55 5960 6~ 68 

MAXIMUM NUMBER OF STRANDS PERMITTED IN ROW i 

~~rnrnrnrnrnrnrnrnrnrnrnrnrnrnrnmrnrnrnrnrnrnrnrn 
4 5 7 e 1011 J314 1617 1920 222.3 25<;6 282~ .':r3"' .'4?:: 37:::8 4241 4~44 4647 4950 5253 5:;56 5859 6162 6465 67567?71 73?4 '7fJ7? :'980 
i=t i::2 f,.3 i=4 i•~ iz6 i•7 i .. S t•9 i•!~ i•!l i:,2 i:::; i•14 i•l5 i=l6 i:!7 i=IS ,:(9 i•20 o=2i i=22 ·•23 i•24 '=25 ·=26 

FIGURE 23. COMPLETED INPUT FORM FOR EXA~1PLE PROBLEM NO. 2 .J 
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Part 2 of 2 

BOX BEAM DESIGN PROGRAM 

(STRAIGHT STRANDS) 

NONSTANDARD GRID SPACING CARD (Enter This Cord Only if Previously Specified) 

Sheet f. of 't ---

O:sltmce From Row I To Row (I+ I) 

~rnrnmrnrnmrnrnrnrnrnmrnrnrnrnrnrnrnrnrnrnrnrn 
-, 4 5 7 t:i 10 II 1314 1617 19 21 2223 2~26 ~829 Jl32 .3435 373tl 4041 4344 4647 49~0 ~2!:13 :)~~6 ~8,9 6162 646!1 6766 70717374 7516 

i• I i•2 i•3 i•4 i•5 1•6 1•7 1•8 1•9 l•lO i•ll i•l'l i•l3 1•14 i•l~ 1•16 1•17 1•18 '1•19 1•20 1•21 1•22 1•23 i•24 1•2~ 

MISCELLANEOUS PROPERTIES CARD (Enter This Cord Only ff Previously Specified) 

Unit Weight 
Concrete 
(k /Cu. Fl.}-

OJ] 
4 6 

Relative 
Humidity 

(O/o) rn 
II 12 

Strand 
Area 
(ln2) 

8]B1 
17 19 

Strand 
Ultimate 
Strength 

(ksi) 

~ 
24 26 

Allowable Stress Coefficients (k s I) 
----Release--- ---(Long Term)---

C T C T C T C T 

rnrnrnrn mrnrnrn 
3132 34 35 37 38 40 41 45 46 48 49 5152 5455 

End 1110 Remainder End 1/10 Remainder 

CON CRETE COST COEFFICIENTS (Include Only for Optimization Option) 
Release Strength (Ksi) I$ Cost YO 

4.0Ksi I$ [lfi] 
7.0Ksil$ [[II] 

II 14 

4.5Ksi/$ 

T.~Ksl/ $ ~ 
24 .7 

S.OKsi/ ' 
8.0Ksi I$ ~ 

37 40 

5.5Ksi/ $ 
S.5Ksl/$ m 

50 53 

C retp a Shrinkage Coefficients (jJ.- in. a Days} 

CREEP I CREEP-2_ SHRK I SHRK 2 

DTI DTI lJTI ITO 
58 60 63 65 68 70 7 3 75 

6.0Ksll $ 
9.0 Ksl/- ~ 

63 66 

6.5Ksi/$ ltfi)Oll 
76 79 

STRAND COST - DiiSJl Lineal Foot (Optimization Only) STRAND WRAPPING COST - [liil1 Lineal Foot 

63 6' 

(Optimization Only} 

14 16 

28 DAY CONCRETE STRENGTHS (Include Only for Optimization) 
Release Strength 1 29 Day Strength 

4.0 Ksl I tm 4,,_,, I tm 5.0Ksl I tm O.OKol I Em 6.0Ksl I Efl 6.5Ksl 1 [D 
7.0 Ksl I 7.5Ksl I S.OKsl I a.oKsi 1 9.0Ksl I 76 79 

II 13 24 26 3.7 . 39 ~0 52 63 G$ 

FIGURE 23. (CONTINUED) 
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DISTRICT 21 
CCNTROL NO • 

,_ .. -;:tH(IJi .• -;;~-r - - - - -

HlOALGC COUNTY ~~G~W~Y ~0. US 281 
220-02 IPE 670 SUB~ITTEO BY HL~ 

CESCRIPTIO~ EX-~PLE FRC8LEM NOa 1 

- - - -·-

.................................................................................................................................... 
* EEAfr DIMEIIoSICf\S Al\00 Pf<Cf:EqTIES * .................................................................................................................................... 
**••••••••••••••••••••••••••<OitiEN~ICf\S IN INCto.ESJ•••••••••••••••••••••••••••* *••SECTION PROPERTIES (WITHOUT SHEAR KEYI••*** 
* A 8 C C E F G ~ ~ T W ~ Y ICIN**4) A{IN**2) YT(JNJ YB(IN) * 
*43.75 47.75 tt.oo ~•.ot s.,o s.oo 3.oo •.oo 27.75 s.so s.oo o.c o•c 128925· 8Se.e t6.84 17.16 • 

* • CCMPJ:ESSIOf\ ".tXI"U" "INI.,Utl 
* REINFORCING 11\ITt~L Jf\,JTIAL STRANO 

* AREA CAt.te'ER CAMBEf:< AREA 

* ( 1!1.**2} (II'} ( l"') C IN U·2) 

• t.oo c.o2' 0.153 

• 

STRANO 
ULTitUTE RFL AT IVE 
STF<EI\GTH HUMIC tTY 

(KS I J ( lll) 

270. 50. 

CONCRETE 
UN IT 

WE IGJ-oT 
(KJ'FT**3) 

0.150 

* *•••SECTICN PROPERTIES (WIT~ S~EAR KEY)••••*** 
ICIN**4) A(IN**2l YT(IN) YB(INJ * 

1323E2e tooo.e 16.87 17.13 * 
* 
* • 

*•••••••••••~•~•••••~••••••••••••••••••••••••••••••••••ST~AND lNFOR~ATIONa••••••••••••••••••••••••••••••••••••••••••~•••••••••••* 

* • 
*RCW P..l."eER 1 c "' 4 f t i e ~ lC 11 12 13 14 lS 16 17 18 19 20 21 22 2:! 24 25 2E* 
*MAXIMUM NO. OF 5TRAt.iOS 22 0 c c () c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o• 
*SF.AC l"C:: (ROW 1•1 TC IJ i.~ 

* * *••••• ••••••• •••••••••••• ••••• •••• ••• •••••• ••••••·.~LLOWP.eLE STRESS COEFFICIENTS••••••••·•••••••••••••••••••••••••••••·••••••••••••* 
• • • ,:;ELEA5E ENC 1/10 J:<fiiiAli\CEI=l SERVICE Efi;O t .fl 0 ,.F.,.al P..rn: • 
* c Ooi!"O C.60 c Oa40 C.4() • .. T 7.5C 7.50 T 6o00 c.~ • 
• .. 
*•••••••••••••••••••••••••••••••••••••••••••••••CREEP A~D SH~I~KAGf CLEFFICIF~TS••••••••••••••••••••••••••••••••••••·••••••••••••* 
• • 
• 

CRFEPl = o • C,. EEP2 = c. St-RKl = o. SHRK2 : o. 
• 
• 
• 

··································································~······························································ 
·········································~······················································································· * R~IDGE" PRI"JPERTTFS * 
·······························~······················~···~······································································ • * 
*S~~~ Lf~(T~ ; !~.~(FT) ej;;JCGE \IIJCTI- = O:EeE<Fll ~L~eE~ ~Q4~FtC LA~ES : 2 "u~ee~ EE~~s = ?.Co 

·····································································~··························································· 
FIGURE 24. OUTPUT FOR EXAMPLE PROBLEM NO. 1 
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(X) 
(X) 

.. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * LOADI"G CONDITlOt.S * 
···~···························································································································· • • 
* AASHTC LL : ~5•20 L•L• CISTIHeuTIC~ FACTCq = Oa31::!(TRUCKSl • • • 
*•••••••••••••••••••••••••••••••••••••••••••••CO .. CE .. TAATED FORCES 0"' 5 INGLE 

C.CI 
8EAM•••••••••••••••••••••••••••~••••••••••••••••••~·· 

*LCAO(KIPS) Oe4 0.0 0.0 CeO OeC 
*OISTAt.CE FRC" 
*LEFT SUPPOAT(FT) !7.~ c.o c. c c.c n.t) c.o 

o.o o.o 

:) .o o.o 

0 .o 

0 .o 

0 .o 

1).0 

• 
• 
• 
• • *LNIFO~~ Ln~n C~ ~~~(-LF ~EA~ = C.C~(~/FT} * 

.~ •. ~~··ii••·•·~·'~~····~·~·,~~~ .. ~j·······~~~ ... ~ .......... ~~ ............•..•....... ~ ............•.............•...•......... ~ •• 

FIGU~E 24. {tbNti~UED) 

i~e ca~••~o Is ia s~Leci sT~Ahcs 

•....•... ~ ...••••.•....•... ,.............................. ........... ······································~·················· • . . . . . . . . .. . · .. ·. .. .· . . .. . . . .. . . . oes ~r.. fi~opeqT l . .. . .. . . . .. ·. . . ·. .. . . . . . . . • 

•••• , •..•.• ;····~··························~·············· ··i········ ··············~······i··································· . ' * ~~L~i~e ~~ik(~~ ;oo ~~• c6~t~~~i ~c~~i~sc~ileise• = JeJ•.2 t~st1 t~itt•L ~~esf~~ss Less ~ .e7 ~eRcE~T ~ 
• . ze~ijA'\' t~FIIIGTOf ~oc (1(5 . . ... ·.·. ..· . . . . . . . . .· . . . . .. . . tof.k PRESTRESS LOSS = 1 .. 73 PFQCE""T .• 

.... ~ ..•.•.•. ·•·••··· •. .•...•.. ·························~········••*······································· ···•············ 

• • • 
• 

• 
• 
i 
• • • • • 
• 

··········~··································~··········~············ ·························~·~······························ DESiGIIi RE~t.L t • 

··~···········~··~~.~~~·~···~···~·~····~~····~··~·i•i•••i•i'i·~······ ,~ .• , ... ~.~················''•*••i·~······················ 
•• ~~ ••••••• ~.~~~; •••• ~ ••• ~ •• ~.i •• ; •• ;.~.~ •• ~~~~~ •••••• ~.it~i~ri Livbl~ •• ~.~i~~~ ••• ~ •••• ; •••• ~~ ••• ~.~~ •••••••• ~.~.~ ••••••• ~i •• i;~! 

PO 
r-u~ rF< 

SlRlkc! 
PE~ ~0· 

7 

w~APPED STRA~os 1~ e~c~ ~cw 

T~eRe •~e No ~q~ppeo $t~4Nns tN fHts Ao~ 

• • • • • 
iio 

•• :. ~ ~ ~.; ; ~ • ; •• ~ • ~ ; ; • • ~ • ~ ~; •• ~ • ~ ~ ~ • • •• • ~ • ~. ~ ~. ~ ! • ~ • ~ ~ • coM PUt Eo (iEFLECT faN~~ •.•• ~. ···• •• ~~ • ~~.e. e ~ ••• •• • e •• • •. • •• •••• e •••• ~; e .;e~ ~ •* 

~t-ci:, Tf:!'i. 

cr.iilr::irtct\. iolcct.;us 

lDoitiit REteise 
e~-t + KEY s ·~ lLL ioN 
~-T + KEY + OFAC LOAD S .. tLLIO"' 

cef=t en ioN 

o;.b t"c..-i£s 
c;.~~ r~e:t..e$ 
0.()2 fi\CHES 

LO .. G TEA,; 

:.o.oe ti.c~s -te"!i~D '"'lioN 9-t.Las co .. ci:l~Te PPCPEATIESt 
~o•o9 l~cHes caAseo ~ON ooessA cONCRETE F~oPeRTJESJ 
~oa'7 .... C:i-.i:s ceA.seo uP-oN sAN AhTcfr.H: cc ... ueTe Ft;Ot=er:.Yii:sJ 
~;o9 tiilct1es cliAs£o uPoN LUFKiN col'ftRere PROP£Rtrest 

• • 
' 
• 
• 
• 
• • 

• •• ~ •••••••••• ~ ••••• ~ ••• ~.~ •••••••••• STI~Ru~ s~~crN( ~ AlS~To 19?1 ~ sTtPRu~ AAEA = o.11 IN2••••••••••••••••••••••••••••··~····•• 
• 

S~fT ICI\ . 0.11:1 . 1J'1C .. 2ne * l/4 • 3/tO • 4/l(l • 5/10 • . • • • • • • • 
<CIJ\1.1"'1:' ''"'·' • ~~.c,. * t:!.2C • t :!~?1) • 13 .?.0 • 13• 2() • t .:!' • 2C .. I '3. 20 .. 

• 
········~·························~····························································································· 

FIGURE 24. (CONTINUED) 

-~- - - - - - -f- .- - - - - - -{-- -



-

,;,o_ 

-~-

(X) 
\0 

- - - - - -j- - - - - - - -~-

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• _ CRlTtC"L ~SIGh F"CtORS f" - * ................................................................................ -...............•..........••....................... .. . 
*•••••••••••• ••• ••••••••RELEASE ST~t:SS£5••••••• ••••••••••• ••••••*••••••••••·•·•••••,;••••SERVICE LCAD STRESSESe •••••• •••• •••• ••••••* 
• (SV~SCL • DE~OTES STRESS AT "LLOWAeLE) * - (SY.aGL X oeNO~S STRESS AT ALLO-ASLE) - * 
• * SE_CfiON * 
• • • • 
• 0,20 • 

* I ,20 * 
• 2,20 • 
• 3,20 • 
• .,20 • 
• 5,20 • 

• • 

!TRESS TCP 
(KSII 

•Oe1430E 00 
•OelC2.!E C!O 
•0·6~80£•01 

•0.3~63f•Ol 

•Oe!!754E•C" .,.1 7 84£•01 

• • • • 
• • • • • • 

STAFSS 80TTOM 
CKSU 

Oe5951E 00 
o.E536E 00 
o.!!te4E oo 
o • .te!eF oo 
o.•s!!ZE oo 
Oe'*!UE OiJ 

• * SECliCN * 
• • • • * C/10 * 
• 1.110 • 
• 2,.0 • 

* ~/lC * 
• 4/10 • 

* !!'IC * • • 

S_TR!f!SS TOP 
IKSII 

-o.t462E oo 
0.6773£•01 
Oe2236E 00 
0.3275E co 
Oe3774E 00 
Oe3833E 00 

• • • • • • • • • • 

STfiFSS ECTTOM 
(IC!fl 

Oe4877E 00 
c •. t?cte co 
o.ttt7E oo 
OefoOCJlEf•O~ 

•0 ... 4E!E•01 • 
•Oe5071E•OI X 

• • • • • • • 
* • 

·························~·····························~ ... ~ .••.•..•.••...•.•.•.... ~~~·-·································~······· • 
• • 
• 

• • • • 
• 

•• • •• · •. • • • • • • e ~-. •· • • • • • • •-• • • e. • • •·•• • •• • .-•• • • • , •.• • • • • eL 1ST OF C:!S JGN. COIItiSTII~INTS. ·• • • • • •• e • ••·• •••• • • • • • e • •• e:e • • • • • • • • • • • •·• • •• •. • • • • • •• 
CSYIII80L J1 INCICATES CC!~STRAIIIiT CCftoTRGLS f<INA. DES18U 

.•t~t·~· CONCRE1E !TRE~GTH 
W.I,I"UIII COhCRETE STREIIIGT .. 

X ul. TIWATE "0"'E"-T 
CRACkiNG IIOME~T 

MINIMUM INITIAL CA~eER 
~AXIMUM INITI-L C-WEEA 

• • • • • ................................................................................................................................. 

.................................................................................................................................. 
* 1'0-EWT .lftoC .SHE-A SUI'.ARY * ................................................................................................................................. 
• • • • 
• • •­• 
• 
• • • • • • • • • 
• 

SfCT 10'" 

ene 
1 ,, ,. ,,.c .,. ,,.(" 
4'10 
5'1() 

• • • • • • • 
• • 
• • 

ff'"" at. 
PLUS S~F -r; k EV 

1'0!11FIIIT5 
(IK IF•FT) 

o.c 
Ge'5?&6fiE n2 
o.Hzt7f: ":! 
o.uc;;?~E ~:! 

o.t~4CI9E O! 
Cel!.!25F Cl 
Oelffil.E!F 0! 

• • 
• 
• 
• • • • 
• 
• 
• 

CTHEI; DeLe 
"C"E"'TS 
CKIP-FT) 

c.~ 

0.!!7!l2F. I)J 

o.to360f! O! 
o.122u~ 02 
c .ue@t:f! 02 
(l.t6310F. 0! 
o.t7t':!tf' 12 

• 
• • • • • 
* • • 
• 
• • 

LeLe 
.. CIIFIIITS 
( IC IP-FU 

0 __ ,. 

I'! • 754tt5E 12 
Clelll'OOF. ?l 
0 el4552E 03 
'h l!SE7SE 03 
e.t~933E 03 
~.t6~36E '3 · 

• 
• 
• • • • • 
• 
• 
• • 
• 

lLTI .. ATf •c~ENT ~ECUI~Er. : o.~~73lf 0] KIP•~ 
lLTI .. ATF WCrENT C•PACITY : ~.724~2E ~3 KI~T 
C~'C•I~C •C•~NT CAP•CtTY z C.53~•2E ~~ KID-FT 

TCTAL 
.. OIIIENTS 
(KIF•FT) 

o.o 
?e1386CF 03 
1).2l'i!!2F C1 
"•2775tF 03 
Oe30673f 0:1 
Oe33t"89E .,3 
o.3.263F 03 

• • 
• • • • 
• 
• 
• • 
• 

\,LTtlfAT£ 
!HEAR 
(IC IPS) 

e.•7t~4£ 02 
"•74153£ 02 
r.f:tt!52E 02 
e.!!•E~l" 02 
Oe41!151E 02 
Ce!!!t~CE 02 
Ce2!Jt'04E 02 

• • • • • • • • 
• 
• • • • • 
• 
• 
• . ··-··· ................. ··-·· ....................................... -...... _.-......................................................... . 

FUGURE 24. {CONTINUED) 

II!;.· 

-



concrete weight and release strength indicated. The initial and total 

prestress losses shown are computed as described in Section 2.1. The 

strand pattern and strand wrapping requirements are listed under the heading 

of Design Results. The number of strands required in each strand row is 

printed, together with ttumber and wrapping lengths for strands in that row. 

The wrapping distance is measured inward, from the end of the beam. Neither 

of the examples in Figures 24 and 25 contain wrapped strands. Deflections · 

are displayed for short term (no creep and shrinkage effects) and long term 

(all creep and shrinkage effects have occurred) conditions. The long term 

deflections are computed using the method of Sinno and Furr (2). Positive 

deflections are upward. The stirrup spacing required at each tenth point 

of the beam which is output is based on No. 4, grade 60 stirrups. For the 

optimization option, the final items of design results are cost totals. 
' . 

)he total beam cost and cost per foot figures shown are of course based 

only on concrete, strand and strand wrapping costs and therefore are incomplete. 

It may happen that the user inadvertently may seek a design which is 

impossible to obtain within the imposed r·estrictions. When the program 

determines that no feasible design exists, it prints the message 

******************************* 
!soRRY, THIS_ BEAM WILL NOT WORK~i 
******************************* 

When this abnormal termination occurs, the user should inspect the input 

data on the first sheet of output for errors. This is the most frequent 

cause of abnormal termination. Other possible causes include; deflection 
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constraints are too "tight", i.e., upper bound too small or lower bound too 

large, inadequate number of strand rows provided, or inadequate concrete 

strength specified (design option). 

The final sheet of output (see the third sheet in Figures 24 and 25) 

provides informa.tion on factors controlling the final design. Release and 

service load stresses are displayed first, with compression stress positive. 

An 11 X" beside a stress indicates that it is at the allowable (see Figure 25). 

Generally, the stresses shown may in some cases slightly exceed the allowables. 

This is the result of permitting a slight variation in computed prestress 

loss on successive iterations (see Section 2.4) and of rounding the final 

number of strands in each row to an integer value. This is demonstrated in 

Figure 24, sheet 3, where the service load stress at the bottom of the beam 

at midspan is slight tension where zero tension is permitted. Stress 

computations are based on the strand pattern, strand wrapping and prestress 

losses indicated on the second output sheet. For release stresses, beam 

weight and prestress forces are considered. Service load stresses are based 

on live load moment, dead load moment {beam weight, shear key, uniform and 

concentrated loads}, and prestress force. 

Active design constraints are denoted with an "x" under the List of 

Design Constraints section of the third output sheet. For example, the final 

design of the first example problem {Figure 24) is controlled by ultimate 

moment considerations. As shown at the bottom of the Moment and Shear 

Summary table, the required ultimate moment capacity is 788 k-ft., while 

that supplied is 815 k~ft. These two numbers are not identical because of 

rounding of the number of strands to an integer value. 
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Moments and shears used in design are listed in the Moment and Shear 

·Summary. Live load moments include lateral distribution and impact factors. 

Ultimate shears are total live load plus dead load, with load factors defined 

in Section 2.1. 



vI PROGRAM DociJENTAfi"ON - DBOXDS 

The computer program DBOXDS implements the box girder design form­

ulation developed in Chapter III. Described below are the standard input 

form and its use, interpretation of program otittput arid several example 

problems. 

5.1 PROGRAM INPUT 

Figure 26 shows the input form to be used with the program. 

5.1.1 Title Cards 

The first three input cards are title cards ,providing a means of 

job reference. The information prep·rinted on the form in v_artous columns 

need not be punched on the data cards - it will be printed out automat­

ically during output. The information on these cards is optional. The 

first two cards should only be input once per computer ru.n.. The third 

title card is the first card in a data pack when ,multiple pr.oblem runs 

are made, as explained below. 

5.1.2 Load and Options Card 

The type of standard AASHTO loading (H-15, H-20, HS-lS or HS-20 is 

entered in columns 5 - 6 and 8 ... 9. Th.e live load dist;ribution factor 

entered in columns 13 - 16 is the fraction of an axle load to be carried 

by the beam. This distribution factor is .applied to the axle train loading 

(if used) as well as AASHTO truck and lane loadings. If columns 13 - 16 

are left blank, the program automatically computes lateral distribution 

using Eqs. ( 24) thru (26), (the AASHTO distributio-n factor). If a yehi cl e 

other than an- AASHTO truck is to be usec;l for desi·gn, enter a '''1" in column 20 

and complete the axle train data cards. If both axle train and .AASHTO lo~-dings 
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are specified, the larger of the axle train, AASHTO truck and AASHTO lane 

moments are used at each design point (Figure 2). A uniform dead load carried 

by a single box girder (i.e., with no lateral distribution of load) is 

entered in columns 24 - 27. This provision allows the user to include the 

weight of such things as a wearing surface in the design. Concentrated dead 

load forces ·applied to a single girder are indicated by placing a "1" in 

column 31 and completing the concentrated loads on single beam data 

cards. Column 48 dictates which program option is to be used. If a "1" 

is entered, the program determines the minimum cost design, based on cost 

information input from part 2 of the form. This is the "optimization 

option". If column '48 is left blank, the program exercises tbe ''design 

option'', in which the strand pattern and release strength are selected 

which minimize the number of strands used, assuming the beam concrete 

has the 28-day strength entered in columns 35 - 37 . 

5.1.3 Axle Train Cards (Use Only if "1" Entered in Column 20 of 

Load and Options Card) 

A moving load pattern of up to 18 axles may be used for design. 

The first card contains the total load on each axle. To facilitate 

input, the user should sketch the axle train configuration, labeling 

either the right-most or left-most axle as axle 1 and numbering the 

remaining axles in sequential order. The weight of each axle is then 

placed in the appropriate columns of the first data card. The spacing 

of axles is input on the second data card, where axle spacing is defined 

as the distance from axle 1 to the axle under consideration. As an ex­

ample, an MSHTO HS-20 truck (with rear axles separated 14 feet) whose 
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light axle was designated as axle 1, would require 8.0 in columns 4- 6 

on the first card ~nd 32.0 in columns 8 - 10 and 12 - 14. The second 

card would contain 14.in columns 8 - 10 and 28. in columns 12 - 14. 

The program automatically scales axle train axle loads by the lateral 

distribution factol", but no impqct factor is applied, 

5.1.4 Concentrated Loads on Single Beam Cards (Use Only if Column 

31 of Load and Option Card Contains "1 11
) 

Up to 10 concentrated forces acting on a single beam (no lateral 

distribution assumed) may be input. The first card contains the mag­

nitude of the load, while the second card contains the distance of eac.h. 

load from the left support. This program provision is intended for small 

loads only. Service load stress checks assume that maximum moment .. due to 

total dead load plus live load occurs at a tenth point ... If large concentrated 

forces not at tenth points are entered, this assumption may be in error, 

resulting in an overstressed design. 

5.1.5 Beam Dimensions Card 

The dimensions of the beam cross s~ction which are to be input are 

shown on the figure at the uppe·r right corner of part 1 of the input form. 

The fillets (dimensions X andY) are assumed to slope at 45 degrees. 

Most any cross sectional shape can be accommodated with the dimensions shown. 

An ordinary rectangular voided section can be obtained, for example, by 

inputing dimensions such that A=B=(2·W+M) and C=H=E=C=O (or left blank). 

5.1.6 Bridge and Beam Properties Card 

The information on this card is used to compute the lateral 

distribution factor (if columns 13 - 16 of the load and options card is 
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left blank) and other quantities used to formulate the constraint set . 

The span length is entered in columns 4 - 7, bridge width in columns 11 -

14, number of traffic lanes in columns 18 - 19 and number of longitudinal 

beams in column~ 23 - 26. The number of longitudinal beams is input 

as a decimal number to accommodate unusual conditions (such as a mixture 

of two or more different box cross sections in the same bridge). Compression 

steel is sometimes used in box sections to help control long term camber. 

The area of this steel, which is input in columns 29- 32, is considered 

in the computation of section properties, using a transformed steel area 

of (n-1) for properties with shear key and-2(n-l) without. The distance 

from the top of the beam to e.g. of compression steel is entered in columns 36 -

39. If left blank, the program assumes T/2. Maximum and minimum acceptable 

release cambers-are input in columns 43- 47 and 51 -55 {upward camber is 

positive, downward camber negative). These apply to the midspan camber at 

release produced by prestress and beam weight. A typical application of 

the lower bound camber would be to insure that a beam did not deflect 

downward under full dead load (say, shear key plus wearing surface). If an 

estimate of the final release strength is made, then a modulus of elasticity 

can be computed, and the midspan downward deflection under shear key and 

wearing surface weights determined. This value is entered (as a positive 

number in this case) under minimum initial camber. This will insure that 

the final design has enough upward initial camber to offset the downward 

deflection caused' by the addition of shear key and wearing surface. If 

columns 43 - 47 or 51 - 55 are left blank, then the constraint is ignored 

during design. The distance from the bottom of the beam to the centerline 

of the first (bottom-most) strand row is input in columns 60- 61. 

The number of web strands, or the number of strands that may be draped in 
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any given row, is input in columns 66- 67. The distance from the centerline 

of the beam to the harping point, should there be a need for draped strands, 
/ 

is input in columns 72 ~ 74. Should column 79 be left blank, the program 

assumes normal weight concrete (150 lbs/ft3), 50% relative humidity, O.J53 

in. 2 grade 270 strands, and a standard grid spacing of 2.0 inches. The 

allowable stress coefficients are taken as 0.6 for compression and 7.5 for 

tension at release and 0.4 and 6.0 under service loads. In order to change 

any or all of these properties, enter 11 111 in column 79 and complete the 

miscellaneous properties card. 

5.1.7 Maximum Number of Strands and Top-Most Grid Row Card 

The maximum number of strands·, the number of rows available for strands, 

and the top-most grid row (if less than or equal to 26) are determined from 

this input data. Strand rows are numbered consecutively, taking the bottom­

most row as row 1. The maximum number of strands to be allowed in each row 

should be input in the columns corresponding to that row on the input fonn. 

The computation time required to obtain a final design increases rapidly as 

the number of available strand rows increases. Thus9 one should include 

only those rows which will likely be used. The top ... most grid row is the upper­

most row to which strands may be draped at the ends of the beam. This is 

input by entering 11 TP 11 in the two columns corresponding to the row number of 

the top-most grid row. If the top-most row number is greater than 26, 

enter 1 in column 79 of the bridge and beam properties card and enter the row 

number in columns 79-80 of the miscellaneous properties card. At present the 

program is limited to 10 rows of,strands. 

5.1.8 Miscellaneous Properties Card (Use Only if "1" Entered in Column 
79 of Bridge and Beam Properties Card} 
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If properties other than the standard values listed in Section 5.1.6 

are to be used, they must be entered on this card. Only those properties 

which differ from standard values need to be entered. If the program encounters 

blanks on the card where a property is to be read, it automatically assumes 

the standard value. The unit weight of concrete, if different from .150 

k/ft3, is enteredin columns 4- 6. Relative humidity is entered in columns 

10- 11, strand area in columns 14- 16, ultimate strength of strands 

in columns 19 - 21 and grid spacing in columns 25 ~ 26. The coefficients used 

to specify allowable stresses are entered in columns 31 - 55. If the allowable 

compressive release stress differs from 0.6 f~i or the allowable tensile stress 

from 7.5 v'f~i' then the coefficients (those that replace 0.6 and 7.5} should be 

entered in columns 31 - 32 and 34 - 35 for the end 1/10 of the beam (j = 6 & 7 

in Figure 17} and in columns 37 - 38 and 40 - 41 for the remainder of the 

beam. If the allowable compressive long term stress differs from 0.4 f' or 
c 

the allowable long term tensile stress from 6.0 ~·then the new coefficients 

should be entered in columns 45 - 46 and 48 - 49 for the end l/10 of the 

beam and in columns 51 - 52 and 54 - 55 for the remainder of the beam. 

The final beam camber at midspan after all prestress losses and creep 

and shrinkage effects have occurred is computed using the method developed 

in Reference (2). Cambers are computed and displayed using four different 

sets of creep and shrinkage coefficients typical of concretes in highway 

beams produced in four localities in Texas~ Should the designer have 

information on the creep and shrinkage properties of the concrete he expects 

to be used in a particular design, he may enter the appropriate coefficients 

in columns 58 - 75. The program will then compute and display the expected 

midspan camber for these conditions. 
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The number of the top-most grid row, if greater than 26, must be 

entered in columns 79 - 80. 

5.1.9 Concrete Cost Coefficients Cards (Use Only if "1" Entered 

in Column 48 of Load & Options Card) 

The cost of concrete in dollars per cubic yard can be input for concrete 

release strengths up to 9.0 ksi. If an estimate of the cost per cubic 

yard for 4.0 ksi release strength can be made, Figure 7 can be used as a 

guide to establishing the cost of higher strengths in the absence of actual 

cost data. Should release strengths beyond some value (say, 7.0 ksi) 

not be feasible, then the values (7.5, 8.0, 8.5 and 9.0) beyond that point 

should be left blank. 

5.1.10 Strand Cost Card (Use Only if "1" Entered in Column 48 of 

Load & Option Card) 

The cost per foot for strand is entered in columns 14 - 16. 

5. 1.11 28-Day Concrete Strength Cards (Use Only if "1" Entered 

in Column 48 of Load & Options Card) 

The relationship between release strength and 28-day strength is defined 

by the data input from these cards. It,isn•t possible to construct a general 

relationship between release and 28-day strengths because of the many factors 

that influence it. There are similariites in the operations of the major 

producers of highway beams in the state of Texas (12) which permit a 

reasonable estimate of the relationship. 

Fabricators generally use a 24 hour steam curing production sequence. 

Beams are cast in the afternoon, allowed to gain their initial set (minimum 

of 3 hours after casting before steam curing is begun (13)) and then steam 

cured overnight. A total steam curing period of 18 hours at 140° to 150° F. 
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is typical of most operations. Hanson (14) collected data on concretes made 

with type III Portland cement and subjected to 15 hours of steam curing at 

150° F. commencing 3 hours after casting. Concrete strengths were generally 

around 4 ksi at 18 hours (release) and 5 ksi at 28 days. For the data 

reported, the 18 hour strengths averaged 74% of the 28-day strengths. 

This percentage is probably valid over the usual range of release strengths 

utilized in THO prestressed designs, which is approximately 6 ksi. If this 

percentage is applied to release strengths between 4 and 6 ksi, the first 

straight line segment shown in Figure 20 is produced. Higher release 

strengths generally demand longer periods of steam curing and result in 

smaller percentage gains in release strength over 28-day strength. At the 

extreme limit of 9 ksi release strength, the fabricator would no doubt be 

forced to keep the beams under special cure for the majority of a 28-day 

period before release strength was reached. Under these conditions, the 

ratio of release strength to 28-day strength should be approximately 1. 

If a linear variation in strength gain over release strength is assumed 

between 6. and 9. ksi release strengths, the second straight line segment 

shown in Figure 20 is obtained. 

5.1.12 Multiple Problem Runs 

The user may process more than one design in a single computer run. 

The first problem must contain the three tit}e cards described in Section 

5.1.1. Each additional problem which is run should have the third title 

card as the first card in the data set. 

5.2 SAMPLE PROBLEMS 

Described below are several example problems demonstrating the use of 
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the standard input form .. 

5.2.1 Example Problem 3 

A multibeam box girder bridge is to carry two lanes of traffic with HS-20 

loading and span 80.0 ft. The girder cross section is to be formed using a 

standard FHWA design for an 80.0. ft. span and an oyerall beam winth of 3"0 ft. 

Ten boxes will be used to support an overall bridge width of 30.0 ft. and a 

uniform dead load of 160 lbs./ft. The design will incorporate two strand 

rows, using l/2 in. diameter grade 270k strands. A maximum of ten strands will 

be allowed in the first strand rowt which is to be placed 2.5 tn. ab.ove the 

bottom of the section. The second row is located tb.e standard 2.0 in. above 

the first, and may also contain 10 strands. Since tbe sectfon is 42. in. 

deep, with a standard grid·spacing of 2.0 in., the top-most grid row available 

for draped strands will be taken as row number 18. Each 5 in. wefi width will 

accommodate 2 strands in each row. hence the number of web strands, or the 

number of strands available for draping, is taken as 4. Ftve numtier 4, 

grade 60 conventional reinforcing bars are to be placed tn th.e deck slafi, 

2.5 in. down from the surface. 

The beam dimensions C,E,G, and H have been specifted as O.Otn. on the 

input form, which effectively modifies the beam section shown on tne input form 

to accommodate this specific beam cross section. For this design, there ts 

essentially no shear key. 

The midspan camber of the beam is assumed to be a non-controlling 

factor in the design, and is therefore ignored in the computattons. 

In order to prevent tension cracks in the concrete at the ends of the 

beam, there will be no tension stress allowed at the ends of the fieam at 

release, however all other allowable stresses will be taken as the standard 
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values specified in section 5.1.6 . 

The in-place cost of beam concrete is assumed to be· $150/cu.yd. for release 

strengths up to 5.5 ksi, $200 for f~i = 6.0 ksi and $230 for f~i = 6.5 ksi. 

Release strengths greater than 6.5 ksi are assumed to be unavailable. The 

28 day concrete strength corresponding to each release strength is assumed to 

be that given in Figure 20. 

5.2.2 Example Problem 4 

A 48 ft. wide multibeam bridge consisting of 16 box girder untts is to 

be constructed to accommodate 2 lanes of traffic and span 80 ft. The desi.gn 

loads consist of an HS~20 truck and a uniform load of 160 lbs./ft. The 

box cross section to be used is a 3 ft. wide bituminous surface beam proposed 

as a standard by the Commonwealth of Pennsylvania Department of Transportation. 

The vertical positioning' of strand rows is such that the first row ts placed 

1.5 in. above the bottom of the section, with subsequent rows spaced evenly 

at 2.0 in. A lateral spacing of 2.0 in. center-to-center will permit a max­

imum of 15 strands per row. Grade A-416, 7/16 in. diameter starands (ultimate 

strength of 270k and cross sectional area of 0.117 in.2) are to be used. The 

5 in. web width and 42 in. depth of the section provide for 4 web strands and 

a top-most grid row of 18, should there be a need for draping. Compression 

reinforcing consists of 4 No. 4 grade A615 bars placed 2.5 in. from the top 

of the section. Downward camber of the beam at release will not be permitted, 

however the amount of upward camber is not critical. Allowable release and 

service load stresses in the concrete are those specified in the AASHTO 

Bridge Specification (4) for inland regions .. 

Due to the large number of boxes in the bridge and the standard allowable 

stress coefficients permitted, the design of each section should not be 

overly critical. Thus, there should not be a need for more than 2 strand 
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rows and probably no reason to use draped strands. 

The design option is to be used for this prob 1 em wi· th the comp 1 eted 

input form shown in Figure 28. Program output for this problem is shown 

in Figure 30. 

5.3 INTERPRETATION OF PROGRAM INPUT 

The program first reads input data and perfoms basic checks for input 

errors. At present, the program checks include; design option specified but 

no 28 day concrete strength given, proper AASHTO loadtng designation 

and omitted span length and omitted number of longitudi:nal oeams (if no 

live load distribution factor is input), top-most gri:d row not spectfted, 

and an unrecognizable AASHTO truck loading. The input data is printed out 

before design calculations are begun so that the user can locate input errors 

which might cause the program to terminate abnormally before producing any 

other input. The output format is essentially the same for destgn and 

optimization options (see first sheet, Figures 29 and 30). 

The second sheet of output summarizes the design results, as seen in 

Figures 29 and 30. The strength and modulus of the concrete, and the pre­

stress losses in the strands are listed under the heading of Design Properties. 

The first items listed are the release and 28-day concrete strengths. For 

the design option, the 28-day strength is that specified on input, while tb.e 

release strength is computed and 28-day strength is obtained form 28-day vs. 

release strength input data. The modulus of elasticity listed is computed 

using the ACI equation (10) and the unit concrete weight and release strength 

indicated. The initial and total prestress losses shown are computed as 

described in Section 2.1. The strand pattern, deflections, and stirrup 

spacing requirements are listed under the heading of Design Results. Under 
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FIGURE 29. OUTPUT FOR EXAMPLE NO. 3 
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Strand Layout, the total number of strands, number of draped strands, and the 

number of strands in each row are printed, together with the distance from the 

bottom of the beam section to the centroid of the straight and the draped strands, 

at the ends of the beam and at the centerline. Using the bottom-most strand 

row as row number 1, the number of the first row containing draped strands, 

the number of strands to be draped, and the distance the strands are raised 

at the end of the beam are also shown. Deflections are displayed for short term 

(no creep and shrinkage effects) and long term (all creep and shrinkage effects 

have occurred) conditions. The long term deflections are computed using the 

method of Sinno and Furr (2). Positive deflections are upward.· The stirrup 

spacing required at each tenth point, SL/40, and the holddown location of 

the beam is based on No. 4, grade 60 stirrups. For the opttmtzatton optton, 

the final items of design results are cost totals. The total beam cost and 

cost per foot figures are based only on concrete and strand cost and therefore 

are incomplete. 

It may happen that the user inadvertently may seek a design which is 

impossible to obtain within the imposed restrictions. When tfie program 

determines that no feasible design exists, it prints the message 

******************************** ;sORRY·, THIS. BEAM. WILL. NOT WORK: 
******************************** 

When this abnorma 1 termination occurs, th.e user should·· tnspaet ~,1Jie ~tnput 

data on the first sheet of output for errors. This is the most frequent 

cause of abnormal termination. Other possible causes include; deflection 

constraints are too 11 tight 11
, i.e., upper bound too small or lower liound too 
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large, inadequate number of strand rows provided, or inadequate concrete 

strength specified (design option). 

The final sheet of output (see the third sheet in Figures 29 and 30) 

provides information on factors controlling the final design. Release and 

service load stresses are displayed first, with compression stress positive. 

An "x" beside a stress indicates that it is at the allowable. In the third 

example problem (see Figure 29), although there are no stresses at the allowable, 

the stress in the top of the beam at the end is very nearly 0.0, and due to the 

fact that no tensio.n was allowed at this point, it is obvious that this stress 

was a critical factor in the design. Generally, the stresses shown may in 

some cases slightly exceed the allowables. This is tile result of permitting 

a 3 percent variation in computed prestress loss on successtve iterations 

(see Section 2.4). Stress computations are based on tfle strand pattern and 

prestress losses indicated on the second output sfieet. for release stresses, 

beamweight and prestress forces are considered. Service load stresses are 

based on live load moment, dead load moment (beam weight, shear key, uniform 

and concentrated loads), and prestress force. 

Active design constraints are denoted with an 11X11 under the List of 

Design Constraints section of the third output sheet. For example, the 

final design of the fourth example problem (Figure 30) is controlled by 

minimum concrete strength considerations, indicating that the design was 

not critical. 

Moments and shears used in design are listed in the Moment and Shear 

Summary. Live load moments include lateral distribution and impact factors. 

Ultimate shears are total live load plus dead load, with load factors defined 

i n S e.c t ion 2 . 1 . 



VI. iwALY~ts oF MuLTI-~ BRI_DGES 
... , · .. 

j.~,..··'·' 
,. ' 

When a load is placed on~-~.pe of.th~. beams .of a· multi beam bridge, the 
• ...,~;·,~~ .~ ~ . . -1~-~ -~ ~ • 

loaded beam deflects and due :t~,','t'he· pres~nce of s~ear keys, adjoining beams 
. . .. ,··.- .. ~- ,:· -_ '- ; ., . 

deflect with it. This acti_g~-;-~-~~~·'·_·t\an~~t:~ted to otrle~ beams ·in a similar way, 
. . ' ·.·~<:·1.~.": •. i' . ·:; ! ·' •. • • • .. • . . 

deforming the entire cros~~~-t~_()n>o( the _structure and thus distributing 
·c.· .. i>.~ .. f ~~ft>::. > . ··:·. '· ~- . ' . . .. · .. 

the app 1 i ed 1 oad to a 11 beams !.Q.n:-fVarying; amounts. At each longi tudi na 1 
i .· \¥ :; .• ..·· ·, 

joint between beams there are· -fBtfc,~~ ~~· ~llree di rec_ti ons and one moment 
... · •;•:•~.J:·· * ;._~·:···," . . . 

which tend to keep the beams to.gethe.l\~).~~j.S. shown i 11 -Figure 31 . These joint\ 
r j,' ~> .. ' , 

forces are; verti ca 1 force vi '. 1 ongi ~~.r~-1 _ ~or?~ a; , transverse force h; 
. . .. Y..' ·--.: : . • 

and trans verse moment m.. These forces .• :tof·:{:eourse • act in an opposite 
1 ' : ' . •: .• ~j:l;.,:-:·' . . . _· . 

sense on the beams adjacent to ~hejoint. __ ~J~! j()if)t·forces on each edge 

of a beam and the app 1 i ed loads·_-}>,roduce ttie-~{~-~t~s .v-1 , A; , H; and moments 

M . , M . , Mt. shown in Figure 3l: ·on the bea·tft~:· __ -:The :four components of joint· Y1 Z1 1 ' . ·it·;"" . ·. ' . . . . 
. . 

forces and six components of be~ni" forces vary-~t1-~~ P-~sition, x, along 
; : . . :.-~~ ....... ~ 

the beam. They have units o'f~:-force or .moment per' uni't .length: and are positive 
. . ij-~: . ·. ·._ . :; ~';; .... . 't 

in the d1rect1on shown. -·-,,~; 
:...:).,=·.'\ 

The method of analy~is employed uses Fotiri~~~s-~~es to represent the load~ 
::·;$F - ~~,;.~;?~~-:· , ~- .. :. 

apolied to the structure·.and forces and deformat,.;~ns prO<:fuced by them. ·\ 
' ·,. L'~~-~~~: .·. . 

·.· / 

The 1 oadi ng may consist of a number of poj'n~ or· :p~tc~·-<1 oa~.s acting vertically ' 
. . '". _ _;;t' \•. 

anywhere on the structure ... These are a~prax,~ated-·by Foufier series 

representations and the response of th~ structure obtained· for each harmonic 
'. 

~;.' 

in the series. The tota 1 response is obtai ned from the ~u.P.erposi ti on of 
,.,. 

harmonics. 
i~ ·-...;(-~. '~ 

The details of the method are treated adequately,~in References (9) 
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and (16). The purpose of this Chapter is to familiarize the reader with the use 

of a computer program AMBB developed by Ghose (9) implementing the method. 

Input to the program in its original form is explained in the n~xt section. The 

program has been modified by the authors to compute lateral distribution 

factors for axle train and standard AASHTO loadings. The use of the program 

in this mode is described in Section 6.2. 

6.1 ROUTINE ANALYSES USING PROGRAM AMBB 

In its original form, the computer program computes displacement and 

the joint and beam forces (Figure 31 ) at points along the span specified 

by the user. The data cards necessary to utilize this portion of the program 

are described below. 

6.1.1 Program Input 

1. Title Card (15A4) -Columns 1-60. Title to be printed with output. 

2. Control Card (3Fl0.0,415) - Use consistent length and force units . 

Col. 1-10- Span of bridge 

11-20 - Young's modulus 

21-30 - Poisson's ratio 

31-35 - Number of beams (max. 20) 

36-40 - Number of different beam types (max 10) 

41-45 - Number of different joint types (max 10) 

46-50 - Number of harmonic terms of the Fourier series rep­

resentation. 10-20 for uniformly distributed loads . 

. 20-50 for concentrated forces. 

3. Beam Cards - Two cards for each different beam type. 

First Card (4FlO.O) 

Col: 1-10- Moment of inertia about z (vertical) axis. 

'l23 



Col. 11-20- Moment of inertia about y (transverse) axis. 

Col. 21-30- Area of cross section. 

Col. 31-40- St. Venant torsion constant of the beam. 

Second Card (4Fl0.0) 

Col. 1-10- Vertical distance between center of gravity of the 

beam section and left shear hinge, measured positive 

downwards. 

Col. 11-20- Horizontal distance between center of gravity of beam 

section and left shear hinge, measured positive to the 

right. 

Col. 21-30- Vertical distance between center of gravity of the 

beam section and right shear hinge, measured positive 

downwards. 

Col. 31-40- Horizontal distance between center of gravity of beam 

section and right shear hinge, measured positive to 

the right. 

4. Beam-type Identification Card (2012) For each beam, starting from the 

left, enter the beam type number in the above format. 

5. Hinge-flexibility Card· (4Fl0.0) One card for each different hinge type. 

Col. 1-10- Flexibility of hinge in the longitudinal (x) direction. 

Col. 11-20- Flexibility in the transverse (y) direction. 

Col. 21-30- Flexibility in the vertical (z) direction. 

Col. 31-40- Flexibility of hinge for transverse rotation. 

For a rigid connection, enter zero flexibility. For zero restraint, 

enter a large number (say 108 ). 
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6. Hinge-type Identification Card (2012) For each hinge, starting from 

the left, enter the hinge type number in the above format. 

7. Load Control Card (215) 

Col. l-5 - Number of load cases to be analyzed (no maximum) . 

Col. 6-10- Number of load cards (maximum 40). 

a~. Load Cards (215, 4Fl0.0) One card for each beam load. 

Col. 1-5 -Load case number. 

Col. 6-10- Number of loaded beam. 

Col. 11-20- Magnitude of load. 

Col. 21~30- x-coordinate of the load centroid. 

Col. 31-50- Eccentricity of the centroid of the load from the 

centroidal axis of the beam, measured positive in 

positive direction of y-axis (i.e. positive to the 

right). 

A uniformly distributed load in the y di.rection should be reduced 

to equivalent line loads acting on the separate beams. 

9. Results Card I (215, 9F5~0) - One card per load case. 

Col. 1-5 -Load case number. 

Col. 6-10- Number of output positions along span (max 9). 

Col. 11-55- X-coordinates of positions, fields of 5 columns each. 

10. Results Card II (IS, 8F5.0) One card for each beam type. 

Col. 1-5 -Number of output positions on the cross section for 

computation of longitudinal fiber stresses (max 4}. 

Col. 6-45- One pair of y and z coordinates respectively, for each 

output position, in fields of 5 columns for each 

coordinate . 
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6.1.2 Example Problem 5 

The bridge of example 4.2.1 is to be modified to carry a concrete median 

barrier (CMB). This is accomplished by adding one 4.0 ft. box to the cross 

section for a total of eight boxes. The CMB is to be placed over the shear 

key between beams 4 and 5. The base width of the CMB is 2 ft.-3 in. and it 

weighs 485 lbs./ft. The forces produced by a vehicle impact on the CMB are 

not considered. The analysis is to determine what fraction of the barrier's 

weight is carried by the center beams. The moment of inertia of the box 

section is approximately 129,000 in. 4 about the horizontal centroidal 

axis and 191,000 in. 4 about the vertical axis. The St. Venant torsional 

constant J is computed from (16) 

where dimensions tv,th,b and h pertain to a rectangular box inscribed within 

the box section under consideration and 

tv = thickness of vertical walls, 

th = average thickness of top and bottom slab, 

b = width of section, 

h = depth of section. 

For this section J is approximately 177,000 in. 4. The input data are shown ~n 

the coding sheet in Figure 33. The loading is idealized as two uniformly 

distributed line loads of 242.5 lbs./ft., carried by beams 4 and 5 (the two 

center-most beams). The line of action of the two line loads is taken as 

6 3/4 in. on either side off the middle of the shear key. The hinge joint 

between all beams is assumed to be at the e.g. of the shear key. The joint 
\ 

is assumed to transmit all shear and transverse forces but no transverse 
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moment. The units chosen for input data are inches and kips . 

The output for this example is shown in Figure 34. The fifth sheet of 

output lists the bending moment about the Y-axis for each beam at midspan. 

The moments carried by both beams 4 and 5 is 169.4 k-in. The moment produced 

by a uniform load of 485 lbs./ft. acting on a single 35 ft. long beam is 

891.2 k-in. Thus, to include the effects of the CMB in design, a load of 

.485 k/ft X (169.4/891.2) = .092 k/ft would be input as uniform load 

on a single beam. 

6.2 DETERMINATION OF LIVE LOAD LATERAL DISTRIBUTION FACTORS USING 

PROGRAM AMBB 

Situations frequently occur where a rational approach (rather than an 

empirical expression) is needed for calculation of the lateral distribution 

of wheel loads on a multi-beam bridge. The analysis program, in its original 

form, could be used to accomplish this although it would be impractical 

because of the voluminous input required. The method by whi.ch it could be done 

manually (and which has been added to the program so that it is done automatically) 

is descrjbed below. 

Current design practice stipulates that vehicles be confined to lanes 

on a bridge. Only one vehicle is permitted (laterally) within a lane for 

calculatibn of design moments. Lateral distribution factor is defined here 

as the ratio of the largest midspan moment produced in a beam by a vehi:cle 

or vehicles on the bridge to the maximum midspan moment of one vehicle carri·ed 

entirely by that beam. Thus, lateral distribution is in terms of fractions of 

a vehicle (truck). It is assumed that the longitudinal position of a ve~1cle 
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•••••AhALYSIS OF MULTI-BEAM BRIDGE***** 

EXAMPLE OF J;OUTINE ANALYSIS WITH AMBB 
BRIDGE SPAN •2o.ooo 

YDUHGS MOOUL~S OF ELASTICITY sooo. 

POI SSCNS RATIO Oel66 

NUMSEJ; OF eEAMS 8 

NUMBER OF EEA~TYPES 

NUMBER CF .JOINT-TYPES = 1 

NUMBEf< OF H.AAMONICS : 15 

FIGURE 34. OUTPUT FOR EXAMPLE PROBLEM NO. 5 
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*****BEAM P~OPERTIES***** 

TYPE 1-zz l-YY AREA TORS J Zt-L YHL 

191000e0 129000e0 859e0 177000e0 s. 50 -24.00 

BEAM NO TYPE 

1 
2 
3 
4 
5 
6 
7 
8 

•••**HINGE FLEXIBILITIES***** 

TYPE LCNGe HORIZe VERTe 

c.o o.o o.o 

J OI 1\T NC lYPE 

1 
2 

3 

• 
5 
6 

7 
FIGURE 34. (CONTINUED) 
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ZHR YHR 

5e50 24.00 
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*****LOAOI"'-E CONOITIONS-***** 

LOAD CASE BEAN NO LOAO X COORD LENGTH 

-

4- 8.488 ZIOeOOO 42().000 

5 S.4&8 210.0&0 •zo.ooo 

*****.IOHn X-COORDS FOR RESUL TS•**** 

NO OF 
LOAD CASE POSITIONS Xl 

210e0 

X2 X3 

**"'**CCORDINATES FOR OUTPUT OF AXIAL STRESS***** 

NO OF 
BEAM TYPE PCSITIONS 

2 

- - -

Yl Zl 

o.o -16eB 

FIGURE 34. 

- -1-

Ecc. 

17.250 

-17.250 

X4 X5 X6 X7 X8 X9 

Y2 Z2 Y3 Z3 Y4 Z4 

o.o l7e2 

(CONTINUED) 

.. - - - - - -·- -
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*****BEAM CENTER-LINE DISPLACEMENTS LO~D CASE NO 1***** 

LOCATIONS ON eEA~ 21 o.o 

BEAM NO 

le<iSOE-03_ 

2 2e3<19E-03 

3 3e3<;5E-03 

4 •• 9!:1E-03 

5 4e951E-03 

6 3. 3'i5E-03 

7 Ze399E-03 

8 leSSOE-03 

FIGURE 34. (CONTINUED) 

- - - - -t- -



*****BENDING MOMENTS ABOUT Y-AXIS LOAD CASE NO 1***** 

L.OCAT IO~S ON eEA~ 210e0 

BEAN NO 

1e027E 01 

2 8e602E 01 

3 le199E 02 

4 1•694E 02 

5 t.694£ 02 

6 lel99£ 02 

., e.6o2E OJ: 
__, 
w 
~ 

8 7e021'E Ol 

FIGURE 34. (CONTINUED) 
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*****BENDING MOMENTS ABOUT Z-AXIS LOAD CASE NO l***** 

LOCATIO~S GN BEA~ 210.0 

BEAM fi;Q 

1 -h288E 00 

2 -4e056E 00 

3 •7e426E 00 

4 -9e392E 00 

5 9e392E 00 

6 7e426E 00 

7 4e056E 00 

8 1e288E 00 

FIGURE 34. (CONTINUED) 
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*****AXIAL FORCES LOAD CASE NO I***** 

LOCATlOhS CN SEA~ 2l0e0 

BEAM 1'0 

-9.946E-06 

2 2e007E-06 

3 le019E-05 

4 -4eE16E-07 

5 -le702E-06 

6 6e749E-06 

7 -2.575E-06 

8 -4.244E-06 

FIGURE 34. (CONTINUED) 
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•••••TOASIONAJ,.. MO~E .. T$ LQ~ C,ASE NO l***** 

LOCATIONS ON e£A~ aao.o 

Bli!AM NO 

1 1~$961!~05 

2 5•03SE ... Q5 

3 ~.se~-o5 

4 1 .• aoee-o4 

5 -h20EE;..04 

6 -o;.seoE-05 

7 -5.0351!-05 

8 -1.596E-05 

FIGURE 34. (CONTINUED) 
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*****FORCES ALONG LONGITUDINAL ~OINT 

LONGITUDINAL StiEAR Clio JOINT 

LOCATIONS ON oBEAM 

~OINT NO 
1 
2 
3 

• 
5 
6 
7 

210e0 

-•••sse-•• 
•1•308E-13 
.;..He2~-13 

9 •. e72E-15 
1.te3e•~3 
le230E-13 
t.OliE-13 

TRANSVERSE FORCE ON ~OINT 

LOCATIONS ON BEAM 

JOINT NO 
1 
2 
3 
• 
5 
6 
7 

210·0 

-te478£-04 
-1.ette•o• 
-6••ese-o• 

4e917E•05 
-6e4e5£-04 
-1.619£-04 
-1.478£-04 

VERTICAL SHEA~ CN ~CliNT 

LOCATIONS ON BEAW 

JOINT NO 
I 
2 
3 

• 
5 
6 
7 

210•0 

-3e912E•03 
-8e30IE-03 
•1e4.17E-02 
-2.328E-09 

le417E-02 
Se301E-03 
3e912E-03 

TRANSVERSE MO.,EhT ON .JOINT 

LOCATIONS ON eEAM 210·0 

.JOINT NO 
-c;.e44E-13 

FIGURE 34. (CONTINUED) 
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LOAD CASE NO 1***** 
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*****AXIAL STRESS LOAO CASE NO 1***** 

BEAM NO 1 

LOCATI~hS CN BEA~ 210e0 
o.o -lEeS -9e151E-03 
o.o 17.2 ~. 369E-03 

BEAM NO 2 

LOCATIONS ON BEAM 210e0 
o.o -l6e8 -lel20E-02 
o.o 17.2 1e 147E-02 

BEAM NO 3 

LOCATIONS ON EEAM 210e0 
o.o -1Ee8 -le561E-02 
o.o 17e2 le 598E-02 

__, 
BEAM NO 4 

~ __, 
LOCATIOhS CN EEAM 210e0 

o.o -lEeS -2e206E-02 
o.o 17.2 2e259E-02 

BEAM NO 5 

LOCATIONS ON EfAM 210e0 
o.o -16.8 -2.206E-02 
o.o 17.2 2e259E-02 

BEAM NO 6 

LOCATIONS ON BEAM 210.0 
o.o -16e8 -t.S61E-02 
o.o 17.2 1. 598E-02 

BEAM NO 7 

LOCATIONS ON BEAM 210e0 
o.o -16e8 -1el20E-02 
o.o 17.2 1e147E-02 

BEAM NO 8 

LOCATIONS GN SEA~ 210e0 
o.o -lEeS -9e151E-03 
o.o 11'. 2 ~. 369E-03 

FIGURE 34. (CONTINUED) 



on a bridge when it produces maximum midspan moment in a beam is independent 

of its transverse location on the~brtrrge-~ 

The first step is to determine the lateral position of a vehicle in each 

lane which produces maximum moment in each beam. This is an influence line 

problem. For convenience, the transverse expanse of the bridge is divided into 

one foot segments (Figure 32), using the e.g. location of beam 1 as a 

reference point. One line of wheels from the vehicle, positioned longitudinally 

for maximum moment, is moved transversely across the bridge and the moment 

produced in each beam for each station is stored. For a specific beam, the 

location of the vehicle in lane 1 that produces maximum moment can be found by 

moving the two wheel lines of the vehicle from the left to the right edge of 

the lane (observing required side clearances; e.g., 2ft. for AASHTO trucks) 

and adding the two ordinates of the influence line to obtain the total moment. 

This process is repeated for all beams and all lanes and the results for each 

stored. The final step is to sum the effects, for a particular beam, of 

vehicles in each lane and applying a frequency of occurrence factor if appro­

priate. AASHTO, for example, allows the moment produced by three lanes loaded 

simultaneously to be reduced by 10 percent for design purposes. 

6.2.1 Program Input 

A standard input form shown in Figure 35 has been developed for use with 

the program in this mode. The input quantities are explained below. 

1. Title Cards- Three title cards as indicated. Column 62 on the first 

title card must contain 11 111 in order that the input for this program 

mode can be distinguished form the conventional analysis mode. 

2. Control Card - Span length, modulus, number of beams and traffic 

lanes input as indicated. AASHTO loading is designated in columns 

38-42. If an axle train is to be used, complete columns 48-67. The 
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MUL TIBEAM BRIDGE 
ANALYSIS PROGRAM 

TEXAS HIGHWAY DEPARTMENT 
BRIDGE DIVISION 

jojljsJTjRJIJc]-f] [0 
1011 

I J I I I I I I I I I I l_j lcloluJf.JTTJvl IHFI6JH~AtvrTNJOCJ rrrr-cm 
. . . 48 54 l"t 26 

~[ill 
26 28 

lslulaJMII ITITIEiol lalvl t.J I fllDIIJ JcJo[N)TIRioiLI fNioJ.J I_ I I I I I I I 
13 19 

lo!E]sfc]Rjl IPITIIIOINI ITT I TT IT I Ill I 1-1 I I II I I I I II r llfTT]l~ll I I II I II J 
• GENERAL INFORMATION 54 I~ 

Modulus 

- - -,- -

Sheet ---of ----· 

[!] 
62 

Llnput Trigger 

of Number 
Span Elasticity of 
(ft.) C I< si) Beams 

Number AASHTO 
of Loading 

Traffic Lones r Tranverae Axle Trotn 
Wheel Spacing (ft.) 

Enter 1 for Axle Train Side 
rf Axle Train ..-J Clearanc~ Number of A111e Train I - I I I · ---, on Br~dqe 

I II I I I I II I 1 I rn 
5 8 13 18 2425 

ln.Wtlo A bout Inertia About 
841am Type Horizontal Axle Vertical Axis 
Number (ln.4) {in.4) 

i 
4 !? ... 241 

Beam Type Identification Number For Beam i 

OJ [0-DJ 
31 32 3839 4142 

Area 
{ in_2) 

/ 

. 

. 

31 36 4( 'I) 

D rn D D 
~ 54~ 61 ~ 

Torsional 
Stiffness 

( in.4) 

52 56 

HL 
(in) 

6C 62 

VL 
(in) 

6E 68 

i=l 1=Z i=3 i=4 i=5 i=6 i=? i:S ;:9 i=IO i=ll i=l2 i=l3 i=l4 i=l5 i=l6 i=l7 i=IS i=l9 i=20 

~~~WWWWWW~WUJ~UJWUs)WW~~ 

FIGURE 35. INPUT FORM FOR AMBB 

HR 
(in) 

i 

?, (4 

VR 
{tn) 

n:l 
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Hinge Force Transmission (Enter Y or N) 

Hinge Type 
!II umber 

4 

Longitudinal 
Shear 

14 

Vert1ca I 
Shear 

22 

Hinge Type lndentification Number For Hinge i 

Transverse 
Force 

30 

Transverse 
Moment 

38 

~~~~~~ful=r~~trl~t=l,~'nrot=t,rn~l=r, 
5 6 8 9 II 12 14 15 17 18 20 21 23 24 26 27 29 30 32 33 35 36 38 3S 41 42 44 45 47 48 50 51 53 54 56 57 59 60 

Distance ( ft) From e.g. Axis of Beam 1 to 

Left Edge 

Lonel 

r 1 1 ll 
5 8 

Axle Train 

Right Edge 

Lone 1 

I I 11 I 
13 16 

Left Edge 

Lane 2 

I I I 1__1 
21 24 

Right Edge 

Lane2 

I II I I 
29 32 

Left Edge Right Edge Lett Edge Right Edge 

Ldne3 Lone 3 Lane 4 Lane 4 

[]]]] lliU 
37 40 45 48 

I I I I I I I I J I 
53 56 61 64 

Sheet __ of __ . 

Left Edge Right Edge 

Lone5 Lone 5 

biTQ [[[1] 
77 80 

Axlel Axle2 AK1e3 AKie4 AxleS AllieS AK1e7 AxleS Axle9 AxletO Axtell Axlel2 Axlel3 Axlel4 Axlel5 Axlel6 Axle17 

~~~~~~~9~~~~~00~~~ 
Axle 18 

aE A.xle Lood (I 
D•st. From 
A11lel To 
AJ.Ie i (ft) 

j: 2 i= 3 i: 4 i=5 i=6 i = 7 i= 8 i=9 i = 10 i; II i; 12 i = 13 i: 14 i=l5 i=16 i=17 j: 18 

FIGURE 35. (CONTINUED) 
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axle train side clearance is the minimum distance permitted between 

a wheel line and an edge of a lane. The number of axle trains present 

on the bridge is the maximum number of lanes that will be loaded in 

attempting to produce maximum moment in a beam. 

3. Beam Card - Moment of inertia about a horizontal axis refers to the 

y-axis shown in Figure 31, which in most cases will be horizontal. 

The vertical axis refers to the Z-axis in Figure 31. The torsional 

stiffness in columns 45-52 can be computed from Eq. (164) for most 

sections. HL and VL are the horizontal and vertical distances from 

the centroid of the beam cross section to the left hinge. The hinge 

can conveniently be taken at the centroid of the shear key. HL is 

positive if the hinge is to the left of the centroid of the beam 

(the negative y-direction in Figure 31) and VL is positive if the 

hinge lies below the beam centroid. HR and VR define the position 

of the right hinge, with VR positive if the right hinge is below the 

beam centroid and HR positive if the hinge is to the right of the 

beam centroid. Several typical situations are shown in Figure 36 

with the various dimensions labeled. 

4. Beam Type Identification Card - For each beam, starting from the left, 

enter the beam type number . 

5. Hinge Card - A hinge is assumed to be either completely flexible 

(no force transmission) or completely rigid (full force transmission) 

in each of its 4 possible modes of displacement. lf the hinge 

transmits longitudinal shear force (a. in Figure 31), uyu is 
1 

entered in column 14. If a. must be zero, then column 14 should 
1 

contain 11 N11 or left blank. The remaining components of joint force 

145 



BEAM I HINGE I 

c. g. BEAM I 

BEAM I 

BEAM I 

H R (I) 

e.g. OF 
BEAM 

HINGE I 

HR(I) 

CASE I 

CASE n 

BEAM 2 

HL(2) HR(2) 

CASE m 

......,_.---.___,~----+-.......Lj....._~L(nl 
~--~-1) 

HL(ft) 

HI NeE 
(n-1) 

BEAM n 

• 

FIGURE 36. TYPICAL BEAM AND HINGE ARRANGE~1ENTS 
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are vertical shear (vi in Figure 31), transverse force (h1) and 

transverse moment (mi). 

6. Hinge Type Identification Card - For each hinge, beginning with 

the hinge between beams 1 and 2, enter the hinge type number. 

7. Lane location Card - The limits of traffic lanes are measured with 

respect to the centroid of the left-most beam (beam number 1} in 

the bridge. Distance is positive to the right of the centroid. 

Lane limits are shown as TRi and TLi i~ Figure 32. 

8. Axle Train Cards - Enter only if column 48 of the control card 

contains "1 11
• Either the leading or trailing axle may be designated 

as axle 1, with the remaining axles numbered in sequential order. 

The first card contains the axle loads. The second card contains 

axle spacings (See Section 4.1.3) 

6.2.2 Example Problem 6 

Lateral distribution factors are to be computed for the structure shown 

in Figure 32. The shallow boxes are 6 ft. wide by 2 ft.-3 in. deep with 5 l/2 

in. thick horizbntal walls and 5 in. vertical walls. The exterior and center 

beam are 3 ft. wide and 3 ft.-3 in. deep with the same wall thicknesses. 

A work sheet has been provided (Figure 37) to assist in data input. The 

completed work sheet for this example is seen in Figure 38. The structure 

is sketched to some convenient scale and the layout for beams, joints and 

traffic lanes are indicated. With the completed work sheet, it is a simple 

matter to complete the input form as shown in Figure 39. For this problem, four 

12 ft. traffic lanes are utilized, with HS-20 loading. 

The results of this analysis are shown in Figure 40. The first two 

sheets list input data~ The location of loads within each lane which produce 

maximum moment for a beam are displayed at the top of the third sheet. For 
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FIGURE 38. COMPLETED WORK SHEET FOR EXAMPLE PROBLEM NO. 6 
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Wheel Spacing (ft.) 
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FIGURE 40. (CONTINUED) 



example, if only lane 2 were loaded, the truck. wheels should be located 2 ft. 

from the left edge of the lane to· p·roduce maximum moment in beams 1 through 4 and~ 

2 ft. from the right edg·e of the lane for the remaining: beams.. Comparable 

information on the location of the lOft. wide lane loading is also shown. The 

last entry on the last sheet disp.la:ys maximum moment a:nd lateral distribution 

factor for each beam. The ma·ximum moments include the AASHTO impact factor 

for axle train as we·ll as AASHTO loadings. 
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APPENDIX A 

BEAM Cosr SLRVEY DATA 



MATERIALS COST INFORMATION SHEET 

Company Name 

Location 

Date 

1. The cost of one cubic yard of concrete in a completed highway 
beam is effected by the required release strength, especially 
when high release strengths are specified. Our objective is 
to produce a graph similar to that shown below, which would 
be representative of concrete cost changes with change in 
release strength.· 

i.o 

I 
I 

'--J,_ Ufjpo+he+\c:al Cul--ves. 
, I 

~ 

I 
I 
I 
! 

I 
I 

We are asking that you provide us with costs of various release 
strength concretes so we can construct such a graph. Since we 
are interested only in relative costs, we have arbitrarily set 
the cost of one cubic yard of 4000 psi. release strength concrete 
at $1.00. Using this as a base, would you please complete table 
below, up through the highest release strength your company would 
be willing to produce. 

QUESTIONNAIRE SENT TO 7 FABRICATORS IN TEXAS · 
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Release Concrete 
Strength (psi) Cost ($) 

4000 $1.00 

4500 $ 

5000 $ 

5500 $ 

6000 $ 

6500 $ 

7000 $ 

7500 $ 

8000 $ 

2. Indicate those items listed below that were considered in arriving 
at the costs computed. for question 1. · 

Yes No (a) Cost of materials (cement, aggregate, admixtures, etc.) 

Yes No (b) Cost of energy used in curing(e.g., natural gas, oil, - electricity, etc.) 

Yes No (c) Cost of labor in placing concrete 

Yes No (d) Amortization of permanent equipment (such as forms, - curing facilities, etc.) through periodic depreciation. 

Yes No (e) Increased cost due to decreased production associated - with leaving beams in forms to obtain high release strength. 

Yes No - (f) Increased overhead due to reduced production. 

,(g) Other 

3. What would be the in-place cost per foot of strand for l/2 inch diameter, 
grade 270, 7 wire strand? · 
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Release Concrete 
Strength (psi) Cos~ ($) 

4000 $1.00 

4500 $1~00 

5000 $1.00 

5500 $1.00 

6000 $1.22 

6500 $1.34 

7000 $1.54 

7500 $1.85 

8000 $2.22 

2. Indicate those items listed below that were considered in arriving 
at the costs computed for question 1. · 

Yes x No {a) Cost of materials (cement, aggregate, admixtures, etc.) 

Yes.lL_ No (b) Cost of energy used in curing{e.g., natural 
electricity, etc.) 

gas, oi 1, 

Yes No x (c) Cost of labor in placing concrete 

Yes_ .. No_x_ (d) Amortization of permanent equipment ·(such as forms, 
curing.facilities, etc.) through period~c depreciation. 

Yes x No (e) Increased cost due to decreased production a~sociated 
with leaving beams in forms to obtain high release strength. 

Yes_!_ No_ (f) Increased overhead due to reduced production. 

(g) Other 

3. ~lhat \'Jould be the in-place cost per foot of strand for 1/2 inch diameter, 
grade 270, 7 wire strand? 

$. 20 per ft. 

RESPONSE FROM COMPANY 1 

162 

I 
I 
• 

I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-"-

1 
I 



I 
I 
• 

I 
I 
I 
I 
I 
I 

' I 
• 

I 
I 
I 
I 
I 
I 
I 

Release 
Strength (psi) 

Concrete 
Cost {$} 

(In place, finished 
product) 

.4000 

4500 

5000 

5500 

6000 

6500 

7000 

7500 

Probably would not - 8000 

$1 .. 00 

$ 1.00 

$ 1.00 

$ 1.25 

$ 1.80 

$ 2.00 

$ 2.50 

$ 3.00 

$ 3.80 - Would be difficult to 
obtain in a reasonable 
production cycle. 

2. Indicate those items listed below that were considered in arriving 
at the costs computed for question 1. 

Yes_x_ No 

Yes_!_ No 

Yes_ No x 

Yes No X 

Yes X No 

Yes x No 

{a) Cost of materials {cement, aggregate, admixtures, etc.) 

{b) Cost of energy used in curing(e.g., natural gas, oil, 
electricity, etc.) 

. (c) Cost of labor in placing concrete 

(d) Amortization of permanent equipment (such as forms, 
curing.facilities, etc.) through p~riodic depreciation. 

(e) 

(f) 

(g) 

Increased cost due to decreased production associated 
with leaving _beams in forms to obtain high release strength .. 

Increased overhead due to reduced production. 

Other - Due to long production time - would be 
unable to bid other work. 

3. What would be the in-place cost per foot of strand for l/2 inch diameter, 
grade 270, 7 wire strand? 

25¢/ lin. ft. 

RESPONSE FROM COMPANY 2 

163 



2. 

Release Concrete 
Strength (psi) Cost ($) 

4000 $1.00 

4500 $1.00 

5000 $]. 10 

5500 $1.20 

6000 $1.20 

6500 $1.80 

7000 $1.85 

7500 $2.00 

8000 $2.10 

Indicate those items listed below that were considered in arriving 
at the costs computed for question 1. 

Yes__x.x No 

Yes__!b No 

(a) Cost of materials (cement, aggregate, admixtures, etc.) 

(b) Cost of energy used in curing(e.g., natural gas, oil, 
electricity, etc.) 

Yes No_!] (c) Cost of labor in placing concrete 

Yes No_!] (d) Amo·rtization of permanent equipment (such as forms, 
curing.facilities, etc.) through periodic depreciation. 

{e) Increased cost due to decreased production associated 
with leaving beams in forms to obtain high release strength. 

Yes__!b No 

Yes XX No {f) Increased overhead due to reduced production. 

(g) Other 

3. What would be the in-place cost per foot of strand for 1/2 inch diameter, 
grade 270, 7 wire strand? $.25 

RESPONSE FROM COMPANY 3 
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2. 

Release Concrete 
Strength (psi) Cost ($) 

4000 $1.00 

4500 $\.oo 

5000 $1.o5 

5500 $f.o5 

6000 $ f.S7 

6500 $ l,qo 

7000 lL90 

7500 $ r.qo 

8000 $%.J.~ 

Indicate those items listed below that were considered in arriving 
at the costs computed for question 1. 

YesX No 

Yes.,6_ No. 

Yes£ No 

Yes_ No ..X 

Yes X No_ 

Yes No_L. 

(a) -Cost of materials {cement, aggregate, admixtures, etc.) 

(b) Cost of energy used in curing(e.g., natural gas, oil, 
electricity, etc.) 

(c) Cost of labor in placing concrete 

(d) Amortization of permanent equipment (such as forms, 
curing-facilities, etc.) through period~c depreciation. 

(e) Increased cost due to decreased production associated 
with leaving beams in forms to obtain high release strength. 

(f) Increased overhead due to reduced production. 

(g) Other 

3. What would be the in-place cost per foot of strand for 1/2 inch diameter, 
· grade 270, 7 wire strand? 

II o,£t A~ .. 

RESPONSE FROM COMPANY 4 
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APPENDIX B 

DEFINITION OF VARIABLES APPEARING IN LABELLED 

COMMON BLOCKS OF DBOXSS AND DBOXDS 
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Labelled common blocks used in both DBOXSS and DBOXDS are essentially 

identical. In a few cases, variable names are unique to one program or the. 

other and in this situation both names are listed under the appropriate common 

block name. 

COMMON/BLKl/ 

ADIM, BDIM, CDIM, DDIM, EDIM, FDIM, GDIM, HDIM, TDIM, XDIM, YDIM -

- the• cross sectional dimensions A, B,. ... , Y on input fonn (in) . 

WHDIM - the dimension M on input form (in). 

WDDIM - the dimension W on input form (in) . 

ACONC - cross sectional area of beam (in2) . 

BINERT - moment of inertia of beam about e.g. axis of beam (in4). 

DTOP - distance from ·e.g. of beam cross section to bott:om of beam (in). 

ZT - section modulus for computing stress in top of beam (in3). 

ZB section modulus for computing stress in bottom of beam (in3). 

ACONCK - area of beam cross section plus shear key (in2) . 

BINERK - moment of inertia of beam cross section and shear key about e.g. 

axis of composite beam and shear key section (in4) . 

DTOPK - distance from e.g. of beam and shear key composite section to 

bottom of beam {in) . 

ZTK - section modulus for computing stress at top of composite beam and key 

section (in3) . 

ZBK - section modulus for computing stress at bottom of composite beam and 

key sec·tion (in3) . 

ZL - span length ( ft) . 

F28 - 28 day concrete strength (ksi) . 
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JOPT -program option code: if= 0, design option is performed; if= 1, 

optimization option performed 0 

ASSCLR - fraction of initial prestress lost immediately after strand release 0 

ASSPLS - fraction of initial prestress lost after all losses have occurred. 

APRlME - area of compression steel reinforcing (in2). 

CBOT - distance from bottom of beam to center of first strand row (in) . 

COSTWP - cost of strand ($/FT) midspan o 

DEFMIN - minimum permissible midspan camber ~pon release (in). 

ALDEF - maximum permissible midspan camber upon release (in). 

NRAV - the number of rows available for strand placement in DBOXSS and the 

maximum number of strand rows thit can be fitted in the beam 

cross section for DBOXDS. 

NWHEEL- number of axles in axle train vehicle. 

DISTF -lateral distribution factor applied to axle loads. 

FPCMAX- maximum permissible concrete release strength (ksi). 

FPCMIN - minimum permissible concrete release strength (ksi). 

ELASC - constant which when multiplied times the square root of concrete. 

strength (ksi) gives the modulus of elasticity in ksi (ksi)2. 

ULTMRQ- required ultimate moment capacity (k-ft). 

OCR - distance from top of beam to e.g. of compression reinforcing steel 

(in). 

W -beam weight (k/ft). 

WB - shear key weight (k/ft). 

FO - initial strand force (kips}. 

NR - the number of rows available for placement of strands. 

HDPT -distance from center line of beam to holddown point (ft). 
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NW 

ALPHA 

- number of strands to be draped in strand rows . 

- fraction which when multiplied times the span length gives 

the distance from the end of the beam to the holddown point. 

COMMON/BLK2/ 

PAXLE(I) -weight of Ith axle in axle train. 

NWHL(I) - distance form axle 1 to axle I in axle train (ft). 

STRMAX( I) - maximum number of strands permitted in strand row I . 

FCONC(l) - magnitude of lth concentrated force appli:ed to a single 

beam ( k i ps ) • 

DCONC(I) - distance from the left end of the beam to the Ith concentrated 

force. 

G(I) - cost of concrete with release strength of 3.5 + 0.5-I($/yd3). 

F( I) - 28-day strength of concrete with a release stre·ngth of 3.5 

+ 0.51 (ksi). 

D(I) - distance from e.g. of beam cross sectinn to strand row I (in). 

Positive if strand row is above e.g. o.f beam. 

GRIDS( I) - distance from strand row I to row (I + 1) (in) . 

BMMAX (I) - bending mOment a·t points a 1 ong beam due to 1 i ve 1 oad. The 

locations are: 1=1~ end of beam; 1=2, L/10; 1=3, 2L/10; 

1=4, l/4; 1=5, 3L/10; 1=6, 4L/10; 1=7 lt L/2 (k-ft). 

BVMAX(I) -live load shears at points along the beam (kips). 

DLMOM(I) - dead load moment at points along the beam due to unifonn load and 

concentrated forces (kip-ft). 

DLSHR(I) - ultimate dead load shear at points along the beam due to uniform 

load and concentrated forces (kip-ft). 

CBRMAX(I)- array used to store long term camber computed for 4 sets of concrete 

properties and a set which is input. 
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PRLMAX(I) - array containing estimates of prestress loss computed for 

4 sets of concrete properties and inputed properties in 

SUBROUTINE CAMBER • 

ZLOS(I) -contains final prestress loss fractions 0.1, 0.2, 0.3, 0.4. 

PECRK(I,J) - contains the total prestress force eccentricity at which the 

ultimate moment capacity first exceeds 1.2 times the cracking 

moment capaicty for the 28 day concrete strength corresponding 

to a release strength of 3.5 + 0.51 and a prestress loss of 

O.lJ (k-in). 

ZWRAP(I,J) - for strand row I, contains the number of wrapped strands 

in J=l and the total length in feet (J=2) and inches 

. (J=3) of wrapping . 

NSDIF(I) - number of different wrapping lengths in strand row I . 

COMMON/DEFINE/ 

UWC - unit weight of beam and shear key concrete ( k/ft3) .. 

HUM - average relative humidity used in computing prestress loss due 

to shrinkage (%) • 

AS - area of a strand (in2) • 

FPS - ultimate strength of the strand (ksi) . 

CTRl - factor which when multiplied times the s.quare root of 

concrete strength (in psi) gives the allowable tension stress 

in the concrete in psi for the end of the beam and the l/10 

point at release • 

CTR2 -same as CTRl, but for points between the 1/10 and 5/10 

points on th~ beam . 
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CTSl - same as CTRl, but for service load conditions . 

CTS2 - same as CTR2, but for service load conditions • 

CBRl - factor which when multiplied by concrete strength gives the allowable 

CBR2 

CBSl 

CBS2 

CREEPl 

CREEP2 

SHRKl 

SHRK2 

RATNOD 

FPL 

FSY 

ASTIRP 

GSP 

COMMON/YZ/ 

compression stress in the concrete at the end of the beam and 

the 1/lO point at release • 

- same as CBRl, but for points between the l/10 and 5/10 points . 

- same as CBRl, but for service load conditions. 

- same· as CBR2, but for service load conditions . 

- constant appearing in the numerator of the hyperbolic function 

defining the unit creep function for the concrete. 

- constant appearing in the denominator of the unit creep function. 

- constant appearing in numerator of the hyperbolic function defining 

the shrinkage properties of the concrete . 

- constant appearing in the denominator of the shrinkage function. 

- ratio of the modulus of elasticity of compression steel to that 

of concrete. Used in computing transformed section properties. 

- proportional limit stress for strand material (ksi). 

-yield strength of compression reinforcing and stirrups (ksi). 

- total area of stirrup reinforcing (in2). 

- spacing between strand row for DBOXDS. 

Yl, Y2, Y3, Y4, Zl, Z2, Z3, Z4- characteristic widths and depths used in 

computing area and e.g. of compression zone for ultimate 

moment computations (see SUBROUTINE ULTMP). 
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COMMON/DUMP/ 

TITLE{I,J) - used to store input title cards. 

YJ(I) - scratch storage. 

FROW(I) - used to store number of strands placed in each row during generation 

of coefficients in ultimate and cracking moment constraints in 

SUBROUTINE EQGEN . 

PEF{I,J) - used in EQGEN to form ultimate and cracking moment constraints 

Row I corresponds to the placement of 2·1 strands in the beam 

(except when one or more row has an odd maximum number of strands). 

Column 1 contains the total number of strands placed. Column 2 

contains the sum of the products of the number of strands in 

each row times the distance of that row from the e.g. of beam. 

Column 3 contains the distance from the e.g. of PEF(I,l) strands 

to the ~.g. of the beam . 

ZNE(I) - contains the product of the number of strands in each row times 

their distance from the e.g. of beam when the ultimate moment 

capaicity first exceeds that required,for a 28 day concrete 

strength corresponding to a release strength of 3.5 + 0.51. 

KKODE(I) - used in EQGEN to form cracking moment constraint. If KKODE(I) 

ZMCR(I) 

COMMON/0314/ 

= 1, then for current total strand force eccentricity, the ul­

timate moment capacity just exceeds 1.2 times the cracking moment 

capacity for a final prestress loss of ZLOS(I). 

- contains the cracking moment capacity when KKODE(I} set equal 

to 1. 

These variables are used in SUBROUTINES LPCODE and INTPRG and are 

defined in the subroutine descriptions. 
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Subroutine Name 

MAIN ... 

DEFINE .. 

EQGEN . 

LPCODE •. 

INTPRG. 

PROPTY .. 

MOMSHR. . 

LOCATE .. 

ULTMP .. 

PLOSS . 

CAMBER. . 

SHEAR . 

APPENDIX C 

DESCRIPTION OF SUBROUTINES USED 

IN DBOXSS AND DBOXDS 

Table of Contents 
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The primary differences between programs DBOXSS and DBOXOS occur 

in the MAIN programs. The logic and storage requirements of DBOXDS are 

more involved than those in DBOXSS because it incorporates an integer 

programming solution {subroutine INTPRG) to obtain final designs, working 

from an approximate L.P. solution generated in subroutine LPCODE. During 

the project, two separate programs evolved as a natural result of our 

efforts to minimize progranming complexities by dealing with each problem 

separately. The majority of the computer core storage requirements (with 

programs in object form) arise from the large arrays used in LPCOOE and 

INTPRG. By dividing the programs, it was possible to overlay a.rrays in 

a straightforward way (see the shifts in variable names appearing in 

COMMON/0314/) and thus reduce the total storage needed by DBOXDS. The 

reader will find an almost complete correspondence between variable names 

used in the two programs, since DBOXDS was constructed from a reproduced 

version of DBOXSS. The flowcharts of logic for the MAIN programs are 

presented together, with branches indicated for each program. Variable 

names common to both programs as well as those used in only one or the 

other of the programs appear together in the definition of variables. 

The subroutines are for the most part self-contained and differences in 

them occur in the way in which calling parameters are formed. Each sub­

routine is described in a separate section, listing its function, the 

definition of variables which it uses and a macro level flowcharts of 

· 1 ogi c when necessary for understanding its operation. 
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MAIN PROGRAM 

Function 

The main program reads and checks input data, computes the quan­

tities required by subroutines, iterates on prestress loss until 

an acceptable design is obtained and outputs the final design. 

Variable Definitions 

WIDTH - overall bridge width, used to compute AASHTO lateral 

distribution factor (ft). 

JTNTL -·number of traffic lanes, used in computation of AASHTO 

lateral distribution factor. 

TNLB - number of longitudinal beams, used in computing AASHTO 

lateral distribution factor. 

ZAXLE(I) - contains axles loads of designated AASHTO truck loading 

(kips). 

ZNWHL(I) -contains axle spacings of designated AASHTO truck (ft). 

NAXLE - number of axles in designated AASHTO truck. 

ULOAD - lane load for designated AASHTO loading (k/ft). 

CSLOAD - concentrated force used in computation of live load shear 

from designated AASHTO lane loading. 

CMLOAD - concentrated force used in computation of live load moment 

from designated AASHTO lane loading. 

ZIMP - live load impact factor. 

STRESS(I,J) - contains stresses in beam due to all sources, for final 

design. J=l, release stress top; J=2, release stress bottom; 

J=3, service stress top; J=4, service stress bottom. I 

runs from 1 to 6 and for re.l ease stresses correspond to the 
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following p·oints; end, L/20~ L/10, 3L/20, 2l/10 and 1/4 po~-nt. 

For service se:rvice stresses, I corresponds to end, l/10, 

2L/10, 3L/10, 4L/10 and mid~pan. Tension stress·es are negative 

and compression stresses are positive. 

KSYM(I,J) - array containing the symbol 11 X11 to be printed with those stresses 

(either release or service) whi-ch are at their allowable value 

(I=l, •. , 6; J=l, .. , 4). Column 5 contains 11 X'11 for behavior 

constraints which a,re 'bl:nding on the final design. The constraints 

are: minimum concrete strength {1=2), ultimate moment capacity 

( I=4), llllnimum 1nitia 1 cambe'r ( 1=:5), maximum concrete strength 

( l=l), cracking moment capacfty ( 1=3},: maxlimum ini t1a1 camber 

(I=6). 

NSTRMX (I) - the maximum number of strands· permi'tt~d in st,rand :row I, stored in 

integer form. 

NWRAP(I) - contains strand wrapping information us:ed in output. 

STRSP(I) - stirrups spacings (i,n}. I:l:il, e,nd; l=2,~ l/10·; 1=3, 2L/l0; 1=4, 

quarter point; 1=5, 3LYlO; 1=6:,· 4t/l0; I=J., m1dspan. 
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CALL DEFINE 
~~---~ill"t Define Standard 

Parameter Values 

Check Input Data 
for Consistency. Print 
Message and Terminate 

if Error Found 

Select Truck 
and Lane Loads 

for Loading 

CALL PROPTY 
Compute Section Properties 

Compute Characteristic Cross 
Sectional Dimensions for 

Use in ULTMP 

FIGURE Cl. Flow Chart for Main Program 
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Scale Momen and Shears 
by Lateral Distribution 

Factor. and t~poct Foetor 

Set ·tnitial and Ffnal Prestress 
Loss Factors to 0.05 to 0.1 

Compute Parameters Required 
by LPCODE 

FIGURE Cl. (continied) 

178 

I 
I 
I 
I 
I 
I 
I 
I 

' I 
,. 

I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
r 

I 
I 
I 
I 
I 
I 

' I 
I 
I 
:I 
I 

I 
I 
I 

CALL QG N 
Generate Coefficients for 

L.P. Problem 

Compute Quontites 
Required for Prestress 
Loss Using Solution from 

L.P Problem 

CALL PLOSS 
Compute Initial 8 Final 

Prestress ·Losses 

Read L.P. 
Coefficient Matrix 

from Tope 

Update Stress 
Constraints to Reflect 
New Prestress Losses 

Update Camber Constraints 

Update Ultimate . Moment 
and Cracking Moment 

Constraints 

Store New Prestress 
.\..---......... ~----~ Losses as Assumed 

Prestress Losses 

F I'GURE C 1 • (cont 1' nued) 
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Extract Strand 
wrapping Pattern from 

· L. P. Sol tion 

Extract Concrete 
Strengths from 

. L.P. Solution 

FIGURE Cl. (continued) 
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CALL EQGEN 
Generote Coefficients 
for ·Integer Program in 
Rectangular Array Form 
for CoH to LPCODE 

LL LP 0 
Solve Continuous L P. 

Approximation to Integer 
Program 

Round Continuous Solution 
to lnterger Values for 
Initial Starting Solution 
for Integer Program 

CALL UASH 
Corripre~s Coefficient Matrix 
for Integer Program to Column 

Array 

Store Right-Hand-Side Vector 
for Constraint Set on Tope 

PLOSS 
Compute Prestress Losse 

for Current Solution 

Read Right-Hand-Side Vector 
from Tape 

FIGURE Cl. (continued) 

181 

Go To 200 



Update Stress 
Constraints to Reflect 
New Prestress Losses 

Update Ottimote 
Moment and Crocking 

Moment Constraints 

Store New Prestress 
LosatS as Assumed 
. Prestress Losses 

FIGURE Cl. (continued) 
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Go To 100 
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Compute Ultimate Moment 

Capac1ty 

. CALL PLOSS 
Compute Prestress Losses 

FIGURE Cl. (continued) 
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SUBROUTINE DEFINE 

Subroutine Function 

This subroutine defines standard parameter values used in the program. 

The subroutine is called before ~nput d~ta are read, for each data set 

processed. Thus, only non-standard values of input parameters need be 

entered on the program input forms. The parameters initialized are: 

unit weight of concrete, averagerelative humidity, ultimate strength of 

strand, proportional limit of strand, allowable stress coefficients, unit 

creep and shrinkage constants for the concrete, ratio of modulus of 

elasticity of compression re~nforcing to that of the concrete, yield 

strength of stirrup and compression reinforcing and area of stirrups. 

Definition of Variables 

The variables used in this subroutine appear in COMMON/DEFINE/ 

and are described in Appendix B. 
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SUBROUTINE EQGEN 

Subroutine Function 

This subroutine name appears in both DBOXSS and DBOXDS. Its function 

in both programs is to generate the coefficients defining the objective 

function and constraint set for the progra11111ing problem. The coefficients 

used are contained in the equations of Chapter II for DBOXSS and Chapter III 

for DBOXDS. 

Additional Considerations - DBOXDS 

In addition to the basic function defined above, two other actions are 

contained in theversion in DBOXDS. The coefficient matrix is the same, 

regardless of whether the problem is to be solved as a continous linear 

programming (l.P.) problem or an integer program. DBOXDS uses an L.P. 

solution as a starting point for the solution to the integer program. To 

insure that the starting point is realistic, it is necessary to place an 

upper bound of 1.0 on binary variables (which take values of either 0 or 1) 

which appear in the integer formulation. This is done at the end of EQGEN 

by generating an additional set of upper bound constrai·nts which are 

activated on ly·-when the coefficient matrix is passed to subroutine LPCODE. 

The coefficient matrix is destroyed during the solution of the linear program 

in LPCODE. Thus, to preserve the matrix for later iterations on prestress 

loss, it is necessary to store it on scratch tape (unit 3). This is done 

as the last step in the subroutine. 

Variable Definitions 

The coefficient matrix (which includes the obje·ctive function and 

right-hand-side vector as well as the constraints) is placed in the 
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variable name ARRAY(I,J}. Other variable names which appear in this 

subroutine are defined either in the labeled commons {Appendix B) or in 

subroutine LPCODE and INTPRG. 
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SUBROUTINE- LPCODE (NFRCE, NEQS, INDX, KODE) 

Subroutine Function 

This subroutine solves the linear program defined by Eqs. using the 

simplex method. It calls subroutine PIVOT to perform tableaux transforma­

tions. The principle variables used are those contained in COMMON/0314/ 

which are defined below. 

Additional Considerations - DBOXSS 

The coefficient matrix is destroyed during the solution process. To 

preserve it for later use in iterations on prestress loss {and thus save 

the computational effort of recomputing it each time) the matrix is stored 

on scrat~h ·tape· (unit ·4). This is performed immediately after entry to the 

subroutine. 

Variable Definitions 

NFRCE- number of unrestricted variables (those which may assume 

negative values). This parameter must be zero for the version 

of LPCODE incorporated in the program. 

NEQS - number of equality constraints. Must be zero in this program. 

INDX - parameter indicatiag whether the primal (INDX=O} or dual 

(INDX=.l) problem is to be solved. Must be zero in this 

program. 

KODE - code indicating whether this is the first call to LPCODE 

(KODE=O). On the first call, slack variables are added to the 

coefficient-matrix and it is stored on tape unit 4. 

N- the number of constraints plus 1. 

M - the number of variables. 

A(I,J} - the coefficient ma~rix. 
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B(I),XD(I) - arrays used as flags during computation. 

X(I) - on return, contains the problem solution. 

OBJ - contains the objective function value. 
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SUBROUTINE INTPRG 

Subroutine Function 

This subroutine uses a heuristic algorithm to solve the integer programming 

problem. It calls subroutine PHASEl, PHASE2 and PHASE3. It is used only 

in DBOXDS. To improve· computational efficiency, it works with· a compressed 

version of the coefficient matrix which is obtained by deleting zero 

entries and "stacking .. the columns of this matrix in the singly subscripted 

variable Y(I). In this form, several additional arrays (ROW(I) and 

COL(I)) are required to keep track of indexing. The compression of the 

coefficient matrix into a column vector is carried out in subroutine 

SQUASH. 

Definition of Variables 

Nl - number of continuous variables in the problem . 

N2 - number of integer variables in the problem. 

N3- number of binary (0 or 1) variables in the problem. 

TR - a tolerance on constraints. When the difference between the 

left and right side of an inequality is less than TR in absolute 

value, the constraint is assumed active. 

TV - a tolerance on variables. When any variable takes a value less than 

TV, it is assigned the value zero. 

NR - number of constraints in the problem. 

DXMAX - the maximum amount by which any variable is incremented in testing 

for a potential solution point. 

IT(I) - array containing the number of iterations used in each of the 

four phases of the algorithm. 

X(I) - contains the values of the variables. 
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Y(I) - contains the nonzero terms of the coefficient matrix in 11 Stacked 11 

form. 

ROW( I) - contains the row in the coeffici.ent matrix from which the Ith 

element of Y(I) was taken. 

COL(I) - contains the element number of Y(J) where the first nonzero 

element from row I of the coefficient matrix is stored. 

BB(I) - scratch storage used to accumulat~ the value of each constraint. 

C(I) - contains the coefficients of the objecttve'function. 

B(I) - contains the right-hand-side vector for the constraints. 

XX(I) - scratch storage space. 
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SUBROUTINE PROPTY 

Subroutine Function 

This subroutine calculates the location of the centroid of the cross 

section, the moment of inertia with respect to the centroidal axis of 

bending, and the section modulii for the top and bottom of the cross 

section. Each of the computed quantities previously mentioned is cal­

culated for the cross section with and without the shear key. If the 

dimension A is greater than or equal to B, the area of the shear key is 

taken as zero. 

Definition of Variables 

A, B, C, C1, C2, 0, E, F, G, H, T, WD, WH, XDIM, YDIM - See Figure C2 

AREA. - area of cross section without shear key and with 

compression steel replaced with an equivalent area 

of concrete obtained by multiplying the area of 

steel by (RATNOD-1.)(in. 2). 

AREAK - area of cross section with shear key and with compres­

sion steel transformed using (2·RATNOD-1)(in. 2). 

YB - distance from e.g. of beam to bottom of beam (in.). 

YBK - distance from e.g. of beam to bottom of beam, with 

shear key (in.). 

Yl thru Y15 - distance from bottom of the cross section to the e.g. 

of the areas 1 thru 15 shown in Figure C2 (in.). 

Il thru 115 - moment of inertia of areas 1 thru 15 shown in Figure 

C2 (in. 4). 

JVKEY - 1 - shear key omitted. 

. ·JVKEY = 2 - shear key included. 
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ZT - section modulus at top excluding the shear key (in. 3). · 

ZB- section modulus at bottom excluding the shear key (in. 3). 

ZTK- same as ZT except including shear key (in. 3). 

ZBK- same as ZB except including shear key (in. 3). 

APRIME- area of compression steel in the top flange (in. 2). 

RATNOD - modular ratio. 
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SUBROUTINE MOMSHR (OL, NWHL, NWHEEL, XSEC, PAXLE, MAXMOM, MAXSHR) 

Subroutine Functio~ 

This subroutine determines the maximum bending moment and shear 

force at a point on a simply supported beam due to a ser1es of moving 

concentrated forces. 

Definition of Variables 

OL- length of span (ft). 

NWHL(I) - distance from concentrated force 1 to concentrated 

force I ( ft). 

NWHEEL - number of concentrated forces in moving force pattern. 

XSEC* ... distance from left end of beam to point where maximum 

effects to be computed as load pattern moves from 

right to left (ft). 

PAXLE(l) -weight of lth concentrated force (kips). 

MAXMOM - on return, contains maximum bending moment at point 

of interest (kip-ft). 

__ MAXSHR - on return, contains maximum shear force at point of 

interest (kips). 

NS - shift number, which is the number of the force located 

over the point of interest on the beam. 

NST - number of intervals between concentrated forces. 

IPL(I) - array indicating which concentrated force is located 

over the section of interest for shift number I. 

IPR(I)* - array indicating which concentrated force is located 

nearest the right end of the beam and still on the beam 

for shift I, as load pattern moves from right to left. 
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02* - distance from any concentrated force to the right end 

of the beam for load pattern moving right to left (ft). 

REACT(!)*- left reaction force for shift I, as load pattern moves 

from right to left (kips). 

DM* - distance from point of interest on beam to any con­

centrated force to the left of the point and still on 

the beam when load pattern moves from right to left (ft). 

SHEAR(!),- shear force at point of interest on beam for Ith shift 

(kips). 

MOMENT(I} - bending moment at point of interest on beam for lth 

shift (kip-ft). 

II - a trigger used to indicate direction of movement of 

load pattern. When II= 1, load pattern moves right 

.to left and when II= 2, movement is left to right. 

to obtain correct interpretation of the variable when the load pattern 
moves from left to right, substitute the word right for left and left­
to~right for right-to-left. 
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SUBROUTINE LOCATE (DL, XSEC, NST~ NWHL) 

Subroutine Function 

This subroutine calculates the number of the concentrated force in 

the moving load pattern located at the point of interest on the beam and 

the number of the concentrated force on the beam nearest the end of the 

beam from which the load pattern is moving. 

Definition of Variables 

The variables used in this subroutine are defined in the description 

of subroutine MOMSHR. 
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SUBROUTINE ULTMP (ASTAR, FPCBM, FPS, ASPRM, FPL, D, DPTH, FSY, DCR 

Yl, Y2, Y3, V4, Zl, Z2, Z3, Z4, ZMUL) 

Subroutine Function 

This subrouti,ne computes the ultimate moment capacity of the 

section. Two cases are considered: the neutral axis in the slab and the 

neutral axis below the slab. The methodology used to compute moment 

capaeity was developed in Chapter II. This subroutine calls function 

subprogram BRACK. 

_, 

Definition of Variables 

ASTAR- total area of prestressing strands (in2). 

FPCBM- 28 day concrete strength (ksi). 

FPS - ultimate strength of strand (ksi). 

ASPRM - total area of compression steel reinforcing present in. slab 

{in2). 

FPL - proportional limit stress for strand material {ksi). 

D - distance from top of section to e.g. of strands (in). 

DPTH -depth of section (in). 

FSY- yield strength of compression reinforcing steel (ksi). 

DCR - distance from top of section to e.g. of compression steel (in). 

Yl,V2,Y3,Y4, 

Zl,Z2,Z3,Z4- dimensions used to compute area and e.g. of concrete compression 

zone (see Figure C3). 

ZMUL - on return, contains the ultimate moment capacity (k-ft). 

CLONG - fraction of prestress force lost due to elastic and inelastic 

effects . 
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ESINI - average strain in the strands after all losses (in/in). 

BEFF- width of top of section (in). 

THK- thickness of top slab (in). 

CC - total compression force over concrete compression zone 

T- total tension force in strands {kips). 

X - distance from top of beam to neutral axis {in). 

ES - average strain in strands (in/in). 

ESP - average strain in compression reinforcing (in/in}. 

CS - total compression force in compression reinforcing. 
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Compute Average Initial 
Strand Strain 

Compute Location of 
Neutral Axis by 

AASHTO Equation for . 
Moment Co ocit 

Set Distance From 
Top of Section to Neutral 

Axis, x, equal to 0. 

Compute . Strain in 
......_____. ... Compression Reinforcing 

and· Strands 

·Use Strets .. Strain 
Properties of Strand and 

Compression Reinforcing 
to Comp1.1te Stresses . 
from Known Strains 

Compute Concrete Compression 
Zone Area and its c. 

Sum Total Tens10n Force from 
Strands and Compression Steel 

(if in' Tension) 

Sum Moment about Neutral 
>-.;...;o..o;;.~ Ax1s to Obtain Moment 

Capoc1ty 

FIGURE C4. Flow Chart for Subroutine ULTMP 
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FIGURE C4. (continued) 
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SUBROUTINE PLOSS (FPCR, ZMBW, ZMC, ZMNC, FSU, AS, AB, ZI, ZIC, 

VB, YBC, EC, HUM, SPAN, ZLOSS, ZINLOS, UWC) 

Subroutine Function 

This subroutine computes the fraction of initial strand stress 

lost -immediately after release and when all creep, shrinkage and 

strand relaxation losses have occurred. The losses are computed 

using the expressions presented in Chapter II. 

Definitions of Variables 

FPCR- concrete strength at release (ksi). 

ZMBW- moment at midspan due to beam weight (k-ft). 

ZMC - other dead load moment at midspan acting on 

composite section (beam plus shear key) (k-ft). 

ZMNC - other dead load moment at midspan acting on 

non-composite section (beam without shear key) (k-ft). 

FSU - ultimate strength of strand (ksi}. 

AS - tota 1 area of strands (in. 2). 

AB - cross sectional area of beam (in~2). 

Zl- moment of inertia of beam cross section (in.4). 

ZIC - moment of inertia of composite section (in.4). 

VB- distance from e.g. of beam to bottom of beam (in.). 

YBC - distance from e.g. of composite section to bottom 

of beam (in.). 

EC - distance from bottom of beam to e.g. of strands (in.)~ 

HUM - average relative humidity present during life of beam (%}. 

SPAN - span 1 ength (ft}. 

ZINLOS - fraction of initial strand stress {.7 FSU) lost at release . 
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ZLOSS - fraction of initial strand stress lost under service 

load conditions. 

UWC - unit weight of beam concrete {k/ft3). 

SH - prestress loss due to shrinkage of concrete {ksi) . 

. ES- prestress loss due to elastic shortening (ksi). 

CRC - prestress loss due to creep of concrete (ksi). 

CRS - prestress loss due to strand relaxation (ksi). 

ECI - modulus of elasticity of concrete at release (ksi). 

Computed from ACI equation. 

203 



SUBROUTINE CAMBER (ES, EC, ASTRN, STRNS, UWB, AREA, SPANL, ECCL, 

IB, FO, ENDECC, PRLMAX, CBRMAX, HDPT) 

Subroutine Function 

This subroutine computes midspan camber under dead load due 

to elastic and inelastic (creep and shrinkage) behavior of the 

concrete. The method is developed in reference (2). Upward 

camber is positive. 

Definitions of Variables 

ACR- unit creep at time infinity (in./in./psi). 

ASH - shrinkage at time infinity (in./in.). 

AST - total area of prestressing strands (in.2). 

BCR- time at which one-half ACR is reached (days). 

BSH.;.. time at which one-half ASH is reached (days). 

ES - modulus of elasticity of steel (106 -psi). 

EC- modulus of elasticity of concrete {106 psi:). 

ASTRN - area of a single prestressing strand (in.2). 

STRNS - total number of prestressing strands. 

UWB - unit weight of beam concrete (lbs./ft3). 

AREA- cross-sectional area of beam (in.2). 

SPANL - span length (ft). 

ECCL - eccentricity of the strand pattern at the center 

line of the beam measured from the cg (in.)~ 

IB - beam moment of inertia (in. 4). 

FO - total initial prestressing force (lbs). 

ENDECC - eccentricity of the strand pattern at the ends of 

the beam measured from the cg (in.). 
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PRLMAX- total prestress loss at time infinity (%). 

CBRMAX- total camber at time infinity (in.). 

HDPT - distance from the centerline of the beam to the 

hold-down point (ft). 

CNST(i,j) - creep and shrinkage coefficients based upon Dallas, 

Odessa, San Antonio, and Lufkin concrete properties. 
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SUBROUTINE SHEAR (B, DEPTH, D, FPC, FSY, AREA, VU, SPACE) 

Subroutine Function 

This subroutine computes the stirrup spacing requirements at 

selected sections of the .beam according to The American Association 

of State Highway Officials Specifications, 1973. 

Definitions of Variables 

B - width of a web of the beam cross-section (in.). 

DEPTH - depth of the beam (in.). 

D - distance from extreme compressive fiber to the 

centroid of the prestressing force (in.). 

FPC - compressive strength of concrete at 28 days (ksi). 

FSY ~ yield strength of non-prestressed conventional 

reinforcement·in compression (ksi). 

AREA - area of web reinforcement (in.2). 

VU - shear due to ultimate load and effect of pre­

stressing (kips). 

SPACE - longitudinal spacing of the web reinforcement (in.). 

AV - total area of web reinforcement (in.2). 

RJ - ratio of distance between centroid of compression 

and centroid of tension to the depth D. 

VC - shear carried by the concrete (kips). 
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APPENDIX D 

DESCRIPTION OF tJbDIFICATlaiS TO 

GHosE' s MuLTIBEAM BRIDGE ANALYsis PRoGRAM 
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Chapter VI de.scribed briefly the computer program by Ghose (9) for 

the analysis of multibeam bridges and the modified version, AMBB, developed 

for the calculation of lateral distribution factors for axle train and 

standard AASHTO loadings. This Appendix describes the modifications to the 

program written by Ghose. 

The modifications consist of changes in program input and output and 

three added subroutines, INPUT, OUTPUT, and INFLN. The appropriate input 

routine is called by the main program, based on the entry in column 62 of 

the first card in the data deck (see Figure :35.). For input to the original 

program, subroutine INPTT is called. If a. 1 is found in column 62, control 

is transferred to subroutine INPUT for reading·of th~ data on the form in 

Figure 35. Output is handled in ·the same way, with subroutine OUTPTI being 
. . 

used when a blankis encountered in column 62 of·the first card and sub-

routine OUTPUT utilized for output when the program is to be used to compute 

lateral distribution factors. The longitudinal position of vehicle axles 

(either axle train or AASHTO truck) is first computed. Next, the influence 

lines for midspan moment in each beam is computed by moving a single line 

of wheels transversely across the bridge in one foot moves. Finally, the 

maximum moment in each beam and the corresponding position of axle train, 

truck or lane loading is computed from the influence lines. Loadings for 

producing the influence lines are assembled in subroutine INPUT, and 

maximum moments and vehicle positions are computed in subroutine INFLN. 

The variables listed below are used in the modifications to the original 

program. 
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ZPAN -span length (ft.). 

E- modulus of elasticity (ksi). 

NBEAMS - number of beams in bridge. 

NTRFL - Humber of traffic lanes. 

KAXT - trigger: if 1, axle train loading input; if not equal to 1, 

no axle train considered. 

NAXTSP - lateral spacing of wheel lines in axle train (ft. - an integer 

number). 

NAXCL - side clearance of axle train vehicle. The distance between 

the wheel line and outside of the vehicle. The wh~el line 

may be no closer than NAXCL feet from the edge of a traffic 

lane. 

NAXT - number of axle trains that can simultaneously be located 

transverse,ly on the bridge (NAXT·< NTRFL). 

YMI(I) - moment of inertia about y-axis (see Figure 31) of beam type I 

(in4 )~ 

ZMI(I) -moment of inertia about z-axis of beam type I (in4). 

BMA(I) - cross sectional area of beam type I (in2). 

BMJ(I) - torsional stiffness (polar moment of inertia) of beam type I 

(see Eq. 164), (in4). 

YH{I,1)- distance, parallel toy-axis, between e.g. of beam type I and 

left hinge (HL on input form), (in). 

YH(I,2) - distance, parallel toy-axis, between e.g. of beam type I 

and right hinge (HR on input fonn), (in). 
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ZH(I,1) - distancet parallel to z-axis, between e.g. of beam type I 

and left hinge (Vl on input fonn), (in). 

ZH(I,2) -distance, parallel to z-axis, between e.g. of beam type I 

and right hinge (VR on input form), (in). 

NTYPES - number of different beam types. 

NTY(I) - contains beam type number for beam I. 

HINGTP{I,J) - for hinge type 1: contains "Y" in J = 1 if hinge transmits 

longitudinal shear force or "N" if it does not; contains "Y" 

in J ~ 2 if hinge transmits vertical shear (shear in z-direc­

tion, Figure 31), "N" if not; contains "Y" in J = 3 if hinge 

transmits transverse force (y-direction Figure 31}, "N" if 

not; contains nyu in J = 4 if hinge transmits transverse 

moment (about x-axis Figure 31), "N" if not. 

JTYPES - number of different hinge types. 

JTY(I) - contains hinge type number for hinge I. 

TLN(I,J) - contains distance between e.g. of beam 1 and left edge of 

traffic lane I in J = 1. 'Distance· between e.g. of beam 1 

and right edge of traffic lane I in J = 2. distances are 

posi ti.ve to the right of·· beam 1 c. g. and negative to left 

(ft). 

NWHEEL - number ·of axles in axle train.· 

PWHEEL(I) -weight of axle I in axle-train (kips). 

ZNWHL(I) -distance between axle 1 and axle I (ft). 

210 

I 
I 

lli 

I 
I 
I 
I 
I 
I 
I 
I 

;o-

1 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
.. 

I 
I 
I 
I 
I 
I 
I 
I 
.., 

I 
I 
I 
I 
I 
I 
I 
... 

I 
I 

KASAST{I,J)...; for traffic lane I, J = 1 contains load case number where 

AASHTO truck is as close to left edge of traffic lane I as 

side clearance (2ft.) pennits. For J = 2, contains load 

case number for truck as close as possible to rfght edge of 

traffic lane I. 

KASASL(I,J) - for traffic lane I, J = 1 contains load case number where 10 

ft. wide lane load is positioned at left edge of lane. J = 2 

contains load case number where lane load is at right edge of 

traffic lane I . 

KASAXT(I,J) -same as KASAST(I,J) but for axle train whose side clearance is 

NAXCL. 

FULMAT- maximum moment at midspan due to single AASHTO truck (k-in). 

FULMAL- maximum midspan moment due to full AASHTO lane load (k-in) . 

FULMAX- maximum moment at midspan due' to full axle train (k-in). 

ZIMP - impact factor. 

ZMAST(I,J) -maximum midspan moment, beam I produced by AASHTO truck posi­

tioned in lane J (k-in). 

ZMASL{I,J) -maximum midspan moment, beam I produced by AASHTO lane load 

in lane J (k-in). 

ZMAXT(I,J) -maximum midspan moment, beam I, produced by axle train in 

Lane J (k-in). 

ZMMAST(I) - maximum moment at midspan of beam I due to AASHTO trucks in 

one or more lanes, using AASHTO lane reduction factors (k-in). 
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ZMMASL(I) -same as ZMMAST(I), but for lane loads applied instead of 

AASHTO trucks (k-in). 

ZMMAXT(I) - maximum midspan moment for beam I by placing from one up to 

NAXT axle trains simultaneously in the various traffic lanes. 

AASHTO lane reduction factors are not used (k-in). 

POSAT(I,J) - contains the position of left and right wheel lines of 

AASHTO truck which produces maximum moment in beam I. J = 1 

contains distance from e.g. of beam 1 to left wheel line for 

truck in lane l. J = 2 contains distance to right wheel line 

of truck in lane 1. J = 3 contains distance from e.g. of beam 

1 to left wheel line for truck in lane 2. J = 4 contains 

distance to right wheel line, etc. (ft). 

POSLN(I,J) - see POSAT(I,J), but for AASHTO lane loading instead of AASHTO 

truck (ft). 

POSAX(I ,J) - see POSAT(I ,J), but for axle train vehicle (ft) .• 

NLLAST(I,J) -coded array: if NLLAST(I,J) ; 0, then lane J is loaded when 

maximum moment at midspan of beam I occurs under AASHTO truck 

loadings. 

NLLALN(I,J) - same as NLLAST(I,J), but for AASHTO lane loading. 

NLLAXT(I,J) - same as NLLAST(I,J), but for axle train vehicle. 

DISTAT(I) - fraction of full AASHTO truck applied to single beam I which 

would produce same moment as that recorded in ZMMAST(I). 

DISTAL{I) - same as DISTAT(I}, but for AASHTO lane loading. 

DISTAX(I) - same as DISTAT(I), but for axle train vehicle. 
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YMOUT(I,J,K) -moment about y-axis in beam J, under load case I, for Kth 

x-coordinate position along beam. This variable occurs in 

Ghose's original program. When used in added subroutines 

described here, only K = 1 (which corresponds to midspan) 

is used (k-in). 
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PROGRAM LISTINGS 

I DBOXSS~ • • I I I 215 

I DBOXDSI I I I I I 268 

""' AMBB. I ~ I I I I 335 

I 
I 
I 
I 
I 
I 
I 

... 

I 
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N 
--' 
(J'l 

COMMON,8LK1/ ~OI~.aCtM.COJM.DOIM.EOIN.FOIM.GOIM.HDIMeTOJM, 55000010 . . ~--

lWOOIM.WHDIM.XOiti.VOlM.ACONC.BINERT.DTCF.DBCT.2TeZBeACONCK. 55000020 
2BINEAK .CTOPK.OBOTK.ZTK.ZBK• ZL eF28eJOPT. ASSCLR .ASSPLS.APRI ME • 55000030 
3CBOT.COSTtlfF .CCSTFT.CEF .. JNe ALDEFe NRAV • NWMEEL• D lSTF.FPCMAX• 5500004.0 - . . -
4FPCMIN.ELASC.ULTMRO.CTOP.-.wB.FO,DCR 55000050 

COMMON/SLK21' PAXLE( 18) .NWtL( 18 ), STAMAXC 26) .FCONC( 10) .DCONC ( 1 0) • 55000060 
1G ( 11 t ,F ( 11) .D( 1 Ot .GRIDS( 26) •BMN-XC7) • SVMAX (7 t .CBAMAX C5) .PALMAXC 5 t. 55000070 
2DLMDM( 7 ), DLSH~( 7) .PECRKC 11 .. 4) .ZLOS( •) .zwRAP( 40 • 3) .N501F( l 0) 55000080 

COMMON/OEFlNE/ UWC.HUM.AS .FPS.CTRl .. CT,.2,CSRt. CSR2• CTSt.CTS2. 55000090 
tC8St.CBS2.CREEPl.CREEP2.SHRKl.SH~K2.RATNOO.FPL.FSY.A5TIRP 55000100 

·- -
COMMON/YZ/ Zl. Z2.Z3.Z4 .vt. Y2• Y3. Y4 55000110 
COMMONI'DUMP/ TITLEC3•5•t.YJ(tl).FROWC26)• 55000120 

1PEF( 50 • 3) • ZNE( l t) .KKOOEC 4) • ZMCR{ 4) 55000130 
COMMOH,0.3141' N. MeAR_R.AYft56.276 ). 8( 276)• XC 276) .xoc 2T6t .t)ej eKPleK 55000140 
0 IMENSION !TRESS( 6. 4) eNSTRMX(26) .zNIIiHLI-18) .ZAXLE( 18) • VUC 7 )• 55000150 

1 EX( 2) • K~YM( E. 5) • STR SPC 7) • I_A_A_C 16 ~ •N'f.!IAPC ~~-~-~· ~-5~:~_0160 
INTEGER ONE,.TWO.BLANK.HH11.SSS.EX 55000170 
DATA E)(/t •.•x •/ 55000180 
DATA ONE.TWO.BLANK.HttH.SSS/'1 •.•2 •.• •.•H •.•s •/ 55000190 
NCOUNT=l 55000200 

C***********************************************************************s5ooozto 
C**** INPUT ROUTINE . . _ ... ··----~~-~9,~2~~­
C*****************************************************************•*****SS000230 

CALL REREAD SS000240 
3007 FPCl=~_.O -· ~5000250 

IFCNCOUNTe P..'Ee1 t GO TO 573 55000260 
READCS.500J(TITLEI1.~t.J=l•54J 55000270 
REA0(5. 500) ( 1" ITL,E(2 ·~) .J=l.54. ~5_000280 

573 READ( 5. SOO,END-=2500) ( Tl TLE(3 • .J1) •.11=1,54) SS000290 
500 FORMAT C 80 A 1 ) 55000300 

C.U. OEFIN . . . . . . .· . .. . .. . . . 55000~10 
-R-i'AoC"s-:;so-1 1to-•••• u3-,otsTF • ..~t.oAo. -~- uLse~.JcoNc.F2a._.cPT- · · -- ·- · ssooo32o 

501 FORMAT ( At •• X • .At,lX• AI• 4X• F4 e3• 3X• 11• 3X• F4e2t !X.t1.3X.F3. t. 55000330 
•tox.It) ssooo340 

IF.( JOPT .eo .o .·A·N·c. F28. ea. 0.) WRITE( 6• 525) . SS000350 
IFtJOPT.EQeOeANC.F28.eG.Oe) STOP 55000360 

525 FORMAT(.I/I'.I/.35X•'*DESIGN OPTI£lh SPECIFIED SUT NO 28 DAY CONCRETE S$000370 
lSTRENGT~ GIVEN*') 55000380 

C AXLE TRAIN 55000390 
DO 927 1=1.18 55000400 

- - 't- - - - - ·- -"·- --- - -- - - - - ~- -



- -·----- -- -/1- ~---- -- -·--
) 

N __, 
0'\ 

c 

PAXLE( I ):0 • 
N•HL(I)=O• 

927 CONTINUE 
IFCJLDADeNE~l)GQ TO 861 

~-- -~ --~----~ 

REA0(5.502)(PAXLE(It.I-=1,18) 
502 FORMATC3X.l!(F3el.lX)) 

00 503 N=l.l8 
IF(PAXLECN)eNEeOeiNWHEEL=N 

503 CONTINUE 
READt5.505)CN.HL(I)•I-=1•17) 

505 FORMAT(7X.l7(FJ.O.lXJ) 
CONCENTRATED FORCES APPLIED TO SINGLE BEAM 

861 DO 590 l=lelO 
FCONC( I l=O • 
OCONC(I)=Oe 

590 CONTINUE 

55000410 
55000420 
55000430 
550004-40 
55000450 
550004.60 
55000470 
s5ooo•eo 
5$000490 
55000500 
55000510 
55000520 
55000530 
5500054-0 
SS000550 
55000560 . ' ~ . ~ .. --

IFC.JCONC.Ne.t) GO TO 925 --SSOOOS70, 
REA0(5,591)(FCONC(l)•l=1•10) 55000580 
READ(5.59t )(OCONC( I l•l-=1 elO) 55000590 

591 FORMAT(3X.tO(F5.2.tXJt 55000600 
C BEAM DIMENSIONS 55000610 

c 

925 READ( ~-~~iJ07 JAD IM•!JOI M• COI ... OOI_Me J;~J~~FD!~ fii!_C!OI~!~!!~-~.!.!tt~.l.,~_•_!_~_!_"•-~DD_I_~~-~0~~-~~ 
*M.XOIM.YDI• 55000630 

907 FORMAT(3X.13(F4.2e1X)) 55000640 
GENERAL INFORM.-TION 55000650 

·~- ~- . - .. ~ --~ --- - -

READ(5.908J ZL • W JOT I-f • .ITNTL • T NLB • APR I ME eO CR. AL DEF • DEFM IN. 
*CBOT.~GRtO • .JPROP 

908 FORMAT(3X.F4.1,3X,F4.1e3X.I2•3X,F6e4 eF4e2e3XeF4•?•3X,F!?e3.3X. 
1F5e3.3X,F2ele3X.I1.3X.ll) 

IFCOISTF.NE.O.O) GO TO 4102 
IFCZL.LTelO •• ORe TNLB.EQeO) WRITE(6e917) ZLe TNLB 

917 FORMAT(/////•4-0X.•*CHECK YOUR DATA- EEAM l.ENETH AND NUMBER OF 
$MS ARE*••/•60X-.Fl0e2eSX,F5.2) 

IF( ZL eL Tel 0 • eOtl ~ TNLB •. EQ ~0) STQP 
4102 REA0(99.90E3t IABeiAC•IAD.IAE 

55000660 
55000670 
55000680 
55000690 
55000700 
SS000710 

EEASS000720 
55000730 
55000740 - -·· ,,,_, __ 

55000750 
9083 FORMAT ( 42 )( • 4A4) 55000760 

SS000770 
55000780 
55000790 
SS000800 

IF( I ABe EQe BLANK eANO.JAC.EOeBLANK) ALOEF= 1000 • . - . 
IF(JAO.EQ.Bt..ANKeANOeiAE.EQ.BLANI<) DEFfiiiN-=•1000. 

C MAX I MUM NUMBER OF STRANDS PER ROW 

READ~5.~09)(NSTRMX(I)el=l•26) 



909 FORMAT ( 3X • 25 ( 12 .t X l • 12 ) SS00081 0 
DO 910 J~t.26 55000820 

lr STRMAX(.J)=NSTRM)((J) 55000830 
·- !_f==_C~T~!-1X ( -1) ·~f;_eOJft.I~~Y=J 5~00~-tt~O 
910 CONTINUE SS000850 

DO 878 jt:t.2E S$000860 
878 GRJOS(~l)=O. 55000870 

GRIDS( 1 )=CBOT 55000880 
lF(JGRlOeNEel) GO TO 862 55000890 

C NONSTANDARD GR I C SPAC lNG 55000900 
Re4o-cs.ea·(), (GRtost It ·1=2.26) ssooo9to 

880 FORMAT C 3X • 25( F2 •1•1 X)) SS000920 
IFAGRIDSC2)ef.!Qe0e) WRITEC6.897) 55000930 

-·· 4 

897 FORMAT(lX.I30llH*)I'1X.2(1H*l•' INCORRECT DATA INPUT • DISTANCE FROS500094-0 
*M STRANO ROW 1 TO ROW 2 IS 0 - CHECK INPUT CARD (NONSTANDARD GRID 55000950 
*SPACING) • ~~~-~! _4 &. 5 _ .• ._3( lH* )I' 1_X.l3~( 1 H*)) 5590~-~~-0 

IF(GRIDS(2)eeGeOel STOP 55000970 
N C MISCELL_ANECUS Pf;QPERT IES 55000980 _, 
......... 862 -IF( JPROPe NEe· 1) GO TO e63 55000990 

REA0(5,.882t CUW.UHM,.SA.SPF. BR2. TR2• BRt. TRt. 852• TS2• BSle TS1S500t000 
* • CREEP I •CREEP2.SHRK 1.SHAK2 550010 l 0 

882 FOR~AT_C.~)(~f3• ~-~~~-'=~-'-~-•4)( •F~·-:3 ·~-X-~~3·-~-.. ,~.F 2• ~~~X_! F_2~J •IX .F2 •?t~l_X•_ ~500 1020 
*F2~l~3X~F2•2•lX,F2.t.lX.F2.2.tX.F2el•4X•4(F3e0•2X)) 55001030. 

IFC5PFeNE.o.t FPS=SPF 55001040 
IF(~A.NE.Q.) AS=SA 55001050 
IF(UHM.NEeOe) HUM=UHM 55001060 
IF(CUWeNE.Oe) UWC=CUW 55001070 
REA0(99,908~) (IAA(_.Jt}._.Jt.::l_t~_l6) 55001080 

9082 FORMAT(30X.2Al•lX•2Al•1Xe2Al•lX•2A1.3X.2At.tX.2Al.lX.2At.tX.2Al) 55001090 
tFCIAA(l)eNEeSLANKeOA.IAA(2)eN~.8LANKt CBR2=B&2 SSOOttOO 

_ JFC t ~A( 3) eNE.~~ ... ~ •9R.• l_~A~ 4t •NI;_eB~~-flltc_t __ C TR2=T1A.~ 5~0~111 0 
IF( lAA( 5) eNEeSLANK eOR elAA(6 l eNE eBLANK J CSR ta:BRI 55001120 
IF( I AA( 7) eNE.BLANK.ORel AA(8) • NEeBLA,Nk) CTR l=TRl SS00tt30 
IF( I AA( 9) • NE .BLANK .OR • IAA( 10) _.NE eBI.,.A~_~). CBS_~=BS2 55001140 
IF ( I AA ( 11 ) • N E • BLANK • C R • I A A ( 1 2 ) • N E • 6L ANK ) C T S 2: T5 2 SS 0 0 11 50 
IF( IAA( 13) eNE eBLANK eORel AA( 14) .NEeBLANKJ CBS1=8Sl 55001160 
IF( IAA( 15) eNEeBLANK eOf.!e IAA-(16) eNEeBLANK t CTSl=TS1 SSOC1t70 

C CONCRETE COST COEFFICIENTS 55001180 
863 IF(JOPT.NEel) GO TO 1001 55001190 
912 REA0(5.915)CG(I).I~t.6) 55001200 

- -~----- ·- -~- ~----- -·--
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) 

N __. 
00 

) 

REA0(5,915)(Gti1.1=7•11) 
915 FORMAT(10X,5(F4.1,9X),F4.1) 

C STRAND AND STRANO WRAPPING COST 
REA0(5.914)COSTFT.COST~ 

914 FORMAT( 13X ,F3 .2 ,46X .F3 e2) 
913 FORMATitOX,5(F3.t.t0X),F3.1) 

C 28 DAY CONCRETE STRENGTHS 
READ(5.913 tCF( I) .I=1,6) 
REA0(5,913)(F(I),f:7,tt) 
DO 916 J = 1 • 1 1 
lF(F(J).NEeOeOl FFCMAX:4.0+(J-1)*0•5 
IF(F(~t.EOeO.O) F(J)=F<J-tt 
IF,G(.J).EQeOe) G(J)=Gt.J-1) 

916 CONTINUE 
1001 CONTINUE 

c 
C LIVE LOAD DISTRIBUTION FACTOR 
c 

c 

IFCDISTFeNEeOeJ GO TO 933 
CONSNT=leO 
Cll = CONSNT*•tOTH/ZL 
011=:5 • +.JTNTL/ 10 e+ (3 .-2•*.JTNT_~/7 •) ~ ( ( 1.•~!..!.!3.!J~*?t_ 
IF(ClleGT.3J Ot1=5•+~TNTL/10. 
Stl=(t2e*.ITNTL+9.)/ TNLB 
OISTF •CStl/Dll)*0•5 

933 CONTINUE 
IAASH0=1 

C AASHTO TRUCK LOADINGS 
c 

IF( I Ae eo. BLANK eANC. IB .eo e8LANK) IAASHO=O 
IF(IAeEO.BLANK.AND.JB.EQ.BLANK) GO TO 6000 
IF( lAeEO.BLANK eANDel&.eQ.GNI!IGO TO 1000 
IF(JA.EQeH~~.ANC•I8•EOe8NEtGO TO 1000 

......... ~- ~ .. ---· --- -· ........ -··----··-~"" ... -
IFCIAeEO.SSS.ANDelBeEQ.ONElGO TC 2000 
JF(IA.EOeSL-NK.ANO.IBeEOeTWO)GO TO 3000 
IFCIA.EO.HHH.ANDeiB.EOeTWOIGO TB 3000 - -··· ~ ,. ~- ... ··--·-
IFCIA.EQ.SSS.AND.Ie.ea.TWO)GO TO 4000 
WRITE(6.950) 

950 FORMAT( IX.t30( lH*JI'tX.30(1H*, .•UNRECOGNIZABLE AASHTO TRUCK 

55001210 
55001220 
55001230 
5500124-0 
55001250 
55001260 
55001270 
sso·otzeo 
55001290 
55001300 
55001310 
55001320 
55001330 
55001340 
55001350 
55001360 
55001370 
55001380 
55001390 
55001400 
55001410 
5~9-~1420 
55001 .. 30 
55001440 
55001450 
55001460 
SS001470 
55001480 

- -· - .... -- ~- ~·- . 

55001 .. 90 
55001500 
SS001510 
55001520 
55001530 
5$001540 
55001550 
55001560 
SS001S70 
55001580 
55001590 

LOADINGSS001600 



N __. 
\.0 

c 
c 
c 

c 
c 
c 

c 
c 
c 

*-CHECK INPUT CARD 4• COLS• 5 THRU e•.30(lH*)~lX.130(lH*)) 
STOP 

H•15 TRUCK 

1000 ZAXLE( 1 1=6 • 
ZAXLEC 2 )=24. 
ZNWHL( 1 t::: 14. 
NAXLE= 2 
ULOAD=Oe480 
C SLOAD:: 19e 5 
C,._OAO= 13.5 
GO TO 6000 

Hs-15 TRUCK 

2000 ZAXLE(l):Ee 
Z AXLE( 2 ):24 • 
ZAXLEC 3)=24. 
ZNWHL(1)=t4. 
ZNWHL( 2 1=28. 
NAXLE-=3 
ULOAD=0.480 
CSLOAD=t9.5 
CMLOAD= 13 • 5 
GO TO 6000 

H-20 TRUCK 

3000 ZAXLE( 1 )=8 • 
ZAX~E( 2 )=3.2 • 
ZNWHL( 1 ):14. 
NAXLE=2 
ULOA0-=0.640 
CSLOAD=26e 
CML.OAD=te. 
GO TO 6000 

c 
c HS-20 TRUCK 
c 

55001610 
55001620 
55001630 
55001640 
55001650 
55001660 
55001670 
55001680 
55001690 
55001700 
55001710 
55001720 
55001730 
55001740 
55001750 
55001760 ... ·-· -. ....... , .... ~ - ~~ . 

55001770 
SSOOI780 
55001790 
55001800 
SS001810 

. --~9.0._8?0 
55001830 
55001840 
$50018_50 
55001860 
55001870 
55001880 
55001890 
55001900 
55001910 
55001920 
55001930 
55001940 
55001950 
55001960 
55001970 
55001980 
5500!990 
55002000 

- _, __ -·--- - -~- .. - ~---- -·-·-



- •... -· -: - - - - - k- .. - - ·- - - -.- -

N 
N 
0 

4000 ZAXLE( 1 ):8 • 
ZAXLE( 2 )=32 • 
ZAXLE(3)=32. 
ZNWHL( tl= 14. 
ZNWHL(2)=28. 
NAXLE=3 
ULOAD=O e640 
CSLOAD=26e 
CMLOAO= 18e 

6000 CONTINUE 
CALL PROPTY 
Zl=TOIM 
Z2=TDJM+XC IM 
Z3=HOIM 
Z4=HDIM+GDIM 
Yl=WHOIM/2e 

• ... ..• . --~-----·- -<- ~ 

Y2=WDDIM 
Y3=ADI Ml'2e•Yt•Y2 
Y4=XOIM 
O(l)=•DBOT+G~IDS(l) 

IF(NRAVeEOelt GO TO 588 
IF(JGRIO.EQell GO TO 582 

.... . ...... - __,_. 

DO 580 ~l•2•N~AV 
580 GRIDS(Jlt=2e0 
582 DO 584 ~l=2•N~AV 

IF(GRIOSCJt).EQ.O.) GRIOS(JIJ=GRIDS(Jl•l) 
584 O(_.Jl J=D(.Jl•t )+GRIDS(Jl) 
588 CONTINUE 

~ ...• -

55002010 
55002020 
55002030 
55002040 
55002050 
55002060 
55002070 
55002080 
55002090 
SS002100 
55002110 
55002120 
55002130 
55002140 
55002150 
55002160 
55002170 
55002180 
55002190 
55002200 
55002210 
55002220 
55002230 
550022.0 
55002250 
55002260 
55002270 
55002280 

c•*•*************************************•******************************S5002290 
c••** PRINT OUT INPUT QUANTITIES 55002300 
c••••••••**••••••••••••••••••••••••••••••••*--•••••••••*******************SS0023t o 

WRITEC6.,9080) I TITLE( l•..ll)e..ll=lO.t l) .,CTITLeCt.,Jlt.Jl:t4-.26)• 55002320 
l (TITLE( t • ..11) • J 1=48., 54 t .,(TITLE( 2•.12).-12= 13 •19t .,( Tl TLE( 2 9-12) •-'2~26 .255002330 
2 8 J • ( ! 1. T~_!; ( ~-~ ~-?) • J~=44 __ !.!?.4 ~ • ( !~ T~ ~ (~-~ -1~ ) • .J3= ~ 3 • 5~) 550 C 2.-~~0 

9080 FORMATf1Ht.37X,•DtSTRICT •.2Al.tX.,t3At.• COUNTY HIGHWAY NOe '• 55002350 
17A1,38X.•CCNT~CL NO. •.7Al•' IPE •,3At.• SUBMITTED BY '•11A1/ 55002360 
238X.•OESCRIPTION '•42Al) 55002370 

600 FORMAT( lHl ) 55002380 
WRITEC6.601) 55002390 

601 FORMAT(/1',1),129(•••)) 55002400 



( 

( 

N 
N 
--' 

WRITEC6.610) SS002410 
610 FORMAT(' *'•47Xt 1 BEAM DIMENSIONS AND PROPERTIES 1 t50Xe'* 1 ) SS002420 

WAITEC6,602) SS002430 
602 FOfilMAT( 1 )( .t29( • *')). 55002440 

.. - '~ ,·-·•"- •, • ~ -·- ·~~ '• ~~ -- o'M"-----" 0 -..-~ ·-

WRITEI6.6lll 55002450 
611 FORMATCIX••••••26C 1 e 1 )e 1 (DIMENStONS IN INCHESJ•.27('•')•'*'•5X•'*•SS002460 

&. SECTION PROPERTIES (WITHOUT SHEAR KEY) • • ***•) 55002470 
WRITE(6,6l~) SS002480 

613 FoR•ATCtx.•••.2x,•A•.sx.•a•.sx.•c•.sx.•o•.sx.•e•.sx.•F•.sx.•&•.sx.ssoo2490 
••H•.sx.•M•.sx.•T•.sx.•w•.sx.•x•.sx~•v•.9x.•t(IN**4)•,sx.•A(IN**2t•ssoo2500 - - ... ~- ... 
*•4X,•YT(IN) 1 ,5X,•vBCIN) *') SS002510 

WRITE( 6.650)A0t .-.eo IM.CD t fitDDlM.EDI M, FCI "'• GOlM, HO It-t, WHOIMeTD I Me •DDSS002520 
&IMtXDIM~VOtM.BINERTwACONC.DTCP,OBOT 55002530 

650 FORMAT(lX,'*'•F5e2.12F6e2t5X.Fl0.0.6X, F6.l.!X.F5.2e6XtF6•2•• *') 550025.0 
WRITE(6,603l 55002550 

603 F~RMAT(tx,•••,t27x,•••t __ ~--- ~~~0-~_?-~-~0-
WRITE( 6 t614) 8 INE~K • ACONCKt DTOPK t DBOTK 55002570 

614 FORMAT ( 1 X, • * COJIPRE SS I CN MAX I .. u.- MIN IMUM 1 ,13X • • STRAND' • 14X, • COS$002580 
&NCRETE•,9X•'*•••SECTlON PROPERTIES (WITH SHEAR KEY)••••***'•'•1Xt 1 SS002590 
&* REINFORCING INITIAL INITIAL STRANO ULTIMATE RELATIVE 1 tSS002600 
&4X 9 SS0026l0 

& 1 UNIT 1 , 13X, 1 I ( 1N**4 J •, 5X • 1 A( I N**2) 1 
• 4Xt_ ~YT( I~~'~--..!-~-~~ ~--~~tl_~l- ~~ ~--~~-·- -~SO..g_~~~~ 

&* AREA• 9 7X ,• CAfllBER CAMBER AREA STRENGTH HUMID lTV 55002630 
&WEIGHT 1 tlOX.Ft0.0,6X.F6.t.SX.F5.2.eX,F6•~•' *'•/tlX•'* (IN**2) 1 •S5002640 
'6X•'(IN)•,6x,•(tNJ•.5x.•(IN**2) (KSI)•,6~.• (XJ (k/FT**3)•,5SS002650 
£3x.•••) sso02660 

WRITE( 6e 651) APRINE tASeFPS.HUM,UWC SS002670 
651 FORMAT(' *'e4X,FSe2t2X.20X.Fl0.3,5X,F4~0t7XtF3e9~~XtF5e3•55Xt~*') 55002680 

lF(ALOEFeGT.999aeANO.DEFMIN.GT.•999a) WRITEC6.7101) DEFMIN 55002690 
IF(ALOEF.t..Te999eeAND,.OEFMINeLTa•999.) WRITECe.7102) ALOEF 55002700 
IFC ALOEFeL_T .999 • .. ANDeDEFM IN.GT !•999.) WR ITEC6t 7103) ALDEF,OEFMIN S$002710 

7101 FORMAT( 1 +•.22XtFlOe3J 55002720 
7102 FORMAT( 1 +'•12XtF10.3) 55002730 
7103 FORMAT( 1 + 1 .12X.2F10e3) 55002740 

WRITE(6,603) 55002750 
WRITE(6,6t5) 55002760 

615 FORMAT(• *'•54(•.•J.•STRAND INFGRMATION 1 t55('•')•'*''' *'•127Xt '*55002770 
&' ,/, • •ROW NOMSER•, lEX•' 1 2 3 4 !5 f 7 8 9 I 0 11 55002780 
& 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26•····) 55002790 

WRITE( 6t652J ( NSTRMX( I) ,1:1.26) S$002800 

- -'(<- -1---- -T-- .-- ·---- -~--
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652 FORMAT(tX,•*'• •MAXIMUM NO. OF STRANDS '•26(1Xe13), 1 *') 
IF(NRAY.EQ.t) WRITE(6,894) CBGT 
IF(NRAYaEOal) GO TO 891 
W~_I_TE~6~_89~)_J.<i.~IDSCJ ),.1::::1•26) _ __ .. _ . 

894 FOAMAT(IX•'*'•'SPACING CROW 1•1 TO 1) 1 elX,26(F4elt,•••) 
891 WRITE(6e603) 

· WRJ TEC 6 .see) 

55002810 
55002820 
55002830 
55002840 
55002850 
55002860 
550028?0 

. . -.·~ , ... ~-··- ·--~ . ·- . 
888 FORMATC1Xe'*'•49(•.•).•At..LOWABLE STRESS 

WRITEC6,603) 
COEFFICIENTS•,49C•.•)•'*')5S002880 

WRITEC6e883) 
·-· 

883 FORMATCtx,.•••.tSX,*RELEASE•.ax,•END 1'10 1 ,2Xe'REMAtNOER•,29X. 
••SERVICE•,ex.•END 1/1.0'e2X,•REMAIN0ER•,t5X•'•') 

WRITE(6.896) CBR2eCBRt~CBS2.CBSleCTR2.CT~l.CTS2.CTS1 

55002890 
55002900 
55002910 
5500292.0 
55002930 

896 FORMAT·( tX. 1 *' ,27Xe •c• • 4X.F4.2t EX9F4. 2•4-'X• •c• .4XeF4 e2.6X,F4e2t 55002940 
*18X•'*•I'lXt 1 *'•27X., 1 T1 t4X,F •• 2.6X,F4e2.44X,•T•e4XeF4.2.6X.F4•2• 55002950 
•t e~~ -~ • •) . .. ss~o~-~_60 

WRITE(6,603) 55002970 
WRITE(6,8~5) CREEPt.CREEP2.SHRKt,SHRK2 55002980 

895 FORMAT(tX. 1 *'•47(•.•),•CREEP AND SHRINKAGE COEFFICIENTS•.48('•')• 55002990 
••••/tX;••• .. 27XelOOX.•*'/lX,•••,30X.•C~EEPt = •,F4.0,SX,•CREEP2 = •SS003000 
*•F4e0e7X,•SHRK1 = •,F4.o,sx.,•SHRK2:: •,F4.C.,30x.,•••t 55003010 

WRITEC6,603) _ 5§0_93~?()_ 
IF( ~OPT.NEel) GC TO 695 55003030 
WRITEC6.616) SS0030•o 

616 FORMAT(• •• .,46(' •') ,.•CONCRETE COST CO.EFFICIENTS(~/YD**3)•,46( • • • ),S$003050 
&•••) 55003060 
WRITEC6.653)1~(1t.t:t.,8) SS003070 

653 ~ORMAT(• *4e0t<Sl/S• ,Fs.t.• '+•?~~~-/~~·t:5al9_• 5aOKS~/1 1 .F5el•' ~.550~3080 
£5KSI /S' .Fs.t.' 6. OKSt /$ • eFSe 1 • • 6e 51<51 /S• .F5 al •' 7 .OKS I/$ 1 ,F5 el 55003090 
&•' 7e51<SII'S•,F5ele9X.•••) 55003100 

WRITE( 6 e654 t ( G( I) .1 =9 .11) 550031 __ 1 0 
654 FORMAT(• $8a0KSI"S•,F5.t,• 8e5KSIJ'S•,F5ate• 9aOKSI/S 1 tF5a1,84X,•SS003120 

&••) 55003130 
WA~T~_t~• 6~~) _ ... _ .-.-.. 55003140 
WR1TEC6.6t7J 55003150 

6t7 FORMAT(• ••,28C•.•J.•28 DAY CONCRETE STRENGTH COEFFICIENTS (RELEASSS003160 
&E STRENGTH~28 DAY STRENGTH)•.,27(•a•le'*') 55003170 

WAIT-EC6,65_S.J(i=fti. i;t. at ... ssoo3tao 
655 FORMAT( • *-'• OICSI.I• ,F4 •1 • • t<S I 4 e5KS 11' 1 • F4 ele •Ks I 5 eOKS J .1' .,F •• t. • 55003190 

&KSI 5a5KSI/ 1 ,F4.t,•KSI 6.0KSI.I 1 eF4,.t,•KSI 6e5KSI''•F4.t.•K51 755003200 



~. 

N 
N 
w 

656 

&.OKSl /• ,F4 el• • KS I 7 .SKS l/ 1 ,F4 •1• 1 KS 1. * •) 
WRITE(6,656J(F(I),I:9e11) 
FQRMATC 1 *8.0KSti'•,F4.1e 1 KSI 

&KSI • .a ox. • • •, 
WRITE( 6• 603) 

e.SKSI~•.F4el•'KSI 

WRIT£(6,657)COSTFTt COSTWPeFPCMAX 

55003210 
550.03220 

~.OKSI/ 1 eF •• t.•S5003230 
S$003240 
55003250 
SS003260 

657 FORMAT( 1 *STRANO COST = S 1 eF4e2t 1 1'FT• tl6Xe•STRANO WRAPPING COST : 55003270 
&.s•,F4.2e 1 /FT•,tex,•M.AXlNUM RELEASE STRENGTH ALLOWED = 1 eF4.1t' KSI*S5003280 
•• , 55003290 

695 WRITECEe602) 55003300 
WR1TEC6e9007t 55003310 

9007 FORMATC~1Xe129('$')) 55003320 
WRITEC6e6tet 55003330 

---·. ---- -··-··· -¥ 

618 FORMAT(• *'•53Xe 1 SRIDGE PROPERTIES 1 ,57X•'*') 55003340 
WRITEC6e602) 55003350 
w~II~,,~_. __ 603) _ _ ____ __ _ __ ---~!;_!t~~~~o 
WRlTE(6,658)ZL ••IOTtie.JTNTL, TNL.B 55003370 

658 FORMAT{• $SPAN LENGTH= •.Fs.t.•(FTJ•.sx.•BRICGE WIOTti = 1 eFS.le 1 (55003380 
&FT) 1 e5X,'NUMBER TRAFFIC LANES: '•12t5X,•NUMBER BEAMS= '•F5e2•20XSS003390 
*•'*') 55003400 

WRITE(6,602) 55003410 
WRlTE_C 6_,600) -·--- _$~-~~-~~~0 _ 
WAITE( 6 e602) 55003430 
WRITE(6e619) 55003440 

619 FORMAT( • *' e52Xe 1 LOADIN<.i CONDIT lOt.~~• •_57X, '*') 55003450 
WRITE(f.6C2) 55003460 
WRJTEC 6, 603) , 550034 70 
IF(IA~EQeSLAN~.ANDel·~~O.~L~~~)_GQ TO 696 SS~Q3480 
I FC 18 .eo • TwO) 'IRI TE C 6, 659) lA ,OJ STF 55003490 

659 FORMAT(• * AASHTO LL = H1 tAl•'•20•e7Xe 'L•L• DISTRIBUTION FACTOR 55003500 
&= • eF 5 • 3, 1 ( TRUC~S_)_~ e6~X • • ~~ J. __ _ __ ____ SS00351 0 -

IF(IBeEO.ONE) WRITE(6e660)1AtDISTF 55003520 
660 FORMAT C • * AAS~TO LL = H• • At. •-tS• ,7X, 'L •L • DISTRIBUTION FACTOR 55003530 

&= • eF5. 3, 1 (TRUCKS) • t62 x. ~-•• ) . ~590.3!?40 
WRITEC6.603) 55003550 

696 IF(JLOADeNEel) GO TO 697 55003560 
WRITE(6.62C)(I.I=l•l8) 55003570 

620 FORMAT( 1 *'•57( '•') •'AXLE TRAIN 1 e60( '•') • '*'•/•' *AXLE NUMBER 
& 1 81 6. 5 )( •• * • ) 

• eSS003580 
55003590 
55003600 WRITE(6,661)(PAXLECit.t=le18) 

- -------- --,------- _ ... ,-
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661 FORMAT(' *AXLE t..CAO(kiFS) 1 e18F6.t,4X. '*') 55003610 
WRITEC6.662J(N.HL(I),I=1•17) 55003620 

662 FORMAT ( • •o I STANCE TO AXLE(FT) • • 1 7F 4 .o. 4X • • * •) 55003630 
WRITE.~6,603) 55003640 

697 IF( JCONC eNE • t ) GO TO 6 98 SSO 03650 
WRITEC6.62l) 55003660 

621 FORMAT(• *'•45(•.~•),•COHCENTR~Jf::D FORCES Of\ SINGLE BEAM 1 ,48('•' ),•55003670 
&*') 55003680 

WRITE(6,664)(FCONC( l)el=l•lO) 55003690 
664 FORMAT ( 1 *LOAD( KIPS t 1 .1 OF9.t.23X, 1 * 1 ) 55003700 _..__ -~- ........... 

WRITEC6,665)(DCONC(I)•I=l•l0) 55003710 
665 FORMAT( 1 *DISTANCE FROM' ,tl4.X • • •• • /• • *LEFT SUPPORT (FT) • • F5 .t • 9FSS003720 

&9.1.23x.•••J 55003730 
WRITE(6,603) 55003740 

698 IF(ULSBeEOeOeO) GO TO 699 
WRITEC6,666)ULSe 

... . ---··--··~- - ... .,__ ·-. ·-.- ·-
666 FORMAT(• *\:NIFORM LOAD ON SINGLE BEAM = • ,F5e2• 1 (K/FT) • .a6X. • ••) 

699 CONTINUE 
WRITEC6,602) 

S5003750 
55003760 
55003770 
55003780 
55003790 

C***********************************************************************S5003800 
C**** COMPUTE DESIGN MOMENTS AND SHEARS 55003810 

c•••••••••~•••••••••••••••~••••••********************************•******S~~,~3.~2o 
DO 20 ~1=1•7 55003830 
DLMOMC .J 1 1=0• 550038.0 
DL5HR(Jt)=0• 55003850 
IF(~l.EOel) Z):Ce 
IFC~t.EQ.21 ZX=ZL/10. 
IF(JleEC.3) ~.)(:2•*ZL/10e 
IF(JleE0.4) Z)(=ZLJ'4e 
JF(JleiE0.5) ZX-=3e*ZL/tO. 
IFC~t.EQ.6) zx=••*ZL/10. 
IF(~t.E0e7) ZX=ZL/2e 
ZMOL:( ACDNCK$UWC/144e) *ZX.I2 tl$( ZL-ZX) 
IFC~t.EQ.7) ZMSW:ZMOL - ,_ ' ., __ ·-.··- ~ ........ __ ---- . 
ZSOL=(ACONCK*U•C/144.t*(ZL/2e-Z)() 
IF(.ICONC.NE.tl GO TO 14 
SUMM=O• 
SUMV:O • 
00 12 .J2=1.10 
1FtDCONC(~2).EQ.O.) GO TO 14 

55003860 
55003870 
55003880 
55003890 
55003900 
55003910 
55003920 
55003930 
55003940 
55003950 
55003960 
55003970 
55003980 
55003990 
55004000 



( 

N 
N 
0"1 

R=FCONCC~2l*CZL•DCONC(J2J)/ZL 

SUNM=SUNM+R$Z)( 
SUMVsR 
I~.C OCONC( J~) •<!! •Z~X+ el) GO TO -~0 
SUMM=SUMM-FCONC(.J21*CZX-DCONC(..I2)) 
SUMV=SUMV•FCONC(J2) 

10 DLMOM(Jl)=DLMCW(Jl)+SUMM 
DLSHR(Jl)=OLSHR(Jl)+SUMV 

12 CONTINUE 
14 D~MO~(Jt):CL~C~~Jt)+ULSB*ZX/2e*(ZL•ZX) 

DL.SHR( .Jl l=DLSHR(~l)+ULSB*IZL/2.-ZXt 

ZMOML.=O • 
ZMOMT=O• 
ZSHRL.=O • 
ZSHRT=O• 
ZNOMAX20e ·--·- -........,._ .. ~ -----·.-. 
ZSHRAX=O• 
ZIMP=le+50e/(125.+ZL) 
IF(ZlMPeGTele30J ZIMP=1.30 
IF(IAASHOafOeOJ GC TO 16 
ZMOML=OISTF*ZltLiP*ULOAD*ZX/2e*(ZL•ZX) 
Z!;HRL=DISTF*~_lMP~.tLOAO$( ZL!2.-ZX) 
R=CMLOAD*CZL•ZX)/Zt.. 
ZMOML=ZtiOML+A*Z)(*OI STF*Z IMP 
ZSHRL= ZSHRL·+R*D ISTF*Z IMP 
CALL MOMSHR CZL. ZNWHL •NAXLE. ZX •ZAXLE. ZMOMT • Z5HRT) 
ZMOMT= ZMOMT*'D IS TF *Z I ~p 
ZSHRT= Z~HR_T *0 lSTF *Z IMP 

16 IF(JLOAD.EOeO) GC TO 18 
CALL M OMSHR C ZL • NWHL • NWHEEL• Z X • PA XLE • ZMOMA X • Z SHR AX) 

ZMOMA~=ZM9•-'X*OISTF 
Z SHRAX=ZSHRA X*D I STF 

18 BMMAX( .J t ): AMAXt ( ZMOML. ZMOMT .ZMOMAX) 
BVMAX ( .Jl) = ~M A Xt ( ZStiRL • ZSHRT • ZSHRAX) 

20 CONTINUE 
ZMAX=O .0 
DO 4103 J1=1•7 
IF(BMMAX(Jl)eGT.ZMAX ) ZMAX =B~MAX(JlJ 

4103 CONTINUE 
ZMNC:ABS( ACONCK•ACONC t *UWC*ZL**2/ ( 144 •*8 •) 

55004010 
55004020 
55004030 
55004040 
55004050 
55004060 
55004070 
55004080 
55004090 
55.004100 
55004110 
55004120 
55004130 
55004140 
55004150 
55004160 
55004170 
55004180 
5500.190 
$5004200 
55004210 
55004220 
55004230 
SS004240 
55004250 
55004260 
55004270 
55004280 
55004290 
55004300 
55004310 
55004320 
55004330 
55004340 
55004350 
55004360 
55004370 
55004380 
55004390 
55004400 

- ----- - -·- -~- .. -- -·-- -·--
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ZNC=OLMOM ( 7) 
ULTMRQ=1•3*1Z.CL+OLMOM(7)+C5e/3e)*ZMAX 

55004410 
55004420 

c•••••••****************************************************************SS004430 
C**** GENERATE OS.JECT IVE FUNCTION AND INITIAL CONSTRAINT SET 55004440 

' . . --
c•••······························································~····•ssoo4450 

c 
c 
c 

AS5CLR=Oe05 
ASSPLS=Oel 
ZS5CLR:aASSCLR 
ZSSPLS=ASSPLS 
ELASC=le04355*(1000e*U•C)**1•5 
NFRCE=O 
NEQS:O 
I NDX=O 
IFC.JDPT.EQ.O) GC TO 110 
N=1+45+11*NRAV 
M-=ll$NRAV+ 10 - --- ... _.... ~--· ...... _ .. .......__,_ .. -~ 

GO TO 112 
110 N=1+26+11*NRAV 

N=ll*NRAV+l 
112 KK=N+N-t 

K=N+M-1 
tFC.JOPT•EOel) GO TO 108 

DEFINE COST COEFFICIENTS FOR DESIGN OPTION 

C05TFT= 100 • 
G(1)=1944e*C05TFT/C4e0*ACONC) 
COSTWP=O•l 

108 CALL EQGEN 
KOOE=O 

550044-60 
55004470 
SS004t\80 
5500 ... 90 
55004500 
55004510 
SS004520 
55004530 
55004540 
55004550 
$5004560 ___ .., ___ ... .,.._ .. __ , _____ ...,._ 

55004570 
55004580 
55004590 
55004600 
55004.610 
55004620 

~- ~ ... -~ -..-...-..- •" ---~-- --- -----~ 

55004630 
55004640 
55004650 
55004.660 
5500.670 
55004680 _,,_. _____ ... __ _ 
55004690 
55004700 

c••••••••~*******************************~**-***~******************••••••sso_e»,4!t~ C**** ITERATE ON PRESTRESS LOSS 55004720 
c•••••••••••••••••*****"**••••****************•••••••••••••••••••••••••ssoo4730 

700 ~Q!(Y'I~~~-·- ·-··· ___ ~s~~~-?~~-
CALL LPCOCt:(NFRCEeNEOS.INDXeKOOE.KBOMB) 55004750 

c 55004760 
C COMPUTE NElW PRESTRESS LOSSES 55004770 
c 

AMOM=O• 
ASUM=O • 

55004780 
55004790 
55004800 



( 

'• 

t,. 

.• 
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c 
c 
c 
c 

N 
N 
......... 

c 
c 
c 

c 

c 

DO 706 Jl=t,NAAV 
ASUM=ASUN+XC .Jl) *A5 

706 AMOM=AMOM•X(.Jlt*AS*D(.Jl) 
(jC~~.f!~OT~AtlOM/ ~SUM. 

55004810 
55004820 
55004830 

- ~~g_o_~·~ 
55004850 

708 

710 
712 

714 

716 

IF( JOPT eNE eO t GO TO 708 
FPCR::x ( tt•NRAV+ll 
GO TO 712 
FPCR=4e0 
KNT:lt*~RAV 

DO 710 .Jt:::t,tO 
FPCR=FPCR+X(KNT+.Jl) 
CALL PLCSSCFPCR .zMB\t.ZMC, ZMNC ,FPS, ASlJfi'• ACONC, E INERT • B INERKeDBOT • 
*DBOTK.DCG,HUM,ZL~ZLCSS,ZINLOS.U.C) 

TERMINATE ITERAT10NS IF COMPUTED LONG TEAM LOSS DOES 
NOT EXCEED ASSUMED LOSS BY MORE THAN 3 PERCENT -........ ~ ... - -~.--- ..... ~ ~ 

IF(KBOMB•NE.O) GO TO 740 
IF(ZLOSSeLE.t.03*ASSPLS) GO TO 740 

UPDATE CONSTRAINTS TO REFLECT NEW PRESTRESS LOSSES 

READ (4) ARRAY 
R!WlND 4 
..J ST= 1"1 *NRA V 
RELEASE AND SERViCE STRESS CONSTRAINTS 
DO 714 J1=2,13 
DO 714 ..12= le JST 
ARRAY ( .Jle.J2 ):ARRAY( .J 1, .J2) *C 1 .-z INLOS) / ( 1 .-ZSSCLR) 
DO 716 Jl-=14.21 
DO 716 J2= t • .JST 
ARRAY(Jl • .J2):ARRAY(.Jl•.J2)*(1e-ZLOSS)/(le•ZSSPLS) 
BOUNDS ON INITIAL CAMBER 
.JR=22+ 1 1 *NRAV 

SS004860 
55004870 
SS004880 
!5004890 
55004900 

- -~- ~ . . 
55004910 
55004920 
55004930 . .. 

$$004940 
55004950 
55004960 ·--· .. · ·-·-- ~---- -~ ..... . 

SS004970 
SS004971 
55004980 
55004990 
55005000 

. ~~_Q05(~_!9 
55005020 
55005030 
ss.~c;»~4o 
55005050 
55005060 

--~5.9.~!$070 
550,0!5080 
55005090 
SS0_()51 00 
55005110 
55005120 
55005130 

IF(JOPT.NE.O) 4~=•t+ll*NRAV SSOOS140 
DO 718 Jl:t,tt 55005150 
DO 718 J2=t.NRAV 55005160 
ARRAY ( JR • ( .Jl-1) *NRAV+.J2) ::A~RAY( J~. ( .J 1•1 ) *NRAV+J2) *( 1 .-z INLOS )/ 55005170 

*( t.-ZSSCLR) 55005180 
718 ARRAY ( J~+ 1 • ( J 1 •t t *NRAV+J2 )=ARRAY ( JR+ 1 • ( .J 1-1) *NRAV+J 2) *( 1.-z I NL.OS) /55005190 

- -~- - ·- --- -~- .. ---- - -·- -
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) 

N 
N 
(X) 

*( le•ZSSCLR) 
C CRACKING ~OMENT CAPACITY 

.JR=25+1l*NAAY 

55005200 
55005210 
55005220 
55005230 
55005240 
55005250 
55005260 
55005270 
55005280 
55005290 
55005300 

IFC_..JOPT_~N~ eO)_ .JR:44+ 11 *NRAV 
00 719 .ll=leNRAV 

719 ARRAY(-JR • .Jl) ::: ARRAY(.IR • .I1)$(1e•ZLOSS)/(le•ZSSPLS) 
I FC ZLOSS.LE.O .2 J 11=1 . ' . .,. ~ . ·---
IF(ZLOSS~LEe0•2) 12=2 
JFCOe2.LT.ZLOSSeANDeZLOSS.LE.Oe3) 11=2 
IF(O .2.LT.ZLOS5.AHDeZLOSS•LE.Oe3) 12=3 
IFCZLOSS.GT.Oe3) tt:3 
IF(ZLOSS.GT.0.3) 12=4 55005310 
St:ll/lOe 55005320 
52=12/lOe 55005330 
IFCJOPT eNE.O) GO TO 720 55005340 
ARRAYC25+11*NRAVeK+l ):•(CPECRK(1.12)•PECRK(l,Il))*ZLOSS/Oel-SS005350 

•c Pec·r.ticf; 1 2, •s·t~Pec.RI<c i; 111 •s2, /o. 1·, -sso o·s36o 
GO TO 726 55005370 

720 DO 722 Jt:t,tl 55005380 
722 ZNE(.It•=(PECRK(.Jlel2l-PECRK(~t.lt)t*ZLCSS/Oel•(PECRK(.Jl.I21*Sl• 55005390 

*PECRK(1,I1l*S2)/0el 55005400 
DO 724 Jl=l•IO 55005410 ....... ~·. • ..... -----·--- --h- - ....... -

724 ARRAY( 44+11*NRAV,.Il~RAV+.J1 1=2•*fZNE( .Jl +1 )•ZNECJI)) 55005420 
ARRAY(4-4+1l*NRAV,K+l )=•ZNE( 1) 550054-30 

726 CONTINUE 55005440 
.JC=lt *NRAV+lO 55005450 
~R=44+11*NRAV 55005460 
IFC.JOPT.EQ.O) JC=ll*N~AV+l 55005470 
IF(JOPT.EQeO) JR=25+1l*NRAV 55005480 
KODE=l 55005490 
ASSPLS=ZLOSS S$005500 
ASSCLA=ZINLOS 
GO TO 700 

740 CONTINUE 

S$005510 
55005520 
55005530 

~ .. . .. .-- . -·-·- .- --. ·-. c 
C UNSCRAMBLE LePe NCTATION FOR BONC BREAKAGE 
c 

DO 402 ~l=t,NRAV 
DO 402 J2=1•11 
IOX=Jt+(J2•lJ*NRAV 

ssooss•o 
55005550 
55005560 
55005570 
55005580 
55005590 
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Sl = X( lOX) 
52 = AlNT(St) 
IFCSl•S2eGEe0e5) XtiOXI = 52+1 
IFC51•S2eLT.Oe5) X(JDX) =52 

402 CONttNUE 
DEL':i:ZL/40• 
Jt = 0 
DO 4 i 0 J 1 = 1 t N R AV 
js = o 
DO 408 ..12=1.10 
IDX=Jl+(J2~li.NR.ij 
IF(ABS(>c(IDX)•X<tOX+NRAV)).LE•O•OOl) GO ro 408 
JS = .JS + l 
ZWRAP{JS•lt=X(IOXJ•X(ICX+NRAV) 
NWRAPCJS,tt:zw~AP(JS•lt 
Z~RAPC~~~j)!::: tti~J2J·ti~L 

408 CONTINUE 
NSDIF( J 1) -= JS 

410 .JT = -'T + JS 
IF(JT.EOeOl GO to 422 
DO 414 Jl=t•jT 
SS = ZWRAP(J.•2} 
S 1 * A I ~,f( !S t 
oa = ss•s 1 
6~ 412 J2=t.t3 
sa= ( J 2• 1) / l 2 • 
I Fe DEL .~T .s2 i Go to 412 
ZWRApi~t.2)=AeS(Sl) 
ZWRAPC., 1;, 3 J=..J 2•1 
IF(iWRA-(Jt.3l~LTii~~~ GO TO 414 
ZWRAP1Jli2t*1W~-~(Jl.~)·l~ 
ZWRAP(.J1.3)=0e 
GO TO 414 

412 CONTINUE 
414 CONTINUE 
422 CONTINUE 

C 2~~DAY CONC~ElE STRENGTH 
IF{JOPTeEOeO) GO TO 648 
F28:F( 1) 

DO 642 .J3=2.lt 

55005600 
55005610 
55005620 
ss-oos630 
ss'oos64o 
55005650 
$5005660 
55005670 
55005680 
55005690 
SS005700 
SS00!5710 
ssoo572o 
SS005730 
SS00574.0 
ssoo5750 
ssoosteo 
ssoost7o 
ss(restao 
ssoo579o 
ssooseoo 
ssoo58to ssooss2o 
SSOOSB30 
ssoo5840 
ssoossso 
ssoo5a60 
SS005S70 
sse osseo 
SS005S90 
55005900 
55005910 
SS005920 
55005930 
55005940 
55005950 
55005960 
55005970 
SS00598CJ 
55005990 

- -~- -- --- -~- .. ----- -·- -
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642 F28=F28+2.$(F(J3)•F(J3•1))*X(11$NRAV+J3-1) 
C LONG TERN CAMBER 

c 

648 SUM=O• 
SUMIO=O.O 
SUMll=O.O 
DO 432 .J=t.NRAV 
SUMtO=S\JMl 0-+AS*·X ( J) 

SUMtl=SUMtt•AS*D(J)*X(.J) 
432 SUM=SUM+X ( J) 

STRNS=SUM 
EC=ELASC*SQRT (F 28 )/ leE+03 
ES=29e 
ECCL=S'uMt l.ISUMt 0 
ENOECC=ECCL 
FP=FO*lOOOe 
uwe=uwc•tooo. 
CALL CAMBER(ESwEC.AS 

$NOECC.PRL~AX.C8R~AX) 

DEFLECTION CALCULATIONS 
ECR=ELASC*SCRT(FPCR) 
SUN6=0.0 
DO 9057 Jl=t.tt 
SUM7=0•0 
DO 905S J2=t,NRA~ 

,STRNS.UWB 

9058 SUM7=SUM7+0(J2)*X(( Jl-1) *NRAV+.J2) 
YJC:{( ll•Jt )*ZL.140.+ZL/80.)*12• 
D.IC=ZL/40.*12• 
IF(JleEOel) YJC=3e*ZL/8•*12. 
I F ( J 1 • E Q • 1 ) 0 .J·C = Z L/ 4 • *12 • 

90~7 SUM6=SUM6+SUM7*0JC*YJC 

.ACONC.ZL 

55006000 . 
SS0060 10 
55006020 
55006030 
55006040 
SSOOEOSO 
55006060 
55006070 
55006080 
55006090 
55006100 
55006110 
55006120 
55006130 
55006140 
55006150 

,ECCL,BINERT,FP,ESS006160 
55006170 
55006180 
55006190 
55006200 
55006210 
55006220 
55006230 
55006240 
55006250 
55006260 
55006270 
55006280 

OEFBWK=C-22.5*WB*ZL**4-( t.-ZLOSS )*FO*SUM6 ).15000 • .18 INERT 
55006290 
55006300 
55006310 
55006320 
55006330 
55006340 
55006350 

DEFCF=O• 
JF(JCONC.NEel) GO TO 2445 
DO 2444 -IN=l• 10 

-·~ -- ~ 
ZBXl=ZL•DCC~C(.JN) 

ZBX2=DCONC (.JN l 
ZBX=AMI~tCZBXl.ZBX2t*t2. 

2444 DEFCF=OEFCF+FCONCf.JNl*ZBX$(3.*ZL**2*144.•4•*ZEX**2)/48e 
2445 CONTINUE 

DEFBWU=(•22e5*CULSB+WB)*ZL**4-(t.•ZLOSS)*FO$SUM6-DEFCFJ/5000./ 

55006360 
55006370 
55006380 
55006390 



N 
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*BINERK 
C ULTIMATE MCMENT AND CRACKING MOMENT CAPACITY 

OD=DTOP+ECCL 
CALL ULTMPCS~MtO.F2e.FPS.APRI~E.FPL.DD.DOI~.FSY.OCR. 
*Yl.Y2.Y3,Y4.Zl•Z2.Z3.Z4.Z~UL) 

SUM8=0.0 
DO 9056 ~2=t.NRAV 

9056 SUM8=SUM8+(1./ACONC-D(J2)/ZB)*X(J2) 

55006400 
55006410 
55006420 
55006430 
55006440 
55006450 
55006460 
55006470 

ZCRACK:((le-ZLOSS)*ZBK*FC*SUM8+7.5*ZBK*0•031623*SQRT(F28)•W *ZL*$255006~80 
1/8e*l2.*ZBK/ZE)/l2e 55006490 

C*************************************************••••••••••••••••••••••s5006soo 
C**** PRINT OUT RESULTS 55006510 
C***********************************************************************SS006520 

WRITE(6.60C) 55006521 
tFCKBOMSeNEeO) •RtTE(6,70) 55006522 

70 FORMAT(50X.32C'*•l•/•50X•'*50R~Y. THIS BEAM WILL NOT WORK*'•/•50X.SS006523 
*32( ••• ) ) 55006524 

IF(JOPT.Ea.o• W~ITE(6,622) 55006530 
622 FORMAT( / •' '•47X.'THE CO~MANO IS TO SELECT STRANDS 1 ,48X.• 1 ) SS0065~0 

IF(~OPT.EOel) WRITE(6.e23l 55006550 
623 FORMAT( / •' • .sox.•THE COMMAND IS TO OPTIMIZE•.stx.• 1 ) 55006560 

WR_ITEC,6. 601) 55006570 
WRITEC6.624) S5006580 

624 FORMAT(• *'•54X.•CESIGN PROPERTIES•.S6X•'*') 
WRITE(6,602) 

55006590 
55006600 

WRITE(6.603) 55006610 
ZLS:ZLOSS*lOO. 55006620 
Z INl_=Z INLOS*l 00. 55006630 
WRITEC6,625) FPCR.ECR.ZINL,F28tZLS 55006640 

625 FORMAT(' *'•4X,•RELEASE STRENGTH: ',F5.2,• (KSII'.4X, 1 CONCRETE MSS006650 
lO~:n:f~US(RELEASE): •.F7•1•' (KSI)•,4x,•tNITlAL PRESTRESS LOSS= '•55006660 
2F5•2•• PERCENT•,4X, •••/• *'.,4X., '28-0AY STRENGTH = • .F5.2•' (KSt) 55006670 
3•,50X.•TOTAL PRESTRESS LOSS= •.F5•2•' FEACENT 1 .4X•'*') 55006680 
W~~TE(6_.602) 55006690 
WRITEC6,60t) S500~700 

WRJTE(6.628) 
628 FORMAT(' *'•56X.•CESIGN RESULTS 1 .,57X•'*') 

W R I T E ( E • 60 2 ) 
WRITE( 6• 603) 
WRITE ( ~ • 62 9) 

55006710 
55006720 
55006730 
55006740 
55006750 

- -~---- -·--ft- .. ------·--~ 
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629 FORMAT(' *'•~f:(•.•),•STRAND LAYOUT 1 ,58(•.•),'*"l 
WRITE(6.603) 

55006760 
55006770 
55006780 WRITE( 6 • 63 C) 

630 FORMAT(• *'•31X.•ROW•,7X,•STRANOS WRAPPED STRANDS IN EACH Rc••SS006790 
le47X,•*••/•• *'•30X,•NUMB~R PER RCW 1 .79X•'*'l 55006800 

JCNT = 1 $5006810 
DO 631 K = t.NRAV 
INTX=X(K) 
J5TP : NSOIF(K) + JCNT-1 
IF(NSDJF(K).EC.O) ·WRITEC6,640) K,INTX 

55006820 
55006830 
5500684-0 
55006850 

640 FORMAT(• *'•32X,I2e9Xe13.tX.6Xe 1 THERE ARE NO WRAPPED STRANDS IN THSS006860 
115 ROW 1 e34X,•$•) 

IF(NSDIF(KleEO.O) GC TC 631 
IF(NSOIF(KleGT.t) WRITE(6,632) K.INTX,(NWR~P(J3,t),ZWRAP(~3.2) 9 

1Z•RAP(J3,3),J3=JC~T.JSTP) 

IF(NSOIF(K)eLEel) WRITE(6,9073)K,INTX,(N.~AP(J3.1),ZWRAPCJ3,2), 
1ZWRAP~J3,3),J3=JC~T.JSTP) 

55006870 
55006880 
55006890 
55006900 
55006910 
55006920 

632 FORMAT(• ••.32X,I2.9X.I3.1X.6X.l3 ,• STRANDS WRAPPEC FOR •.F4.t.• 55006930 
1FT- •,F4.t.• INCMES 1 ,29X•'*'•/•(' ••,53X,I3 •' STRANDS WRAPPEC F5S0069•0 
20R •,F4el•' FT • '•F4el•' INC~ES•.29X•'*')) SSOC6950 

9073 FORMAT ( ' *' t32X • I 2, 9X, I 3 •1 X ,6X ,.13 • • STRANDS •RAPPED FOR • 1 F4 .t • • S$006960 

631 
1FT- •,F4.t,• INC~Es~.29X,'*') 

JCNT = JC~l + NSOIF(K) 
WRITE(6.603J 
PUT STIRRUP SP~CING & CA~BEP PRINT OUT ROUTINES HERE 
WRITE( 6,603) 
CBRI=~LDEF-X(KK•SI*l•E+04~(ELASC*SORTCFPCR)*BINERT) 
WRITE ( 6.634 )CBRWAX( 1) • CBR I. CBRMAX ( 2) .OEFBWK.CBRMAX ( 3) •DEFBWU, 

ICBRMAX( 4 t 
IFCCREEPleNEeOe) •RITE(6.9049) CBRMAX(S) 

55006970 . . . ~ ·- - -- ~ . ; 

55006980 
55006990 
55007000 
55007010 
55007020 
55007030 
55007040 

634 FORMAT ( 1 X • • * • .53(' • 1
) • • CC.,PUT ED CEFLECT ION' • 55( • • •) • • *'/ 1 x. 1 * • • 55007050 

55007060 
55007070 l127X•'*'/1~.••••22X,•SHORT TER~ 1 .25X,• *'•29X. 1 LONG TERM•,30X. 

z•••/tx.•••.s7x.• ••.6sx.•••/tx.•••.ex.•coNDITION•.9x.•••.3x. 5SOo7oeo 
4 • MODULUS' • 3X • • * 1 

• 3X, 1 OEFLEC TION' ,3X • 1 * • t68X • '.*'(IX • • * • •2.~X• • *' • 1355007090 
5X•'*'•l6X•' *'•3X. F~.2.• INCHES (BASED UPON DALLAS CONCRETE PROPESS007100 
6RT1ES)•,t3X•'*''' *'• 2X,•BMWT~,20X•'*'•3X, 1 RELEASE 1 .3X•'*'•2X. 55007110 
7F 5. 2. • INCHES• • 2X. 1 *' .3X ,FS.2 .. 1 I NCHE5 (BASED UPON' • 55007120 
3' ODESSA CONCRETE PROPERTIES t • • 13X • '* 1 / 55007130 
81X•'*'•2X•'B~•T + KEY 1 .14X•'*'•' 5 MILLI0~'•2X•'*'•2X.F5.2, sS007140 
9 1 1NCHES•,2x,• *'e3X.F5.2.• INCHES (BASED UPO~ SAN A~TChiO CONCRET5S007150 
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lE PROPERTIES)•• 8X••••/1X•'*'•2X.•BMWT +KEY+ DEAD LOA0'•2Xt 55007160 
2'* '•'5 MILLION 1 .2X•'*' .2X.F!!e2•' INCHES' ,2X, 1 *' ,3X,F5.2,• INCHESS007t70 
35 (BASED UPON LUFKIN CONCRETE PROPERTIES)•.t3Xe 1 *') 55007180 

9049 FORMAT( IX•'*' •_26X.••• .l3X•'*' ,t6x,• *'•3X.F5e2,• INCHES (BASED UPOSS007190 
IN GIVEN CONCRETE PROPERTIES)•,t3x,•••t 55007200 

c 55007210 
C STIRRUP SPACJ~G OUTPUT 55007220 
c 55007230 

DO 9078 Jl=l,7 550072•0 
Z X= ( J 1• 1 ) * ZL / 1 0 • 
IF(~l.GT.3) ZX=(~1-2)*ZL/tO. 

IF(JleE0.4) zx~ZL/4. 
VU(Jt):le444*(•S*(ZL/2e•ZX)+OLSHR(Jll+5e/3e*BVMAX(Jl)) 

9078 CONTINUE 
WEB-=2•*WDOtM 
DO 9075 Jl=l•7 
J2-=0 
IF(Jt.EO.t) J2=10*NRAV 
IF ( ..J 1 • E Q • 2 ) J 2= 6 *NR AV 
IF(..JleEOe3l J2:2*NRAV 

55007250 
55007260 
55007270 
55007280 
55007290 
55007300 
55007310 
55007320 
55007330 
5500734.0 
55007350 

SUMt-=0• 0 55007360 
suM2=0.o ss~_g737~ 
00 9076 J3=t~NRAV 55007380 
SUM l=SUM 1+ AS* X( .J2+J3) 55007390 

9076 SUM2-=SUM2•AS*0(J3)*XCJ2+J3J 55007400 
1F(5UMleLT.Oe001) OtSTCG=DTOP+ECCL 55007410 
1F(SUM1eLT.Oe001) GO TO 9091 55007420 
DISTCG=OTOP+SUM2/SUN1 550074.30 

9091 CALL SHEAR(WEBeDOIMeOISTCG,F28,FSY,ASTIRP~VU(J1)9SPACE) 55007440 
STASP( .J l ):SPACE 55007450 

9075 CONTIN.YI! S$0~7460 
•RtTE(6,603) 55007470 
WRITE( 6. 9077 J AST IRP, ( STRSP( J4) ,J4=1 • 7) 55007480 

9077 FORMAT(1Xw'*'•36(•.•),.•STIRRUP SPACING- AASHTO 1973_• STIRRUP ARESS00?490 
SA= •,F4.2•' 1N2 1 936(•.•J•'* 1 / 55007500 
11 Xt 1 *'• t27X. '*'/IX, '*'•5X, •SECTION'• lOX,••• .sx,•0/10 1 e5X,-'*' .sx, 55007510 
2 • 1 /l 0. • 5 X • • • • .. 5 X • I 2 / l 0 • • 5 X ••••• sx •• 1 /4 I • 6 X •• * •• SX •• 3/ 1 0 •• 5 X • • • • • ss 0 0 75 2 0 
JSX. 1 4/tc•.sx.•••,5x,•s,to•.sx.•••/tx.•••.22x.•••.7tt4x.•••J/tx.•••ssoo7530 
4,5x.•SPACING CINe)•.4X•'*'•7(4X,F5e2•5X••••t) 55007540 

c 55007550 

- -~·- -- --- -~- .. ---- - --.. - -
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COST DATA PRINTOUT 

lF(JOPTeEG.O) -RITE(6.603) 
IF(JQPT.EQ.O) GC TO 9020 
CONCV=ACO~C/144e*ZL/27. 

STRFT=5TRNS*ZL 
WRPFT=O.O 
.J2=0 
J3=1 
DO 433 Jl=t.NRAV 
lF(NSOIF(Jl)eEO.O) GO TO 433 
.12=.J2+NSOIF(Jl) 
J4=..J3 
DO 436 I=J4.J2 
WRPFT=WRPFT+ZWRAP(l.t)*(Z~RAP(1.2)•(ZWRAPti.3)/l2•)) 

J3=J3+NSOIF(J1} 
•36 CONTINUE 
433 CONTINUE 

JC 1= 11* t\RA \1+ 1 

DO 434 Jt=JCt.M 
C05TC=G ( Jt•lt *NRAV l+X ( .Jl ) *2 • * ( G (J 1-ll*NRAV+l J •G( .J t-·tt *NRAV)) 
IFCX(~t).NEe0•5) GO TO 435 

434 CONTINUE 
435 CSTCON=CCSTC*CONCV 

CST5TR= ~TRFT*COSTFT 
C5TWRP=WRFFT*CCSTWP*2• 

SS007560 
SS007570 
55007580 
SS007590 
55007600 
55007610 
5$007620 
55007630 
55007640 
55007650 
55007660 
55007670 
55007680 
55007690 
55007700 
55007710 
55007720 
55007730 
55007740 
55007750 
55007760 
55007770 
55007780 
55007790 
55007800 
55007810 

CSTTOT=CSTCCN+CSTSTR+CST.RP 55007820 
CPRCST=CSTCON/CSTTOT*IOO. 55007830 
SPRCST=CSTSTR/CSTTOT*lOO. 55007840 
WPRCST=CSTWRP,CSTTOT*100e 55007850 
CSJPFT=CSTTOT/ZL 55007860 
WR1TE(6,603) 55007870 
WRITEf6.670) 55007880 

670 FORMAT( 1X•'*'•4-•( •.•),•COST AND MATERIAL REQUIREMENTS OF BEA .. •,4SS007890 
*5(•.•)·•••) 55007900 

WRlTEf6.603J 55007910 
WRITE(6.,671J 55007920 - -

671 FORMAT(1X•'*'•8X, 1 ITEM•.tSX.•A~CUNT 1 .12X, 1 COST•.BXe 1 PERCENTAGE OF 55007930 
!TOTAL COST•,ex,••··~9X•'*'} 

WRITE(6.672) CSTTOT 
55007940 
55007950 
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672 FORMAT(lX•'*••87X .. ••••7X.•TOTAL COST OF BEAM S •,Fa.2,2X•'*') 
WRITE(6.673) CC~CV,CSTCON,CPRCST 

55007960 
55007970 

673 FORMAT(tX,•$•,6x,•coNCRETE*'•9X,F7.2•' Y0*$3•,sx .. •s•,F8e2•14X,F5e2SS007980 
t.• ~·.tsx.•••.J9x~·••t 55007990 
WRITE(6.674) STRFT,CSTSTR,SPRCST,CSTPFT 55008000 

674 FORMAT(lX•'*'e7X.•STRANOS'•lOX,F7e2•' FT•,ax .. •s•,F8e2el4X,F5e2•' XSS0080t0 
1'el5Xe•••,7X,•COST PER FOOT S •,F8e2e2x,•••) 55008020 

WRITE(6 .. 6751 •RPFT,CST~~P.WPRCST 55008030. 
675 FORMAT(lX•'*'•3X, 1 WRAPPEO STRANOS•,6X,F7e2•' FT•,ax.•s•.F8.2,14X,FSS008040 

ts.z,• x•.tsx.•••.39x. ••• t ssooeoso 
WRITE(6~676) 55008060 

676 FORMAT(tx,•••,t27X•'*'11X•'*'•5X•'*DOES NOT INCLUDE END 
*3X, '*') 

9020 WRITE(6,602) 

SECTION 1 ,95S008070 
55008080 
55008090 
55008100 

C CRITICAL CESIGN FACTORS OUTPUT .s~ooetto 
55008120 
55008130 
55008140 
55008150 
55008160 
S$00S170 
55008180 
55008190 
55008200 
55008210 
55008220 

c 
WRITE{6,600) 
DO 800 Jl =t ,6 
DO 800 42=1,5 

800 KSYM(Jt,J2)=EX(l) 
WRl TE( 6,602) 
WRITE( 6,810) 

810 FORMAT{tx.•••,52X,•CRITICAL DESIGN FACTORS 1 e52X•'*') 
WRITE(6,602) 
WRITE(6,603) 
WRITE(6.8ll) 

811 FORMAT(' *'•23( 1 e 1 ), 1 RELEASE STRESSES 1 .24('•')•'*'•21('•')•'SERVICSS008230 
lE LOAD ST~ESSES 1 e21('•')•'*'/ 1 *'•12X.•CSYM60L X DENOTES STRESS ATSS008240 
2 ALLOWABLE) 1 ,13X•'*' ,13X.• (SY.,ECL X DENOTES STRESS AT ALLOWABLE)•,SS008250 

312X•'*''' ••.E3x,•••.eJx,s••• 55008260 
WR1TE(6,812) 55008270 

812 FORMAT(' *'•2X, 1 SECTION *'•7X. 1 STRESS TOP•,8X•'*'•6X,•STRESS BOTTSS008280 
t OM•, 6X • • *' • 2X • • SECT tON * 1 • 7X, • STRESS TOP • • 8X • '*' • 6X • 1 STRESS 80 TTOSS008290 
2M•.6x,•••/• .~.ttx.•••.9x.•<KSI)•.ttx.•••.tox.•cKstt•.tox.••• .. ttx.ssooa300 
3 • * • • g X • 1 ( K S I ) • • t 1 X • 1 * 1 

• 1 0 X • • ( K S I ) ' , 1 0 )C • • * ' / 1 * ' • 1 1 X • • * 1 
• 2 5 X • 1 * • • 2 5 55 0 0 8 3 1 0 

4x.•••.ttx.•*'•25X•'*'•2sx.•••) ss008320 
DO 801 Jt:t,6 55008330 
XSX1=(J1-1)/20e*ZL SS0083•0 
XSX2=(J1•1)/10•*ZL 550~8350 

-\- - .. - - - -,- ... - - - - - -·--
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ZM.J-=W*XSX 1/2 •*( ZL-XSXl) 
ZMJB=WB*XSX2/2e*{ZL-XSX2l 
ZM.JBK=DL~CM(.Jl )+8MM-X(J1} 
IF(Jl.GTe3) ZMJBK=OLMO.(J1+1)+8MMAX(Jl+l) 
.J3=( 1 0• (.Jl•l )$4 )*NR AV 
lF(..JleGT.3) ..J3=0 
SUMl:OeO 
5UM2-=0.0 
SUM3=0.0 
SUM4=0.0 
DO 804 .J2=t.NRAV 
SUMl=SUMl+ (-( t.J'ACOf\C+O( J2)/ZT)*X( ·(12•2*.Jl )*NRAV+J2j t 
SUM2=5UM2+(•(t./ACONC•O(..J2)/ZBl*X((12-2*Jl)*NRAV+J2~) 

SUM3=SU~3+(~(t./ACO~CK+O(J2)/ZTK)*X(J3+J2)) 

804 SUM4:SU~4+(•(le/ACONCK•DIJ2)/Z8K)*X(J3+..J2l) 

55008360 
55008370 
55008380 
55008390 
55008400 
55008410 
55008420 
55008430 
55008440 
55008450 
55008460 
S5008470 
55008480 
55008490 
55008500 

STRESS(-It.t):((t.-ZINLOS)*FO*SUM1•ZM..J*12./ZTl*C•le) 55008510 
STRE5S(J1.2):((le•ZJ~LOS)$FC*5U~2+ZMJ$l2e/2Bl*(•l•) SSOOS520 
STRE55(J1.3):((t.-ZLOSS )*F0*5UM3•ZMJB*12./ZT•Z~~BK*l2./ZTK)*(-t.)5S008530 
STRES5(J1.4)=((t.-ZL05S )*F0*5UM4+ZMJ8*12e/ZB+ZM~BK*l2e/ZBK)*(-le)SS008540 
STR=CTRl 55008550 
SCR=CBR 1 55008560 
STS=CTSl SSOOS570 
SCS=CBSl 55008580 
IF(XSXleLEeZL/lOe+Oel) STR=CTR2 55008590 
IF(XSXt.LEeZL/lOe+O •1) SCR=C8R2 
IF(XSX2eLEeZL/t0.+0.1) STS=CTS2 
IF(XSX2.LE.ZL/l0e+Oel) SCS=CB52 

C IF STRESS -ITHIN 1 PERCENT OF ALLOWABLE. CALL IT CRITICAL. 

S500860Q 
55008610 
55008620 
55008621 
55008622 
55008623 
55008630 
5S0086t\O 
55008650 
55008660 
55008670 
55008680 
55008690 
55008700 
55008710 
55008720 

c 
IF(STRES5(Jl.l)eLE•-•00099*STR*SORTCFPCR*lOOO.)).KSVM(Jl.t)=EX(2) 
lFCSTRESS(Jle2JeGEee99*SCR*FPCR) K5YM(J1.2t=EX(2) 
IFiSTRE55(J1.3JeGE •• 99*SCS*F28) KSYMC~I,3)=EX(2) 
IFC STRESS( 41 •4) eLEe • .00099*ST5*SORT (F28*1000 • t t KSYM( .J 1. 4 l=EX( 2) 
IF(.Jt.NE.t) GO TO 9053 
!F(5TRE5S(t.3t.LEe•e00099*STS*SORT(F2S*lOOO.)) KSYN(l.3l=EX(2) 
lF(STRESS(1.4)eGE •• 99*SCS*F28) KSYM(t.41=EX(2} 

9053 CONTINUE 
J4=,Jt-t 
WRITE(6.81~) J4.STRESS(~1.1J.KSY~(Jt.tl~ST~ESS(Jt•2J.KSYM(J1.2). 



N w ..... 

*J •• STRESS(Jl•3)~•sv~4Jt.3)~STRESS(J1~4l.KS~M(Jl~4) 
IF{X(KK-Jl+t).E~•O•) KSiMt~t.5)=Ek(2) 

801 CONTINUE 

55008730 
55008740 
55008750 

813 FORMAT<' ••.4X.It ,•/20t•3x.••••6X•Et1.4;3X.A1.4Xe'*'e6XiElle4e3X•ASSOO'l760 
lli4Xi 1 • 1 e4)ell,•/t6•.3X.•* 1 ,6XiE.le4,3X.A1•4X,•*'•6X.E11.4e3X.Al• SSQO~t76 
24x.•••> 55008780 

vRttEC6•814t 5sooe?9o 
914 FORM.Ttj *'•ttj~••••2~X~··~~~5~i'*'~itX~'*••2SX•••••2SX••*''' ••• SSOdB806 

11 1 ( • • • ' it. • • • • .2 s ( • •. • ; • • • • ~ 2 sl • • • l • • * • • t 1' • • • , • • * •·• 2 s< •. • , • • * • • 2 5( • • • sso oaat o 
2)•**'J S~oo~s~o 
WRtTEl6.66j) 55008830 
•~tT~~6.822t ssooea•o 

822 FORMAT( ix. '* i .soi 'e I) ••LISt OF DESIGN CCI\ST~AlNtsi i51 {' •' )• '*'/tx_.ssoa8850 
1'*'•37x.•(SYMBOL X INDICATES CONSTRAINT CONTROLS FINAL OESIGNt*t 55008860 
237*·•••l ssooea~~ 

WRIT£(6_~603) .··.c. · .. · .. • .·· .... · . .. . S$~08880 
IF(CBRt~GE~iLbe~~0•05) kS~M(6•5)~EXC2) 55~08~~1 
I~(CB~l~L~ib~~-t~~O~O~) k~t-ts.§)~~~(2) SS60~8~2 
WRITE t 6 • 8 C 5) K S YM ( ~ • 5) t K S YM( 4 t S t • K S YM ( 5 t 5) • i< ~ Y M ( 1 • 5 ) id< S Y M { 3 • 5 ) • SS 0 0 SB 90 

*f<SYMC6 .s. SSOOS900 
805 F(UlMAt ( l X• '*' •I EX•• MIN IMOJ4 CONCREtE STRENGTH' • 3X • Al•ll X • • ULTIMATE SS0089 i 0 

tM1Jfi£Nt••3;c9Al.•l ll<t 1 MiNtMliM·. INITIAL CAMBER* t3X.Al.t_SX••••/1X•••• • .. 55008920 
2t6*i~MA•t•O• CO~(R~TE St~ENGt~~•3X.Al•ltX••CRACKtNG ~OMENT'•3XtA1,SSti689jO 
j tl~•~Ml*~~tiM iNtttAL tA~Bt~•.jx~Ai~t5x~•·i· 5~0b99.0 

\tR1TEC6.603) SSOOA9SO 
WRitEk~~6bi• ~~·O~i~6 

C SS0089t0 
c OESt GN SHEj~ ANO MOMENTS At tENTH POtNTS 55008980 
c 55008990 

WRitE(699C4S) SS009000 
4045 FOR~At(/) SS009blO 

wRtTei 6w602) ss·oo·9o2o 
wRITE( e. 9o4t t 55009030 

9041 FORMATitX.~~•.stx~••o~ENt AND SHEAR SUMMARY 1 t52X.~*') 5560~~40 
~~ItEC6~~ri2~ SS~b9.§6 
WRITE(&,60!) 5~06~0~0 
WRitE(6t9042J SS0~90tb 

9042 FORMAT { 1)1( • t * • • 5X • • SECT iON I •SX t 1 * t • 6X • • SEA)~ •T • I • 7X9 • *' .21 X; • * t • 21 XSS0090 80 
i.~.i~21X,••••21Xe'*i/l*~•••.ttx••*~•3X•'PLU~ SHEAR KE9'•4X•'*~.~~.SS009~9b 

· 2• OTHER o. L • • 9SX •• *' .9x • • L eL • • .ex • • ** • ax • 1 TOTAL • • ax • I*' •1X, •Ul. T IMATSS0091.0b 

- -'------ -T------- -"--
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N 
w 
00 

9040 
9047 
9043 

9044 

641 

3E 1 ,6X••* 1 /• ••.t7x,•••,4{7X.•MO~ENT5•.7x,•••),8X,•SHEAR•.ax.,•••/ 1 SSOQ9110 
4*•• 17X••••,4(7X,•(•IP-FT)••6X,•*•).8X.•(KIPS) 1 ,7X.•*•/tX,•*'•l7X,5S009120 
s•••.sc2tx.•••tt sso09130 

00 90.0 Jt=1•7 55009140 
Z X=( J 1•1) * ZL / t 0 • 
IF(Jt.GTe3) ZX:(J1-2)*ZL/10e 
IF(JleECe4) ZX=ZL/4e 
J 2=J 1-t 
IF(JleGTe4) J2=Jt-2 
ZM~B=WB*ZX/2e$(ZL•ZX) 

ZMJT=ZMJB+OLMO~(Jl)+BMMAX{Jl) 

VU(Jl )·= 1 .444* (W8*( ZL/2.-ZX )+OLSHR( J 1 )+5. /3•*8VMAXt J 1)) 
IF(~leEOe4) WR1TE(6,9043) ZMJB,OLMCM(Jl),BM~AX(Jt),ZMJT,VU(Jl) 
IF(JleNEe4lWRITE(6,9047)J2.ZMJBtDLNOM(Jt),SMMAX(Jt),Z~JT.VU(Jl) 

CONTINUE 
FORMAT(1X•'*'•6Xtlle 1 /10•,7x,•••.5(4XtE12.5,5X. 1 *')) 
FORMAT(lX••••.6X,•t/4 1 ,8X,•*••5(4X,El2e5,5X,•*•)) 
WRITE(6,603) 
WRITE(6.~044) ULTMRQ,ZMULtZCRACK 

55009150 
55009160 
SS009170 
55009180 
55009190 
55009200 
55009210 
55009220 
SS009230 
55009240 
55009250 
55009260 
55009270 
s5ooc;2ao 
55009290 

FORMAT { tx. '*' ,42X, 'ULTIMATE MOMENT REQUIRED = 1 .Et2.S,• K.IP-FT• ,3955009300 
tx.•••/tX.•*••42X•'ULTI~ATE MOMENT CAPACITY: '•El2e5w• KtP-FT•.3~XSS009310 
2••* 1 /1X•'*'•42X,•CRACKING ~OMENT CAPACITY= •wE12.S,• KIP-FT•.39X.SS009320 
3 ••• , 55009330 

WRITE(6,.603) 55009340 
WRITEi6.602) 55009350 
WRITE(6,641) 55009360 
FORM AT ( 1 H 1 ) 55009370 
NCOUNT-= NCOUNT + 1 55009380 
GO TO 3007 55009390 

2500, CONTINUE 55009400 
STOP 55009410 
END 55009420 
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w 
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SUBROUTINE EQGEN 
COMMON/BLKt/ AOIPA.BDIM.CDIM,ODI~.EOIM.FOIMtGDIM.HDlM•TDIMt 

lWDOIM•WHOIM.XDIM.YOIM.ACONC.BINERT,OTOP,OBOT,ZT,ZS.ACONCK, 
281NERK,OTOPK,OBCTK.ZTK.ZBK.ZL.F28eJOPT,ASSCLR.A5SPLStAPRIME, 

55009430 
55009440 
55009450 
55009460 

3CBOT.COST.P.COSTFT,OEFWtN,ALDEF,foliRAV,NWHEEL,DlSTF,FPCf4AX, 55009470 
4FPCMIN. ELASC. UL TMRQ.CTOP • ... wa,FO ,OCR 55009480 

COMMONI'BLK2/ P ,6XL E( 18) •NWtiL ( 18 t, ST R~A X ( 26) tF CONC{ 10), DCONC ( 1 0), 55009490 
1G(llt.F(ll).O(l0).GRID5(26),BMMAX(7),EVMAX(7J,CBRMAX(5),PRLMAX(5),55009500 
2DLMOM( 7) • CLSHR( 7) ,p ECRK( 11,4) • ZLOSC 4) • ZWRAP( 1 Q, 3) • NSO IF( 4) 55009510 

COMMON/OEF INE/ UWC.HUM .ASeFPS • CTRl, CT ~2 • CBRl, CBR2, CTS1,CTS2, 55009520 .... .. 
1CBSt.CBS2,CREEPt,CREEP2,SHRKl,SHRK2,RATNOO,FPL,FSY,ASTIRP 55009530 
COMNQN/YZ/ZltZ2,Z3tZ4.YltY2.Y3.Y4 
COMMON/DUMP/ T ITLE(3 .54) .YJ( 11) • FROW( 26) • 

1PEF(50t3).ZNEC11),KKOOE{4),ZMCR(4) 
COMMON/0314/ N,M.ARRAY1156,276).8(276).X(276).X0(276).0BJ.KPt.K 
JRR=28+ 1 l*NRAV 
JCC=l+l l*NRAV 
IF(JOPT.NEeO) ~RR=46+11*N~AV 

IF(JOPTeNEeO) ~CC=10+11*NRAV 

DO 2 ~t=t.JRR 

55009540 
55009550 
55009560 
55009570 
55009580 
55009590 
55009600 
55009610 
55009620 

ARRAY(JleK+t):O.O 55009630 
DO 2 J2:t,JCC 55009640 

2 ARRAY(jl.J2)=0• 55009650 
C***********************************************************************55009660 
C OBJECTIVE FUNCTION 55009670 

C***********************************************************************SSOOq680 
DO 4 Jl=t.NRAV 55009690 
DO 5 J2=1.tt 55009700 

5 ARRAY( l •< .Jl•l )*11 +J2 )=2•*COSTWP*ZL/40 • SS009710 
4 ARRAY( t.Jt )=-(COSTFT*ZL+Oe5*COSTlllP*ZL) 55009720 

ARRAY( t.NRAV*l 1+1 ):::•ACONC*ZL*G< 1 )/1944. SS009730 
IFCJOPT.EQ.O) GO TO 8 55009740 
DO 6 Jl=l.lO SS009750 

. 6 ARRAY (I •11 *NRAV +J 1 J=-ACONC*ZL* { G(J 1 + 1 J-G( J 1) )/ 1944. 55009760 
8 CONTINUE 55009770 

C***~*******************************************************************SS009780 
C RELEASE STRESSES - CONSTRAINTS 1 THRU 12 55009790 

· C*******.***************************************************************SS009800 
FO:: Oe7*AS*FPS 55009810 
W=UWC*ACONC/144. 55009820 

- -\--- --- -,- ... ---- - -~·--
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DO 16 J1=1,1192 
ZX=(ll•Jl)*ZL/40. 
ZMJ=0•5*W*(ZL*ZX-ZX**2)*12. 
JR=l +.JJ 
ST:CTR t 
SC=CBR 1 
JF(ZX.LEeZL/lOe+el) ST=CTR2 
JF(ZX.LEeZL/10.+~1) SC=CBR2 
DO 10 J 2= t.NRAV 
ARRAY(JR.(Jl•ll*N~AV+J2)=-fl.-ASSCLR)*FO*fle/ACONC+0(~2)/ZT) 

10 ARRAY(JR+l,(Jt-l)*NRAV+J2l=(t.-ASSCLRJ*FO*(l./ACONC-O(J2)/ZB) 
IF(JOPTeEOeO) GO TO 14 
DO 12 J2=1 910 
ARRAV(JR.NRAV*ll+J2)=••0074535*ST 

12 ARRAY(JR+t,NRAV*tt+J2)=•SC 
ARRAY(JR.K+l )=ZMJ/ZT+e063366*ST 
ARRAY(JR+t.K+t )=Z~J/ZB+4.0*SC 
GO TO 16 

14 ARRAY( JR.NRAV* 11+ 1) =-• 00 74535* ST 
ARRAY(JR+l.NRAV*ll+l)=-SC 
ARRAY ( .J R • K + 1 

ARR_A~JJR+t.K+ I 
16 CONTINUE 

):Z~J/ZT+.033552*ST 

)=ZM.J/ZB 

55009830 
55009840 
55009850 
55009860 
55009870 
55009880 
55009890 
55009900 
55009910 
55009920 
55009930 
55009940 
55009950 
55009960 
S5009970 
55009980 

--~----... - -
55009990 
55010000 
55010010 
55010020 
SS010030 
55010040 
55010050 

C***********************************************************************SS010060 
C SERVICE LOAD STRESSES • CONSTRAINTS 13 THRU 20 55010070 

C***********************************************************************5S010080 
C CONSTRAINTS 13 THRU !8 55010090 

W B=UWC * ACONCK/ 144 • SSO 101 00 
DO 24 ~1=1•7•2 55010110 
IF(Jt.E0.5) GO TO 24 55010120 
IF(Jl.EO.t) Z~Je=BM~AX(7J*l2e+OLMOM(7)*12. SS010130 
JF(Jt.EOe3) ZM.JB=B--~AX(3)$12.+DLMOM{3)*12. 55010140 
lF(.JleE0.7) ZM.J8=BMMAX(2)*12e+OLMOM(2)*12. 55010150 
Z~~(ll-Jl)*ZL/40. ·- 550101~0 
IF(JleEO.t) ZX=ZL/2. 55010170 
ZM.I=Oe5*WB*(ZL*ZX-ZX**2)*12e 55010180 
JR=13+Jl 55010190 
IF(JleE0.7) JR=18 55010200 
ST=CTSl· 55010210 
SC=CBSI 55010220 



N 
-l==o 
--J 

IF(ZX.LE.ZL/10.+.1) ST;CTS2 
lF(ZXeLE.ZL/10.+.1) SC=CBS2 
DO 1 8 J 2 = 1 • NR .A \J 
ARRAV(JR,(Jl-l)*NRAV+J2)=(1•-A5SPL5)*FO*ll•/ACONC+D(J2)/ZT) 

18 ARRAY(JR+l,(Jl-l)*NRAV+J2l=•(l.•A55PLSI*FO*(l.,ACONC-O(J2)/Z8) 
IF(JOPT.EQ.O) GO TO 22 
00 20 J2 =1 .t 0 
ARRAY{JR,NRAV*ll+J2l=•2•*SC$(F(J2+l)•F(J2)t 

20 ARRAY(JR+l,NRAV*ll+J2)=-•014907*ST*(F(J2+1)-F(J2)) 
ARRAY(JR.K+t J~•ZMJ/ZT•ZMJB/ZTK+SC*F(l) 

ARRAY( .JR+ 1 ,K+ 1 J=•ZM.J/ZB-ZMJB/ZBK+e 00 74535*S'f*F( 1) + .033552*ST 
GO TO 24 

22 ARRAY(JR,K+l )=•2MJ/ZT-Z~J8/ZTK+SC*F28 

ARRAY ( JR+ ltK+ 1 J-=-ZNJ/ZB-ZM.JB/ZBK+. 031623*SQRT( F28) *ST 
24 CONTINUE 

C CONSTRAINTS lq ANO 20 
00 26 J2= 1 ,NRAV 
ARRAY(20.NRAV*10+J2)=•(1e•ASSPLS)*Cle/ACONC+D(J2)/ZT)*FO 

26 ARRAY(2t.NRAV*1C+J2)=(t.•ASSPLS)*Cl./ACONC•O(J2)/ZB)*FO 
tF(JOPT.EQ.Ot GO TO 30 
DO 28 J2=t.t0 
ARRAY( 20, NRAV* 11+ J2) =••0 14907*CTS2* ( F ( J2+ 1) •F ( J2)) 

28 ARRAY(2t.NRAV•tt+J2):•2.*C852*(F(J2+1)-F(J2)} 
ARRAY(20,K+1 
ARRAY( 2t.K+t 
GO TO 32 

30 ARRAY(20.K+l 
ARRAY(21sK+1 

)=e0074535*CTS2*F(l)+.033552*CTS2 
)=CBS2*F( 1 ) 

)=CT52*•031623*CTS2*SQRT(F28) 
)=CBS2*F28 

SS010230 
55010240 
55010250 
SSOI 0260 
55010270 
55010280 
55010290 
55010300 
55010310 
55010320 
55010330 
55010340 
55010350 
sso 10360 
55010370 
55010380 

-· ~·- ··-~ ~---55010390 
55010400 
55010410 
55010420 
55010430 
55010440 
55010450 
55010460 
55010470 
55010480 
55010490 
55010500 

C***********************************************************************SS010510 
C STRANO WRAPPING CONSTRAINTS • CONSTRAINTS 21 THRU (20+10*NRAV) 55010520 

C***********************************************************************S50t0530 
32 DO 34 Jt:t,NRAV 550105.0 

DO 34 J2=1.10 55010550 
ARRAY ( 21+ ( Jl•l) *1 0+J2 • NRAV*J2+~ 1 t=l• 55010560 

34 ARRAV(21+(J1•1)*10+J2sNR.AV*(.J2•t }+Jl t=-1• 55010570 
C***********************************************************************55010580 
C MAXIMU~ NUtiBER OF 5TRANOS PER ROW - CONSTRAINTS ( 21+10*NRAVt 55010590 
c THRU (20+11*NRA~) 55010600 
C***********************************************************************SS010610 

DO 36 ~l=t.~RAV 5501C620 

- -'------ -r- '·- --- - - -';--
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ARRAY(21+10*NRAV+4t,.Jt)=1• 
ARRAY(21+10*NRAV+Jl.K+l)=STRMAX(.J1) 

36 CONTINUE 

55010630 
55010640 
55010650 

C****************************************.******************************SS010660 
~- ... ~ "-·.... -- -

C .JOPT-=1• PRCPER RELEASE STRENGTH REPRESENTATION- CONSTRAINTS 55010670 
C (21+11~NRAV) THRU (39+ll*NRAV) 55010680 
C***************•*******************************************************55010690 . ··-

IF{JOPT.NE.lt GO TO 44 55010700 
DO 38 Jt-=1,10 55010710 
ARRAY ( 21 +li*NPAV+.Jl .11 *NRAV+J 1 ): l • SSO 10720 

38 ARRAY(21+11*NRAV+~l.K+1 ):Oe5 55010730 
DO 40 Jt=t.9 55010740 
ARRAYC31+11*NRAV+J1.11*NRAV+J1)=•1• 

40 ARRAY( 31+11*NRAV+Jl.ll*NAAV+J1+1) =1• 
55010750 
55010760 

C***********************************************************************SS010770 
C BOUNDS ON INITIAL CAMBER 55010780 
C .JOPT=O.CONSTRAINT5--(2"f:f:it*NRAV) THRU (22+11*NRAV) SSOtOi9o 
C JOPT=t.CCNSTRAINTS (40+11*NRAV) THRU (41+11*NRAV) 55010800 
C***************************************************************.*******SS010810 

.4 Y ~( 1 ): 3 • * ( ZL *12 •) .18 • SSO 10820 
DO 46 .J1=2.tl 55010830 

46 Y.J(.J 1)=( 11•~1)*(ZL$12•).1'40.+(ZL*12• ).1'80• 55010840 
--- ·-·-

IF(.JOPT.EO.OJ .JR=22+11*NRAV 55010850 
IF(JOPT.NEeO) JR=4l+ll*NRAV 55010860 
DO 48 Jl=l.ll 
DEL T A.J=ZL * 12 e/40 • 
IF(.JleEQ.t) DELTAJ=ZL*12e/4e 
DO 48 ..J2=t,NRAV 
ARRAY ( Jf< • ( .Jl•l )*NRAV+.J2 >=-C 1 .-ASSCLR )*FO *Y.J( .J 1) *DC .J2) *DEL TA.J 

48 ARRAY( JR+ 1. ( J 1-1 )$NRAV+J2) =-ARRAY (.JR. (Jl•l) *NRAV+J2) 
JFC.JOPTeEQ.O) GO TO 52 
DO 50 Jl=l.tO 
ARRAY(JR.1t*NRAY+Jl)=••235252 *BINERT*ELA5C*ALOEF 

50 ARRAY(JR+t.ll*NRAV+.J1t=.235252 *BINERT*DEFMIN*ELASC 
ARRAY( JR • K+t 
ARRAY(JR+t.K+t 
GO TO 60 

).::2·0 
l=-2· 0 

*ELASC*ALOEF*BINERT+22.5*W*ZL**4 
*ELASC*DEF,_.I~*BINERT-22.5*W*ZL**4 

52 ARRAY(.JR.ll*NRAV+1)=-·235252 *EINERT*ELA5C*ALOEF 
ARRAY(JR+l• t t•NRAV+l 1=·235252 *BINERT*ELASC*OEFMIN 
ARRAY(J~.K+1)=le058991*81NERT*ELA5C*ALOEF+22.5*W*ZL**4 

55010870 
55010880 
55010890 
55010900 
55010910 
55010920 
55010930 
SS010940 
sso 10950 
55010960 
55010970 
55010980 
55010990 
55011000 
55011010 
55011020 



N 
.:.j:::o 
w 

c 

c 

ARRAY( .JR+ 1• K+ 1 t==-1• 05e99t $8INERT*ELA SC*DEF~ I N•22a S*W* ZL**4 

60 ARRAY(JR.K+l):A~RAY(JR.K+l)/leE+O. 
ARRAY(~R+t'._K+t l=ARRAVC .IR +l•K+ 1 )/ 1eE+04 

DO 56 .Jl=l•M 
ARRAY(J~.Jl)=ARRAV(JR.J1)/t.E+04 

56 ARRAY C JR+l .J t l= ARRAY( .JR+ 1 • J 1 l /1 e.E+04 

sso 11030 
55011040 
sso 11050 
55011060 
55011070 
SS011080 
55011090 
SSOlltOO 

C*********•••••••••*****************************************************SSOllttO 
C ULTIMATE IIOM£t-iT AND CfCACkiNG MOMENT CONSTRAINTS SS0l1120 
C JOPT:ri• CO~~tRAINTS t23.ll*N~AVl AND (24+11*NRAV) 55011130 
C JoPT=l• CONSTRAINTS (42+ll*NRAV) AND (43+11*NRAV) 55011140 

C**************•••••••••••••••••••••••••••••••**************************SSOlttso 
c 55011160 
C SET 0~ NO. STRANbS ANb StRANO ECt~~TRICITY ARRAY 

c 
DO 62 Jt=l•NRAV 

62 FR0W(.J1 1=0 • 
su•=o• 
K NT=() 

PF::o • 
DO 6 • .Jt!::t 9f•.U:(AV 

67 IF(FRow(JtJ•eo.sTRt~~Axc •• n )J Go to 64 
t ADD=2 
IF(~T~MAX(Jtl•F~O*lJt)~L~•ll .AbD~t 
FRO'Wt J 1 )::FRb'Wt J t ) +I ADD 
pf:=::PF .f. i ~DD •c t.O( Jt :) t 
S\Jlil:suM+ I A·t'Jb 
kNti::i<NT+t 
PEF ( kNT •• ) =SU'PI 
PEF(KNT92):i:PF 
PEF( KNT <t 3 ·)::i:PF/SUM 
GO to 67 

64 CONT·INUE 
c set UP FOR CALLS to Ut.. tMP 

ZMDt..=W*Zt.*$218. 
DO 63 Jt=t·,4 

63 zlostJl)~o.t•Jt 
DO 65 41:ltl.1' 
ZNE(Jl t=O• 

SS011170 
sso 11180 
sso 11190 
ss0t12oo 
S$011210 
sso ll220 
55011230 
SSOtt240 
sso 11250 
SS0ll2'60 
sso 11270 
SSOll280 
ssett290 
sso~ ~~cro 
'SSOI. t3tb 
ssol. ·t320 
SS0lt330 
5S01't34b 
SS0113SO 
ssot.t36o 

-.. -ssofi3 7o 
SS0lt38'0 
sso 11390 
SSOll4~oo 

ss·o t14t o 
sso t14-2G 

- - ~- - •~·-- - - - f- {- - - -· - - -.- -
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) 

N 
..r:::. 
~ 

c 
c 

DO 65 J2=t,4 
65 PECRK(~1.~2)=0• 

.JSTOP=lt 
IFtJOPTeNEeO) GC TO 66 

~ , .. , .. , ~-

F( 1 t=F2e 
.JSTOP::: 1 

GENERATE TOTAL FORCE ECCENTRICIT IE5 FOR ULTIMATE MOMENT AND 
MOMENT CCNST~AINTS 

66 FPCMIN:4e 0 
DO 84 Jt=t.JSTOP 
IF(JleEOe1) GO TO 69 
IF(F(..Jt).NE.F(Jl-1)} GO TO 69 
ZNE(JtJ:ZNE<Jt•tJ 
DO 68 J2=1 ,4 

68 PECRK(Jt.J2)=PECRK(Jl•l.J2) 
GO TO 84 

69 FPCBN=F( J t) 
DO 70 J2:1 ,4 

70 KKOOE(J2):0 
KOOEMU:O 
ZMOLO=O • 
DO 82 J2ct .KNT . . . -
ASTL:AS*PEF( .12.1) 
OD=DTOP+PEF(J2. 31 
CALL UL TMPCASTL.FPCeM.F~S ,APR-I "E.FFL. C~• D~ JM. FSY• OCR. 

*YleY2eY3.Y4.zt.z2.Z3.Z4.ZMUL) 
DO 72 J3=1•4 
ZMCR ( .J3)_:( 1• •ZLOS C.J3) J ~ZBf5_*FD* CPEF(.J~• ~ ),~_CQNC<f.PEF,~ .J_?• 2 J/ZB) 

1 + 7 • 5 *Z BK* • 0! IE 2 3* SQ RT ( FPC BM l-Z BK* Z MDL *1 2 • / Z B 
7 2 Z ~CR ( .J3 l= 2 MC A ( .13) * 1 • 2/ 12 • 

DO 73 ..13=1•4 
JF(KK00£(.J3).EQ.tJ GO TO 73 
IFCZMULeLTeZ.CRC-131) GC TO 73 

.P l;gt_l( C .1_. ·~-~-t~_!'~F~ ~--!.2._)_ 
KK ODE ( .J 3 ): t 

73 CONTINUE 
74 lF(KOOEMUeEO•l) GO TQ 78 

1 Fe ZMUL .Ge~ui:TMR(f). 6o To ?6 
El=ZMOLO 
IF(El •L T.ZNULt ZMOLD=ZMUL 

55011430 
55011440 
55011450 
sso 11460 
sso 11470 
550114-80 

CRACKSS011490 
55011500 
55011510 
55011520 
55011530 
55011540 
55011550 
55011560 
sso 11570 
SSOlt580 
sso 11590 
55011600 
sso 11610 
55011620 
55011630 
55011640 - ' 

55011650 
55011660 
sso 11670 
55011680 
sso 11690 
55011700 

. 55011710 
55011720 
55011730 
55011740 
sso 11750 

~~~Jl_!~O 
55011770 
55011780 
SS011?90 
55011800 
55011810 
SS0tl820 



( 

N 
~ 
U'1 

c 
c 
c 

IF(Et.Ll.Z~L) GO TC 82 
FPCMIN=4e0+(Jl-1)*0•5 
GO TO 84 

76 Z'tE C ..II t :Pe F ( .12 • 2 ) 
KODf!MU=t 

78 DO 80 -13=1 e4 
lFCKKOOE(J3)eEOe0) GO TO 82 

80 CONTINUE 
lFCKODEMUeEOal) GC TO 84 

82 CONTINUE -- ·~ ...... ~.-~ ... 
84 CONTINUE 

FORM ULTIMATE f'OMENT AND CRACKING MOMENT CCNSTRAINTS 

IFC~OPTaEO.O) JR=1+23+11*NRAV 
IF(JOPT.NEeO) JR=t+42+li*NRAV . _ ..... .., ... __ '• ~-· ---- .... 

00 86 Jl-=leNRAV 
AARAY(JReJl)=DtJJ) 

86 ARRAY(JR+leJ1):C{J1) 
IFCJOPTeEOeO) GO TO 90 
DO 88 J 1= le 10 
ARRAY(JR.ll*NRAV+Jll=2e*CZNECJ1+1)-ZNE(Jl)) 

. - .. . . . . --
88 ARRAY(JR+t.ll*NRAV+J1)=2a*CPECAK(~l+t.tt•PECRK(J1,1)) 

ARRAY (JReK+t )=-ZNE( 1) 
ARAAY(JR+l.K+1 ):-PECRK(t.1) 
GO TO 92 

90 ARRAY ( .JR.K +I 1=-ZNE(l) 
ARRAY( JR+l .1<+1 •=-PECR_!(( l.el) .. 

sso 11830 
sso 11840 
55011850 
sso 11860 
55011870 
55011880 
sso 11890 
~11900 

55011910 
55011920 
S$011930 
55011940 
sso 11950 
55011960 
sso 11970 
55011980 
55011990 
55012000 
55012010 
55012020 
55012030 
55012040 
sso 12050 
55012060 
55012070 
55012080 
55012090 
55012100 

C***********************************************************************5S012110 
C MINIMU-.. ANC M~XINUM CONCRETE STRENGTH CONSTRAINTS 55012120 
C .JOPT=O• CONSTRAINTS (25+1_1*NRA~.) _AND (26-+1-l*NRAV) 55012130 
C .JOPT=l• CONSTRAINTS (44+11*MtAV) ANO (45+11*NRAV) 55012140 
C*******************************•******************$********************55012150 

IFC~OPTeNEeO) GO TO 92 55012160 ·- ····~· ----· .. ~ ~ ............... ~ ' --· ~· ~ . --~ 

ARRAY( 26+1 I *NRAV, 11 *NRAV+ 1 )-=-1• 55012170 
ARRAY(26+ll*NRAV,K+t )=•4.0 S5012180 
ARRAY(27+ll*N~AV.ll*NRAV+l)=1•0 55012190 
ARRAY( 27+ ll*NRAVeK+t J=F28 55012200 
GO TO 96 55012210 

92 00 94 Jl=lelO 55012220 

- -'------ -·,- ~------ - .. --
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) 

' j 

N 
~ 
0\ 

ARRAY(45+t t*NRAV,ll *NRAV+~1)=•1• 
94 ARRAY(46+11*NRAV.t1*NRAV+Jl)=l• 

ARRAY(.5+ll*NRAV.K+l 
ARRAY ( 46+ 1 l*NR AV • K + 1 .. ~ - ~ 

96 CONTINUE 
ReTURN 
END 

):4e0•FPCIIIN 
J=FPCMAX-4.0 

55012230 
55012240 
sso 12250 
55012260 
55012270 
SS012280 
55012290 



~ 
""'J 

SUBROUTINE OEFlN 
COMMON/DEFINE/ UWC.HUMeAS.FPS-,CTRltCTJ;2.CB~t.C8R2.CTSt.CTS2. 

1CBS1eCBS2eCAEEPteCREEP2.SHRKt.SHRK2.RATNOOtFPL•FSY.ASTtRP 
UIIC*elSO 
HUM= SO. 
A5=0e153 
FPS=270. 
FPL::O • ~3*FPS 
CTRl:!:1e5 
CT~2=7•5 
C~l=O.E 
CBR2=0 e6 
C TSI =6• 0 
CTS2=6•0 
cest-==o•• 
CSS2~0•• 
CREEPt=O• 
CR£~P2=0• 

SHRK l=O • 
SHRK2::.t0 • 
RAtNOO=t6•0 
FSY~eo • 
ASftPP=O.tt 
RIEtURN 
END 

55012300 
55012310 
55012320 
SSOJ.2330 
55012340 
SS012350 
55012360 
SSOl23?0 
55012380 
5SOt2l90 
55012400 
55012410 
55012420 
55012430 
$5012440 
sso 12450 
SS012460 
SS012479 
SS0t2480 
$5012490 
SS012500 
sso 12510 
SS012520 
55012630 
SSOt2540 

- - \- - - - - - ·- f- '- - - - - - -l- -
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N 
..,::::. 
co 

c 
c 
c 
c 
c 

c 
c 
c 

1 

2 

200 

5 

6 

SUBROUTINE LPCOOE CNFRCEeNEQS.tNDX .. KOOEeKBOMBJ 
- -

COMMON/0314/ N.~ .. A (156.276leBC276)~X(276).XD(276)•0B~.KPt.K 

LINEAR PROGRAMMING ALGORITHM 

SET UP MATR.I X 

KBOMB=O 
KPl=N+~ 

K=ft.i+M•l 
KK=K-1 
lF(KOOEeNEeOl GO TO 200 
DO 1 . I =t.N 
00 1 ._I=M.KK 
A(I • .J+l) =OeO 
00 2 I=2eN 
- --
IPM=I+M-t 
A(I.tPMl=leO 
WRITE(4) A 
REW lNO 4 

FLAG BASIS 

DO 5 l=leK 
XDIII=O.O 
XC I ).:4 eO 
DO 6 I=l•N 
IPM=I+M 
X(lPMI=t.O 

SS012550 
55012560 
55012570 
55012580 
55012590 
55012600 
55012610 
55012620 
55012630 
55012640 
55012650 
55012660 
55012670 
55012680 
55012690 
55012700 
55012710 
55012720 
55012730 
55012740 
55012750 
55012760 
SS,0127't0 
55012780 
55012790 
55012800 
55012810 
55012820 . - -··· - ·-

55012830 
DO 7 l=l•N 55012840 

7 B(tJ=~.o sso12eso 
10 CONTINUE SSO 12860 

C***********************************************************************ssot2870 
C**** FEASIB~L~ TV __ SE_CTION _ .. __ __ _ _____ _ _ ____ ____ ~~_0_1?880 

c•••••••••••••••••••••**************************************************SSOt2890 
INEG=2 SS012900 

11 DO 14 J:2eN 55012910 
IF ( B ( I ) ) 12 • 1 2 • l 4 550 129 2 0 

12 CONTINUE 55012930 
IF (A( I,.KPl )-A( INEG.KP 1)) 13et4.14 55012940 



N 
~ 
\0 

13 I NEG= I sso 12950 

14 CONTINUE SS012960 
IF (A( INEG,KPl )) 15.23.23 55012970 

15 IF ( 6( INEG)) 16.16,23 55012980 

16 JSM= 1 55012990 

DO 19 J=2•K 55013000 
IF ( XD ( J) ) 17.17.19 55013010 

.-~ ..... -·- ·--

17 CONTINUE SS0l3020 
IF (A,INEG.J)•A(lhEG,JSM)) 18,19.19 55013030 

18 JSM=J 55013040 

19 CONTINUE 55013050 
IF (XD{JSM)) 20,20.23 55013060 

20 IF (A( INEG,JSM)) 22.21.21 55013070 

c 55013080 

c NO FEASIBLE SCLUTION 55013090 
c 55013100 

- ------- ····-··"~ ·-
21 K80MB=51 SS013110 

GO TO 38 55013120 

22 CALL PIVOT (INEG.JSM) 55013130 
GO T£Y 10 55013140 

c ** ** ** ** ** * * * * * * * * * •• * *** * * ** ** * * * * *. * * ** •• * *. ** * * * * * * ** *** •• * ** *. ** ••• sso 131.50 
C**** OPTIMALIT'i' SECTION 55013160 •• -~ -- --
C********•••····························································ssot3170 

c 
c 
c 

c 
c 
c 

23 JBGST: 1 SSO 131 SO 

SELECT INCOMING VECTOR 

DO 26 .J:t,l< 
IF (XD(J)) 24,24,26 

24 CONTINUE 
IF (A(l,J)•ACt.JBGST)) 26.26,25 

25 .JBGST=..J 
26 CONTINUE 

IF (A(l.JBGST)) 38.38.27 
-~...,...~-.---- _,.. ..... ,....,....""' .. . ' .,. ....... -- ----~-~-.-..·· 

CHECK FOR l.NBOUNDED SOLUTION 

27 DO 29 I=2•f\ 
ISPOT-=1 
IF (B(IJl 28.28.29 

55013190 
SS013200 
55013210 
55013220 
55013230 
sso 13240 
55013250 
55013260 
sso 13270 
55013280 
. -····· ... -.••·" .......... , .. ··----· ---~-
55013290 
SSOt3300 
55013310 
sso 13320 
55013330 
550133.0 

- -------- -(- ~------ -'--
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N 
U'1 
0 

28 

29 
30 

31 

c 
c 
c 

32 

33 

34 
--~· 

35 
36 

37 

CONTINUE 
IF (A(I,JBGST)) 29,29,30 
CONTINUE 
CONTINUE 
IF (A(ISPOT,JSGST)) 31,31~32 
KBOM8=50 
GO TO 38 

SELECT OUTGOING VECTOR 

KK=ISPOT 
DO 36 I=KK,f\ 
IF (6(1)) 33.~3.36 
CONTINUE 
IF(A(I,JBGSTJ) ~E.3e,34 

IF (A( I .K+t )/A( t • .JBGST)•A( ISPOT.K+l )I'A( 15POT.JBGSTl) 35,36.36 
I SPOT= I 
CONTINUE 
IF iBCISPOT)) 37,37.31 
CALL PIVOT (JSPCT~~BGST) 

GO TO 23 

55013350 
55013360 
55013370 
55013380 

...... . ... , ·-·-
S$013390 
55013400 
55013410 
55013420 
55013430 
55013440 
SS013450 
55013460 
55013470 
55013480 
55013490 
55013500 
55013510 
55013520 
55013530 
55013$40 
55013550 

C***********************************************************************SS013560 
~-·-·- .~.......... ~ ·--····--~- _..._ __ ..., - ·- ·--~ ..... --.~·-·-· 

C**** OUTPUT SECTION 55013570 
C***********************************************************************SS013580 

38 OBJ=-A(I,KFl) 55013590 
IF (INOX-1) 40.39,40 55013600 

39 oeJ=-oe.J 55013610 
40 0 0 4!? -I = 1 • IC 55013620 

IF (X(IJJ 44.44,41 55013630 
41 DO 42 J=2,N 55013640 

IF (A(J.I)) 42.42.43 sso 13650 
42 CONTINUE 55013660 
43 X(l):A(.J.t<Pl) SS013670 

GO TO 45 55013680 
44 X(IJ=O• 55013690 
45 CONTINUE 55013700 

DO 49 .J=teK 55013710 
--

IF (J-N+l) 46.46,47 55013720 
46 J.J:::.J+M 55013730 

GO TO •e 55013740 



( 

/' 

N 
01 __, 

47 JJ=J•N+l 
48 XD(JJ=-A(t.JJ) 
49 CONTINUE 

IF(.!<-~_CMBeEOe5~) 11RITEC6.50) 
50 FORMAT (/lCHOU~BOUNOEO) 

RETURN 
END 

' 

SS013750 
55013760 
55013770 
55013780 
55013800 
55013830 
55013850 

- -"------ -(- '------ -l--
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N 
(J1 
N 

SUBROUTINE PIVOT (J,~) 

COMMGNiD314/ N.M~A (156,276),Bt276)•X(276),X0(276t.OBJwKPlwX 
DO 2 ..J.J=ltK 
IF (X(.JJ)) 2.2.1 

1 IF (A( t • .JJ)) 2.2.3 
2 CONTINUE 
3 X(~J)=O.O 

NMt=N-1 
R=A( I • .J t 
00 4 L=l.KPl 

4 A(I.Ll=A(I.L)/R 
00 5 L=2• I 
F=A-(L-t.J) 
DO 5 M=t.KP1 

5 A(L-t.M)=A(L-t.Mt•A(I,M)*F 
IF (1-N. 6,8,8 

6 00 7 L= I • NM 1 
F=A(L+l • .J) 

D 0 7 M= 1 , I< P 1 
7 A(L+t,M):A(L+t.M)-A(l,Ml*F 
8 CONTINUE 

X(-J)=leC 
M=KPl-N 
RETURN 
END 

55013860 
SS013870 
55013880 
55013890 
55013900 
55013910 
55013920 
sso 13930 
55013940 
55013950 
55013960 
55013970 
55013980 
sso 13990 
55014000 
55014010 
55014020 
55014030 
55014040 
55014050 
55014060 
55014070 
55014080 
55014090 
55014100 



SUBROUTINE PROPTY 55014110 
REAL*4 It.t2.t3.t4.I5.I6.17el8,19,110•1tl,tl2 elt3.114.115 55014120 
COMMON/Bl.K 1/ ADl~•BDIMeCDINeDOlM•EDI MeFDI ,.,GOt Me HOI Me TO I M, SSO 14130 

1 WOOIMtt_W~I !f•X~!t!(~O ~-~·--~~~~·BlN~~t:n.' •.PcJC~• OBQT • lT ,za, ACO~~· SSO ~_4140 
( 

281NERK.DTOPK.OBOTK.ZTKeZ8K.ZL•F28e.IOPT.ASSCLR.ASSPL5.APRIME, 55014150 
3C80TeCOST•P•COST¥TeDEFMINeAL.OEF.NRAVeNWHEEL.DISTFeFPCMAXe 55014160 
4FPCMI N,El.ASCeUL TMRQeCTOP •••• e.FO-.OCA 55014170 

cOMMON/CEFINEi uwc~HuM-~As.F-Ps.cTRi~:cTR2.ceRt.ceR2.cTst.cTs2. ssot4tao 
lCBSt.CBS2.CREEPl.CREEP2.SHRKt.SHf;K2.R.ITNOC,FPLeFSYeASTIRP 55014190 
EQUIVALENCE { AREAeACONC) e(YS,080T,) eCYT.DTOFt • (YBK.DBOTK). S$014200 

• - -- • •• • - -·· • •• - •• < '.... ·--

•CYTK.OTOPK),(AREAK.ACONCK)e(A.ADIMJ.(B.BOIM).(C.CDJMJ.co.DDIM). 55014210 
$(EeEDIM).(F,FOIN),(G,GDlff).CT.TDIMt.(WCeWDCI..,)•(WH.WHOIMte(HeHOIM)SS014220 

C TOP= OCR SSO 142 30 
Cl = (A•(W~+2 •• W0))/2• 55014240 
C2:: CB•(~H +2e*W0))/2• 55014250 
Al = wo•o 55014260 
A2 = Cl*H 55014270 
A3 = Cl*G/2. 55014280 

N A4 
(J"' 
w AS 

= E*C2/2• 55014290 
= C*C2 55014300 

A~ -= WH*T $5014310 
- A7 = WM*F 5~0 14320 

Ae = (C2•Cll*H 55014330 
A9 = ( C2-C: 1) *G SSO 1.340 
A 10 = A3 55014350 
A 11 = C 2* ( .O•H•G•E•C J SSO 14360 
412 = A4 55014370 
lt=( A.L T .a) GC TO 80 ... _ 5501438~ 
A8=0• 55014390 
A9:0 • 55014400 
AtO=O• 5501441~ 
A 11=0 • SSQ 14420 
A12=0• SSOI .. 30 

80 CONTINUE $5014440 
414::{ XOIM**2)/2. -· -·--S$OiMSO .. 
A15=(Y01M**2)1'2e 55014460 
AREA = A1*2• +A2*2• + A3*2• + A4*2• + A5*2• + A6 + A7 55014470 

*+2•*(RATNOC•le) *APR IME-. 5E25 55014.480 
AREAl= Al*2• +A2*2• + A3*2• + A4*2• + A5*2• + A6 + A7 55014490 

*+(RATNOD•l.}$APRIME•.5625 55014500 

-\ - ~- - - - - - - (- ·~- - - - - - - 't - -
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AREAK: AREAl+ 2eO*A8 + 2e0*A9+2e0*A10+2e0*All+2•0*A12 
Yl = D/2. 
Y2 = O•H/2e 
V3 = D-(H+G/3 •) 
Y4 = C + E,/3• 
V5 = C'2• 
Y6 = o-'T/2. 
Y7 = F/2e 
Y8 = D•(H/2.0) 
Y9 = O•CH+ G/2e0) 
YlO= 0•( H·+ 2.0*G/3.0) 

55014510 
55014520 
55014530 
55014540 
55014550 
SS014560 
sso 14570 
55014580 
SS014590 
55014600 
55014610 

Y11 = (C•H•G+E+C)/2e0 55014620 
Y 1 2 = C + 2 • 0 * E .13 • 0 SS 01 46 3 0 
Y 14=0-T•XC IM/3 • 55014640 
Y 15=F+YOIM/3 • 55014-650 
VB = (Y1*A1*2• + Y2*A2*2• + Y3*A3*2• + Y4*A4*2• + Y5*A5*2• + Y6*A6SS014660 

-·~ ... - ··-· . ~.... ·-· . . .. - . . . .. ,.. ·~ - ... 

& + Y7*A7 + (0•CTOP}*2••(RATNOO-le)$APRIME)/AREA 55014670 
YT = o-va ssot46eo 
YBl= ( Vl*Al*2• + Y2*A2*2• + Y3*A3*2• -+ Y4*A4*2• + Y5*A5*2• + Y6*A6SS014690 

& + Y7*A7 + (O•CTOP)•(RATNOD•l•)*APRIME)/AREA 55014700 
YBK={VBI*AREA1+Y8*A8*2•+Y9*A9*2•+Y10*A10*2• +Y11*A11*2• +Y12*A12* 55014710 

22 eO )J' ARE AK __ ·-· 550_~4_72_0 
YTK=D-YBK 55014730 
DO 10 J1~1.2 55014740 
JVKEY=Jl-1 55014750 
DY=YB 55014760 
lFC~VKEYeEOell OY = YSK 
11 = WD*(D**3)/12• + Al*((Yt-0~!!*2) 
12 = Cl*(~**3)/12e + A2*((Y2•DY)**2J 
13 = C1*(G**3)/36. + A3$((Y3•DYl**2) 
14 = C2*CE**3l/36. + A4*((Y4-0Y)**2t 

. . ·- . ~ .. 

15 = C2$(C**3)/t2. + A5*(CY5•DY»*•2) 
16 = WH$(T**31/t2. + A6*(CY6-DY)**2) 
17 = W.H*(F.*3)/~-~.!--~ A7*C.fY7•0Y)**2~_ 
I 13=2. *{ RATNOD•le )*APR IME*C ( D-CTOP•OY l**2) 
1131= (RATNOO•t.)*APRIME*((D-ClOP•D~)**2) 
114=(XD IM**4 t/36e+A14*(( Y14-DY )**2 J 
I 15=( YO IM**4) .136. +A 15*( ( Yl.S•DY) **2) 
XINERT = 11*2• + 12*2• + 13*2• + 14*2• + 15*2• + 16 + 17 + 

**2·+115*2· 

55014770 
550~47~0 
55014790 
55014800 
55014810 
55014820 
55014830 
55014840 
55014850 
55014860 
S$014870 
5501.880 

113+Jl4SS014890 
SS014900 
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N 
U1 
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lF(~VKEY.EO.O) GO TO 5 
IF(AeGEeBt XINERK=XINERT+1131•113 
IF(AeGEeB) GO TO 5 
18 = (C2-Cl )$(~**3_)/12. + A8$( ( Y8--DY )**2) 
19 = tC2•Ctl*CG**3)/12• + A9*CCY9•0Y 1**2) 
110 :: C1*CG**3)/3Ee + AlO*((Yto-ov l**2l 
Ill = C2*C (C•f-!•G-E-CI**31/12e + All*((Yll-DY )**2) ·--. ~ 

112 = C2*CE**3)/36. + Al2*((Y12•DY J**2J 
IF(JVKEYeEOel) XINERK:: 

&XINE~T+tt3t-113 + 18*2.0 + 19*2•0 + 110*2•0 + 111*2•0 + 112*2•0 
5 CONTINUE 

IF(JVKEY.EOel) GO TO 8 
Z T:XI NERT /YT 
ZB;X INeRT /VB 

BINERT=.XIN!RT 
B IHERT=81 ""EAT•O• 75**4~1~·•2 •* ( e28125*(Y8• .50 J **2) 
G·Q TO 10 

8 ZTK::XIHERtcJ'YTI< 
ZBI(•XJNERtc..IYBK 
B INERK::: X INf:RK 
BINERK~eiNERK•0.75**4/18.•2•*(•28125*(VBK•Oe50l**2) 

10 CONTINUE 
RETURN 
END 

55014910 
55014920 
SSOJ4930 
55014940 
55014950 
55014960 
55014970 
55014980 
55014990 
55015000 
550150 tO 
55015020 
55015030 
sso 15040 
SS015050 
55015060 
~ - ··-~ . -·· ..... ~ ---

SSOlSO?O 
$5015080 
55015090 
55015100 
55015110 
~~15~20 
55015130 
55015140 

- -~- - - -- - -(- ~-:-- .. -- -'- -
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SUBROUTINE "-OMSHR COL• NWHL.9NWHEEL.XSEC.PAXLE, MAXMOM. MAXSHR) 
REAL•• MAXMOM. JIAXSHR.N.HL.MOMENT - . 
COMMGN/DUMP/ MOMENT( 12 I • SHEAAC 12) • IPLC 20) • IPR(20) •REACT( 20) 
DIMENSION NWHL(t8).PAXt..EC18) 

. ·-·~·- ~. -~~--..-~-~ . . .. . 
NST=NWttei!L•I 
DO 11 II == 1 • 2 
•Ftlt.eG.2J xs~c = DL - xsec 
XSECR: --- OL.;-XSE<; 

DO 3 NS :: t.NST 
IL = NS 
cAi.i. LocATe <til.. xsec .NsT .Ns.N•HL t 
Nl = JPL(IL) 
N2 = IPR( IL) 
IFCNt.eo.O.ANO.N2.EQ.OJ PROD= PAXLE(IL+ll*XSECR 
JF(N1.EQ.O.ANDeN2eE0•0) GC TO 33 
IF(Nt~EQ.O) Nl : IL+1 

~ ',• • ............. ,._ r.··-,···~~·~·· • ~ 

IF(N2eEC.O) N2 = 1L+1 
OBTAIN THE LEFT REACTION FOR ANY S~IFT 
PROD = Oe 
DO 4 I = N1.N2 
IFC I .ea. 1) 02 = CL•C XSEC-N.HL ( IL J) 

JFCI eEGel) GC TO 36 . . .. -..~- ....... . ·.' ................. ~-------~ -----·-- .... ,, ·'""··-- ~ 

JF(J .eG.(JL+l)eANDeiPLCJL)eEQeO) 02: XSECR 
I Fft • EQ. ( IL+ I) .AND eiPLC IL) .eo.o J GO TO 36 
tFCJ eLEeiL) 02 = a..•CXSEC-(NWtL( ILI-N-.L( 1•1) )) 

,_ -··- . . ' ·-~··"· -· -- . 

IF(I.LEeiL) GC TO 36 
IF(IeGTeiLJ D2 = XSECR-tNWHL(I-l)•NWHL(IL)) 

36 CONTINUE 
OELT = PAXLE(1)*02 

4 PROD: PROD+DELT 
33 CONTINUE 

REACTCILt : P~OO/DL 

SUMY. = Oe 
5UMM = 0~ __ 
IFC IPL ( IL) .EQ.O) SHEAR( 1L t = REACT( I L) 
IF(IPLCJL).EQ.O) MOMENT(IL) = REACT(IL) 
IFC JPLC IL) eEOeO) GO TO 3 
DO 5 I = Nl.tL 
IF(I eEQ.t) 0~ = NWHL(IL) 
IF(I .EQ.t) GC TO 34 

•xsec 

55015150 
$5015160 
55015170 
55015180 
55015190 
sso 15200 
55015210 
SS0-15220 
55015230 
55015240 
55015250 
55015260 
55015270 
55015280 
55015290 
55015300 
sso 15310 
55015320 
55015330 
5501!5340 
55015350 
55015360 
55015370 
55015380 
55015390 
55015400 
55015410 
55015420 
sso 15430 
55015440 
55015450 
55015460 
55015470 
55015460 
55015490 
55015500 
55015510 
55015520 
55015530 
55015540 



"" ~ 

OM = NWt-'L ( IL )•NWHL ( 1•1) 
34 DELTM = P~XLE{I)*O~ 

Da TV = PAXLE( 1} 
SUMM : SU~~+DELTM 
SUMV : SUfi\14-0ELTV 

5 CONTINUE 
SHEAR(IL) = RE~CT(ILJ•SUMV 
MOMENT ( tL) = REACT( tL J$XSEC•SUMM 

3 CdNt iNUE 
NA :: 0 
JF(II.~Q~lt MA~-C~ = ~OM~~Y~iJ 
JF(Il•EQ•lJ MAXSHR =SHEAR(!) 
NSTA = NSt • i 
1 F ( N ST A • E Q ~dU GO TO i 6 
DO ij lL-~ t•N~tA 
NA :: NA + i 
NS :::: Ll 4- t 
AAA : MOMENttNA) 
BBB :: SRitAR(NA) 
l~ttt.~datJ AAA ~ MA~~dM 
tFtit•E0•2J eee : MA~5HR 
i~t·H~~~t~~~··it.AA·~ MA~MfiM ~ ~dM~~t(~~~ 
t~tAS~(SH~-~tN~ila~t~~~~j ~AXSH~ ~ A~§t~H~~·~N~il 
t~(Md~eNtt~~~~~t.AAA~ ~d fb t~ 
NA .::: NA • i 
GO td tj 

t5 NA : 'NB • t 
Li toNttNYE 
te coNtiNUE 
11 caNt iNue 

J<SE:t=oL•xsec 
RETU~N 
ENb 

55015550' 
55015560 
SS0t5570 
55015580 
SS015590 
55015600 
55015610 
55015620 
ssot5630 
ssol5640 
55015650 
SSOt$660 
ssots6to 
SS01S680 
SSOi56tJo 
ssotsi'oo 
ssoi57iO 
sso t5t2i 
sso1573o 
ssoi5?4o 
ss6 t stso 
s5oi57ae 
ssbt571~ 
ssotstao 
ssotstto 
ssoi.58oo 
ssotselo 
5501582() 
s§otiAao 
ssot s84tl 
SS0iS858 
ssot-saeo 
ssoi58ti 

- -·------ -(- ·- --- -- -·- -
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SUBROUTINE LOCATE(DL.XSEC,NST,NS 9 NWHL) 
REAL*4 NWHL,MOMENT 
COMMON/CUMPJ' MOMENT(12),SHEARt 12),1PL(20),IPR(20) .REACT(20) 
DINENSICN N•HL(18) 
XSECR = DL•XSEC 
DTERM = O. 
DO 1 I= t,f\:ST - -
OLE = NWHL(NS)-OTERM 
IF{ OLE eLE eXSEC) IPL (N5) = t 
IFIDLE.LE.XSEC) GO TO 2 
t F( leEQ eNS) IPLCN5) = 0 
IFCI.EQ.NS) GC TO 2 
DTERM = NWHL (I) 

l CONTINUE 
2 CONTINUE 

DO 4 IC= t."ST 
NSC = N5+IC 
IF((NS+l)eEOe(NST+l )) IPR(NS) = 0 
IF(NSCeGTeNST ) GO TO 5 
DELTR = NWHL (NS+IC)IIilNWH..( NS t 
lF(DELTReGTeXSECReAND.IC.EQel) IPR(NSJ = 0 
lf!'CDEL TR.~T.XSEC~l GO TO 5 
IPRCNS) = NS+IC+l 

4 CONTINUE 
5 CONTINUE 

RETURN 
END 

55015880 
55015890 
55015900 
55015910 
55015920 
55015930 
55015940 
55015950 
55015960 
55015970 
55015980 
55015990 
55016000 
sso 16010 
55016020 
55016030 
55016040 
55016050 
55016060 
55016070 
55016080 
SSOt~~~9 
55016100 
55016110 
55016120 
S5016t30 
55016140 
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SUBROUTINE ULTMF(ASTAR,FPCBMeFPS.ASPR~.FPL,O,OPTH.FSY. OCR. 
* Y "J. eV 2, Y 3 • Y 4 • Z 1 • Z 2 • Z 3 • Z 4, Z MUL ) 

CLONG=Oa2 
E SINI=O • 7*FP5*( le-CLONG) .128 eE+03 
CONI =C FPL/,8000.) •t 1 ••• -FPS~FPL) /( FPs-2. *FPL)) 
CON2=-(FPL/28000.)*FPL*(FPS•FPL)**2/(FPS•2•*FPL) 
BEFF=2•*(Yl+V2+Y3) 
THK=Zt 
z•MZ3aZ4-•Z3 
IFCA8SfZ4-•Z3teLEel•E•06l Z4MZ3=l•E•06 
Z2MZ1=Z2•Zt 
IF(A8S(Z2•Zt).LE•l•E•06) Z2NZl:leE•06 

55016150 
55016160 
S$016170 
SS016180 
55016190 
55016200 
SS01621G 
55016220 
55016230 
SS016240 
55016250 
55016260 

c•••••******************************************************************SS016270 
C**** POSITIVE MOMENT CAPAC tTY • N .A • IN SLAB 55016280 

C************************************************************.***********SS016290 
c - 5~~16300 
C CHECK TO SEE IF N.A. IN SLAB 55016310 
c $5016320 

PSTAR= AST AR/ ( I!EFF*O) 55016330 
FSUSTR~FPS*fle•O•S*PSTAR*FPS/FPCBMt 5$016340 
T:ASTAR$FSUSTR SS0l6350 
CC~e833*FPCEM*eEFF*THK ~SOJ6360 
IF(CCeLTeTt GO TO 10 S$016370 

c S$016380 
C N.A. IN SLAB SS0t6390 
C S$0l6600 

ZMUL aASTAR *FSUSTR*O*( l••0•6*PSTA._*FSUSTR/FPCBM ) /12SS0164l0 
RJ:PSTAA$FSUSTR/FPCBM . . _ 55()16420 
IF(Rl.GTeOe3lZf!IUL =0.25*FPC8ti •eEFF*D**2/12• S$016430 
RETURN 55016440 

C**************~·***********************-~****~***.~~·•**********~~*****~*.!~!i~JE450 
C**** POSITIVE MOMENT CAPACITY - N•A• BELOW SLAB SS0t6460 

C*********•••••••••******************••••••••••••••••*******************SSOt6470 
10 CONTINUE _ 5~~!~~80 

c 55016490 
C BEGIN ITfRATION TO LOCATE NeAe 55016500 
c 55016510 

JCNT:O S$016520 
X=O• S$016~30 

12 X•X+0.25 5501~540 

- --.,------ -'- ~--- -· -· -~--
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13 JCNT=JCI\T+l 
IF(X.GT.OPTH) z•uL=O• 
IF(X.GT.CPTH) RETURN 

C COMPUTE STRAND STRAIN AND FORCE IN DECK STEEL 
c 

ES=.003*(C•X)J'X+ESINJ 
ESP=• 003* ( x~DCR )/X 
CS=29.E+03.A8S(ESP) 
IF(CS.GTeFSY) CS=FSY 
IF(ESPeLE.OJ CS=-CS 
CS=CS*ASPRM 

55016550 
55016560 
55016570 
55016580 
55016590 
55016600 
55016610 
55016620 
55016630 
55016640 
sso 16650 
55016660 
55016670 c 

c 
c 

COMPUTE RESULTANT COMPRESSIVE FORCE ON CONCRETE AND ITS LOCATtOI\ 55016680 

c 

KOOE=l 
GO TO 1000 

14 DBAR=D•YC 
CC=C*e833*FPCBM 
CTOT=CS+CC 
GO TO 2000 

. ..... ...~ .... 

C COMPUTE STRAND STRESS AND STRAND FORCE 
c 

16 T=ASTAR*FS 
SUMFOR=1"•CTOT 
IFfSUMFOReLTeOe) GO TO 18 
IF(~CNT.EQ.2) GO TO 17 
SAVEFl=SUMFOR 
SAVEXl :)( 
GO TO 12 

17 SAVEF2=SUNFOR 
SAYEX2«X 
X=SAVEXl+(SAVEX2-SAVEXli*SAVEFl/(SAVEFI•SAVEF2) 

.... -~·,.,,.. '-· - .... ···- ~-~.-···· . , ... _, .... _ .. _ -----~ -·· .. J............ ~-' 

IF (X-SAVE X 1 • L T • •25) X=SAVEX t+ e25 
JCNT-=0 
GO TO 13 

18 ZMUL=CCC*DBAR+CS*(D•OCRtl/12• 
GO TO 2E! 

55016690 
55016700 
55016710 
55016720 
55016730 
55016740 
55016750 
SSO_t~!!O 
55016?70 
55016780 
55016790 
55016800 
55016810 
55016820 
55016830 
55016840 
55016850 
55016860 
55016870 
55016880 . - '· ... _ ... _____ -

55016890 
55016900 
s~o~.~~~ 
55016920 
55016930 

C***********************************************************************SS0t69•0 



N 
m __, 

C******THIS SECTION COMPUTES CONCRETE COMPRESSION AREA AND ITS C.G. 55016950 

C***********************************************************************SS0169t.O 
1000 C :{Yl*BRACK(O •• ~.Z·)+Y2*X+Y3*BRACK(Oe•X•Z3)+8RACK(Zt.X,Z2)*Y• 55016970 

* -o.5.V4$8R-ACK(Zt.X,Z2}**2.1Z2MZ1+BRACK(Z3,X,Z4)*Y3.;.0.5$Y3* S$016980 
* BRACK(Z39x.z•t**2/Z4M~3)*2• 550169~0 
YC=COe5*Vl~BRACK(O.~X.Z1)**2+0e5*Y2*X**2+0e5*Y3*BRACK(O.,X.Z31**2 55017000 

* .f.V4*Zt.eRACK(Z1•X•Z2J+0.5*Y4*BRACKCZJ,)(,Z2J**2-o•5*Zl*Y4* 55017010 
• BRACKCZ1·~·Z2)**2/Z2MZ1•.33333.V4.-BRACK ( Zt .x. Z2) •• 3/Z2NZ l ss~o l7020 
* +Y3.z3•8R4CK(Z39X.Z4)+0e5*Y3*8RACK(Z3,X,Z4)**2 5$01?030 
• •0·5*Z3*"3*BRACKCZ3~x.z4l**2.1Z4..iz3-.33333*Y3 ssot7040 
* *sRA<;ktz3,·x.z4t•*3/z4J.z3)$2.i'C ssot-roso 

GO TO t4 . 55017060 
c••••••••~ •• ~~ •• ~ •• ~*****~~~~~,~~*****~~~•••~•~•••••••**~*************••ssot7o~o 
c•••*• rt.tts se~-rt eN. coMPirtes. ~TRA ... o STf!lESs · .. _ ... _.· .•. ·· .... _.. .. .. . . _·.· .. · .. _ . .. . . ssoi 7o8o 
C****~~~~~~ •• ~~~~·i~~~~.i~~i~~~.~~~.~~~~~~~~~~~~.~~~.~.~.~~***~~.~~~ •• ~iSS017~~~ 

2000 FS7~~·~~oq~· .. .··. _ ... , _· S~~tr·~Q 
IFCF~,(;J"~f7~! .<i~· TO ~~~? .... , ·.·. _- _ . . , .. ·., ~~011'~•-9 

2002 FS=;$*FPS+e5*SORT(FPS**2•4•*CON2/(ES•CON1)) $$917'.20 
~ti~~d.i~ -~iji~ti~ 

28 R~f~~~ $~difil~ 
eNo ssoi7iso 

- -~- - - --- -f- ~ - '-- - - - .. - -
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SUBROUTINE PLCSS(FPCR.Z~Bw.ZMC.ZMNC.FSU.ASeAE.zi.ZIC.YB.VBC.EC. 
*HUM • SPAN • ZLOSS • Zl NL OS • UWC ) 

THIS SUBRO~TINE COMFllTES PRESTRESS LOSS BY 1975 AASHTO 
INTERIM SPEC. 

FPCR = CONC~ETE RELEASE STRENGTH (KSI) 
ZNBW=DeLe MOMENT DUE TO BEAM WEIGHT AT MIOSPANCK-FTJ 
ZMC = TOTAL D•L• MOMENT (EXCEPT BEAM WEIGHT) AT MIDSPAN 

ACTING ON COMPOSITE SECTION(t<•FT) 
~· - .~- ..... ~ .... . 

ZMNC = TOTAL DeLe MOMENT (EXCEPT BEAM WEIGHT) AT MIDSPAN 
ACTING Ct\ hCNCOMPOSITE SECTION (l<•FT) 

FSU = ULTIMATE STRENGTH OF STRANO fKSl) 
AS = TOTAL STRAND AREA (IN**2) · 
AB = C.ROSS SECTIONAL ARE~ OF BEAM t IN**2) 
Zl = M. OF I• CF NONCOMPOSITE BEAM (IN**4) 

...- - - --· -
ZIC = Me OF I• OF COMPOSITE BEAM (IN**4) 
YB = DISTANCE FRCM C.G. OF BEAM TO BOTTOM FleER CINJ 
YBC = OISTANCE FROM CeGe OF COMPOSITE BEAM TO BOTTO~ FIBER (IN) 

~ -~ -
EC = 01.STANCI! FRCM SOTTOM OF BEAM TO e.G. OF STRANDS (IN) 
HUM = RELATIVE HUMIDitY (PERCENT) 
$PAN = SPAN LENGTtl C FT) 

ZINLOS=FAACTJON fJF INITIAL STRESS(e7*FSU} LOST (RELEASE) 
ZLOSS ~·FRACTION OF INITIAL STRESS ( • 7*FSU) LOST (SERVICE) 

(COMPRESSlCN STRESS I~ POSITIVE ) 

SHRINKAGE LOSS 

S H:o: C 170:00 .• • 150*ttUM) .It 000 • 

ELASTIC SHCRT!NING 

A 10 PERCENT LOSS IN STA.ANO FORCE DUE TO RELAXATION AND ELASTIC 
SHORTENING PRIOR TO RELEASE IS ASSUMED AT TIME OF RELEASE 

FEFF=0•9*0•7*FSU$AS 
FClR:=FEFF/AB+FEFF*(YB•EC) *ABS( VB-EC)/ 21 •12 •*ZMBW*CVS•EC)/ZI 

ECI=CUWC*1000e)**l•5*33e*SQAT(1000.*FPCR) 

55017220 
sso 17230 
sso 17240 
55017250 
55017260 
55017270 
55017280 
55017290 
55017300 
55017310 
55017320 
55017330 
55017340 
55017350 
55017360 
55017370 
55017380 
55017390 
55017400 
SS017410 
55017420 
55017430 
55017440 
55017450 
55017.60 
55017470 
SS01748·0 
55017490 
55017500 
SS01751 0· 
55017520 
55017530 
55017540. 
55017550 
55017560 
55017570 
55017580 
550:17590 
SS017600 
55017610 

- -~------ -'- ~- ·---- -'--
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

N 
0'\ 
~ 

) 

) 

) 

E5=(28E+OE*FCIR/ECI) 

CREEP LCSS 

. . -
FC05=12 •*ZMNC*CVS•EC )/21+12 •*Z.MC*(Y8C•EC )/Z .IC 
CRC=I2 • *FCJR-7.*FCOS 

-. ,_ 

STRANO RELAXATION LOSS 

CRS=20e•0.4•ES•0•2*(SH+CRCJ 

TOTAL LOSS 

DELTFS=SH+ES+CRC+CRS 
DELFSI:ES+O.S *CRS 

LOSS FACTOR 

Zt...OSS=DB.TFS/( e7$FSU) 
ZINLOS=DELFSI/(e7*FSU) 
RETURN 
END 

55017620 
55017630 
55017640 
55017650 
55017660 
55017670 
55017680 
55017690 
55017700 
55017710 
5$017720 
55017730 
55017740 
55017750 
55017760 
55017770 
55017780 
55017790 
55017800 
55017810 
55017820 
55017830 



N 
0\ 
()"l 

SUBROUTINE CAM8ER(ESeEC.ASTRN.STRNSeU.S.AREA.SPANL.ECCL.IB.FO,ENDESS017840 
*CC.PRLMAX,CBRMAX) 55017850 

COMMON/OEF INE/ UWC• HJM.AS.FPS,CTRl.CTfii2.CBRl.C8R2eCTSleCTS2• SS017860 
lCBSt.C.BS2.CREEP l• CREEP2 .sHRt<l ,SHRK2 ,R,tTNOC,FPL .FSY, AST lAP SSO 17870 

-... ~ -·· ..... 

DIMENSION CNST(4.5),PRLMAX(5t,CBRMAX(5) 55017880 
DATA CNST,3t5 •• 20 •• 440 •• 60 •• 525.,t0 •• 675ee40.,380 •• 25ee400ee50 •• 29SS017890 

•o •• 2s •• 460 •• 5c •• o •• c •• o •• o./ ssot7900 
REAL te 55017910 

c 55017920 
c 55017930 . ~. -
C CAMBER AND STRESS LOSS CALCULATIONS SS017940 
C MIOSPA~ CA~8ER AND STRESS LOSS DUE TO INTITIAL PRESTRESS AND BEAMSS017950 
c S5017960 

HDPT=SeO 
tF(CREEFleEQ.O.) J1=4 
IF(CREEPl.EOeO•• GO TO 2 
CNST( 1 .5 ):St;Rt<l 
CNSTC2.~):SHRt<2 

CNST( 3 •. 5J=CREEPt 
CNSTC 4 .,5) =CREEP2 

Jl=S 
2 00·1 N=l.Jl 

ASH=OeOOOOOl*Cf\ST{l,f\l 
BSH=CNST( 2 ,N) 
ACRR=Oe000001*CNST(3.N) 
BCR=CNST .(. ,N) 

55017970 
55017980 
55017990 
55018000 
sso 18010 
55018020 
55018030 
sso 18040 
55018050 
55018060 
55018070 
55018080 
55018090 
55018100 
SS018\_JO 
55018120 
sso 18130 
55018140 
55018150 
55018160 
55018170' 
55018180 
55018190 
55018200 
55018210 
sso '18220 
55018230 

"--

ACR = ACRR*OeOOl 
RN = ES/EC 
AST = ASTR~*STRNS 
W = UWB•AREA/144. 
DLM = (W*SFANL*SPANL/8•)*12• 
TEMP : l•+(RN*AST/AREA )+(RN*AST*ECCL*ECCL/IS) 
FR = FO/TEMP +( DLM*ECCL*RN*AST /( IB*TEMPI) 
PLI = ((FO•FR)/F0)*100e 
CONST = (t./AREA)+(ECCL*ECCL/IB) 
FCSO = FR*CONST•( OLM*ECCL/ IB) 
STRN1 = ACR*FCSO+AS~ 
STRN2 = STRNl-STRNl*(RN*AST*CONST} 
OFCS = STRN2*E5*AST$CONST * 10.0 ** 6 
STRN4 = ACR*fFCSO-DFCS/2e)+ASH 

- -·------ -~- ~----- ·-·--
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N 
CTl 
CTl 

STRNS = STRN4-STRN4*RN*AST*CONST 
OFCSl : STRN5*ES$ASl*CCNST * lOeO ** 6 
STRN6 ::: ACR*(FCSO-DFCS1/2e)+ASH 
STRN7 = S't:~~6•S_Tf;ttl6*RN*AST*CONST 
Pt..INF = (STRN7*ES*AST*l0.0**6/FCt*100e 
PLMAX = PLINF+PL1 
PRLMAX(N}:PLMAX 

55018240 
55018250 
sso 18260 
55018270 
55018280 
55018290 
55018300 
55018310 
55018320 CCONST = 1~/(EC*IB*l0•**6) 

HSPAN = SPANL/2e 
Cll = CCONST*(FR*ENDECC *HSPAN*0•5*HSPAN*144e) 55018330 

CI2 = CCON5T$(FR*(ECCL•ENOECC ) •< HSPAN•HDPT )* Oe 5*0 • 67* ( HSPANSS018340 
55018350 

1-HOPT)*144e0) 
CI3 = CCONST*(FR*(ECCL-ENOECC )*HOPT*(HSPAN•HDPT'2• )*144.) 55018360 
CJ4 = CCONST$((5e/384e)*<W*5PANL*5PANL*5PANL*SPANL*l2•*12e*12•)) 55018370 
Cl = Cl1 +Cl2 +CI3 •CI4 55018380 
STRAIN:=.~<:..SO/( E~*.!~-·-~~6) . . _ ·-"' SSO 18390 
CMAX = Cl*( ( ACR$( FCSO-( OFCS/2 •)) +STRAIN) /STRAI NJ *( t. •( PLl NFJ'l 00 •)) SSOl MOO 
CBR~AX(Nl=C~AX SS018410 

1 CONTINUE 55018420 

RETURN 
END 

55018430 
55018440 



N 
0\ 
......... 

SUBROUTINE SHEAR(B.DEPTH.D.FPC.FSY.AREA.VU.SPACE) 
AV=2•*AREA 
St:(AV*FSY)/COelOO*B) 
SMAX=O • 75*0EPTH 
IF(St.LT.S~A~· S~AX=St 

RJ:r:O .90 
VCMAX=OelSO*B*R~*D 

VC:0.06$FPC*B*RJ*D 
IF(VC.GT.VCMAX) VC=VCMAX 
SPACE:I2•*~V•FSV*RJ*Ol/(VU•VC) 

JF(SPACE.L.T.O.O.oR.SPACEeGT.SMAX) SPACE=SMAX 
RETURN 
END 

55018450 
55018460 
SSOl&\70 
55018480 
55018490 
55018500 
S$018510 
55018520 
55018530 
550185.0 
55018550 
$5018560 
55018570 

- -.- - - - - - - '-- -- - - - ·- - - .. - -
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_," 

N 
~ 
(X) 

INTEGER*2 ROW,COL 
COMMON/BLKl/ADIM.eDIM.COIM.OOI~.EOIM,FDIMeGOJM,HOIM.TDIM•WDDIM. 

lWHDIM,XOIM.YOir-,ACONC,BINERT,OTOP.OBCT.ZT.ZB.ACONCK,BINERK•DTOPK, 
2DB~TK, ZTK, Z~ .ZL __ •_f28 .• XJPT • ASSCLReASSP,~~-~AP~I M.E•C::B.QT ·~9STF!.~ .. 
30EFMIN.ALOEF .NRAY.NWHEEL ,DIST'F, FPCMAX .FPCMIN, ELASC.UL TMRQ 9 CTOP. 
4W,WB.FOeDCR.NR.HDPT,NW,ALPHA 

COMMON/BLK2/PAXLE(18),NWtL( 18 )• STRM.XC26) .FCONC( 10) .DCONC( 10) • 
lGC 1.1) ,F ( l 1) .Dt iol ,e.-MAX( 9) ~SVMAXC9) ~C8RMAXC5) ~PRLMAX (5) • DLMOM (9 l, 
20LSHR(9).PECRK(lt.4J,ZLOS(4J 
C~MM_ON~DEF INE/_ u•c, HUM .AS.FP._S .CTR_1 ~-~! R2_,c_B_Al• CBR.2, CTSt.CTS2. 

lC8St.CBS2.CREEPt,CREEP2.SHAK1•SHRK2,RATNOD.FPL.FSY,ASTIRP.GSP 
COMMON/YZ/21,Z2,Z3,Z4,Yl•Y2.Y3.Y4 

05000010 
05000020 
05000030 
05000040 
05000050 
05000060 
05000070 
. - ---
05000080 
05000090 
05000100 
050001 tO 
05000120 

COMMON/0314/N,M ,_08.1 ,KPt •I<• NCON, NC, NRA .. NCA, ~_1,N2,N3. OXMAX.I5, TV• TR, 050001 3~ 
1SUM.IGNOR.IT(4) • ..JCONT,X(l50).Y(3136),ROW(3136),C0L(150),BB(150t, 05000140 
2C(150J,e(t50),XX(150) 05000150 

COJI.'MON,OUMPI' .. _ ..... . __ TITLE(3,~4!!!.~~~~~.FR()W(26J_. 05000~~-~ 
1PEF(50,3).ZNE(lt),KKOOEC4),ZMCR(4) 05000170 

DIMENSION STRESSC9 •• ),NSTRMX(26),ZNWHL(18),ZAXLE(18),VU(9)• 05000180 
1 E X ( 2) • K S YM ( 9 • 5) • S TR SP ( 9) • I A A ( 1 6 ) OS 0 0 0 1 90 

INTEGER ONE,TWO,SLANK,IiHH,SSS.EX 05000200 
DATA NTPI'•TP 1 / 05000210 
DATA __ E XI' 1 · • • ~-)( _ • / . _ 05000220 
DATA ONE.TWO.BLANK.HHHe5SS/ 1 l '•'2 '•' •.•H •,•s '' 05000230 
CALL REREAD 05000240 
NCOUNT:: 1 _ 05000250 

C***********************************************************************OS000260 
C**** INPUT ROUTINE 0500027~ 

C************•**************************************'*******************DSOOC280 
3007 FPC1=4.0 05000290 

IF(NCOUNT.NEel) GO TO 573 05000300 
REA0(5,500)(TITLE(l,~I.J=l•54) 05000310 
REA0(5,500)(TITLE(2e~).J:t,54) 05000320 

573 READ( s. SOO.END=2!00) C Tl TLEC 3. Jl) • Jl =1 ,54) 05000330 
500 FORMA_T (80_At) ,. __ __ 05000340 

CALL DEFIN 05000350 
READC5.501 )IO.IA.·tB.OtSTF • .JLOAO, ULSB.JCONC.F28 • .JOPT 05000360 

501 FORMAT CAl •4X • At,t x. At.4X, F4 .3. 3X, I 1• 3X, 
M-- - --

•tox.tt} 
IFC~OPT.Ea.O.ANDeF28.EQ.Oe) WRITEC~.525) 

IF(~OPTeEQ.OeA~C.F28eEO.O.) STOP 

F4e2e3X.t1.3X,F3.t.DS000370 
05000380 
CS000390 
05000400 



N en 
'-'> 

525 FORMAT(/////.35X•'*CESIGN OPTION SPECIFIED BUT NO 28 DAY CONCRETE DS000410 
!STRENGTH GIVEN*') 05000420 

C A~E TRAIN 05000430 

c 

927 

502 

503 

505 

861 

590 

00 927 1=1.18 05000440 
PAXLE( I >=O• 
NWHL( I )::0 • 

CONTINUE 
IFCJLOAOeNEel)GC TO 861 
REA0(5.S02)(PAXLE(IJ.t=1.18) 
FORMAT(3X.l5(F3el•1X)) 
DO 503 N=1ttl8 
IF(PAXLE(N) eNEeOe)NWHEEL-=N 
CONTINUE 
REA0(5,505)(N.HL(t).l=1•17) 
FORMAT(7X.l7(F3~0.1X)) 

CONCENTRATED FORCES APPLIED TO SINGLE BEAM 

05000450 
05000460 
05000470 
05000-80 
05000490 
05000500 
05000510 
05000520 
05000530 
05000540 
05000550 
05000560 

DO 590 1=1 .10 05000570 
FCONC(I):Oe 05000580 
OCONC(I)=O• 05000590 
CONT lNUE 05000600 
IF(JCONC.NE.t) GO TO 925 05000610 
REAOC 5. 591 tt FCONC (I ) .I= t • 10) 05000620 
READC5.59l)(DCCNC(I).I=1•10) 05000630 

591 FORMATC3X.tC(F5e2.tX)) 05000640 
C BEAM DIMENSIONS 05000650 

925 AEA0(5.907)ACIM.BOIMeCOI~eODI~.eDtM.FOtM.GDIM.HOIM.WHOIM,TDIM.WDDIDS000660 
*M•XDIM,YDIM 05000670 

907 FORMAT(3X.t3(F4e2•1X)) 05000680 
C GENERAL INFCRNATICN 05000690 

REA0(5,908l ZL,WIDTH,JTNTL. TNt..B.APRJME.oCR,ALDEF.DEFMIN, 05000700 
l CBOT • NW .HDPT • JPROP 05000710 

908 FORMAT( 3X ,F4el.3X ,F4•1•3X.I2 • 3X .F6 .4 .F4e2 ,3X.F4e2• 3X • F5e 3, 3X, 05000720 
lF5e3,4X,F2.t •• X,I2.4X.F3al•4X.ll) DS000730 

IFIZLeLTetO •• OR. TNL8eEOe0) WRITE(6,917) ZL. TNLB 05000740 
cit'? .=·OiMATC . .I/il'l'···ox.••CHECK .YOUR DATA .. BEAii-'l:ENGTH- AND NUMBER OF-- BEADS000750 

*MS ARE*••/,60X,Ft0.2.5X,F5e2J 05000760 
IFtZLeLTelOeeOR. TNLB.EO.O) STOP 05000770 . . . 

READ( 99• 9083) I AB .I AC, lAD .1 AE 05000780 
9083 FORMATC42X,4A4) 05000790 

IFtiABaEO.SLANKeANOeiAC.EQeBLANK) ALDEF=lOOO. 05000800 
- ·--~ -

- -~------ -·- ·----- ---·--
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N 
......... 
0 

IF( lADe EQ eBL ~NK .AND. IAE.EQ .a... ANK) OEFMIN=•tOOO • 
C MAXIMUM N\JM8ER OF STRANDS PER ROW 

NRAV=O 
RE~Q5~•9094) (NSTRMX(~l)•JJ=l.26) 

9094 FORMATC3X,25{A2.1X).A2) 
DO 9100 .Jt=1.2E 
IFC-NSTRMX ( .Jt ) eNE eNTP) .J2=Jl 
IFCNSTRMX(Jl)eEOeNTP) NRAV=Jl 
IF(NSTRMX(Jl)eEOeNTP) GO TO 9101 

9100 CONTINUE 
9101 DO 9404 ..11=1.26 
9404 NSTRMX(J1l=O 

READf99,909) (NSTRMX(.Jl)eJl=t,.J2) 
909 FORMAT(3X,25(12 .txJ.I2 ) 

DO 910 .J=l.26 
STRMAX(4)=NSTRMX(J) 
IFCNSTRMX(J).NE.Ol NR=J 

910 CONTINUE 
C MISCELLANEOUS PROPERTIES 

862 IF(.JPROP.NE.t) GO TO 863 
REA0(5.882) CU •• UHM.SA.SPF,PSG.BR2,TR2,B~t.TRt.BS2.TS2tBSltTSt, 

1 CRE~f».l • CREEP 2 • SHRK t.SHRK2 ,N"~~ 

DS0008t 0 
05000820 
05000830 
osoo-oa•o 
05000850 
05000860 
05000870 
05000880 
05000890 
05000900 
05000910 
05000920 
05000930 
05000940 
05000950 
05000960 
05000970 
05000980 
05000990 
05001000 
05001010 
05001020 

882 FORMAT ( 3X • F3e3.3X,F2e0• 2X.F3e3• 2X•F3e (), 3X.F2. lt 4X,F2e 2• 1 X •F2·e t.tx .DS001030 
1F2e2•1X,F2.t.3X,F2.2.t~.F2el•lX,F2e2•1X,F2.1.4X,4(F3eO•lX),tX.l2} 05001040 

IF(SPFeNE.O.J FPS=SPF 05001050 
IF(5A.NEe0e) AS=SA 05001060 
IF(UHM.NE.O.) HUM:UHM 05001070 
IF(CUW!NE.Oe) UWC=C\JW 05001080 
tFCPSG.NE.O.O) ~SP=PSG 05001090 
IF(NVRAeNEeOl NRAV=~VRA 05001100 
IFCNRAVeEOeO) WRtTE(6,918t) 05001110 
IF(NRAVeEOeOl STOP 05001120 

9181 FORMAT( IX• 130( lH*)/tX,60( •••t • • INCORRECT CATA INPUT • TOP-MOST GRDS001130 
liD ROW WAS NOT_~P~~JFIED • CHECK •,60t•••),/,l~,60(•*~),•MAXIMU~ NOS001140 
2UMBER OF STRANDS CARD AND/OR MISCELLAft\EOUS PJ;OPERTtES CARD •,60(•05001150 
3*')) 05001160 

READ(99.9082) (fAA(Jl)eJl=t.t6) 05001170 
9 0 8 2 FOAM AT ( 30 X • 2 A l t 1 X • 2 A 1 , 1 X • 2 A 1 • lX • 2 A 1 • 3 X • 2 A 1 • 1 X • 2 A 1 • 1 X • 2 A 1 • 1 X • 2 A 1 ) 0 50 0 11 8 0 

IF(IAA(t).NE.SLANK.CReiAA(2).NE.BLANK) CER2=BR2 05001190 
1F(IAA(3t.NE.BLANK.OR.IAA(4).NE.BLANK) CTR2=TR2 05001200 



N 
........ __, 

c 

c 

c 

c 
c 
c 

c 
c 
c 

863 
912 

915 

914 
913 

IFCIAA(5)eNE.B~ANKeCRelAA(6)eNEeSLANK) CBRl=BRl 
IF(IAA(7)eNE~BLANK.OReiAA(8)eNEeBLANKt CTRt=TRt 
IF(IAA(9J.~E.BLANKeOReiAA(10)eNEeBLANK) CB!2=BS2 
lF(IAA(lt).NE.BLANK.OReJAA(12).NEe8LANK) CTS2=TS2 
IF( IAA( 13) eNE.BLANK.OReiAA( l4J eNEeBLANK) CBSl=BSl 
IF( I AA(15) eNEeBLANK .OR • I AA( 16) .NE .BLANK) CTS l=TS 1 
CONCRETE COST COEFFICIENTS 
IF(JOPTeNE.t) GO TO 1001 
REA0(5.9t5)(G(I)•l=l•6J 
READ( s. 915 JC G( I J • t •7 .11) 
FORMATC10X.5(F4.t.9X),F4.tl 
STRAND COST 
REA0(5e9t4t COSTFT 
FORMAT(t3X,F3e2.46X.F3e2} 
FORMAT(t0X.5(F3.t.10Xl.FJ.l) 
28 DAY CONCRETE STRENGTHS 
REA0(5.913)(F(I)•I=1•6) 
READC5.913)(F(I),I=7•tl) 
DO 916 J= 1 • t l 
IF(F(J)eNE.O.O) FPCMAX=••O+CJ-1)*0•5 
IF(F(J)eEO.O.O) F(J):F(J•tt 
IF(G(.J) eEOeOe) GC .J):G( .J•1) 

916 CONTINUE 
1001 CONTINUE 

933 

LIVE LO.AD DISTRIBUTION FACTOR 

IF(DISTF.NEeO.) GO TO 933 
CONSNT=t•O 
Cll = CONS~T*WIOTH/ZL 
01~=5e+.J~~YL119•+(3•-2•*~TNTL/7~J•<Ct.-Ct1/3.t**2l 
lF(ClleGTe3) Dll=5e+JTNTL/10e 
S 11= ( l2•*.1TNTL+9e )/ TNLB 
~.IST~--. =(.~J,(_Ol_l_t._~--·~- ..... _ 
CONTINUE 
IAASHO~t 

AASHTO TRUCK LOADINGS 

IF( IAeEQeBLANKeANOelBeEOeBLANK) IAASHO=O 

05001210 
05001220 
05001230 
05001240 
05001250 
05001260 
05001270 
05001280 
05001290 
05001300 
05001310 
05001320 
05001330 
05001340 
05001350 
05001360 
05001370 
05001380 
0$001390 
05001400 
05001410 
05001420 
05001430 
05001440 
05001450 
05001460 
DS001.70 
-~·~0148_0 
0$001490 
05001500 
05001510 
05001520 
05001530 
05~~..~~~~. 
0$001550 
05001560 
D$001570 
05001580 
05001590 
DS001600 

- -·------ -~- t-- -·--- -"--
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)-

N ....... 
N 

c 

IFtlA.EOeBLANK •• NOeiBeEO.BLANK) GO TO 6000 
IF( I A • EQ eBLANK • ANDe IB .eo eONE )GO TO 1000 
IF(IA.EOeHHH.ANCeiBeEQ.OhE)GQ TO 1000 
IF(IA.EQ.5SSeAND.IB.EQeONEJGO TO 2000 
IFCIAeEOeBLA~K.ANCeiBe£0eTWC)GO TO 3000 
IF(IA.EO.HHtfeAND.IBeEOeTWO)GO TO 3000 
IF(lAeEOeSSSeANDelBeEOeTWOJGO TO 4000 
WRITEC6.950) . 

950 FORMAT(lX.t30(1H*}/lX•30(1H*l••UNRECOGNlZABLE AASHTO TRUCK 
*•CHECK INPUT CARD 4. COLS. 5 THRU 8 1 .30(1H*).I1X.t30(1H*)) 

STOP 

C H•15 TRUCK 
c 

c 
c 
c 

c 
c 
c 

1000 ZAXLEC 1 J=6• 
ZAXL£( 2 )=24. 
ZNWHL( ll= 14. 
NAXLE=2 
ULOAD=Oe480 
C 5LOAD= 19. S 
CMLOAO= t 3. 5 
GO TO 6000 

HS•l5 TRUCK 

2000 ZAXLE( 1 l=E• 
ZAXLE( 2 )"::24. 
ZAXLEI3)=24-. 
ZNWHL (I t=t 4. 
ZNWHL(2)=28a 
NAXLE:3 
ULOAD=0.480 
CSLOAO=l9a5 
CMLOAD= 13. ~ 
GO TO 6000 

H•20 TRUCK 

3000 ZAXLE(l)=8• 
Z A XL E ( 2 ) = 3 2 • 

05001610 
05001620 
05001630 
OS() ~J6.,0. 
05001680 
05001660 
0$0016?0 
05001680 

LOADINGOS001690 
05001700 
05001710 
05001720 
05001730 
0500174-0 
05001750 
05001760 
05001770 
050,01780 
05001790 
05001800 
05001810 
05001820 

'--~- '- ·-~ .. -~-. ~ 

05001830 
0500184-0 
05001850 
05001860 
05001870 
05001880 
05001890 
05001900 
05001910 
05001920 
05001930 
05001940 
05001950 
05001960 
05001970 
05001980 
05001990 
05002000 



N ....... 
w 

c 
c 
c 

ZNWHL(ll=l4e 
NAXLE=2 
ULOAO= 0.640 
CSLDAD=26e 
CMLOAO= t a. 
GO TO 6000 

Hs-20 TRUCK 

05002010 
05002020 
05002030 
05002040 
05002050 
05002060 
05002070 
05002080 
05002090 

4000 ZAXLE(t):e. DS002100 
ZAXLE( 2 ):32-. OS002110 
ZAXLE(3)=32. 05002120 
ZNWHL(t):t4. 05002130 
ZNWHL(2t=28e DS002140 
NAXLE=3 05002150 
ULOAD= o-.640 05002160 
CSLOA0=26 • 05002170 
CMLOAO=t e. 05002180 

6000 ~ONTINUE 05002190 
CALL PROPTY DS002200 
Zl=TDlM 05002210 
Z2=TDIM+XO IM 050_01220 
Z3=HDlM OS002230 
Z4=HOI M+GDIM 05002240 
Y t=WHOJM/2 • D~f;t02250 
Y2=•PDIM 0:5002260 
Y3:AD IM/2 e•Vtt..Y2 05002270 
Y4=XDIM .1:!~9_92~80 
O(l)=•DBOT+CBOT OS002~90 
oo 9to2 Jt=2.NR osooa~oo 

9102 O(Jl)=OfJl•l)+GSP 05002310 
ALPHA=O.!S•HDPT.IZL 05002320 

c•••••••••••••••••••••••••••••••****************************************DS002330 
C**** PRI·NT OUT INPUT QUANT I TIES . 05002340 
c**·····-············-·-~ •.•.••.•••••••• -•.•••..•...... .-•• -.-••••••...••.•••.•.• $ •• osoo-235o"-

WRITE( 6 9 9080) ( TtTLE( 1•~1) t-11•10.11) • (TITLE( t • .Jt) •.Jt.at4.26) • 05002360 
1 (TITLE (1 • J t) • Jl -=48e54) • ( TITLE(2 • J2) • .J2:::t3.19) • (T ITLEC 2 • ..12 J • ..1 2=26. 205002370 
28), C T lTLEC 2 • J 2) • J2= 44 • 54) • ( Tt TLEf 3 • .J3 t • .J3~f3 ~S4) .. 05002380 

9080 FORMAT(lH1t37X.•OlSTRlCT •.2A1•1Xt13At.• COUNTY HIGHWAY NO• •. 05002390 
17Al/38X.•CONTRCL NO• '•7At.• IPE •.3At.• ·suBMITTED BY '•llAl/ 05002400 

- -~- .. -- - - -·- f---- - - -~--



- -·------ -;- ~------ _ .. _-
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N 
........ 
~ 

238Xe•DESCRIPTION 1 e42Al) 
600 FORMAT( lHl) 

WRITEC 6.601 J 
6_~ 1 ~~"f;tMA!_~ / ~1!, 1 X 11129( '* • ) J 

WAITEC6.610) 
610 FORMAT( 1 •• ,47X. 'BEAM DIMENSIONS AND PROPERT'IES' e50Xe• *') 

WRITEC6.602t 
'--- -

602 FORMAT(1Xel29(•••tl 
WRITE(6,603) 

603 FOAMAT(lX.•*'•127X, 1 *') 
WRITE(6e61l) AOtM.BDJM,CDI~.DDIM,EOtM,FDIM,GOIM.HDIMeWHOIM.TDIM, 

lWOOIM,XCIMeYOIM 
6 11 FORM AT ( 1 X •• * •• 8 )(. I* I • 44 ( ••• ) • I 0 I ME N5 IONS I N I NCHES •• 4 3 ;( • • • • • 

t•••.ax.•••/tx.•••.t27x.•••/tx.•••.2tx,•A•.6x.•a•,6x.•c•.6x.•o•, 
26x.•e•,6x,•F•,6x,•G•,6x,•H•,6x.•M•,6x.•T•.6x.•w•.6x~•x•.6x.•v•. 

321X.•*•/tX•'*'e19X,t3(F5e2•2X)e17Xe 1 *•) 
.......... ~.- .... ~ .. -., ... ·~ ---~ ~ .... ,._._,., .. ··-

WRITEC6e603) 
WRIT£(6,613) BINEPT,ACONCeDTOPeOSQT,BINERK,ACONCK.OTOPKeDBOTK 

05002410 
05002420 
05002430 
05002440 
05002450 
050024-60 
05002470 
05002480 
05002490 
05002500 
OS002510 
05002520 
05002530 
05002540 
05002550 
0S002560 
05002570 
05002580 

613 FORMAT(tX,'*'•8Xe'*'•14(•.•J,•t•tTOUT SHEAR KEY)•,t2(•.•),• SECTIOOS002590 
1N PROPERTIES '•12(•.•),•(WITH SHEAR KEY) 1 ,17( 1 e')•'*'•8X,•*~/1Xe 05002600 
2'*'•127X•'*''tx~•••.t•x.2C•I(tN**4>•.sx.•A(IN**2l•.sx.~vT«IN)•,sx.osoo26to 

3 1 YS( IN) 1 
• 1 3X), 1 X! '*•/t x. •• 1 

• 12X • ~"~ F l 0 • 0_.6l!_eF6ele~X•fS.2 • 6X.F5 .2 • 05092620 
413X).tx.•••l osoo2630 

WRITE( 6.603) 05002640 
•RITE( 6e6!50) OCR, APR IME, AS,FPS,HUMeUW~"_.HOPT OS002650 

650 FORMAT(1Xe 1 *1 ,4Xe 1 DISTANCE TO' ,9SX,•OtSTAN<:E FROM•,4x. '*'/lX. '*'• DS002660 
l7X, 1 CG OF 1 .ex, •COMPRESSION' .sx. •MAXIMUM• .sx • • NINI MUM' e17X • • STRAND• DS002670 

2_e19X • • CD._~CRET~• •!5.X• •CENT ~RL I~E; ___ 0~~ • 4Xt 1 * 1 /1 x, '* ~-• 4~, 1 CO_MP~~SSI ON • ,OS00268_5) 
35Xe 1 REINFORCING'e2(5X,•INITJAL 1 )e5X,•STRAND 1 ,5X,•ULTIMATE•.sx, DS002690 
4 1 RELAT tV£ 1 • ?X, •UN IT 1 .tOXe 'BEAM TO 1 .7X • • *'/IX.'* • t4Xe 1 REINFORC ING 1 • 05002700 
58Xe• AREA• • 9Xe2( •CAMBER• e6X ), 1 AREA 1 t6X. •STRENGTH• • SX, • HUMID I TV• • 05002710 
66X~ •we IGHT•. ex. •HiRPING p"otNT• .4x •••• /lX ••••• ex .... (.IN} •• t ox· •• ( IN**2DS002720 
7) • • 2( 8Xt • (IN) • t. 7X. • ( IN*•2J •.sx. 1 ( KSI) 1 • 9Xe 1 ( ., • • 8X • 1 C K/FT$*3) • • 05002730 

8~-~.! • ( ~-"T )_'--~~~.! • * •/~X. _ _._~~~ •.!~!.~.~~~ •J.~~~-F._;;. ~-!--~~~~X • 3Xe 9X • 7X, F5. 3 • 050~~740 
97X.F4.o. 9X.F3. o.9x. F!S. 3.1 ox.Fs. 2.9x. • •• l D500275o 

tF(At.DEF.GTt999eeANDeDEFMINeGT.-999e) WRITE(6e940l) OEFMIN 05002760 
IF·(ALOEF.LTe999e•·NtDeDEFMIN•LTe•999e) •AITEt6,._950l t ALDEF 05002770 
1 Fe ALDEF.L -r;-999 .~ANo.o_e_FM~iif.6T ~;.;999~, wRiTe-« 6.96ot 1 · Ai.oeF,cieFMIN osoo2Tso 

9401 FORMAT( •+• t46X• F9.3 J ' 05002790 
9 50 1 F ORN AT ( I +I • ~ 4 )( • F g. 3 ) OS 0 0 2 8 0 0 



N ....... 
01 

9601 FORNAT(•+•.34X.F9a3.3X.F9a3) 05002810 
WRITE(6.603) 05002820 
WR1TE(6.614) NW.CBOT.GSP.NRAV 05002830 

614 .!'~MATC IX • '* • t54( • • • ) • • STRAND I NfiOAM~T ltlN --~-·53(' _•' ~ • _1 *'I' IX! • •• • 0~~002840 
1127X•'*'J'tx,•••.tox.•otSTANCE FRC~ 80TTQM•,S6Xe 1 NUMBER OF WEB STRADS002850 
2NOS = '•J3el4X.•$•/1Xt'*'elOX.•OF BEAM TO STRAND ROW l: •.F5a2• 05002860 
3' IN•'•8Xe 1 GRIO SPACING:: •,F5a2t 1 INa 1 99Xt 1 TQP- MOST GRID AOW 1 , 05002870 
43X, •= 1 • 13•14X• '* 1 / l X • '* 1 tl27ll, •••) 05002880 

WRITe(6,651) (Jl.~l=t,26),(NSTAMXCJt),Jl=l•26) 05002890 
651 FORMAT(1X••••,2X• •ROW NUMBER• t9X.2614.2X•'*'/1X•'*'•2Xt 1 MAX. NO. 005002900 

~ ··~ .... . .. - . . . .... 

lF STRANDS 1 .2614e2X,•* 1 /1X•'*'e127X,'*'J 05002910 
WRITE(6,615) CREEP! .SHRK19CBR2,CSRt.CSS2eCBSt.CREEP2eSHRK2. DS002920 

1CTR2.CTRt ,CTS2.CTS1 05002930 
615 FORMAT(1X•'*'•l7( 1 a 1 )•' ALLOWABLE STRESS COEFFICIENTS '•32('•'1• 05002940 

t• CREEP AND SHRIN-KAGE COEFFICIEhTS '•l3('•')•'*'/lX•'*'•t27X, 1 *1 / DS002950 
21X•'*'•27X, 1 RELEASE 1 ,19X,•SERVIC£•,67X•'* 1 /1X•'*'•21X.2( 1 END 1/101 05002960 
2.3x.•Re.-AINDER• .6xJ .sx.•cReeP·i =- -~-~F •• o.8x, •sHRKl-·=- • • .=.~o.t3x. oso0297o 

616 

653 

654 

617 

4 • *'.11 x. • * • • 4X, 1 COMPRESSI ON•, 8)(, 2 (F4t 2 • 7X eF4.2 .11 X) • 6)( • • CAEEP2 = • • 05002980 
5F4.0 .. BX, 1 SHRK2 = 1 tF4.0tl3X•'*'J'lXt 1 •'•4Xe'TENSION 1 t12X.2(F4.2, 05002990 

·-- - . -
6 7 x, F 4 • 2 • 1 l ) ) • 52 )( • • * • / 1 X • 1 * 1 • l 2 7 X • 1 * 1 

) OS 0 0 30 0 0 
IF(JOPT.NE.t) GO TO 695 05003010 
WRITE(6,616) 05003020 
FORMAT(' *' ,46( '• 1 ) • •CONCRETE COST COEFFICIENTS(S/YD**3) 1 .46( 1 • 1 ),05003030 

&'*') DS003040 
WRITEC6t653)(G(IJ.I=1•8) 05003050 
FORMAT( 1 *4e0KSJ/St .F5el•' 4-eSKSII'S• .Fs.t •' SaOKSI/$ 1 9F5el•' 5aOS003060 

&5KSI/S•,F5al•' 6e0KSt/s•~F5al•' 6~5KStl's•.F5.t,• 7.0KSI/S•.F5.105003070 
&.• 7e5KSI/S 1 .F5.t,9X.•*•l 05003080 

~ ·-~ 

WRITE(6.654)(G(t),l=9•11) 05003090 
FORMAT(' *8a0KSI/S8 .F5.1•' 

&••) 
WRITE(6,603) 
WRITE(6 .. 617) 

8.5KSI/$•.F5el•' 9eOKSI/S 1 ,FS.t.84X.•DS003t00 
05003110 
05003120 

FORMAT( • *'•28( '•')• 1 28 DAY CONCRETE STRENGTH COEFFICIENTS 
05003130 

( REL E AS DSOO 3140 
05003150 

-- ~ -- ~ -~ - . ..... ...... . -
&E STRENGTH/28 C~Y STRENGT~) 1 ,27t•.•)•'*'l 

WRITE,6.655l(F(I)•I=1•8) 05003160 
655 FORMAT(• *4eOKSI/'•F4.t.•KSI 4e5KSI/'•F4al.•Ksl 5aOKSl/'•F4el•'D5003170 

&KSI 5e5KSI/ 1 .F4al.'KSI 6aOKSI/'•F4al•'KSI f~5KSt/•.F4el•'KSI 705003180 
&e0KSI/ 1 .F4.t. 1 KSI 7a5KSI/• ,F4el •'KSI*') 

WRITE(6.656}(F( Il.I=9.11) 
05003190 
05003200 

,. 

- -~- - - - - - -~- i--- - - - -·- -
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656 FORMAT(' *8•0KSl/ 1 wF4.l~'KSI 

&Ksi•.aox. •••, 
WRITE(6,603) 

8e5KSI/•,F4•l•'KSI 9.0KSI/•,F4.1, 1 DS003210 
05003220 
05003230 

WRITE(6,657) COSTFT,FPCMAX 05003240 
657 FORMAT(• *'e21Xe'STRAND COST= $ 1 ,F4.2e'/FT 1 e21X. 1 MAXIMUM RELEASE 05003250 

!STRENGTH ALLCwED =• ,F4.t,• KSI•,2tX,•*•) 05003260 
695 WRITE(6~602J 

WRITE(6,9007) 
9007 FORM4T(/1Xe129(•*•)) 

WRITE{6,61€) 
618 FORMAT(' *'•53X, 1 BRIDGE PROPERTIES 1 ,57Xe'*') 

WRITE(6,602) 

05003270 
050032 80 
05003290 
05003300 
05003310 
0500 3320 

WRITE(6,603) 05003330 
WRITE{6,658)ZL eWIOTH,JTNTL, TNLB 05003340 

658 FORMAT(• *SPAN LENGTH= •,FS.t,•(FT)•,sx,•eRIDGE WIDT~ = •,FS.t,•(C5003350 
&FT)•,sx,•hU~BER TRAFFIC LANES= 1 ei2.5Xt 1 NUMBER BEAMS= •,F5.2e2CXOS003360 
*•'*') 05003370 
WRITE(~,6C2t 05003380 

~ WRITE(6,600) 
m WRITE(6,6C2) 

WRITE(6,61~) 

619 FORMAT(• *'•52X~•LOADING CONDITIONS•.S7X,'*'l 
WRITE(6,602) 
WRITE(6,603) 
IFtiA.EO.BLA~K.ANDeiS.EO•ELANK) GC TO 696 
1Fit8.EQ.T~O) WRtTE(6,659ttA,OlSTF 

D$003390 
CS003400 
05003410 
050034-20 
05003430 
05003440 
05003450 
05003460 

659 FORMAT(• * AAS~TO LL = H 1 ,At,•-20•,7x, 
&= •,Fs.~.•fTRLCKS)•.62X,•*•t 

IF(IB.EO.ONE) WRJTE(e,f60JIA,OISTF 

'L•L~ DISTRIBUTION FACTC~ 05003410 
C5003480 
CS003490 

660 FORMAT { • * AASf-ITO LL ::: H' .At, •-ts• t7X, 
&= •,FS.~ .. •(TRUCKS) 1 t62X•'*') 

WRITE{6,603) 
696 IF(~LOAOeNE.t) GC TO 697 

WR1TE(6,620)( t.t=t,18) 

•L.L. DISTRIBUTION FACTOR 05003500 
CS003510 
0500352 0 
05003530 
05003540 

620 FORMAT(' *'•57(•.•),•AXLE TRAIN~t60('•')•'*'•1•' *AXLE NUMBER 
&1SI6.sx.•••) 

WRITE( 6• 6~1) (PAXL.E( I) • I= 1.18) 
661 FORMAT(• *~XLE LOAO(KIPSJ•.t8F6.t,4X.•*•) 

WRITE(6.662)(NWHL(Il.I=1•17) 
662 FORMAT(• *CISTANCE TO AXLE(FT) •.t~4.0.4x.•••) 

•• 05003550 
05003560 
05003570 
D 5003580 
05003590 
D$00]600 



N 
""'-J 
'-J 

WRITE ( 6, 6 0 31 
697 IF(JCONC.NEel) GO TO 6<i8 

vH<ITE(6e621) 

05003610 

CS003620 
05003630 

621 FORMAT(• *'•45( 1 e 1 ), 1 CONCENTR4TEO FORCES C~ SINGLE eE.6M 1 t48(•.•),'05003640 
&*') 05003650 

WRITE(6,664)(FCCNC{I)tl=lt10) DS00366C 
664 FORMAT( • *LOAD( KIPS) • .10F9.1,23x,•••.t 05003670 

WRITE(6,665)(0CCNC(l),J:t,10) 05003680 
665 FORMAT(' *CISTA~CE FROM 1 tl14X,•••,/, 1 *LEFT SUPPORT(FT) 

&9.1.23)(•'*') 
WRITE(6,60'3) 

698 IF(UL5BeEO.O.O) GC TO 699 
WRITE(6,666)ULS8 

•,Fs.t,9FOS003690 
05003700 
05003710 
05003720 
05003730 

666 FORMAT(• *UNIFORM LOAD ON SINGLE BEAM= •,F5.2, 1 (K/FT)•,86X,'*') 

699 CONTINUE 

0500374-0 
05003750 
05003760 WRITE(6e602) 

C***********************************************************************05003770 
C**** COMPUTE DESIGN ~O~ENTS ANO SHEARS 05003780 
C***********************************************************************~003790 

DO 8104 J1=1•9 05003800 
DLMOM(Jl)=C• 
DLSHR{Jl)=O• 
Z X= ( .J 1 • 1 ) * ZL / 1 0 • 
IF(JleECe3) ZX=5•*ZL/4Q. 
IF(JleEOe4) ZX=2•*ZL/l0• 
IF{JleEC•5) ZX=ZL/4. 
IF(Jt.GEe6)-ZX=(.J1•3l*ZL/10e 
IF{JleE0.9) ZX=ALPHA*ZL 
ZMOL=(ACONCK*UWC/t44.}$ZX/2e*(ZL•ZX) 
IF(Jt.E0.8) Z~BW=ZMOL 
ZSDL=(ACONCK*UWC/144e)*(ZL/2.-ZXt 
IF(JCONC.NE.t) GO TC 14 
SUMM=O • 
5UMV=O • 
D 0 12 .J 2= 1 , 1 0 
IF(OCONC(J2).EQ.O.) GO TO 14 
R=FC ONC ( J2) * ( ZL•OCONC LJ2) a/ ZL 
S UMM= SUMM+ R* Z X 
SUMV=R 
lF(DCONC(J2)eGTeZX+ell GO TO 10 

OSOOJBlO 
05003820 
05003830 
05003840 
05003851) 
05003860 
05003~70 

05003880 
05003690 
05003900 
0500391:> 
05003920 
05003930 
05003940 
05003950 
05003960 
05003970 
05003980 
05003990 
05004000 

- -~-- - -- - --- '- -- - - - -·- -
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N 
......... 
co 

SUMM=SUMM•FCONC{J2l*(ZX-DCONC(J2)) 
SUMV=SU~V•FCCNC(J2) 

10 OLMOM(Jl)=OLMO~{Jl)+SU~M 
OLSHR(Jt )=CLSHR(Jl)+SUMV 

12 CONTINUE 
14 OLMOM(Jt)=OLMOM(Jl)+ULSB*ZX/2.*(ZL•ZX) 

OL5HR(Jl)=CLSHR(.Jl)+ULSB*CZL/2e•ZX) 
ZMOML=O• 
ZMOMT=O • 
ZSHRL=O • 
ZSHRT=O • 
ZMOMAX=O • 
ZSHRAX=O• 
ZIMP=t.+eO./t125.+ZL) 
IF{ZIMPeGT.t.30) 7.1MP=t.30 
IF{IAASHOeEO.O) GO TO 16 
Z~OML=OtSTF*ZIMP*ULOAO*ZX/2e*(ZL•ZX) 

ZSHRL=O ISTF*Z tMP*ULOAD*{ ZL/2 .-zx l 
R=CMLOAO*(ZL•ZX)/ZL 
ZMOML=ZMOML+R*ZX*OISTF*ZIMP 
ZSHRL=ZSHPL+R*OISTF*ZlMP 
CALL MOMSHR(ZL.ZNWHL.NAXLE.ZX.ZAXLE.ZNOMT.ZSHRT) 
ZMOMT:ZMOMT*DISTF*ZIMP 
ZSHRT=ZSH~T*OISTF*Zl~P 

16 IF(JLOAD.EQ.O) GO TO 18 
CALL MOMSt-R ( ZL • NWHL • NW rEEL, ZX, PAXL E, ZMOMAX • ZSHRAXl 

ZMO~AX=ZMOMAX*DISTF 

ZSHRAX=Z5HRAX*DISTF 
18 BMMAX{Jl)=A~AXllZ~O~L,ZMOMT,ZMOMAX) 

BVMAX(Jl)=A~A~l(ZSHRL.ZSHRT.ZSH~~X) 

8104 C ONT INUF 
ZMAX=O.O 

DO 5106 Jl=t.~ 
IF(BMMAX(Jl).GT.ZMAX 

5106 CONTINUE 
) ZMAX =BMMAX(Jl) 

ZMNC=ABS(ACONCK•ACONC)*U•C*ZL**2/(144.*8•) 
ZMC:DLMCM(8) 
ULTMRQ=t•3*(ZM8W+CL~0~{8)+(5e/3e)*ZMAX ) 

05004010 
05004020 
050041) 30 
05004040 
05004050 
05004060 
05004070 
05004080 
05004090 
05004100 
05004110 
05004120 
05004130 
CS004t40 
05004150 
05004160 
05004170 
05004180 
05004190 
05004200 
05004210 
0500 4220 
05004230 
05004240 
05004250 
D500 4260 
05004270 
05004280 
05004290 
CS004300 
05004310 
05004-320 
CS004330 
05004340 
05004350 
DSO 04360 

DS00437•J 
05004380 

C**$********************************************************************05004390 
C**** GENERATE OEJECTIVE FU~CTION ANC INITIAL CONSTRAINT SET 05004400 



N 
-....1 

"" 

C********************•**************************************************DS004~10 

c 
c 
c 

ASSCLR=Oe05 05004420 
A SSPLS=O• 1 
ELASC=l.04~55*(10CO.*UWC)**l•S 

IF(JOPT.EQ.O) GC TO 110 
N=48+ 7*NR 
M=l2+2 *NR 
GO TO 112 

110 N=29+7*NR 
M=3+2*NR 

112 KK=M+N-1 
K=N+N-1 
IF(JOP~.EO.t) GO TO 108 

DEFINE COST CCEFFIClENTS FCR CESIG~ OPTION 

COSTFT =t 00 • 
G(l)=1944.*COSTFT/(4.0$ACONC) 

108 CALL EOGEN 

05004430 
05004440 
05004450 
05004460 
05004470 
05004480 
05004490 
05004500 
05004510 
05004520 
05004530 
05004540 
05004550 
05004560 
DSOQ4570 
05004580 
0500459~ 

C******************************•*********•******************************DS004600 
C CALL LPCOOE FOR IhiTIAL SOLUTION 05004610 
C***********************************************************************CS00~620 

c 
c 
c 

KOOE=C 05004630 
NFRCE=O 05004640 
NEQS=O 05004650 
INDX=O 
CALL LPCOOE{NFRCE.NEQS9l~DX.KOOE) 

ROUND LP SCLUTIO,.. FCR lNTFiOOUCTlCN TC INTEGER ROUTINE 

IF( JOPT .EC .o) JR=,__l 
IF(JOPTeNE.Ol JR:• 
DO 402 Jt=t.JR 
Sl=X(l•JOPT+Jl) 
S 2= A t N T ( S 1 ) 
IFtSt-S2eG€e0•5) X(1•JOPT+Jl)=S2+1 
IFCS1•S2.LT.~.5) X(1-JOPT+Jt)=S2 

402 CONTINUE 

05004660 
05004670 
05004680 
05()04690 

05004700 
05004710 
05004720 
05004730 
05004740 
05004750 
05004760 
05004770 
05004780 

C************•**•*******************************************************DS004790 
C SET UP FO~ CALL TC I~TEGE~ ROUTINE 05004800 

- -~- --- - - --·- ~----- - - .. - -
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N 
co 
0 

C***************************~*******************************************DS004810 
DXMAX=SO. 05004920 
IS=O 05004830 
lF(JOPT.EOeO) GC TO 113 
NCON-=37+6*NR 
Nl=O 
N2=NR+2 
N3=NR+ 1 C 
GO TO 114 

113 NCON=2 8+6*tt.iR 
Nl=l 
N2=NR+2 
N3=NR 

114 NRA"=NCON+l 
NCA=Nl +"2+N3+1 
CALL SQUASH 
WRITE(3) 88 
REWIND 3 

05004840 
05004850 
05004860 
05004870 
05004880 
05004890 
05004900 
05004910 
OSOC4920 
05004930 
05004940 
05004950 
05004960 
05004970 
05004980 

C***********************************************************************DS004990 
C ITERATE ON PRESTRESS LOSS 05005000 

C***********************************************************************DS005010 
ZSSCLR=ASSCLR 05005020 
ZSSPLS= ASSPLS 

700 CONTINUE 
CALL INTPRG(K8CM8) 
00 19 2 J 1 = 1 • NC 

192 X{~l)=XX(Jl) 
00 5130 Jt-=t.NR 
IF(NSTRMXIJ1)/2*2•NEeNSTRMX(J1)) GO TO 5130 
Xft-JOPT+J1l=~(l-JOPT+J1)*2• 

51 30 CONT lNUE 
c 
c 
c 

COMPUTE NE• PRESTRESS LOSSES 

IF{JOPT.NE.O} GC TO 708 
FPCR=X(l) 
GO TO 712 

708 FPCR=4e0 
DO 710 Jl=t.tO 

710 FPCR=FPCR+0.5*X(2*NR+2+J1) 

05005030 
05005040 
050051) 50 
05005060 
05005070 
C$005080 
05005090 
C$005100 

C$005110 
OS005120 
05005130 
05005140 
05005150 
05005160 
05005170 
D5005180 
CS005190 
05005200 



N 
00 
.....I 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 

712 AMOM=O.~ 
ASUM=O .0 

DO 706 Jl=l '"R 
ASUM=ASUM+AS*X(t-JOPT+Jtt 

706 ANOM=AMC~·~S*X(l•JOPT+Jl)*O(Jl) 
DCG=DBOT•A~OM/~SU~ 

CALL PLOSS(FPCR,ZMB-,ZMC,ZMNC.FPS,AS~~.ACChC.8INERT,eiNERKeOBOT, 
1 DBOTK • OCG • HUM • ZL. ZLCSS, ZINLOS .uwc) 

TERMINATE ITER.6TIONS IF COMPUTED LONG TERM LOSS DOES 
NOT EXCEED ASSU~ED LOSS BY ~ORE THAN 3 PERCENT 

lF(KBOMS.NEeO) GO TO 740 
IF(ZLOSS.LE.t.03•ZSSPLS) GC TO 740 

UPDATE CONSTR~INTS TO REFLECT NEw PRESTRESS LCSSES 

READ( 3) 88 

REWIND 3 
FACTl=(l .•ZINLOS)/( t.•ZSSCLR) 
FACT2=(t.-ZLDSS)/(t.-ZSSPLS) 

J-11 =0 
IF(JOPTeEC.O) ~~2:NR*2+3 

lF(JOPT.NEeO) NR2=NR*2+2+10 
DO 9300 .Jt=t.Nf;2 
IF(JleEO.l•JCPT+NR+l) GO TC 9300 
I A=COL ( J 1 l 
IB=COL(J1+1) .. 1 
DO 9320 J2=1A.IB 
IF(Jt.GEet•JOPT+2•NR+3) GO TO 9013 
IF(JleGE.l-JCPT+NR+3) GO TO 9310 

RELEASE STRESSES 

IF(ROW(J2)eLEe8) Y{J2):Y(J2)*FACT1 

SERVICE STRESSES 

IF(ROW{J2)~GT.8.A~OeRO.(J2)eLFe22) Y(J2)=Y(J2)*FACT2 

05005210 
05005220 
05005230 
05005240 
05005250 
05005260 
CS005270 
05005280 
05005290 
05005300 
05005310 
05005320 
05005321 
05005330 
050053.0 
05005350 
05005360 
05005370 
05005380 
05005390 
05005400 

05005410 
05005420 
05005430 
05005440 
05005450 
05005460 
05005470 
05005480 
05005490 
05005500 
05005510 
05005520 
05005530 
05005540 
05005550 
05005560 
05005570 
05005580 
05005590 

- -~-- --- - --- T- -- - - - - .. - -
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N 
co 
N 

c 

c 
c 

CRACKING MOMENT CAPACITY 

9013 JR=26+6*N~ 
IF(JOPT.EO.t) JR:35+6*NR 
IF(Jlt.NE.O) GO TC 724 
.J 11= J 11+ 1 
IF(ZLOSS.LE.Oe2) 11=1 
IFCZLOSSeLE.0.2) 12=2 
JF(0.2eLT.ZLOSS.ANO.ZLOSSeLE.0.3) 11=2 
IF( 0 • 2 eL T • ZLOSS eANO eZLOSS eLE .o • 3) I 2=3 
IF{ZLOSS.GT.0.3) 11=3 

I F ( ZL 0 S S • G T • 0 • 3 ) I 2 =4 CS 0 0 57 1 0 
51=11/10. 05005720 

05005600 
05005610 
05005620 
05005630 
05005640 
05005650 
05005660 
05005670 
05005680 
05005690 
05005700 

52=12/10. 05005730 
IF( .JOPT .NE .o) GO TO 720 05005740 

BB(26+6*NRl=-CtPECRK(t.I2)-PECRK(l.IlJ)*ZLOSS/O.t•(PECRK(l.I2)*Sl 05005750 
l-PECRK(t.Il>*S2)/0.t) 

GO TO 726 
720 DO 722 J4=1.tt 
722 ZNE{J4):(PECRK(J4.12)•PECRK(J4~11))*ZLC55/0el•(PECRK(J4•12)*Sl 

1-PECRK(t.ll)*S2)/0.J 
88(35+6*NR)=•ZNE(l) 

724 IF(ROW(J2l.NE.JR) GO TO 726 

IF{Jl.LTet•JOPT+2*NR+3) Y{.J2):Y(J2)*FACT2 
IF(Jl.LT.t•JOPT+2*NR+3) GC TO 726 
IF(JOPT.EQ.O) GO TO 726 
Y(J2)=2.*fZNE(Jl-2*NR+2+1)-ZNE(~1-2*NR+2)J 

126 CONTINUE 
1Ff.Jt.GE.t•JOPT+2*NR+3) GC TO 9320 

05005760 
05005770 
05005780 

·o5oos790 

C CAMBER CCNST~~INTS 

05005800 
05005810 
05005820 
05005830 
05005840 
050 05850 
05005860 
05005870 
05005880 
05005890 
05005900 
05005910 
05005920 
CS005930 
DS005940 
05005950 
05005960 
05005970 
05005980 
050 0~990 

c 
9310 JR=32+6*N~ 

IFCJOPT.EQ.O) JR=23+6*NR 
IF(ROW(J2)eEO • .JR.OR.ROW(.J2)eEO.JR+l) 'f(J2):Y(J2)*FACTt 

9320 CONTINUE 
9300 CONTINUE 

ZSSPLS::: ZLOSS 
ZSSCLR=ZI"-iLOS 
DO 514-0 Jl::t.NR 

-



N co 
w 

I-F(NSTR.,X(Jl)/2*2•NE."'STRt-/X(Jl)) GC TO 5140 
X( 1-.JOPT+Jl t=C•5*X( l-JOPT+Jl) 

5140 CONTINUE 
GO TO 700 

740 CONTINUE 

05006000 
050060 tO 
05006020 
05006030 
05006040 

C*********************•***********************.*************************D5006050 
C COMPUTE DESIGN RESULTS 05006060 
C******************************************•*************************•••osoo6070 
c 05006080 
C ECCENTAlCITtES 05006090 
c 05006100 

c 
c 
c 

SU~H =0• 0 
SUM2=0 • 0 
I SUM! =0 
X~Ml=O.O 

XMOM2=0 .0 
DO 9156 .Jt:t,NA 
IF(X(NR+3•JOPT+Jt).EO.t.) ISUMI=ISU~I+t 

SUMt=SUMl+X(t•JOPT+.Jl) 
SUM2=SUN2+NW*X(l•JOPT+NR+2+Jll 
XMOM1=XMOM1•X(l•JCPT+J1)*0(J1) 

9156 XMOM2=X~OM2•N•*X(t-JOPT+NR+2+J1)*0(Jl) 

EN=X( NR+3•JOPT) 
ENI=EN/ ISUMl+Oe5 
ORAPl~AtNT{ENI)$GSP 

XMDM3=•NW*GSP*X(l-JOPT+NR+2) 
IF(X.OM3.E0e0e0) XMOM2=0•0 
IF(XMOM3eEOe0•0) SU~2=0.0 
ECCL= X MOM 1 /SUM t 
ENDECC:(XMO~t+XM0~3)/SUM1 

SSl=DBOT•(X~O~l•XMOM2)/(SUMi•SU~2) 
1F(SUM2.NE.O.O) 0St~OBOT•XMOM2/SUM2 
IF(SUM2•NE.O.O) OS2=0BCT•(XM0~2+X~OM3}/SUM2 
lF(SUM2eEQ.O.O) DSl=SSl 
1F(5UM2eEC.Oe0) OS2=SS1 

NSUMt=SUMl 
NSUM2=5UM2 

28-DAY COP\CRETE STRENGTH 

0500~110 

05006120 
05006130 
05006140 
05006150 
05006160 
05006170 
05006180 
05006190 
05006200 
05006210 
05006220 
05006230 
0500624-0 
05006250 
05006260 
05006270 
05006280 
05006290 
05006.300 
05006310 
05006320 
05006330 
05006340 
05006350 
05006360 
05006370 
05006380 
05006390 

- - •- - - - - - - 11- ·r- - - - - - - t- -
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N 
00 
..J::::o 

c 

IF(JOPTeEOeC) GC TO 648 
F28=F(l) 
DO 642 J3=2-. t 1 

642 F28=F28+(F(J3)•F(J3-1))*X(2*NR+2+~3•1) 
648 CONTINUE 

C DEFLECTION CALCULATIONS 

OS 0064 00 
0500641 f) 
05006420 
05006430 
05006440 
05006450 
05006460 
05006470 
05006480 
05006490 
05006500 

c 

c 

c 
c 
c 

ECR=ELASC*SCRT(FPCR) 
CBR I= ( -22. 5*W*.ZL* *4.+( t.-zt NLOS l*FO*ZL**2* ( XMOflt /8 • +ALPHA**2/6 • * 

1XMOM3)*144.)/ECR/BINERT 
OEFBWK=(-22.5*WB*ZL**4+{t.-ZLCSS)*FO*ZL**2•(XMOM1/8.+ALPHA**2/6e* 05006510 

1XMOM3)*144.)/5000./8INERT 05006520 
DEFCF=O• 05006530 
IF(JCONC.NE.t) GO TO 2445 05006540 
00 2444 JN=t.tO· 
ZBXt=ZL•OCC~C(JN) 

ZBX2=DCCNC(JN) 
ZBX=AMIN1(2BX1.ZBX2)*12. 

2444 OEFCF=OEFCF+FCONC(JN)*ZBX*(3.*ZL**2*144.•4e*ZBX**2)/48. 
2445 CONTINUE 

DEFBWU=t-22e5$(WB+ULSBt*ZL**4+(t.-ZLOSS)*FO*ZL**2*(XMONl/8e+ 
1ALPHA**216•*X~OM3)*144.•DEFCFl/SOOO./EINE~K 

LONG TERM CAMBER 
EC=ELASC$SQRT(F28)/ leE+03 
ES=29. 
FP=FO*lOOO. 
UWB=UWC*lOOO • 
CALL CA~BER(ES,EC.AS,SU~l.UWB,ACONC.Zl,ECCL,BINERT,FP.ENOECC. 
lPRLMAX,CBR~AX,HDPT) 

ULTIMATE A~D CRACKI~G ~OMENT CALCULATIONS 

OO:OTOP+ECCL 
ARE4=SUM1*AS 
CALL ULTMP(-~EA,F28 9 FPS,APRIME.FPL.DO.DDIM.FSY.OCR, 

1 Y 1 • Y2 • Y 3 • Y 4 • Z 1 • Z2 • Z 3 • Z 4 • Z MUL ) 
SUM8=0• C 
DO 9155 Jl=l.NR 

9 1 55 SliM 8 = S U ~ 8 + ( 1 • I' A C C f\C • D ( J 1 ) / Z B ) * X ( 1 - J 0 P T + J 1 ) 

CS006550 
05006560 
DS00657fJ 
C5006580 
05006590 
05006600 
05006610 
05006620 
05006630 
05006640 
05006650 
05006660 
05006670 
05006680 
05006690 
05006700 
05006710 
05006720 
05006730 
05006740 
05006750 
05006760 
05006770 
05006780 
05006790 



N 
co 
t.n 

c 
c 
c 

ZCRACK:::((l e•ZLOSSl*ZBK*FO*SUM8+7.5*ZBK*0•0~1623*SQRT(F28) 
l•W*ZL**2/8e*l2•*ZeK/ZB)/12• 

STIRRUP SPACING 

WEB=2• *WOO IM 
IF(SUM2eEQaOe0) PFORCE=OeO 
IF(SUM2.NE.O.Ol PFOf.;CE:::•XN0 .. 3/SUM2/(ALPHA*ZL*12e)*FO*(le•ZLOSS) 
DO 8 1 0 3 J 1 = l • ~ 
ZX::(Jl•ll*ZL/10• 
IF(Jt.EQ.3) ZX=5•*ZL/•O• 
lF(JleE0.4) ZX=2•*ZL/10. 
IF(JleECeS) ZX=ZL/4. 
IF(Jl.GE.~) ZX:::(Jl-3l*ZL/10. 
IF( J 1 eEOe9) ZX= ALPH A*ZL 
VU( Jl) :::1.444* (W8* (ZL/2 e•ZX) +OLSHR( Jl )+5 .1'3e*BVMAX( J 1) )-PFORCE 
TAU::(ALPHA•ZX/ZL)/ALPHA 
I F ( TAU • L T • 0 • 0 ) T .AU:: 0 • 0 
OISTCG=OTOP+CXNOMl+TAU*X~C~3l/SUM1 

CALL SHEAR ( \1iEB ,oo IM.D I STCG ,F 28 .F SY •AS Tt RP • VU ( Jl) ,SPACE) 
STRSP( Jl )::SPACE 

8 1 0 3 C ON T l N UE 

c 
C COST ANO M•TERIAL REQUIREMENTS OF BEAM 
c 

IF(JOPT.EQ.O) GO TO 9183 
CONCV:ACONC/144.*ZL/27• 
S TRF T.::: SU~ 1 *ZL 
COSTC:G{ 1) 
DO 4.34 Jl:=t,tO 
COSTC;COSTC+(G(J1+1)-G(Jl))*X(l•JOFT+2*N~+2+Jl) 

434 CONT lNUE 
435 CSTCON~COSTC*CDNCV 

CSTSTR=STRFT*COSTFT 
CSTTOT=CSTCON+CSTSTR 
CPRCST=CSTCCN/CSTTOT*lOO. 
SPRCST=CSTSTR/CSTTOT*lOO. 
CSTPFT=CSTTOT/ZL 

9.183 CONTINUE 

05006800 
05006810 
05006820 
05006830 
05006840 
05006850 
05006860 
05006870 
05006880 
05006890 
05006900 
05006910 
05006920 
05006930 
05006940 
05006950 
05006960 
05006970 
05006980 
05006990 
051)07000 
05007010 
050070 20 
05007030 
05007040 
05007050 
05007060 
05007070 
05007080 
05007090 
05007100 
05007110 
05007120 
05007130 
OS0071t\O 
05007150 
05007160 
05007170 
05007180 

C***********************************************************************CS007190 

- ---- -- - - ---- .. --- -- -t- -
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C**** PRINT CUT RES~LTS CS007200 
C***********************************************************************OS007210 

WRITE(6.600) 05007211 
IFfKBOMS.NE.O) •RITE(6,70) 0500721 2 

70 FORMAT(50X.32('*')•/•50X•'*SORRY, THIS BEA~ WILL NOT ~ORK*'•/,50X,OS007213 
*32( 8 *')) 05007214 

IF(JOPT.EQ.O) WRITE(6,622) 05007220 
622 ·FORMAT(/ •' '•47X.•THE COMMAND IS TO SELECT STRANOS 1 ,48X,• •t 

IF(JOPT.EQ.t) WRITE(6,623) 
623 FORMAT( / •' 

WRITE(6,601) 
WRITE(6,624t 

•,50X,•THE COMMAND IS TO OPTIMIZE 1 ,51X,• 1 ) 

624 FORMAT(• *'•54X,•CESIGN PROPERTIES•,s6x,•••) 
WRITE(6,602) 
W Rl TE ( 6 • ~ C 3) 
ZLS=ZLOSS*JOO • 
Z I NL=Z I f\LOS*l 00 • 

0500 7230 
05007240 
05007251) 
05007260 
05007270 
05007280 
05007290 
05007300 
05007310 
05007320 

WRITE(~.625) FPCR.ECR.ZINL,F28,ZLS 05007330 
625 FORMAT(• *'•4X,•RELEASE STRENGT~ = '•F5•2•' (K51) 1 ,4X,'CONCRETE MOS007340 

lODULUS(~ELEASE) = '•F7.t,• {KSI)',4X, 1 1NITIAL PRESTRESS LOSS= '•05007350 
2F5.2, 1 PERCENT 1 ,4X, '*'/' *'•4X. 1 2S-OA" STRENGTH = 1 ,.F5.2,• (KS 1)05007360 
3' .sox.•TCTAL PRESTRESS LOSS:: •,FS.2, • PERCENT 1 ,4X, '*') 05007370. 

WRITE(6,602) 05007380 
WRITE(6,60t} 
WRITE(6,62€) 

628 FORMAT(' *'•56X,•OESIG~ ~ESULTS 1 .S7X,'*') 
WRITE(6.602) 
WRITE(6,603) 
WR1TE(6,62c;) 

629 FORMAT(• *'•56{ 1 .•),•STRAND LAYOUT 1 ,58('•')•'*') 
W R I TE ( 6 • 6 0 ~ ) 

05007390 
05007400 
05007410 
05007420 
05007430 
05007440 
05007450 
05007460 

WRITE(6,9157) OS2t5St.DSJ,SS1.NSUM1,NSUM2 05007470 
9157 FORJ4AT(1X, '*'•51X,2( 1 0ISTANCE FRC~•.t2X) .. 26X, '*'/l_X, '*'•34X, 05007480 

l'LOCATION•.sx.2( 1 8QTTC~ OF BEA~ TO C.G.•,3X),30X, 1 * 1 /1X, 1 *'•49X, CS007490 
2 1 OF OR APEC STR ANOS 1 

• 7X, 'OF STRAIGHT STRANO S 1 • 35X • '* • /1 X • • * • • 1 27 X • OSC07500 
3'*'/1X•'*'•33X,•E~O OF BEAM•.toX.2(F6.2.20X),21X, 1 *'/ 
31X,'*'•~3X,•CENTERLINE '•10X.2(F6.2.2CX),21X.'*'/1X. 1 *'•127X, 
4'*'/lX•'*'•45X, 1 TCTAL NUMBER OF STRANDS•,7x,•= •,t3.47X•'*'/ 
5tx.•••.4SX~•NL~8E~ CF CR~PEO STRANOS•.6x,•= •.I3,47X•'*'l 

DO q159 Jl=l,NR 

05007510 
OS007520 
05007530 
05007540 
C5007550 



N 
(X) 
'-.1 

c 

c 

J2=NR+l•Jl 05007560 
INTX=X{t-JOPT+NR+l-Jt) 05007570 

9159 -RITE(6.9160) J2.1NTX 05007580 
9160 FORMAT(lX,••• ,45X, 1 NU~BER OF ST~ANOS IN RCW 1 tl3•' =•si4,47Xs'*')05007590 

NB=X(l•JOPT+NR+t) 05007600 
WRITE(6,603) 05007610 
WRITE(~,qlfl) NB.NW,ORAPl 05007620 

9161 FORMAT(lXs•••,zx,•AT THE END OF THE BEAM, BEGINNING WITH ROW'• 05007630 
113•'• RAISE• sl3s' ST~ANOS IN EACH ROW 1 ,F6.t,• INCHES ABOVE STRAIGOS007640 
2HT STRANDS IN THAT R0••,2X,'*') 05007650 

WRITE( 6,603) 
WRITE(6,9227) teRI,CBR~AX{l),CEFB•K•C8RMAX(2}t0EF8WUtCBRM4X(3), 

1CBRMAX(4) 
9227 FORMAT(1X•'*'•53( 1 e 1 ), 1 COMPUTEO OEFLECTloN•,55('•')•'*'/1X,•*'• 

1127Xt 1 $ 1 /1~•'*'•19X,•SHORT TERM OEFLECTIC~ (1~.)' .31X,'LONG TER~ 
2EFLECTION (lN.) 1 ,24X,'*'/1Xt'*'•127Xt'*'/lX•'*'•l2Xt 
2 1 BEAM WEIGHT (~ELEASE) 1 tl4X, 

05007660 
05007670 
05007680 
05007690 

005007700 
05007710 
OS007720 

3•= •,F6e2tl1X,•BASEO ON DALLAS CONCRETE PROPERTIES 1 ,7X,•= •,F6e2e 05007730 
411X••••/tX, 1 *'•12X,•BMWT +SHEAR KEY tE=5000•)'t9Xt 1 = •,F6.2,11X, 05007740 
5 1 BASEO ON ODESSA CONC~eTE PROPERTIES'•7x,•: 1 tF6.2,11Xt 1 *'/1X,•••,OS007750 
612X.•BMWT +KEY+ OEAO LOAOS (E=SOOO.) : •,F6.2,11X,'BASEO ON SANOS007760 
7 ANTONIC CCNC~ETE PROPERTIES ; •,F6.2t11Xt'*'/1X,•*'•66X,•BASEO 005007770 
8N LUFKIN CONCRETE PROPERTIES 1 t7X•'-= •,F6e2,11X•'*') 05007780 

lF(CREEPt.NE.O.Ol WRITE(6.9049) C8RMAX(5) 05007790 
9049 FORMAT(lX•'*' t66X,•SASEO CN GIVE~ CONCRETE P~CPERTIES•,ax,•= '• 05007800 

lF 6 • 2 • 11 X • 1 * 1 
) 

STIRRUP SPACI~~ OUTPUT 
0$007810 
05007820 

WRITE(6,603) 05007830 
WRITE(6,9077) ASTIRP.(STRSP(J4) ,J4:t,<;) 05007840 

9077 FORMAT{• *' 1 35(•.•1,• STIRRUP SPACING- AASHTO 1973- STIRRUP AREAOS007850 
1 = •,F4.2,• tN2 '•35('•')•'*'/lX•'*'•l27X•'*'/ 05007860 
11X•'*'•JX,•SECTION•~9~t'*'t4Xt 1 0/10'•3Xt 1 *'•4X,•t/l0 1 ,3X,•••,4X, 05007870 
2'~'4o•.3x,•••,4x,•z,to•.3x.•••·•x.•t/4•,4Xe'*'•4x.•3/tO•,Jx.•••· 

34X,•4/IC 1 ,3X, 1 *'•4X.•S/t0 1 t3X•'*'•4X. 1 HOPT•,3X, 1 *'/1Xt'*'•3X, 
4 1 SPACING (tN.) 1 ,3X,'*'•9(2XtF6.2t3Xt'*')) 

COST DATA PRt~TCUT 
IF(JOPT.EO.O) WRITE(6,603) 
IF(JOPT.EO.O) GO TO 9020 
WRITE(f,6C3) 
WRITE(6,670) 

05007880 
OS007890 
OS007900 
OS007910 
05007920 
05007930 
05007940 
05007950 

- - ,, - - - - - -- - '>·- ·-· -- - - - - --.- -
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670 FORMAT( 1X•'*'•44('•'>•'COST ANC ~ATERIAL REQUIREMENTS OF BEAM 1 ,4DS007960 

•sc•.•)•'*'> osoo7970 
WRITE(6,603) 05007980 
WRITE(6,671) 05007990 

671 FORMAT(lX,'*'•8~,•ITEM 1 ,15X,•AMOUNT•,t2x,•cosT•,ax,•PERCENTAGE CF 05008000 
!TOTAL COST',6X,• 1 t39X•'*'t 
WRITE(6,672) CSTTOT 

672 FORMAT(lX•'*'•87X•'*'•7X, 1 TOTAL COST OF BEAM $ '•F8.2,2X, 1 *'l 
WRITE(6,673) CONCV.CSTCON,CPRC5T 

05008010 
05008020 
05008030 
05008040 

673 FORMAT(tX,'*'•6X,•CONCRETE*'•9X,F7.2,• YD**3'.5X,•s•,Fa.2,14X,F5e205008050 
t.• x•.tsx.•••,39x.•••) 05008060 

WRITE(6,674) STRFT,CSTST~.SPRCST,CSTPFT DSOOS070 
674 FORMAT(tx,•••,7x,•STRANOS•,tOX,F7.2,• FT•,ex,•s•,FB.2,14X,F5.2,• XOS008080 

t• .tsx.•••.7x.•ccsT PE~ FOOT s •.Fa.2.2x,•••> D5008090 
WRITE(E,67f) 05008100 

676 FORMAT(lX,'*'•127X•'*'/lX•'*'•5X,'*DOE5 NOT INCLUDE END SECTION 1 ,90S008110 
*3X•'*'') 05008120 

9C20 WRITE(6,602) 05008130 

C************•**********************************************************DS008140 
C COMPUTE AND PRINTOUT CRITICAL DESIGN FACTORS 05008150 

C***************~*******************************************************05008160 
WRITE(6.600) 05008170 
DO 800 ~1=1,9 05008180 
DO 800 J2=lt5 

800 KSYM(.Jlt.J2)=EX(l) 
WRITE(6,.6C2) 
WRITE{6,810) 

810 FORMAT(tX, 1 *'•52Xt 1 CRITIC~L DESIGN FACTORS 1 ,52X,'*') 
WRITE(6,602) 
WRITE(6,.603) 
WRITE(6,811) 

05008190 
05008200 
05008210 
05008220 
05008230 
05008240 
05008250 
05008260 

811 FORMAT(• *'•23( 1 e•),•RELEASE STRESSES 1 ,24(•.•),.'*'•21(•.•), 1 $ERVICD5008270 
IE LOAD STRESSES 1 ,21( 1 e')••*•/• *'•12X,•(SY~BOL X DENOTES STRESS ATDS008280 
2 ALLOWABLE)•,t3X•'*'•l3X,.'(SYMBGL X DENOTES STRESS AT ALLOWABLE) 1 ,DS008290 
312X. '*'/' *',63X•'*'•63X,'*') 05008300 

WRITE(6,812) 05008310 
812 FORMAT(' *'•2X, 1 SFCTICN *'•7X,•STRESS TOP•,sx,.•••.6X, 1 STRESS BOTTOS008320 

10M's6X•'*'•2X.•SECTJON *'•7X,'STRESS TOP 1 ,8X•'*'•6X.•STRESS BO~TOOS008330 
2M',6X•'*'/' *'•11X,'*'•9X. 1 (KSI) 1 .tlX•'*'•lOX,•(KSI)'•lOX,••••tl~eOS008340 
3 ' * ' • 9 X , 

1 
( K S I ) • , 1 t X • 1 * 1 

• 1 0 X • 1 
( K S I ) ' , 1 0 >c • • * 1 

/ ' * • • 1 1 X • 1 * • , 2 5 X , • * • 9 25 0 S 0 0 8 3 5 0 

-



N 
(X) 
\.0 

c 
c 

4X•'*' ,tlX, '*' t25X •' *' .25)(9 1 *') 
DO 8 1 0 1 J 1 = t • c;; 
ZX=(Jl•l l*ZL/10. 
IF(JleE0.3) ZX=5•*ZL/40. 
1 F ( J 1 • E Q • 4 ) Z X= 2 • *Z L / 1 0 • 
IF(Jt.EQ.S) ZX=ZL/4. 
IF(JleGEe6) Z~=(Jl•3)*ZL/t0. 
tF(Jl .E0.9) ZX=ALPHA*ZL 
ZMJ=W*ZX/2•*(ZL•ZX)*12• 
ZMJB~WB*ZX/2e$(ZL-ZXl*l2e 

Z ~JBK= DL~C~ ( J 1) *12 • +BMMAX ( J 1) * 12 • 
TAU= ( ALPHA•ZX/ZL) /ALPHA 
IF(TAUeLTeCeO) TAU=O.O 
SUM l 0= 0 • 0 . 
SUM20=0 .0 
oo a·o4 J3=t. NR 
SUM10=5UM10+(1~/ACONC+0(~3)/ZT)*X(J3+t-JOPT) 

804 SUM20=5UM20+(le/ACONC•O(J3)/Z8)*X(J3+1-JOPT) 
TERM1=SUM1C+N•*TAU/ZT*GSP*X(3•JOPT+NR) 
TERM2=SUM20•NW*T~U/ZB*GSP*X(3~JOPT+NR) 
5TRESS(Jl.t)::(•(le•ZINL05)*FO*TERM1-ZM.J/ZT)*(•le) 
5TRESSCJt.2l=(•(le-ZINLOSl*FO*TERM2+Z~J/ZB)*(•l.) 

STRESS1.Jt.3)=(•{1.-ZLOSS)*FO*TERMl•ZMJ/ZT-ZMJBK/ZTK)*(-1.) 
STRESS(Jt.4):(•(t.-ZLC5S1*FC*TE~~2+ZMJ/ZB+ZMJSK/ZBKl*(•l•) 

5TR:CTR 1 
SCR!:::CBRt 
S TS=C T51 
SC5=CBS 1 
IF(ZX.LE.ZL/10e+O.t) STR=CTR2 
IF(ZX.LEeZL/lOe+Oel) SCR=CBR2 
tF(ZXeLEeZL/10.+0.1) STS=CTS2 
IF(ZX.LEeZL/tO.+Oe1) SCS=CBS2 

IF STRESS WITHIN 1 PERCENT OF ALLOWABLE. CALL IT CRITICAL• 

050 083.60 
05008370 
05008380 
05008390 
05008400 
05008410 
05008420 
050084 30 
05008440 
050 1)8450 
05008460 
050084 70 
05008480 
05008490 
0500 8500 
05008510 
05008520 
05008530 
05008540 
05008550 
05008560 
05008570 
05008580 
05008590 
05008600 
05008610 
05008620 
05008630 
05008640 
05008650 
05008660 
05008670 
05008680 
05008690 

c 05008700 
IF(STRESS(Jlel)eLE.-.00099*STR*SORT(FPCR*l000.)} KSYM(Jlel)=EX(2} 05008710 
IF(STRES5{Jt.2l.GE •• 99*5CR*FPCR) KSYM(J1~2)=EX(2) 05008720 
IF(STRE5S(J1,3)eGE •• 99*SCS*F28) KSYM{J1.3):EX(2) 05008730 
I F ( 5T R E S S ( J 1 • 4 ) • L E • • • 0 0 0 9 g * S T S * S OR T ( F 2 B* 1 0 0 0 • ) ) K S Y M ( J 1 • 4 ) =EX ( 2 ) DS 0 0 8 7 4 0 
IF(JleNEel) GO TO 9053 05008750 

- -J--- -·-- -'- ~- -'--- -)--
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N 
\..0 
0 

-l-- - - - - -·- ._ -- - -
IF(STRESS(t,3).LE•-•00099*5TS*SORT(F28*1000.)) K5YM(t,3)=EX(2) 
IF(STRESS(t,4).GE •• 99*SCS*F28) KSYM{l,4)=EX(2) 

9053 CONTINUE 
IF(BB(NCON•Jl+l)eLE.O.O) KSYM(J1,5)=EX(2) 
J5=(ZX*tO.+OeOOll/ZL 
IF(JleEOe3l -RITE(6,9110) STRE5S(Jt.t),KSY~(Jl,t),ST~E5S(J1.2), 

1KSYM(J1,2),STRESS(Jl,3),KSYM(J1,3),STRESS(Jle4),KSYM(Jl •• ) 
IF(JleECe5) •RITE(6,9113) STRESS(Jltll,KSYM(Jl,l),STRE5S(J1.2), 

1K5YM(J1,2),STRESS(J1,3),KSYM(Jlt3ltSTRESS(Jl ,4),KSYM(J1,4) 
lP(JleECe9) WRITE(6,9111) STRESS(Jt,t),KSYM(Jl.t),STRESS(Jl,2), 

1K5YM(J1,2),ST~ESS(Jl,3),KSYM(J1.3),STRE55(J1.4)~KSYM(J1,4) 

- -1-
05008760 
05008770 
05008780 
05008790 
05008800 
05008810 
05008820 
05008830 
05008840 
05008850 
D500A860 

IF{Jt.NEe3eANO.Jt.NEe5.ANDeJleNEe9) wRITE(6,9112) J5,STRESS(Jt,t),OS008870 
1KSYM(Jl.l},ST~ESSCJ1,2),KSYM(J1,2),J5,5TRE5SCJ1,3),KSYM(Jlt3), 05008880 
2STRES5{Jt,4),KSYM(J1,4) 

8101 CONTINUE 
9110 FORMAT(1X•'*'•4X,'5/40•,3Xt 1 *'•2(6X,Ell•4•3X•Alt4X.•*•),4X, 

1 1 5/40 1 .3X,•*'•2(6X.E11.4,3X,A1.4X,•*')) 
9111 FORMAT(lX•'*'•4X,•HDPT•,3Xt 1 *'•2(6XtElle4t3XtAlt4X,'*'},4X, 

1 1 HOP T • , 3 X • • *' • 2 ( 6 )( • E 11 • 4, 3 X, A 1 t4 X • '* • ) ) 
9113 FORMAT(1X, 1 *'•4X,'1/4 •,3X, 1 *'•2(6X,Elle4t3XtA1.4X, 1 *'),4X, 

1 • 1/ 4 • , 3X • 1 * ' • 2 { 6 X , E 1 1 • 4 • 3 X • A 1 • 4 X • 1 * 1 
) ) 

9112 FORNAT(lX•'*'•4X,It.•/t0•.3X•'*'•2(6XtElle4•3XtA1,4X,'*'),4X, 
1Il.'/I0'.3X,'*'•2(6X.Elle4,3X.At.4X•'*•t) 

WRITE(6.814) 

05008890 
05008900 
05008910 
05008920 
05008930 
05008940 
05008950 
05008960 
05008970 
05008980 
05008990 

at4 FORMAT(' ••.ttx.'*'•2sx.•••.2sx.•••·ttx.•••.2sx.•••.2sx.•••/• *'• osoo9ooo 
ttt<•.•l•'*'•25C•.•>·•••·2s«•·•l·•••.tt( •.•>.•••.zs(•.•),•••.25t•.•osoo9oto 
2)•'*') 05009020 

WRITE(6,603) 05009030 
WRITE(6,822) 05009040 

822 FORMAT(lX•'*'•50(•.•),•LIST OF DESIGN CC~5T~AI~T5',5lf'•')•'*'/tX,OS009050 
1'*'•37X, 1 (SYMBOL X INDICATES CONSTRAINT CONTROLS FINAL DESIGN)'• 05009060 
237x.•••> 

WRITE(6,603) 
JF(CBRI.~E.ALCEF-0.05) KSYM(6,5)=EX(2) 
IF(CBRI.LE.OEF~IN+Oe05) KSYM(5,5l=EX(2) 
WR(TE(6,805} KSVM(2,5),KSYM(4,5),KSYM{5,5),K5~M(1,5),KSY~(3,S), 

*KSYM(6 ,5) 

05009070 
05009080 
05009081 
05009082 
05009090 
05009100 

805 FORMAT(lX•'*' tl6X,•MINIMUM CONCRETE STRE~GTH•,JX,AltllX,'ULTIMATE 05009110 
1MOMENT•,3X,.!,11X, 1 MINIMUM INITIAL CAMBER',3X,Alt15Xt'*'/1X,•*'• 0500912~ 

216X,•MAXI~U~ CC~C~ETE STRFNGT~•,3x,At,ttX,•CRACKING MOMENT 1 t3XtAl,DS009130 

-



N 
'-0 

3 llXt'MAXI~UM I~ITIAL CAMBER•,3X,Altl5X,'*') 
WRITE(6,60~) 

WRITE{6,602) 

05009140 
05009150 
05009160 

C***********************************************************************OS009170 
C RECALCULATE AND PRINTOUT DESIGN SHEARS AND MO~ENTS ~009180 

C***********************************************************************DS009190 
WRITE(~t9045) , 05009200 

9045 FORMAT(/) 05009210 
WRITE(6,602) 
WRITE(6,q041) 

9041 FORMAT(lX~ '*'•51X, 1 MOMENT AND SHEAR SUMMARY 1 t52X•'*') 
WRITE(6,602) 
WRITE(6,603) 
WRITE( 6,9042) 

05009220 
05009230 
05009240 
05009250 
05009260 
05009270 

9042 FORMAT(lX•'*'•2X,•OI5TANCE FR0~ 1 ,2X,'*'•' SM. WT~ + S~EAR KEY '• 05009280 
t•••.6x.•or~ER o.L.•.sx,•••,9X,'L·L···ex.•••·ex.•ToTAL•.ax,•••·7x, os009290 
2 1 ULTIMATE•,6X, 1 * 1 /1X, 1 *'•3X,•ENC OF BEAM•,3X•'*'e4(7X, 1 MOMENTS'• 05009300 
37Xt'*' },8X,'SHEAR 1 t8X,'*'/lX•'*'•6X,•(FT)•,7Xt 1 *'•4(7X,'(KlP-FT)•,OS009310 
46Xt 1 * 1 )t8X.•(KIP5)',7X,'*'/1X•'*'•l7X. 1 *'•5(21X•'*')) 05009320 

00 8102 J1=1,9 05009330 
Z X= ( J 1- 1 ) * ZL / 10 • 
IF(~t.E0.3) 1X=5e*ZL/40e 
IF(JleEOe4) ZX=2•*ZL/10. 
IF(Jt.E0.5) ZX=ZL/4. 
IF(JleGEe6) ZX=(Jl-3)*ZL/tO. 
IF(JleE0.9) ZX=ALPHA*ZL 
ZMJB=WB*ZX/2e*(ZL•ZX) 
ZMJT=ZMJB+DLMO~(Jl)+BM~AX(Jl) 

VU(Jl l=t.444*(WB*(ZL/2.-ZX)+DLSHR( Jl )+5e.l3e*BVMAX(Jt)) 
IF(JleNE.9) WRITE(6,9043) ZX.ZMJB,DLMOM(Jl),BMMAX(Jl),ZMJT,VU(Jl) 
IF(JleEOe9) \fiRilE(6,9047) ZMJB,OLMOM(Jl ),81fMAX(Jl),ZMJT,VU(Jl) 

8102 CONTINUE 
9043 FORMAT(tX,'*'•6X,F5e2t6X, 1 *'•5(4XtE12.5,5X,•*')) 
9047 FOAMAT(lX•'*'•6Xt 1 HOPT•,7X, 1 *'•5(4X,E12.5,5X,•*•)) 

WRITE(6,603) 
WRITE(6,q044) ULT~~C,ZMUL,ZCRACK 

05009340 
05009350 
05009360 
05009370 
05009380 
05009390 
05009400 
05009410 
05009420 
05009430 
DS009440 
05009450 
05009460 
05009470 
05009480 
05009490 

9044 FORMAT(lX,'*'•42X, 1 ULTIMATE ~O~ENT RECUIREO = •,El2e5t.1 KIP-FT•,390S009500 
1X•'*'/1X•'*'•42X.~ULTIMATE MOMENT CAPACITY = 1 9Ei2e5•' KIP-FT',3~XOS009510 
2•'*'/1X•'*'•42X,•CR~CKING ~OMENT CAPACITY= '•E12.5e' KIP~T•,39X,OS009520 
3'*') 05009530 

--1-- --- - -'- .- --- - - -)- -
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N 
\0 
N 

t1RITE(6,603) 
WRITE(6,602, 
WRITE(6,641) 

641 FORMAT ( lHt) 

NCOUNT= NCOUNT + 1 
GO TO 3007 

2500 CONTINUE 
STOP 
END 

DSOO<J540 
05009550 
05009560 
05009570 
05009580 
05009590 
05009600 
05009610 
05009620 



N 
\.0 
w 

SUBROUTINE EGGEN 
COMMON/BLKl/ADI~,EDI~,CDI~.OOlM•EDIM.FOI~.~DI~.HDIM,TDIM~WDDIM, 

0500<3630 
.05009640 

t•HDIM,XCIM.~OIM,ACONC.BINERT,OTOP,OBO~.zT,Z8,ACONCK,BINERK,DTOPK, 05009650 
2080TK,ZTK,Z8K,ZL,F28,JOPT,ASSCLR,ASSPLS,APRIME,CBOT,C05TFT, 
3DEFMIN,ALDEF,NRAV,N~HEEL,01STF,FPC~AX,FPC~IN,ELASC,ULT~RQ,CTOP, 

05009660 
05009670 

4W,wB,FO,OCR,NR,HCPT,NW,ALPHA 05009680 
COMMON/BLX2/PAXLE(l8),NWHL(l8),5TRMAX(26},FCONC(lOJ,OCONC(10), 05009690 

1G(ll} 9 F(11),0(10),BMMAX(9t,BVMAX(9),C8RMAX(5),PRLMAX(5),0LMOM(9), 05009700 
2DLSHR(9),PECRK(lt.4),ZL05(4) 

COMMON/DEFINE/ UWC,HUM,AS,FP5,CTRt,CTR2,CERl,C8R2,CT51,CTS2, 
lCBSt,CBS2,CREEPt,CREEP2,SHRKl,SHRK2,RATNQD,FPL,FSY,ASTIRP,GSP 
COMMON/YZ/Zt,Z2,Z3,Z4,Yt,Y2,Y3,Y4 

05009710 
05009720 
05009730 
05009740 

COMNON/0314/N,M,OBJ,KPltKtNCQN,NC.~RA,~CA.~1.~2.N3,DXMAX,I5,TV,TR,OS009750 

1SUM.IGNOR,IT(4),JCONT,X(150),ARRAY(l18,150),8(150},X0(150) 05009760 
COMMON/OUMP/ TlTLE(3,54),YJ(ll).FROW(26), 05009770 
1PEF(50.~).ZNE(lt).KKOOE(4).ZMCR(4) 

F0-=0.7*J'S*FPS 
W=UWC*ACONC/144. 
W B=UWC *ACONCK/ 144 • 
JRR-=48+7*NR 
JCC= 12+2*N~ 
IF{JOPTeNEel) JRR=29+7*NR 
IF(JOPTeNEell JCC=3+2*NR 
DO 2 Jl=l.JRR 
ARRAY{Jl,K+l)=OeO 
DO 2 J2=1 ,JCC 

2 ARRAY(Jl,J2)=0e0 

05009780 
05009790 
05009800 
05009810 
05009820 
05009830 
C$009840 
05009850 
05009860 
05009870 
05009880 
05009890 

C***********************************************************************DS009900 
C OBJECTIVE FUNCTION 05009910 
C***********************************************************************CS009920 

c 
c 

IF(JOPTeEOel) GO TO 3 05009930 
ARRAY(l~l)=G(l)*ACONC*ZL/1944. 05009940 
ARRAY(t,l+NR+2)=0•l*G{l)*ACONC*ZL/1944. 
D 0 5 J 1 -=1 , N ~ 

5 ARRAY(l,Jt+tl=CCSTFT*ZL 
GO TO 8 

3 DO 4 Jl=t.td~ 

4 ARRAY(t,Jl)=COSTFT*ZL 

PUT IN TOKEN COST FC~ DRAPING. 

05009950 
05009960 
05009970 
05009980 
DSOOQ990 
0501 01)00 
05010010 
05010020 

- -~·- - - ·-- - -'- .- ----- -'- -
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N 
\.0 
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c 
ARRAY(t,NR+2)={CCSTFT*ZL/(N~*NRAV1)*0•1 

DO 6 ~1=1910 

6 ARRAY(1~2*~R+2+Jl)=ACONC•ZL/l944e*(G(Jt+l)•G(~l)) 

8 CONTINUE 
00 1 ~l=l•M 

1 ARRAY(t.~t)=•ARRAY(l,Jl) 

DSO 100 30 
05010040 
cso 10050 
05010060 
05010070 
05010080 
05010090 

C***********************************************************************DSOlOlOO 
C RELEASE STRESSES • CONSTRAINTS 1 THRU 8 05010110 
C***********************************************************************DS010120 

DO 10 Jl=2.9,2 05010130 
lF(~l~EGe2) ZX=ALPHA*ZL 05010140 
IF(~t.E0.4) ZX=S•*ZL/40. 
IF(JleEOe6) Z~=ZL/10. 
IF(JleEOe8) ZX=O.O 
IF(Jl.EOe2) TAU=O• 
IF(Jl.EOe4} T.AU=(ALPHA•O.t25)/ALPHA 
I F { J 1 • E 0 • 6 ) T AU= ( ALPhA •0 • 10 ) /ALPHA 
IF(Jt.EO.S) TAU=t.~ 

IF(TAUeLT.O.O) TAU=O.O 
5T=CTR1 
SC=CBRl 
IF(ZXeLE.ZL/10.+0.1) ST=CTR2 
IF(ZXeLE.ZL/lOe+Oel) SC=CBR2 

. D 0 1 2 J 2= 1 • N R 
ARRAY(Jt.t•JOPT+J2l=~tt.•ASSCLR)*FO*(le/ACONC•DIJ2)/ZT) 

12 ARRAY(Jl+t.t•JOFT+J2)= (1.-A5SCLR)*FC*(le/ACO~C-D(~2)/ZB) 
ARRAY ( .J 1• t•JOPT+NR+2)::::-( 1.-ASSCLR l*FO*Nw/Z l*lAU*G5P 
ARRAY ( .J 1 + 1 ,t•JOPT +NR+2 )::•( 1 .-ASSCLR) *FO*NW/ZB *TAU*GSP 
IF(JOPT.ECeO) GC TO 9 
00 14 ~ 2= 1. 1 0 
ARRAY(J1,2*NR+2+J2)=-0.003727*ST 

14 ARRAY(Jl+1•2*NR+2+J2J=-O.SO*SC 
ARRAY(Jt,K+tl=Oe5C*~*ZX*(ZL-ZX)*l2e/ZT+0.0633~6*ST 

ARRAY(Jl+l.K+l)=0.5C*W*ZX*(ZL-ZX)*12e/ZB+4eOtSC 
GO TO lC 

9 ARRAY(Jt.t )=•0.0074~35*ST 
ARRAY(Jl+l.tl=•SC 
ARRAY(Jt.K+1)~0.5C*•*ZX*(ZL-ZX)*l2·/ZT+Oe033552*ST 

ARRAY(Jl+l.K+l)=Oe50*W*ZX*(ZL-ZX)*l2e/ZB 

05010150 
DSO 10160 
05010170 
05010180 
05010190 
05010200 
05010210 
05010220 
05010230 
05010240 
05010250 
05010260 
05010270 
05010280 
05010290 
05010300 
05010310 
05010320 
05010330 
05010340 
05010350 
05010360 
05010370 
05010380 
cso 10390 
05010400 
CS010410 
0501042(\ 



N 
1.0 
c.n 

10 CONTINUE 05010430 

C***************************************~~******************************DS010440 
C SERVICE LOAD ST~ESSES • CONSTRAINTS 9 T~RU 22 05010450 

C***********************************************************************DS010460 
C POINTS 1t2t3t4t AND 5 TENTHS ; ANO SL/40 05010470 

DO 18 Jl=lt6 05010480 
JR=8+2 *J 1 
TAU=( ALPHA•J 1/10 • )/ALPhA 
IF( J t.EG. 6) T ,6U=( .ALPHA•O el25) /ALPHA 
IF(TAU.LTeOeO) TAU~O.O 

ZX=Jl/tO.*ZL 
lF(JleEOeE) z~~5.*ZL/40. 
ZM~=o.so•we•zx•(ZL-zx>•t2. 

ZMJB=B~~AX(J1+2)*12e+DLMOM(J1+2)*12. 

lF(Jt.EO.l) ZMJB=BMMAX(2)*12e+DLMOM(2)*12e 
IF(Jt.EG.2) Z~J8=EMMAX(3)*12e+OLMOM(3)*12• 
ST=C TSl 
SC=CBS 1 
IF(ZXeLEeZL/10.+0.1) ST=CTS2 
IF(ZXeLE.ZL/10.+0.1) SC=C8S2 
DO 20 J2= 1 ,NR 
ARRAY(JR,l•JOPT+J2):(t.•ASSPLS)*FO*(l./ACONC+O(J2)/ZT) 

20 ARRAY ( JR+ ltl•JOPT+J2 .t=•( 1 .-AS5PLS) *FO*( 1 •/ ACCNC•O( J2) /ZB) 
ARRAY ( ,JR, l•JOPT +NR+2 )=( 1 ••A55PL5 J*FO*NW/ZT*TAU*G5P 
ARRAY(JR+l.t-JOPT+NR+2)~(t•-ASSFLS)*FC*NW/ZB*TAU*G5P 

IF(JOPT.EQ.O) GO TO 21 
DO 22 J2=1910 
ARRAY(JR,2*NR+2+J2J=-SC*(F(J2+1)•F(J2)) 

22 ARRAY(JR+l.2*NR+2+J2)=-0.0074535*ST*(F(J2+1)-F(J2)) 
ARRAY (JR.K+t l=•ZMJ/ZT•ZM..JB/ZTK+5C*F{ 1) 
ARRAY ( JR+ 1 ,K+ 1) =-ZMJ/ZB-ZM-J'BI'ZBK+O .0074535*5T*F ( l) +0 .o :!3552 *ST 

GO TO t 8 
21 ARRAY{J~.K+1)=•lMJ/ZT•ZMJ8/ZTK+SC*F28 

ARRAY{ JR+ 1 .K+ 1 )=•ZM.JI'ZB-ZMJBI' ZBK+O eO 31623*5T*SQRT(F28) 
18 CONTINUE 

C ENOS OF THE SEAM 
DO 24 .J 2-= 1 • NR 
ARRAY(22.1•JOPT+.J2)=-(t .• •ASSPLSl*FO*(le/ACDNC+O(J2)/ZT) 

24 ARRAY(23.t•JOPT+J2)= (1e-ASSPLSl*FC*(1./ACQNC•O(J2)/ZE) 
ARRAY(22,1•JOPT+NR+2)=-(1.-ASSPLS)*FO*NWI'ZT*GSP 

05010490 
05010500 
05010510 
05010520 
05010530 
oso 10540 
05010550 
05010560 
05010570 
05010580 
05010590 
05010600 
05010610 
05010620 
05010630 
05010640 
05010650 
05010660 
05010670 
05010680 
0501,0690 
05010700 
05010710 
05010720 
05010730 
05010740 
05010750 
05010760 
05010770 
05010780 
05010790 
05010800 
05010810 
05010820 
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N 

"" "' 

ARRAY(23.t•JOPT+NR+2)=•tt.•ASSPLS)*FO*Nw/ZE*GSP 
IF(JOPT.EO.O) GO TO 25 
DO 23 J2=t.t0 
ARRAY ( 2 2 • 2 *N R + 2 ) =-0 • 0 0 7 4 5 3 5 *C T S 2* ( F ( J 2+ 1 J •F { J 2 ) ) 

23 ARRAY(23,2*NR+2):-CBS2*(F(J2+1)-F(J2)) 
ARRAY(22.K+l):O.OC74535*CTS2*F(l)+0.033552*CTS2 
ARRAY( 23.K+1 )::CeS.2*F( 1) 
GO TO 27 

25 ARRAY( 22.K+l )::0.031 E23*CTS2*50RT(F28) 
ARRAY(23.K+ll=CBS2*F28 

27 CONTINUE 

05010830 
05010840 
05010850 
05010860 
05010870 
05010880 

. 05010890 
05010900 
05010910 
05010920 
05010930 

C***********************************************************************OS010940' 
C SUFFICIENT NU~BER OF STR~NDS IN ROW FOR DRAPING 05010950 
C CONSTRAINTS 23 TH~U 22 + NR D5010960 

C***********************************************************************DS010970 
DO 26 Jl = 1• N~ DS0t0980 
ARRAY{23+J1.1•JOPT+J1)=•1• 

26 ARRAY(23+Jt.t-JCPT+2+NR+J1)=NW 
DSO 1"0990 
05011000 

C*****************************************************************•*****D$011010 
C CONTIGUOUS DRAPED STRANDS 05011020 
c CONSTRAINTS 23 + NR THRU 21 + 2*NR 05011030 

C***********************************************************************CS011040 
00 28 ~1 = 2,NR 05011050 
ARRAY(23+N~+Jl•t,1-JGPT+NR•2+Jll=J1•1• 

ARRAY(23+NR+Jl-1.1-JOPT+NR+2+Jl•l)=•(J1-t.) 
28 ARRAY(23+NR+J1•1,t-JOPT+NR+ll=•t. 

05011060 
oso 11070 
OS~ 11080 

C***************•*******************************************************DS0t1090 
C UPPER BOUNC ON EN 05011100 
C CONSTRAINTS 22 + 2*~R T~RU 21 + 3*NR 05011110 
C**********************.************************************************DS011120 

DO 30 Jl = 1• NR C5011130 
ARRAY(22+2*NR+Jt.t-JOPT+NR+2l = 1. 05011140 
ARRAY(22+2*NR+Jt,1-JCPl+NR+l) :: Jl 05011150 
ARRAY(22+2*NR+Jl,K+l)=(Jl-1)**2+2e*(Jl-l)+le 
DO 30 J2 = t.~R 

30 ARRAY(22+2*NR+Jt.l-~OPT+NR+2+J2):•(NRAV•2e*(J1•1•>-1.) 

05011160 
D5011170 
050 11180 

C***********************************************************************DS011190 
C UPPER A~O LCWER BCU~CS 0~ NB 05011200 
C CONSTRAINTS 22+3*NR AND 23+3*NR CS011210 

C***********************************************************************DS011220 



I 
N 
\.0 
-.....! 

ARRAV(23+3*NR• l•JOPT+NR+l) =1• 
ARRAY(23+3*NR.K+t) = NR 
ARRAY(24+3*NR.l•JCPT+NR+l)=•l• 

050.11230 
050112.40 
DSO 1 t 2 50 

ARRAY(24 + 3$NR. K+1) = -1. 05011260 
C***********************************************************************DS011270 
C CONSTRAINTS TO INSURE THAT IF <~a.GEel+l) THEN II = 0 05011280 
C CONSTRAINTS 24 + 3*NR THRU 22 + 4*NR 05011290 
C*******************.***********.***************************************DSD11300 

00.32 Jl = 2.NR 05011310 
ARRAY(24 + 3*NR + J1•1.1•JOPT+NR+l) = 1• 05011320 
ARRAY(2' + 3*NR+Jl•l.l•JOPT+NR+2+J1-1) = NR 

32 ARRAY(24+3*NR+Jt-t.K+ll=NR+Jl-le 
05011330 
CS011340 

C*************************•*********************************************DS011350 
C CCNSTRAINTS.TO IN~URE THAT IF (NBeEOell THEN It= 1 05011360 
c CONSTRAINTS 23 + 4 * NR THRU 22 + S*NR 05011370 
C******************~****************************.***********************DS011380 

DO 34 Jl=t.NR OS011390 
ARRAY(23 + 4.$NR + Jl.t-JOPT+NR+l) = -1. 05011400 
ARRAY(23 + 4*NR+Jltl-JOPT+NR+2+Jl) = •1• OS011410 
ARRAY(23 + 4*NR+J1,k+1) = •(Jl+le) 
lF(JleEGel) GO TO 34 
DO 36 J2 = 2tJ1 

36 ARRAV(23+4*NR+Jt.t-JOPT+NR+2+J2-l) = •(Jl+l.) 
34 CONTINUE 

cso 11420 
05011430 
DSO 11440 
DS011450 
05011460 

C***********************************************************************CS011470 
C MAXIMUM NUMBER OF STRANDS PER ROW 05011480 
c CONSTRAINTS 23 + 5*NR THRU 22 + 6*NR 05011490 

C***********************************************************************DS011500 
DO 38 Jl = t.~R OS011510 
ARRAY(23+5*NR+J1.1•JCPT+J1) = t. 

38 ARRAY(23+5*NR+Jl.k+t)=STRMAX(J1) 
05011520 
DSO 11530 

C***************•*******************************************************DS011540 
C CONSTRAINTS TO INSURE PROPER RELEASE STRENGTH ~EPRESENrATION OS011550 
C JOPT = t. CONSTRAINTS 23 + 6*NR THRU 31 + 6*NR OS011560 
C***********************************************************************DS011570 

IF(JOPT.EQ.O) GO TO 39 OS011580 
DO 40 Jl = 1.9 05011590 
ARRAY(23+6*NR+J1.2*NR+2+Jl) = •1• 05011600 

40 ARRAY(23+E*NR+J1•2*NR+2+Jl+l) = le 05011610 
C***********************************************************************D5011620 

- -J--- - - - -~- .- -- - - - -)- -
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N 
\0 
00 

c 
c 
c 

BOUNDS ON RELEASE CAMBER 
JOPT = O. CONSTRAINTS 23 + 6*NR THRU 24 + €*NR 
JOPT:t~ CC~ST~AINTS 32+6*NR THR~ 33+6*NR 

05011630 
05011640 
05011650 

C***********************************************************************CS0tt660 
39 IF(JOPT.EC.OI JR=24+6*NR 05011670 

IF(JOPT.NE.Ot JR:33+6*NR 
00 42 Jl=t,NR 
ARRAY(JR,t-JOPT+JtJ:•(ZL*12•)**2/8e*(1.-A5SCLRl*FO*O(J1) 

DSO 11680 
05011690 
05011700 

ARRAY(JR+t,t-JOPT+Jl}=(ZL*12.)**2/8e*(le•ASSCLR)*FO*D(Jl) 05011710 
ARRAY(JR.t•JOPT+NR+2J:-(ALPHA*ZL*l2•l**2/~•*<1·-ASSCLR)*FO*N~*GSP 05011720 

42 ARRAY(JR+l,t-JO~T+NR+2)=(ALPHA*ZL*l2.)**2/6e*(l.-ASSCLR)*FO*NW*GSPOS011730 
IF(JOPT.EO.O) GO TO 41 05011740 
DO 44 Jl=t,tO 05011750 
ARRAY(JR.2*NR+2+Jl)=-0.117634*BINERT*ELASC*ALDEF 05011760 

44 ARRAY(JR+1,2*NR+2+Jlt=0.117634*BINE~T~LASC*DEFMtN 05011770 
ARRAY(J~,K+1)=2e0 *ELASC*BINERT*ALOEF+22•~*W*ZL**4 05011780 
ARRAY(JR+l.K+l)=-2•0 *ELASC*81NERT*OEF~1N•22.5*W*ZL**4 05011790 
GC TO 43 05011800 

41 ARRAY(JR.t)=•0.2352523*ELASC*EINE~T*ALDEF 05011810 
ARRAY( JR+l• 1 )=0 e2:!52523*ELASC*BI NERT*OEFMIN 
ARRAV(JR.K+1)=1•058991*ELASC*BINERT*ALOEF+22~~*W*ZL**4 

ARRAY(JR+t.K+l)=-t.058991*ELASC*8INERT*DEF~IN•22·5*W*ZL**4 

43 ARRAY{JR,K+t)=ARRAY(JR,K+l)/leE+04 
ARRAY(JR+t.K+ll=A~RAY(JR+t.~+1)/leE+04 

DO 46 .Jt=l•M 
ARRAY(JR,Jl)=ARRAY(JR.Jll/l.E+04 

46 ARRAY( JR+t .Jt ) =ARRAY ( JR+ 1 • ..Jl )/ 1 .E +04 

cso 11820 
05011830 
05011840 
05011850 
DSO 11860 
05011870 
05011880 
05011890 

C***********************************************************************DS011900 
C ADEQUATE ULTI~ATE MO~ENT CAPACITY 05011910 
C ULTIMATE ~CMENT CAPACITY ~U .GEe 1.2 * CRACKI~G MOMENT 05011920 
C JOPT=O• CCNSTRAINTS 25+6*NR ANO 26+6*NR 05011930 
C JOPT=l• CC~ST~~INTS 34+6*NR ANO 35+6*NQ 05011940 
C***********************************************************************C5011950 
c 05011960 
C SET UP NO. STRANCS A~D STRANO ECCE~T~ICIT~ A~~AY 05011970 
c 05011980 

on 62 Jt=t.NR 
62 FROW(Jl)-=0• 

SUM=O.O 
KNT::O 

05011990 
05012000 
05012010 
05012020 



N 
\.0 
\.0 

c 

PF=O • 
DO 64 J1=1.NR 

67 IF(FROW(Jl ).EO.ST~M#\X(Jl)) GO TO 64 

IAOD=2 
IF(5TRMAX(Jl)•FROW(J1).LEel) IAD0=1 
FROW{Jl)=FRO-(Jl)+IADD 
PF=PF +I ADD*( •D( J 1)) 
SUM=SUM+IACO 
KNT=KNT+l 
PEF( KNT .1 )=SUM 
PEF(KNT.2)=PF 
PEF(KNT.3l=PFISUM 
GO TO 67 

64 CONTINUE 
SET UP FOR CALLS TO ULTMP 
ZMOL=W*ZL**2/8e 
DO 63 J1=t.4 

63 ZL05(Jl)=O.l*J1 
/DO 65 .Jl=l.ll 

Z NE ( J 1 ) =0 • 0 
DO 65 J2=1•4 

65 PECRK(Jt.J2)=0• 
JSTOP= 11 
IF(JOPT.NE.O) GO TO 66 
F ( 1 ).:F28 

JSTOP= l 
C GENERATE TOTAL FOHCE ECCENTRICITIES FOR ULTI~ATE MOMENT AND 
C CRACKING ~CMENT CCNST~AINTS 

66 FPCNIN=4eC 
DO 84 .Jl=l.J5TOP 
IF(JleEOel) GO TO 69 
IF(F{.Jl)eNE.F{Jl-1)) GO TO 69 
ZNE{.JlJ=ZNE(.Jl•t) 
00 68 J2=t.4 

68 PECRK(Jt.J2l=PECRK(Jt-t.J2) 
GO TO 84 

69 FPCBM= F ( J 1 ) 
DO 70 J2=1 .4 

70 KKODE ( J2) =0 
KODEMU=O 

050120 30 
05012040 
05012050 
oso 12060 
05012070 
05012080 
05012090 
05012100 
05012110 
05012120 
05012130 
05012140 
05012150 
05012160 
050121 70 
05012180 
05012190 
05012200 
05012210 
05012220 
05012230 
05012240 
05012250 
05012260 
050122 7') 

05012280 
05012290 
05012300 
05012310 
05012320 
05012330 
DSO 12340 
05012350 
05012360 
05012370 
05012380 
DSO 12390 
05012400 
05012410 
05012420 
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w 
0 
0 

c 

ZMOLO=O • 
DO 82 .J2=1,KNT 
A5TL=AS*PEF(J2.1) 
DD=DTOF+PEFCJ2,3) 
CALL ULTMP(A5TL.FPCBM.FPS.APRI•E.FPL,OD 9 DOIM.FSY.DCR 9 

*Y 1 • Y2 • Y 3 • Y 4 • Z 1 • Z2 • Z3 • Z4 • ZMUL) 
DO 72 J3=t.4 
ZMCR{JJ):(t.-ZLOS(Jj))*ZBK*FO*CPEF(~2.1)/ACONC+PEF(J2.2)/ZBl 
1+7e5*Z8K*.031623*SQ~T(FPCE~l•ZEK*Z~DL*l2•/28 

7 2 Z M CR ( ~ 3 )= Z ~C R ( J 3 ) * 1 • 2/ 1 2 • 
DO 73 J3-=t.4 
IF(KKODE(J3).EQ.t) GO TO 73 
IF(ZMULeLT.ZMCR(J3)) GO TO 73 
PECRK(Jt.J3)=PEF(J2.2) 
KKOOE(J3)=1 

73 CONTINUE 
74 IF(KODE~U.EQel) GO TO 78 

IF{ZMULeGEeULTMRQ) GO TO 76 
E1=ZMOLC 
IF(EleLleZ~UL) ZMOLD=ZMUL 
'lF(El.LT.Z~UL) GO TO 82 
FPCMIN=4e0+(Jl•l )*0 .5 
GO TO 84 

76 ZNE(Jl)=PEF(J2.2) 
KODEMU=l 

78 DO 80 .J3=1.4 
IF(KKODE(JJ)eEO.O) GO TO 82 

80 CONTINUE 
IF(KOOEMUeEO.l) GO TO E4 

82 CONTINUE 
84 CONT.INUE 

C FORM ULTIMATE ~OMENT AND CRACKING MOMENT CONSTRAINTS 
c 

lF(JOPTeEOeO) JR:26+6*NR 
lF(JOPT.NE.O) JR=35+6*NR 
DO 100 Jl=t.NR 
ARRAY(JR.l•JCPT+Jt)=O(Jl) 

100 ARRAY(JR+t.l•JOPT+Jl):O(Jl) 
IF(JOPT.EQ.O) GO TO 101 

05012430 
oso 12440 
05012450 
DSO 12460 
CS012470 
05012480 
05012490 
05012500 
05012510 
05012520 
05012530 
05012540 
05012550 
05012560 
05012570 
05012580 
05012590 
DSO 12600 
05012610 
05012620 
05012630 
05012640 
05012650 
05012660 
05012670 
05012680 
05012690 
cso 127.00 
05012710 
05012720 
05012730 
05012740 
05012750 
05012760 
C5012770 
05012780 
DSO 12790 
05012800 
oso 12810 
05012820 



(> 

w 
0 __, 

DO 102 Jl=t.tO 
ARRAY(JR•2*NR+2+~11=ZNE(~l+l)•ZNE(Jl) 

102 ARRAY(JR+1•2*N~+2+Jl)=PECRK(~1+1•1)-PECRK(Jl.l) 
101 ARRAY(JR,K+ll=-ZNE(l) 

ARRAY(JR+t.K+t)=•PECRK(l,l) 

05012830 
oso 12840 
05012850 
05012860 
C5012870 

C*****************************•*****************************************DS012880 
C LOWER AND UPPER BOU~DS Oh CONCRETE ST~ENGTH OS012890 
C JOPT=O• CONSTRAINTS 27+6*NR AND 28+6*NR 05012900 
c JOPT=l• CC~ST~AINTS 36+6*NR ANC 37+6*NR 05012910 

C***********************************************************************DS012920 
IF(JOPT.EO.O) GO TO 103 05012930 
DO 104 Jl=t.lO 
ARRAV(37+6*NR,2*NR+2+Jl)=-Oe5 

104 ARRAY(38+6*NR.2*NR+2+~1)=0e5 
ARRAY(37+6*NR.K+t)=4e0•FPCMIN 
ARRAY( 38+6*NR,K+l l=FPCMAX-4e0 

GO TO 105 
103 ARRAY(2e+6*NR,t)=~t. 

ARRAY(29+6*NR.t)=l• 
ARRAY(28+6*NR,K+1)::•4e0 
ARRAY(29+6*NR,K+l)=F28 

105 CONTI NUF 

05012940 
05012950 
05012960 
cso 12970 
05012980 
05012990 
oso t 3000 
oso 13010 
05013020 
oso 130 30 
DSO 13040 

C***********************************************************************OS013050 
C IF NSMAX IS OCO. NSl=NOe OF STRANDS 05013060 
C IF NSMAX IS EVEN. NSI=1/2 NO. OF STRANDS 05013070 
C***********************************************************************OS0t3080 

IF(JOPT eEO eO) J4=29+6*NR 05013090 
IFCJOPT.EOe1) J4=38+6*NR 05013100 
DO 120 ~l=t.NR 05013110 
NSMAX=STRM~X(~l) D5013120 
IF(NSMAX/2*2•NEeNSMAX) GO TO 120 05013130 
DO 121 J2=t,J4 05013140 

121 ARRAY(J2.1•JOPT+.J1l=2•*ARRAY(J2,1-JOPT+.J1) 05013150 
120 CONTINUE 05013160 

C********************$**************************************************05013170 
C WRITE ARRAY C~ UNIT (3) 05013180 
C***********************************************************************D5013190 

00 1 1 1 J2 = 1 • ~ OS 0 1 32 0 0 
111 WRITE(3) (ARRAY(J3,J2).~3=2.~4),~RRAY(l,.J2) 05013210 

WRITE(3) (ARRAY(J3.K+l),J3=2•J4).ARRAY(t.K+1) 05013220 
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REWIND 3 05013230 

C***********************************************************************OS013240 
C CONSTRAINTS TO APPROXIMATE BINARY VARIA~ES IN LP SOLUTION 05013250 
C JOPT=O• CO~STR-INTS 29+6$NR THRU 28+7*NR 05013260 
C JOPT=l• CONSTRAINTS 3S+6*NR THRU 47+7*NR OS013270 

C***********************************************************************OS013280 
JR=39+6*NR 05013290 
IF(JOPT.EQ.O) JR=30+6*NR 
DO 1 06 Jl = 1 • ... R 
ARRAY(JR+Jt-1.1-JOPT+NR+2+J1)=1• 

106 ARRAY(JR+J1-1eK+1)=1• 
IF(.JOP~.EQ.O) GO TO 107 
DO 108 .J1=t.t0 
ARRAY(JR+NR+Jl•l.2*NR+2+Jl)=l• 

108 ARRAY(JR+NR+Jt-1.~+1):1. 
107 CONT lNUE 

RETURN 
END 

05013300 
DS013310 
05013320 
OS013330 
0501~340 

05013350 
05013360 
05013370 
05013380 
05013390 
05013400 



w 
0 
w 

SUBROUTINE ULTMP(ASTAR.FPCBM.FPS.ASPRM.FPL.D.DPTH.FSY. OCR., 
*Yl.Y2.Y3.Y4.Zt.Z2.Z3.Z4.ZMUL) 

CLONG=O .2 
ESINI=C.7*FPS*(le•CLONG)/28.E+03 
CONt:(FPL/28000.)*(le+(FPS-FPLl/(FPS•2.*FFL)) 
CON2=-(FPL/28000.)*FPL*(FPS .. FPL)**2/(FPS-2.*FPL) 
BEFF=2•*(Yl+Y2+Y3) 
tHK=Zl 
Z4MZ3=Z4•Z3 
IF(ABS(Z4-Z3J.LEel•E-06) Z4MZ3=t.E•06 
Z2MZ 1= 22-z 1 
IF(ABS(Z2-Zl)eLE.t.E-06) Z2MZ1=1•E•06 

05013410 
0501 3420 
05013430 
05013440 
05013450 
05013460 
0501.3470 
05013480 
05013490 
05013500 
05013510 
05013520 

C***********************************************************************OS013530 
C.**** P05 IT IVE MOMENT CAPAC lTV - N • A • IN SLAB OSO 13540 
C***********************************************************************D5013550 
c 05013560 
c 
c 

c 
c 
c 

CHECK TO SEE IF N•A• IN SLAB 

PSTAR=A5TAR/(BEFF*0) 
FSUSTR=FPS*(1.•0•5*PSTAR*FPS/FPCBM) 
T=ASTAf<*FSU5TR 
CC=e833*FPCBM*BEFF*THK 
IF(CCeLTeT) GO TO 10 

NeAe IN SLAB 

ZMUL =ASTAR*FSUSTR*D*(l.•0.6*PSTA~*FSUSTR/FPCBM 

RI=PST•R*FSUSTR/FPCBM 
1F(RieGTeOe3tZ~UL 

RETURN 
=Oe25*FPCBM *BEFF*D**2/12e 

05013570 
05013580 
05013590 
05013600 
05013610 
05013620 
05013630 
05013640 
D$013650 
DSO t 3660 

)/1205013670 
05013680 
05013690 
oso 1.3700 

~··••*******************************************************************05013710 
C**** POSITIVE MOMENT CAPACITV - N.A. BELO~ SLAB C6013720 
C***********************************************************************CS013730 

10 CONTINUE 05013740 
c 05013750 
C BEGIN tTERATION TO LOCATE NeA• 05013760 
c 

JCNT=O 
X=O • 

12 X=X+Oe25 

05013770 
cso 13780 
05013790 
05013800 
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w 
0 
.;::. 

c 
c 
c 

c 

13 JCNT=JCNT+1 
IF(X.GTeDPTH} Z~UL=O• 

IF(XeGTeDPTH) RETURN 

CO~PUTE STRAND STRAIN ANC FORCE IN DECK STEEL 

E5=.003*(0•X)/X+ESINI 
ESP=.003*()-0CR)/X 
CS=29eE+03*ABS(ESP) 
IF(CSeGT.FSY) CS:FSY 
lF(ESPeLE.O) CS=-CS 
CS=CS*ASPRM 

DSO 13810 
05013820 
05013830 
05013840 
05013850 

05013860 
05013870 
05013880 
05013890 
0501 ~900 
05013910 
05013920 
05013930 

C COMPUTE RESULTANT COMPRESSIVE FORCE ON CONCRETE AND ITS LOCATION 05013940 
c 05013950 

c 

KOOE=l 
GO TO 1000 

14 OBAR=O-YC 
CC=C* • 833*FPCBM 
CTOT=CS+CC 
GO TO 2000 

C COMPUTE STRANC STRESS ANO STRAND FOACE 
c 

16 T=A5TAR•FS 
SUMFOR.::T•CTOT 
IF(SUMFOR.LT.O.) GO TO 18 
IF{JCNT.E0.2t GO TO 17 
SAVEFt::5UMFOR 
SAVEXl=X 
GO TO 12 

17 SAVEF2-=SUMFO~ 
5AVEX2=X 
X=SAVEX1+(5AVEX2-SAVEX1)*SAVEF1/(SAVEF1-SAVEF2) 
IF(X-SAVEX1~LT••25t X=SAVEXl+e25 
JCNT=O 
GO TO 13 

18 ZMUL=(CC*DBAR+CS*(D•OCR))/12. 
GO TO 28 

050 t 3960 
05013970 
05013980 
05013990 
05014000 
050140 t 0 
05014020 
05014030 
05014040 
05014050 
05014060 
05014070 
05014080 
05014090 
05014100 
05014110 
05014120 
05014130 
05014140 
05014150 
05014160 
05014170 
05014180 
05014190 

C***********************************************************************OS014200 
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C******THIS SECTICN COMPUTES CONCRETE COMPRESSiON AREA AND ITS CeGe 05014210 
C•**********************************************************************D5014220 

1000 C :(Yl*BRACK(O •• X.Zlt+Y2*X+Y3*8RACK(O.~X•Z3)+S~ACK(Zl•X•Z2)*Y4 05014230 

* 
* 

-O.S*Y4*ARACK(Zt.X.Z2)**2/Z2MZ1+BRACK(Z3.X.Z4)*Y3•0.5*Y3* 
BRACK(Z3.X.Z4)**2/Z4MZ3)*2• 

05014240 
05014250 

YC:(0.5*Y1*6RACK(O •• X.Zl)**2+0.5*Y2*X**2+0.5*Y3*BRACK(O •• X.Z3)**2 05014260 
* +Y4*Zl*BRACK(Zt.X,Z2)+0.5*Y4*BRACK(Zl,X.Z2)**2-0.S*Zl*Y4* 05014270 

• 
* 

BRACK(Zt.X.Z2)**2/Z2MZl•e33333*Y4*SRACK(Zl,X.Z2)**3/Z2MZ1 
+Y3*Z3*BRACK(Z3.X.Z4)+0e5*Y3*BRACK(Z3,X.Z4)**2 

* -0•5*Z3*Y3*8RACK(Z3.X,Z4)**2/Z4MZ3•.33333*Y3 
* *BRACK(Z3,X.Z4)**3/Z4MZ3)*2./C 

GO TO 14 

05014280 
05014290 
05014300 
cso 14310 
05014320 

C************************•**********************************************DS014330 
C***** THIS SECTION COMPUTES STRANO STRESS 05014340 

C***********************************************************************D5014350 
2000 F5=ES*28000 OSO 14360 

IF(FS.GTeFPL) GO TO 2002 05014370 
2002 FS:.5*FPS+•5*SORT(FPS**2-4.*CON2/(ES•CON1)) 

GO TO 16 
28 RETURN 

END 

05014380 
05014390 
05014400 
05014410 

- -t- -- - -- -·- ~--- -- - -~--
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FUNCTIO~ e~ACK(ZL.X.ZU) 

IF(X.LE.ZL) BRACK=O• 
lF(ZL.LTeXeANO.X.LEeZU) BRACK=X-ZL 
IF(XeGTeZU) BR~CK=ZU•ZL 
RETURN 
END 

05014420 
05014430 
OS 014440 
05014450 
05014460 
DSO 144 70 
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SUBROUTINE CEFIN 
'OMMON/OEF.INE/ UWC ,HUM ~AS ,fPS,CTR l ,CTt;a-.C5J;!l • CBR~ • CTSl .• ~TS2, 
lCBSt,CSS2.CREEP1,CREEP2~SHRKleSHRK2tRATNQO,FPL,FSYeASTIRPeGSP 

u-.c=. t so 
HUM=50e 
AS=O .153 
FPS=270. 
FPL=Oe63*FP5 
CTR1=7e5 
CTR2=7•!: 
CBRt:O e6 
CI3R2=0 .6 
CT51=6e0 
CTS2=6e0 
~851=0.4 

CB52=0 .4 
CREEP 1 =0 • 
CREEP2:0. 
~HRKI=O• 

St:iRK2=0• 
R~TN0~6.0 

F5Y=60 • 
GSP=2• 00 
ASTIRP=Oell 
~ETURN 

END 

05014480 
DSO 144,90 
05014500 
05014510 
05014520 
05014530 
05014~40 

05014550 
[)5014560 
05014570 
PSOt4580 
Q$014590 
OS01460q 
05014610 
oso 14620 
05014630 
05014(>4-0 
0501 4f)50 
05014660 
oso 14670 
05014680 
05014690 
05014700 
05014710 
05014720 
DSO 14730 

- -t------ -·- ~------ -'--
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SUBROUTINE PROPTY 
REAL *4 I 1 , I 2 • I 3, I 4, 15, 16 , I 7, I 8, I 9, I 1·0 , I 1 1 , I 1 2 , I 1 3 • I 14 • I 15 
CONNON/BLKl/AD[M,BDIMeCOIMtDOIMeEDIM,FOIM,GDI~.HDIM,TOIM,WDDIM, 

lWHOIMeXDI~.YOI~,ACONC,BINERT,OTOP,DBOTtZT,ZB,ACONCK,BINEqK,OTOPK, 

2DBOTKtZTKtZ8~eZLtF28,JOPT,A5SCLR.ASSPLS,APRIME,CBQT,C05TFT, 

3DEFNIN,ALOEF,NRAV,NWHEEL,OI5TF,FPCMAX,FPC~IN,ELASC,ULTMRQ,CTQP, 

•w,WB,FQ,OC~.N~.HOPT,N.,ALPHA 

CONNON/DEFINE/ UWC,HUN,AS,FP5,CTRt,CTR2,CSRt,C8R2,CT51,CTS2, 
1CE51.CBS2tCREEPltCREEP2,SHRKlt5HRK2,RATNOO,FPL,FSY,ASTIRP,GSP 

05014740 
05014750 
05014760 
05014770 
05014780 
05014790 
05014800 
05014810 
05014820 
05014830 
05014840 

EQUIVALENCE (AREA ,ACONC) , (YBt OBCT} • { Y T, OTOP), ( YBK, OBOTK), 
*(YTK,OTOPK),(AREAK,ACQNCK).(A,AOIM),(B,BOI~).{C,COI~).(O,DDI~), 

*(E,EDI~),(F,FDIM),(G,GDIM),(T,TDIM),(WOtWDOIM),(WH,WHOIM),(H,HDI~)05014850 

CTOP=DCR 05014860 
Cl = (A•(W~+2e*W0))/2• 05014870 
C2 = (B~(W~ +2e*W0))/2• 
At = wo•o 
A2 = Cl*tt 
A3 = Cl*GI'2e 
A 4 = E *C 21' 2 • 
AS = C*C2 
A6 = WH*T 
A7 = WH*F 

AB = ( C2•Cl l*H 
A9 = (C2_.C I }*G 
AlO = A3 
All = C2*(C•t-!•G•E•C) 
Al2 = A4 
IF(4eLT.Bl GO TO 80 
A 8.::0 • 
A9=0 • 
AIO=O • 
A 11 =0• 
A12=0• 

80 CONTINUE 
A14=(XDIM**2)/2e 
A15=(YOIM**2}/2. 
AREA .:: A1*2• +A2*2• + A3*2• + A4*2• + A5*2• + A6 + A7 
*+2e*(RATN00~1.)$APRIME••5625 

AREAl= A1*2• +A2*2• + A3*2• + A4*2• + A5*2• + A6 + A7 
*+(RATNOD•l•)*AP~tME-.5625 

0501~880 

05014890 
05014900 
05014910 
05014920 
05014930 
050 1494_0 
05014950 
05014960 
05014970 
05014980 
05014990 
05015000 
05015010 
05015020 
05015030 
05015040 
05015050 
DS015060 
05015070 
05015080 
05015090 
05015100 
05015110 
05015120 
05015130 

I 



~ 
:::> 
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AREAK= AREAl+ 2eO*A8 + 2eO*A9+2.0*Al0+2.0*A11+2~0*A12 
Y1 = 0/2. 
y 2 -= D•H/2e 
Y3 = O•(H+G/3.) 

Y4 = C + E/3e 
Y5 = C/2. 
Y6 = O•T/2e 
Y7 = F/2• 
Y8 = o-(H/2.0) 
Y9 = D•(H+ G/2e0) 

· YlO= D•(H+ 2.0*G/3eOJ 
v 11 = {C•H•G+E+C)/2.0 

05015140 
05015150 
05015160 
05015170 
05015180 
05015190 
05015200 
05015210 
05015220 
05015230 

'05015240 
05015250 

Yl2 = C + 2eO*E/3.0 DS01S260 
Vt4=D-T•XOIM/3~ 05~15270 

YlS=F+YOI~/3. DS015280 
VB = (Yl*Al*2• + Y2*A2*2• + Y3*A3*2• + Y4*A4*2• + Y5*A5*2• + Y6*A6C5015290 

& + ~7*A7 + (0•CTOP)*2•*(~ATNOO•l•)*APRIME)/AREA 05015300 
YT = O•YB 05015310 
YB1= (Yl*A1*2• + Y2*A2*2• + Y3*A3*2• + Y4$A4*2• + Y5*A5*2• + Y6*A60S015320 

& + Y7*A7 + {O•CTOP)*(~ATNOO•l•)*APRIM€)/AREA 05015330 
Y~=(YB1*AREA1+Y8*A8*2•+Y9*A9*2•+Y10*Al0*2• +Yl1*A11*2• +Y12*A12* 05015340 

22e0 )/~~EAK 05015350 
YTK=D-YBK 
DO 10 .J 1= 1 • 2 
JVKEY=.J1•1 
DY=YB 
IF(JVKEYeEO.t) DY = 
I 1 = WD*(D**3)/12. 
12 = C1*(H**3)/12• 
13 = C1*(G**3)/36. 
14 = C2*CE**3)/36. 
15 = C2*(C**3)/t2. 
16 = WH*(T**3)/12. 

YBK 
+ Al*((Yl-OY)**2) 
+ A2*((Y2-0Y)**2) 
.... A3*((Y3-0Y)**2l 
+ A4* ( ( Y4-DY )**2) 
+ A5*{(Y5-DY)**2) 
+ A6*((Y6-0Y)**2) 

17: WH*fF**3)/l2e + A7*((Y7•0Y)**2) 
I 13=2•*(R.ATNOC•t. )*APRlME*{(D-CTOP-OYl**2) 
1131= (RATNOC•l•)*APRIME*((O-CTOP-DY)**2) 
Il4=(XOIM**4)/3E•+A14*((V14-DY)**2» 
115::(YOIM**4)/36e+A15*((Y15-0Y)**2} 

05015360 
05015370 
05015380 
05015390 
05015400 
05015410 
05015420 
05015430 
05015440 
05015450 
05015460 
0501!:470 
05015480 
050154 90 
05015500 
05015510 

XINERT = 11*2• + 12*2• + 13*2• + 14*2• + 15*2• + 16 + 17 + 113+11405015520 
**2.+115*2· DSO 15530 - - t- - - - - - -.- ~- - - - - - - ~- -
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IF(JVKEY.ECeO) GO TO 5 
IF(A.GE.B) ~INERK=XINERT+I131-I13 
IF(A.GEeB) GO TO 5 
18 = (C2-Cl)*(H**3)/l2• + A8*((Y8•0Y )**2) 
I 9 = ( C 2-c 1 ) * ( G ** 3) / 1 2 • + A 9* ( { Y 9-D Y ) * * 2 ) 
110 = Cl*(G**3)/36e + AlO*((YlO•OY )**2) 
111 ~ C2*((0•H•G•E-C)**3)/t2. + All*{(Yll•OY )**2) 
1.12 = C2*( E**3) /3E • + A12*( ( Yl2-DY ) **2) 
IF(JVKEYeEOell XINERK = 

&XINERT+Il31-I13 + 18*2•0 + 19*2•0 + 11C*2•0 + 111*2•0 + 112*2•0 
5 CONTINUE 

IF(JVKEY.EOelJ GO TO 8 
ZT=XINEF<T/YT 
ZB=XINERT/YB 
BINERT=XINERT 
BINERT=RINERT•Oe75**4/t8.•2•*(•28125*(YB-.50)**2) 
GO TO 10 

8 ZTK=XINERK/YTK 
ZBK=X I NERK/Y 8K 
BINERK=XINERK 
BINERK=BINERK•Oe75**4/18.-2.*(•28125*{YBK-Oe50)**2} 

10 CONTINUE 
RETURN 
END 

• 

0501554') 
050 1 5550 
05015560 
05015570 
050 15580 
05015590 
05015600 
05015610 
05015620 
oso 15630 
05015640 
05015650 
05015660 
05015670 
05015680 
05015690 
05015700 
05015710 
05015720 
05015730 
05015740 
05015750 
05015760 
05015770 
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SUBROUTINE MOMSHR (DL.NWHL • NWHEEL. XSEC .PAXLE. MAXMOM .. MAXSHR) 
REAL*4 MAXMOM• MAXSHR.NWHL.MOMENT · 
COMMON/DUMP/ MOMENT(t2>.SHEAR(l2).IPL(20),JPR(20).REACT(20) 
DIMENSION NWHL(18l.PAXLE(18) 
NST=NWHEEL-1 
DO 11 I I = t. 2 
IF(II.E0.2) XSEC = OL - XSEC 
XSECR= OL-XSEC 
DO 3 NS :: 1. NST 

IL = NS 
CALL LOCATE(OL.XSEC.NST,NS.NWHL) 
Nt = IPL(IL) 
N2-= IPR(ILJ 
IF{Nt.EQ.O.ANDeN2eEGe0) PROD-= PAXLE(tL+l)*XSECR 
IF(NleEO.O.ANOeN2.EO.O) GO TO 33 
IF(Nl.EOeO) Nl = IL+l 
lF(N2eEO.O) N2 = IL+l 
OBTAIN THE LEFT REACTION FOR ANY SHIFT 
PROD -=. 0 • 
DO 4 I = N t. N2 
IF( I .ea.t) 02 = DL•(XSEC-NWHL( IL)) 

IF ( I • EQ • 1 ) GO TO 36 
IF(l .ea.(IL+t).ANO.IPL(IL).EQ.O) 02 = X5ECR 
IF(l .EO.(tL+t).ANO.IPL(IL).EQeO) GO TO 36 
IF(IeLEeiL) D2 = DL-(XSEC-(NWHL(ILJ-N-HL(l-1) )) 
JF(I.LEeiL) GO TO 36 
IF(leGTelL) 02 = XSECR-(N~HL(I-11-NWHL{lL)) 

36 CONTINUE 
DEL T = P A XL E ( 1 ) * 02 

4 PROD = PROO+DELT 
33 CONTINUE 

REACT(IL) = PROO/DL 
SUMV = O. 
5UMM = O. 
IF(IPL(ILl.EO.O) 5HEAR(IL) = REACT(IL) 
IF( IPL( IL) eEO.O) MOMENT( IL) = REACT( IL) 
IF ( I PL ( I L) • E 0 • 0 ) GO T 0 3 
DO 5 I = N 1 • I L 
IF ( I • EO • t ) DM = NWHL { I L ) 

IF(l eEO.t) GO TO 34 

*XSEC 

- - .. ------ -·- l;----

05015780 
05015790 
05015800 
05015810 
05015820 
05015830 
05015840 
05015850 
05015860 
05015870 
05015880 
05015890 
05015900 
05015910 
05015920 
05015930 
05015940 
05015950 
C50 15960 
05015970 
05015980 
05015990 
05016000 
05016010 
05016020 
05016030 
oso 16040 
05016050 
05016060 
05016070 
05016080 
D501c090 
05016100 
05016110 
05016120 
05016130 
05016140 
DSO 1 €1 50 
OS 016160 
05016170 

- - -\- -
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DM = NWHL(tL)•NWHL(I•l) 

34 DELTM = P~XLE(II*DM 

DELTV = PAXLE(I) 
SUMM = SUMM+DELTM 
5UMV = SUMV+DELTV 

5 CONTINUE 
SHEAR(IL) = REACT{IL)-SUMV 
MOMENT(IL) = REACT(IL)*XSEC•SUMM 

3 CONTINUE 
NA = 0 
IF( II eEO•l) MAx.-o~ = MOMENT(!) 
IF(lleEO.t) MAXSHR = SHEAR(l) 
NSTA = NST - 1 
IF(NSTAeEOeO) GO TO 16 
DO 13 LL = t.N5TA 
NA = NA + 1 
NB = LL + 1 
AAA = MCMEP-t'T ( NA) 
BBB = SHEAR( NA) 
IF(II.EQ.2) AAA = MAXMOM 
IF(IleE0.2) 888 = MAXSHR 
lF{MOMENT(NBleGTeAAA) MAXMOM = MOMENT(NB) 
IF(ABS(5HEAR(N8l)eGTeB88) MAXSHR = ABS(SHEAR(NB)) 
IF(MOMENT(NB)eGT.AAA) GO TO 15 
NA = NA • 1 
GO TO 13 

15 NA = NB - 1 
13 CONTINUE 
16 CONTINUE 
11 CONTINUE 

XSEC=DL•XSEC 
RETURN 
END 

DSO 161 80 
05016190 
05016200 
05016210 
05016220 
050 1 ~230 
oso 16240 
05016250 
05016260 
05016270 
05016280 
DSO 16290 
05016300 
05016310 
05016320 
05016330 
05016340 
05016350 
05016360 
05016370 
05016380 
05016390 
05016400 
05016410 
05016420 
05016430 
05016440 
05016450 
05016460 
05016470 
05016480 
05016490 
05016500 
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SUBROUTINE LOCATE ( CL .XSEC .N5T • NS .NWHL) 
REAL*• NWHL.MOMENT 
COMMON/DUMP/ MOMENT ( 12) • SHEAR{ 12 1• IPL ( 20) • IPR(" 20) .RE4C T( 20) 
DIMENSION NWHLC18) 
XSECR = DL-XSEC 
OTERM : 0 • 
00 1 I = t.N5T 
D LE = NWHL ( NS ) •D TERM 
IF ( DL E • L E • X S E C ) I PL ( NS ) : I 
lF(DLEeLE.XSEC) GO TO 2 
I F ( I • E 0 • N S ) I PL ( N S ) ::: 0 
IF{IeEO.NS) GO TO 2 
DTERM = NWHL ( I ) 

1 CONTINUE 
2 CON'TINUE 

DO 4 IC= t.NST 
NSC ::: NS+ I C 
IF((NS+t).EQ.(NST+l)) IPR(NS) = 0 
IF(NSC.GTeNST ) GO TO 5 
DELTR ::: NWHL(NS+ICl•NWHL{NS) 
lF(DELTReGTeXSECR.AND.ICeEOel) IPR(NS): 0 
IF(OELTR.GTeXSECR) GO TO 5 
IPR(NS) = NS+IC+l 

4 CONTINUE 
5 CONTINUE 

RETURN 
END 

05016510 
05016520 
05016530 
05016540 
05016550 
05016560 
05016570 
05016580 
05016590 
05016600 
05016610 
05016620 
05016630 
05016640 
05016650 
05016660 
05016670 
05016680 
05016690 
05016700 
05016710 
05016720 
05016730 
050167"0 
oso 16750 
05016760 
oso 16770 

- -f.- - -- - - -~- T- -- - - - --- -
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c 
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c 
c 
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c 
c 
c 

1 

2 

200 

5 

6 

7 

10 

SLBROUTINE LPCCDE (~F~CE~~EaS~l~DX,KOCE> 
LINEAR PROGRAMMING ALGORITHM 

OS0tt:780 
05016790 
05016800 

COMMON /0 31 4/ ~,ttl • CBJ , KP 1 , I< • NR ~ NC • NRA, NCA, N 1 • N2 • N3, OX MAX • IS, TV, TR • CSO 1681 0 
1SUM,IGNOR,IT(4),JCON~,X(t50),A(118,150),8(150),X0{150) 05016820 

SET UP MA TR I)( 

KBOMB=O 
KPt=N+M 
K=N+M-1 
KK=K-1 
IF(KODE.NEeO) GO TO 200 
DO 1 l=t,N 
DO 1 .J=~.Kt< 

A(I,.J+t) =0.0 
DO 2 1=2eN 
IPM=I+1114•1 
A(I,IPMl=t.O 

FLAG BASIS 

005 l=l•K 
XD( I ):0.0 
X(l)=O•O 
00 6 I=l•N 
IPM=I+M 
X ( lPM ): 1 eO 
00.7 I=l•N 
8(1)=0.0 
CONTINUE 

05016830 
05016840 
05016850 
05016860 
05016870 
05016880 
05016890 
05016900 
05016910 
05016920 
05016930 
05016940 
05016950. 
05016960 
05016970 
05016980 
05016990 
05017000 
05017010 
05017020 
05017030 
05017040 
05017050 
05017060 
05017070 
05017080 

C***********************************************************************DS017090 
C**** FEASIBILITY SECTION 05017100 
C***********************************************************************DS01711~ 

INEG=2 05017120 
11 DO 14 1=2• N OS017131J 

IF ( 8( I)) 12.12.14 05017140 
12 CONTINUE oso 17150 

IF (A( I.KPl )-A( INEG.KPl)) 13. 14. 1 4 05017160 

13 I NEG= I 05017170 



w ...... 
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14 CONTINUE CS017180 

IF (A(INEG.KPl)) 15.23.23 05017190 

15 IF ( 8( INEG)) 16.1~.23 C5017200 

16 JSM= 1 05017210 

DO 19 .J=2,t< 05017220 

IF ( XO ( .J)} 17.17.19 05017230 

17 CONTINUE 05017240 

IF (A(INEG.J)•A(INEG • .JSM)J 18.19.19 05017250 

18 JSM=J cso 17260 

19 CONTINUE 05017270 

IF ( )(0.( JSM)) 20.20·23 05017280 

20 IF {A(INEG.~SM)) 22,21.21 05017290 

c 05017300 

c NO FEASIBLE SOLUTION 05017310 

c 05017320 

21 KBOMB=51 05017330 

GO TO 38 05017340 

22 CALL PIVOT (JNEG.JSM) 05017350 

GO ·TO 10 05017360 
C********************•**************************************************CS017370 
C**** OPT I MAL I TV SECT ION 05017380 
C***********************************************************************~017390 

c 
c 
c 

c 
c 
c 

23 JBGST= 1 OS017400 

SELECT INCOMING VECTOR 

DO 26 J=l,K 
IF (XO(J)) 24,24,26 

24 CONTINUE 
IF 1Att.J)•A(l.JBGSTt) 26.26.25 

25 JBGST=~ 
26 CONTINUE 

IF CA(t,JBGST)) 38,38.27 

CHECK FCR U~BOUNOEO SOLUTION 

2.7 DO 29 I=2•N 
I SPOT:: I 
IF (B(l)) 2e.2e.2c; 

28 CONTINUE 

050174-10 
DSO 17420 
05017430 
05017440 
05017450 
oso t 7460 
05017470 
CS017480 
05017490 
05017500 
05017510 
05017520 
05017530 
05017540 
05017550 
05017560 
05017570 

- -~- - ---- -·- ~- -- - - - --~- -
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w 
~ 

m 

29 
30 

31 

c 
c 
c 

32 

33 

34 
35 
36 

37 

IF (A(I,JBG5T)) 29,29~30 
CONTINUE 
CONTINUE 
IF (A(ISPOT,JBGST)) 31.31,32 
KBOMB:SO 
GO TO 3S 

SELECT CUTGOING VECTOR 

KK=ISPOT 
DO 36 I=KK,f\ 
IF {B(I)) ~3,33,3~ 

CONTINUE 
IF(A{l,JBGST)) 36,36,34 
IF (A(f.K+t)/A(I,JBG5T)-A(ISPOT,K+l)/A(15POT,JBG5T)) 35,36,36 
15POT=I 
CONTINUE 
IF (B(ISPOT)) 37,37,31 
CALL PIVOT (ISPOT,J8G5T) 
GO TO 23 

05017580 
05017590 
05017600 
05017610 
05017620 
05017630 
05017640 
05017650 
05017660 
05017670 
05017680 
C5017690 
05017700 
05017710 
05017720 
05017730 
05017740 
C5017750 
05017760 
05017770 

C**********************************************************************•D5017780 
C**** OUTPUT SECliO~ 05017790 
C*****************************~**********************.*****************D5017800 

38 OBJ=-Atl.KPl) 05017810 
IF (INDX-1) 40.39,40 05017820 

39 OBJ=-OBJ 05017830 
40 DO 45 l=t,K 05017840 

IF ( X( I ) ) 44.44,41 CS0t7S50 
41 DO 42 J=2,N DSOl 7860 

IF (A(J,l)) 42,42.43 05017870 
42 CONTINUE 05017880 
43 X(l ):A(J,KPl) 05017890 

GO TO 45 05017900 
44 X(ll=O• oso 17910 
45 CONTINUE 05017920 

DO 49 J=l.t< 05017930 
IF (.J-N+l) 4~.46.47 05017940 

46 JJ=J+M 05017950 
GO TO 48 05017960 

47 JJ=J-N+l 05017970 



w __, 
......... 

48 XD(~)=•A(t.J~) 
49 CONTINUE 

IF(KBOME.EC.50) WRITE(6.50) 
50 FORMAT (/10HOU~8CUNOED) 

RETURN 
END 

05017980 
05017990 
05018000 
05018010 
oso 18050 
05018070 

- - ·r-- - - - - - - ,t- ~- - - - - - - 'f·- -
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SUBROUTlNE PIVOT (1.~) 

CQMMON/0314/NeM,OBJeKPt,K.NR.NC.NRA,NCA,Nl.N2eN3,0XMAX.IS,TV 9 TR 9 

!SUM. IGNOR, IT(4t,JCONT,X( 150 ),A( 118,1501 ,B( 150) eXD( 150) 

DO 2 JJ=t,K 
IF (X(JJ)) 2,2,1 

1 IF (A( I.J.J)) 2.2,3 
2 CONTINUE 
3 X(J.JI=O.O 

NMl=N-t 
R=Ati • .Jt 
DO 4 L=t.KPl 

4 A(l,L):A(I.L)/R 
DO 5 L=2• I 
F=A(L-t.J) 
00 5 M=1,KP1 

5 A(L-t.M)=A(L-1.~)-A(f,M)*F 
I F ( I-N ) 6 • 8 • 8 

6 DO 7 L=I.NMI 
F=A(L+t,J) 
DO 7 M=t.KPl 

7 A(L+1.M)=A(L+1.~)•A(I,M)*F 
8 CONTINUE 

X(.Jt=l•O 
N=KPl-N 
RETURN 
END 

05018080 
DSO 18t)90 
05018100 
05018110 
05018120 
05018130 
05018140 
oso 18150 
05018160 
05018170 
05018180 
05018190 
05018200 
05018210 
05018220 
05018230 
D5018240 
050182"50 
DSO 18260 
05018270 
05018280 
oso 18290 
05018300 
05018310 
05018320 
05018330 
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SUBROUTINE C A~BE~ (ES, EC, ASTRN • STRNS • UWB, A~ EA • SPANL, ECCL • I B.FO • ENCEOSO 18.340 
lCC,PRLMAX.C8R~AX,HOPT) 05018350 

COMMON/DEFINE/ UWC.HUM,AS,FPS,CTRl.CT~2.CERl.CER2,CTSl,CTS2, 
lCBSt,CBS2,CREEPt.CREEP2.SHRKt.SHRK2.RATNOO,FPL,FSY,ASTIRP,GSP 

DIMENSION CNST(4,5),PRLMAX(5),CBRMAX(5) 

05018360 
05018370 
05018380 

DATA CNST/315.,20.,440.,60.,525.,t0.,675 •• 40.,380 •• 25e•400e•50ee290SOl8390 
•o •• 2s •• 46o.,so •• o •• o •• o •• o./ oso1a4oo 

REAL 18 05018410 
c 05018420 
c 05018430 
C CAMBER ANC STRESS LOSS CALCULATIONS 05018440 
C MIDSPAN CAMBER AND STRESS LOSS DUE TC lhTITIAL PRESTRESS AND BEAMCS018450 
c 05018460 

IF(CREEPleEOeOe) J1~4 05018470 
IF(CREEPl.EQ.Oe) GO TO 2 
CNST ( 1 ,5) =SHRKt 
CNST(2,S)=SHRt<2 
CNST ( 3 • 5 ):CREEP 1 
CNST(4-,5)::CREEP2 
~1=5 

2 DO 1 N= 1, J 1 
ASH=0.000001*CNST(1,N) 
BSH=CNST( 2 ,N) 
ACRR=Oe00000l*CNST(3,NJ 
BCR=CNST(4,N) 
ACR ~ ACRR*O.OOI 
RN = ES/EC 
AST = ASTRN*STRNS 
W = UWB*AREA/144. 
OLM = (W*SFANL*SPANL/8.)*12• 
TEMP = l.+fRN*AST/AREA )+(RN*AST*ECCL*ECCL/IS) 
FR = FO/TEMP +( OLM*ECCL*RN*AST/( IB*TEMP), 
PLI : l(FO•FR)/FO)*lOO. 
CON5T = (t~/AREA)+(ECCL*ECCL/18) 
FCSO = FR*CON5T•(CLM*ECCL/18) 
STRNl = ACR*FCSO+ASH 
STRN2 = STRN1-STRN1*(RN*AST*CCNST) 
OFCS = STRN2*ES•AST*CONST * 10e0 ** 6 
STRN4 = ACR*(FCSO•DFCS/2.)+ASH 
STRN5 = STRN4•STRN4*RN*AST*CONST 

05018480 
05018490 
05018500 
05018510 
05018520 
05018530 
05018540 
05018550 
05018560 
05018570 
05018580 
cso 18590 
05018600 
05018610 
05018620 
05018630 
05018640 
05018650 
05018660 
05018670 
05018680 
05018690 
OS 01 870 0 
05018710 
05018720 
CS018730 

- -(-- --- ~· -·- ~- -- .. - - -l- -
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DFCSl = STRNS*ES*AST*CCNST * 10.0 ** 6 
STRN6 = ACR*(FCSO~DFCS1/2e)+ASH 
STRN7 = ST~N6•STRN6*RN*AST*CONST 
PLINF = (STRN7*E5*AST*lOe0**6/FC)*lOO. 
PLMAX = PLINF+PLI 
PRLMAX (N) =PLMAX 
CCONST = le/CEC*IB*10•**6) 
HSPAN = SPANL/2. 
Cll = CCONST*(FR*ENDECC *HSPAN*0•5*HSPAN*l44e) 

05018740 
05018750 
05018760 
05018770 
CS018780 
05018790 
05018800 
05018810 
oso 18820 

Cl2 = CCC~ST*(FR*(ECCL-ENOECC )*(HSPAN-HOPT)*0•5*0•67*(HSPAN05018830 
1-HOPT)*144e0) 05018840 
Cl3 = CCONST*(FR*(ECCL-ENOECC l*HDPT*(HSPAN-HDPT/2.)*144.) 05018850 
CI4 = CCONST*( (S./384.l*(W*SPANL*SPANL*SPANL*SPANL*l2•*12•*12e)) 05018860 
C I = C I 1 +C I 2 +C I 3 -c I 4 050 1 88 70 
STRAIN~FCSO/(EC*10.**6) 05018880 
CMAX = CI*((AC~*(FCSO-(DFCS/2.))+STRAIN)/5TRAIN)*(1.-(PLINF/100e))OS018890 
CBRMAX(N)=CMAX 05018900 

1 CONTINUE 05018910 
RETURN 
END 

05018920 
05018930 



w 
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SUBROUTINE SHE~R(E.OEPTH,D.FPC.FSY,AREA.VU,SPACE) 
AV=2 •*AREA 
Sl=tAV*F5Y)/(O.tOO*B) 
SMAX=Oe75*DEPTH 
lF(SleLTeSMAX) SMAX=Sl 
RJ=0.90 
VCMAX=Oe180*B*RJ*D 
VC=Oe06*FPC*B*RJ*D 
IF(VCeGTeVCMAX) VC=VCMAX 
SPACE=(2e*AV*FSY$RJ*O)/(A8S(VU)•VC) 
IF(SPACEeLT•O•OeOR.SPACEeGTeSMAX) SPACE=SMAX 
RETURN 
END 

05018940 
05018950 
05018960 
05018970 
05018980 
05018990 
05019000 
05019010 
05019020 
oso 19030 
05019040 
05019050 
05019060 
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N 
N 

c 
c 
c 

c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

SUBROUTINE INTPRG(KSCMB) 
HEURISTIC ~IXEO INTEGER LINEAR PROGRA~MING 
MAX WITH LE CONSTRAINTS 
PACKED DATA 

05019070 
05019080 
05019090 
05019100 

INTEGER*2 ROW,COL 05019110 
COMNON/03t4'N•••08J,KP1.K.NR,NC,NRA,NCA,Nl.N2.N3•DXMAX.IS~TV,TR, 05019120 

lSUM.IGNOR• IT(4) .JCONT.X( 150 ),Y(3136) ,ROWC3136 ),COL.( 150 ).BB( 150) • 05019130 
2CC150J.Bf150).X~(150t 05019)40 
T~ - ROW TOLERANCE 0501~150 

TR=O•l 05019160 
TV - VARIABLE TOLERANCE 05019170 
TV=leE•2 0501~180 

TITLE • TITLE INFOR~ATION 05019190 
NR - NUMBER OF CONSTRAINTS• Nl - NUMBER OF CONTINUOUS VARIABLES 05019200 
N2 - NUMBER OF INTEGER VARIABLES, N3 • NUMBER OF BINARY VARIABLES 05019210 
IS - o•tNITIAL ~OLUTION TO BE PROVIDED 05019220 
IS - 1 OR 2#NO INITIAL SOLUTION TO BE PROVIDED 
IS~ 0 OR t•PHASE 4 USED IF NO FEASIBLE SOLUTION IS 
LOCATED. O~MAX - MAXIMUM INCREMENT OF ANY XX~< 

INPUT ORDER 
CONT VAR, INTEGE~. 0•1 
OBJ FUNC IS ROW NR + 1 
RHS IS IN NCA:Nt + N2 + N3 + 1 
BLANK CARD ENDS DATA 

NRA=NR+l 
NTWO=N2+Nl 
NC=NTWO+N3 
NCA=NC+t 
CONTINUOUS VARIABLES PIUST BE ENTERED FIRST 
MCOL=O 
KKK=O 

COLUMN ENTRIES ALL TO~ET~ER 

IC=O 
IGNOR=O 
J..J=O 
OPT:-t.E3C 
DO 3 1=1 •• 

3 IT(I)=O 
DO 4 J = t • NC 

4 XX(J) = O. 

05019230 
05019240 
05019250 
05019260 
DS014i270 
05019280 
050192 90 
05019300 
05019310 
05019320 
oso 19330 
05019340 
05019350 
05019360 
05019370 
05019380 
05019390 
05019400 
05019410 
CS019420 
0501943-Q 
05019440 
05019450 
05019460 
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w 
N 
w 

c 
IF{ISeGT.O) GO TO 10 
INITIAL SOLUTICN (REQUIRED IF IS= 0) 
DO 7 .J=t.NC 
IFCX(.J).EQ.O.) GO TO 7 
XX(.J):)((J) 
C(NCA)=C(NCA)+X(J)*C(.J) 
I A= COL ( J l 
IB=COL(.J+1 )•1 
DO 6 I=IA.IB 
BB(ROW(I)J:BetROWCI))-X(JJ*Y(I) 

6 CONTINUE 
7 CONTINUE 

10 5UM=O • 

15 

20 

DO 15 1=1.1\R 
IF(.ABS{eBt I)) eL T.TR) Be( I J=O• 
B.CIJ=BB(I) 
1 F( B ( I ) eLl .o • ) SUM=SUM-B (I) 

SMIN=SUM 
TOPT=C ( NCA) 
IF(SUMeEO.O.) GO TO 24 

22 CALL PH.ASEl 

24 
IF(SUM.GT.C.) IF(ICJ 40.33.40 
CALL PHASE2 
lFfC(NCAt.LEeOPT) IF(I() 46.36,46 
00 30 J=t.NC 

30 XX(J)=X(J) 
DO 32 t~t~~R 

32 8(1)=88(1) 

33 

34 

IF(OPT.EQ.(-t.E30)) JJ=O 
OPT=CtNCA) 
GO TO 3t: 
IF(SUMeGEeS~IN) GO TO 36 

DO 34 J: t • NC 
XX(.J):X(J} 
00 35 I=l•tliR 

35 8(1)=88(1) 
SMIN=SUM 
TOPT-=C(f\CA) 

36 CALL PHASE3 
IF(IGNOR.EQ.O)GO TO 40 

05019470 
05019480 
05019490 
cs 019500 
0501<;510 

·05019520 
05019530 
05019540 
DSO 19550 
05019560 
05019570 
05019580 
05019590 
05019600 
05019610 
05019620 
05019630 
05019640 
05019650 
05019660 
05019670 
05019680 
05019690 
05019700 
05019710 
05019720 
05019730 
05019740 
05019750 
05019760 
05019770 
0501«;780 
05019790 
OS 01 980f) 
0501Q810 
05019820 
05019830 
05019840 
05019850 
05019860 

-'> - {- - - ~- - -.: -' -' ·- -· 1- - - - - ~ - -
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IC=1 
GO TO 22 

40 IF(OPTeGT.(•t.E30)) GO TO 46 
lFtSUM.GE.SMINt GO TO 48 
DO 42 J=l• NC 

42 XX(J)=X{J) 
DO 44 1-=t.NR 

44 BCI)=BB(I) 
SMIN=SUM 
TOPT:C(NCA) 
GO TO 54 

46 IF(lSeLT.2) GO TO 56 
C(NCA):OPT 
SUM=O• 
GO TO 50 

48 C( NCA)=TOPT 
SUM=SHIII\ 

50 DO 52 J=l.NC 
52 X(J)=XX(J) 

DO 53 l=t.NR 
53 88( I ):8( ·1) 

C PHASE 4 - PERTURE THE CURRENT SOLUTION 
54 IF(JJ.EO.NCJ GO TO 56 

JJ=JJ+ 1 
IFlX(.J.J).LT.TVl GO TO 54 
XS=X(.J J J 
X(JJ):AMAXl(O •• xs-3.*C~MAX) 
OX=X(J.J)•XS 
I A=COL ( JJ) 
IB=COL(.J.J ... l )•1 
0 0 55 I =I A • I B 
BB(ROW{IJJ:BBfROWCIJ)•OX*Y(I) 

55 IF(A85(8B(RCW(I))).LTeTR) BB(ROW(l)J=O• 
SUM=O• 
DO 155 I=t.NR 

155 IF(BB(I)eLTeOeJ SUM=SUM-88(1) 
C(NCAt=C(NCA)+CX*C(JJ) 
IC=O 
IGNOR=JJ 
IT(4)=1T(4)+1 

05019870 
05019880 
05019890 
05019900 
05019910 
05019920 
05019930 
05019940 
05019950 
05019960 
05019970 
OS014i980 
05019990 
05020000 
05020010 
05020020 
05020030 
050200.0 
05020050 
05020060 
05020070 
05020080 
05020090 
05020100 
05020110 
050 20120 
05020130 
05020140 
DSO 20150 
05020160 
05020170 
05020180 
05020190 
05020200 
05020210 
05020220 
C50 20230 
05020240 
05020250 
oso 20260 
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GO T'O 20 
56- IF(QPT.EQ.(-leE30)) GO- TO 60 

C OUTPUT FIN~L FEASIBLE SOLUTION 
KBOMB=O 

c 
RETURN 
OUTPUT FIN.AL 1-N'FEAS IBL£ 50LUT ION 

60 0 0 57 I = 1 • t\C 
57 XX(I):X(l) 

0058 I=t.NR 
58 8(1)~8Stl) 

KB-OMB:: 1 

END 

050202 70 
CS020280 
05020290 
05020291 
05020.300 
05020310 
05020311 
05020312 
05020313 
DSC20314 
05020315 
05020360 

- - t- ~ - -· - - .. ~ -/ ~ -- .... - ·-· -l- -
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SUBROUTINE PHASEt 
ATTEMPT TO ~EDUCE THE SUM OF INFEASIBILITIES 
INTEGER*2 RCW,CCL 
COMMON/0314/N,M~OBJ,KPt,KeNR,NC,NRA,NCA,Nt,N2,N3,0XMAX,IS,TV,TR, 

1SUM,JGNO~.IT(4),JCONT,X(150),V(3136),RQW(3136).COL(150),8B(150), 
zc ( 1 so • • e c 1 ~ c > • x x c t so J 

NTWO=N2+Nt 
to a=-t.E3a 

P=-t.E3e 
DO 140 J::t,NC 
IF(J.NE.IG~OR) GC TO 15 
I GNOR=O 
GO TO 140 

15 R=-leE38 
IF(X(j)eEO.O.) GO TO 18 
S=leE38 
IF (JeGTeNT.O) R = O. 
GO TO 20 

18 s = 0. 0 
2 0 I A=C OL ( J J 

I B= COL ( J + l ) •1 
DO 60 I::IA,IB 
IF(BB{ROW(J)).GE.O.) GO TO 60 
V::.B B ( R 0 W ( I ) ) / Y ( I ) 

IF(ABS(V).LT.TV) GO TO 60 
I F ( V .L T • 0 • ) G 0 TO 3 0 
IF (ReEOeOeO) GC TO 60 
IF(JeGT.Nl) V=AINT(V+e999) 
IF (JeGTeNTWO) V = leO 
IF(VeGT.Rt R=V 
GO TO 60 

30 IFCS.Ea.O.) GO TO 60 
IF(J.GleNl) V=AINT(V-.999) 
l~(VeGE.S) GO TO 60 
IF(VeLT.(•X(J))t V=•X(J) 
S=V 

60 CONT [NUE 
IF(ReEO. •t.E38 .oR.R.Ea.O.O) GO TO 90 
T=O. 
K=lA 

05020370 
05020380 
05020390 
05020400 
05020/f.lO 
CS02Q420 
05020430 
05020440 
05020450 
05020460 
05020470 
05020480 
05020490 
05020500 
05020510 
05020520 
05020530 
05020540 
05020550 
05020560 
C5020570 
05020580 
050,20590 
0502060 0 
05020610 
05020620 
05020630 
05020640 
05020650 
05020660 
05020670 
05020680 
05020690 
05020700 
05020710 
05020720 
05020730 
05020740 
05020750 
CS020760 



DO 70 I=l.f\R 05020770 
IF( IeEOeROW(K)) GO TO 64 05020780 
IFCBB(I).GE.O.) GC TO 70 05020790 
T=T-BB ( 1) 05020800 
GO TO 66 05020810 

64 F=BB(I)•R*Y(K) 05020820 
lF(ABS(F).LT.TR) F-=0. 050208 30 
K=K+l 05020840 
lF(K.GTeiB) K=lB 05020850 
IF(F.GE.O.) GO TO 70 05020860 
T=T-F 05020870 

66 tF(TeGEeSU") GC TC 90 05020880 
70 CONTINUE 05020890 

tF(T.EG.o.J GO TO 110 05020900 
W=R*C(~) 05020910 
lF(WeLEeO) GC TC go 05020920 
Q.:w 05020930 

80 OX=AMII\l(R.CX~•xJ 05020940 
w 

05020950 N KK=.J 
........ 

90 IF(S.EQ.t.E38.0R.5.Ea.O.) GO TO 140 05020960 
T=O• 05020970 
K=IA 05020980 
00 100 I=t .NR 05020990 
IFC t.EQ.ROW(K)) GC TO 94 05021000 
IF(BB(J).GE.Oe) GO TO tOO 05021010 
T=T-BB(l) 05021~20 

GO TO 9€ 05021030 
94 F-=BB( 1 t•S*Y(K) 05021040 

IF(ABS(f).LT.TR) F=O• 05021050 
K=K+l 05021060 
IF(KeGTeiB} K=IB 05021070 
IF(F.GEeOe) GO TO 100 05021080 

T=T-F 05021090 
96 IF(T.GEeSUM) GO TO 140 05021100 

100 CONTINUE 05021110 

lF(TeEO.O.) GO TO 120 05021120 
W=S*C(J) 05021130 
IF{W ~LE.Q) GO TO 140 . 05021140 
Q::W 05021150 

105 DX=AMAXtCS.-OX~AX) 05021160 

-· - L- ... - - - - Iiiii ~ -, ,.' - - ... - -~ - ~- -



- -)--- --- -J- - •.. :·,- -·- -f--
KI<=J 05021170 
GO TO 140 050 21180 

110 T EMP=R*C ( J t 05021190 
IF{TEMPeLEeP) GC TO 90 05021200 
P=TEMP 05021210 
Q= leE38 05021220 
GO TO AO 05021230 

120 TEMP=S*C(J) 050 2124-0 
IF(TEMP.LE.P) GO TO 140 05021250 
P=TEMP 05021260 
Q=t.E38 05021270 
GO TO 105 05021280 

1 4 0 C ON TIN UE 05021290 
IF(Q.EQ.{-t.E38)) RETURN 05021300 
X(KK):.::X(KK)+OX 05021310 
.I A=COL ( I<K) 05021320 
I 8= COL ( KK + 1 ) • 1 05021330 
DO 150 I=I.A,IB 05021340 

w BB(ROW(l)):BB(ROW{I)t•DX*Y(f) 05021350 N 
(X) 150 lF(AB5(8B(ROW(I))).LTeTR) BB(ROW(I))=O. 05021360 

SUM=O• 05021370 
00 155 I::: 1 • NR 05021380 

155 IF(BB(l).LTeOe) SUM=5UM-BB(I) 05021390 
C(NCA)~C(NCA)+OX*C(KK) 05021400 
IT( 1 )=IT( 1 )+1 050214-10 
IF(SUMeEOeO •) RETURN 05021420 
GO TO 10 05021430 
END 05021440 
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SUBROUTINE PHASE2 
ATTEMPT TO IMPROVE THE VALUE OF THE 08JECTIVij FUNCTION 
INTEGER*2 ROW.COL 
COMMON/0314/~.M.OBJtKPt.K.NR,NC.NRA,NCA,Nt.N2.N3.6XMAXtiStTV,TRt 

1SU~tiGNOR.IT(4),JCONT,X(150),V(3136),ROW(3136),COL(150),88(150l. 

2C(150).e(t50).XX(150) 
NTWO=N2+Nt 

10 ZZ=-1 • 
OQ 30 J=ltNC 
lFfJeNE.tGNCR) GO·TO 12. 
IGNOR=O 
GO TO 30 

12 lF(C(JleGE•O•> GO TO 18 
1 f ( X ( .J l • e Q • 0 • ) GO T 0 30 
R.:;•t.E38 
I A=COL ( .J.) 
te=COl. (J+ll•t 
DO 15 l=lAtl6 
IFCBBfROWfi)).EO.O.) IFfY(I)) 30.30,13 
V=B8(R0W(I))/Y(l) 
lF(VeGleO•) GO TO 15 
1. F( v· e,<i.T e•TV) GO TO 30 
{r(JeGT.Nt.ANO.VeGT.-.1._) GO TO 30 
lPCVeGEe(~~(J))) GQ TO 14 

t3 v=.-x( J ». 
14 IFCV.G~•R) ~:y 
t 5 CONTINUE· 

GO TQ ~l 
18 IF (JeGl.NT.OllFCXCJl& l9tl9.30 
19 R .;:: 1. OE38 

I A=CQL (J) 

I ES=C.Q'- t .J+l t•l 
PO ~0 l"=lA•1.8 
lFtaB<ROWtll).eQ.o.t tF(Y(I)l 20.30,30 
V~BB(RQW(l)}/Y(I) 

tF(V.LT~Q•) GO ?0 20 
IF(V.LT.TV) GO TO 30 
tF(J.GT.~t.ANQ.~aLT•l•l GO TO 30 
tF (J.ET•NTWQl V ~ l•Q 
IF(V._Ll•R,); R=V 

05021450 
05021460 
05021470 
050214-80 
05021490 
05021500 
05021510 
05021520 
05021530 
05021540 
05021550 
05021560 
05021570 
05021580 
DS02159Q 
05021600 
05021610 
05021620 
05021630 
05021640 
05021650 
05021660 
05021670 
05021680 
05021690 
05021700 
0502.1710 
05021720 
05021730 
OS 0 21 74.() 
05021750 
05021760 
05021770 
05021780 
05021790 
05021800 
05021810 
050·21820 
05021'830 
05021840 

-·-t··--- ·······-~--- -·- -~-·-
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w 
w 
0 

20 CONTINUE 
21 IFtABS(J:().EOeleE38) GO TO 30 

IF(C(J~eEOeOe) R=AMINl{t •• R) 
Q=R*C(.J) 
lF(Q.LE.ZZ) GO TO 30 
ZZ=Q 
KK=J 
IF(.JeGTeNl) R=AINT(~) 
IF(ReLTeOe) GO TO 25 
DX=AMINl(R.CX~~X) 

GO TO 30 
25 DX=AMAXt(R.-OXMAXl 
30 CONTINUE 

IF(ZZ.EO.(•l.)) RETURN 
X(KK)=X(KK)+OX 
I A=COL( KK) 
IB=COL (KK+l )•1 
DO 40 I= I~. I B 
BB(ROW(l))=EB(RQW(I))•DX*Y(I) 
IF(AB5(88(R0W(IJ)}.LTeTR) BB(ROW(I)):O. 

40 CONTINUE 
CCNCAJ=C(NCA)+DX*CIKK) 
IT(21= IT( 2)+1 
GO TO 10 
END 

05021850 
05021860 
05021870 
05021880 
05021890 
05021900 
05021910 
05021920 
05021930 
05021940 
05021950 
05021960 
05021970 
05021980 
05021990 
05022000 
05022010 
05022020 
05022030 
05022040 
05022050 
05022060 
05022070 
05022080 
05022090 



w 
w __, 

c 
SUBROUTINE P~ASE3 
PERTURB THE CURRENT SOLUTION 

05022100 
050 22110 

INTEGER*2 ROW,COL 05022120 
COMMON/0314/~.~.0B~.~Fl•K•NR.NC.~RA.~CA.NltN2,N3,0XMAX,IS,TV,TR, 05022130 
lSUM,IGNOR,tff4)tJCONT.~(150),Y(3136},ROW(3136),COL(l50),88{150), 05022140 
2C(150)tE(150),XX(150) 05022150 

NTWO=N2+N1 05022160 
zz~·•· 05022170 
JJ:o oso22tao 
DO 10 J=ltNC 05022190 
IF(X(.J).LT.fVeANO.C(~)eLT.Oe) GO TO 10 05022200 
IF(X(J)~Gf•l••DA.C(J)•GEeOe) GO TO 2 05022210 
TEMP=~CfJ)*X(J) 05022220 
t~CTEMPeLt.ZZJ GO TO 10 05022230 
ox=•x«J) 
GO to 1\ 

2 TEMP~ABS( C(J) J 
IFCTEMP.LfeZZ) GO TO tO 
ox=t. 
IF(C(Jl•LT.O.} ox~~~-
IF (JeGt,NTWO) tF (X(.J)*OX) 4,4;10 

4 lZsTEMP 
..J~=.J 

10 CQNfiNUE 
tF<JJ•Ea.OJCO ro 35 
X(JJ)::)((JJ)+Ox 
I A=COL ( .JJ) 
I 8= <! OL ( J J + 1 )• 1 
00 20 I=tA,tB 
BB(~0W(l))~B9(ROW(I))•DX*Y(I) 

ao IFCAeSCBS(~OW(l)lt•LT.tR) BB{ROW(ltJ~O. 

SUM=O• 
00 30 l~lt NR 

30 IF(BB(I)•LT.O.l SUM=SUM-BBCtJ 
C(NCA)~CINCA)•ZZ 

35 I GNOR:: J.J 
IT( 3)-: IT( 3l+l 
~ETU'RN 
END 

05022240 
05022250 
05022260 
05022270 
0$022280 
05022290 
05022300 
05022310 
05022320 
05022330 
05022340 
05022350 
05022360 
05022370 
05022380 
05022390 
05022400 
05022410 
05022420 
05022430 
05022440 
05022450 
05022460 
05022470 
05022480 

- -)------ -~- ·--- '--- -1-·-
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w 
w 
N 

SUBROUTINE SCUAS~ 

I~TEGER*2 ROW.COL 
COMMON/D314/N.M.DBJtKPl.KtNR.NC.NRA,NCA.Nt.N2,N3,0XMAX.IS,TV,TR, 
1SUM.IGNOR,JT(4).JCO~T.X(150),Y(3136),ROW(3136),COL(150),BBt150·), 

2C(150),8(1~0),XX(150) 

DIMENSION ST~COL(l50) 
JCONT=O 
Jl=O 
DO 2 -1=1, NCA 

Kl=O 
REA0(3) (STRCOL(J2),J2=1•NRA) 
C(J)=ST~COL(NJ;A} 

00 3 1 =t,NR 
IFCJ.EO~NCA) GO TO 6 
IF(STRCOL(I).EQ.O.O) GO TO 3 

6 .Jl=Jl+l 
K l=K 1 + 1 
IFIJ.EO.NCA) GO TO 50 
Y(Jl)=STRCCL(I) 
JCONT.:.JCONT+t 
ROW{~l)=l 

50 CONTINUE 
lF(KleGT.ll GO TO 3 
COL(.J):Jt 

3 CONTINUE 
2 CONTINUE 

00 10 ~3=1 eNR 
10 68(~3):STRCOL(J3) 

REW INO 3 
RETURN 
END 

05022490 
05022500 
05022510 
05022520 
05022530 
05022540 
05022550 
05022560 
05022570 
05022580 
05022590 
05022600 
05022610 
05022620 
05022630 
05022640 
05022650 
05022660 
05022670 
05022680 
05022690 
05022700 
05022710 
05022720 
05022730 
05022740 
05022750 
05022760 
05022770 
05022780 
05022790 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

w c w 
w c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 

SUBROUTINE PLOSS(FPCR.ZMB •• ZMC.ZMNC,FSU.AS,AB,ZI.ZIC,YB,YBC•EC. 
*HUM.SPAN,ZLOSS,ZINLOS,UWC) 

THIS SU8ROUTINE COMPUTES PRESTRESS LOSS BV 1975 AASHTO 
INTERIM SPEC. 

FPCR = CONC~ETE RELEASE STRENGTH {KSl) 
ZMBW=OeLe ~OMENT DUE TO BEAM WEIGHT AT NICSPAN(K-FT) 
ZMC = TOTAL D.L. MOMENT (EXCEPT BEAM •EIGHT) AT MIDSPAN 

ACTING ON COMPOSITE SECTION(K-FT) 
ZMNC = TOTAL OeLe MOMENT (EXCEPT BEAM WEIGHT) AT MIDSPAN 

~CTING ON. NONCOMPOSITE SECTION (K-FT) 
FSU = ULTIMATE STRENGT~ OF STRANC (KSIJ 
AS =.TOTAL STRANO AREA (IN**2) 
AB = CROSS SECTIONAL AREA OF BEAM (IN**2) 
ZI =Me OF Ie CF NONCOMPOSITE BEAM (IN**4) 
ZIC = M. OF le OF COMPOSITE BEAM (1N**4) 
YB = DISTANCE FRCM e.G. OF BEAM TO BOTTOM FIBER (IN) 
YBC = DISTANCE FROM CeGe CF CCMPOSITE BEAM TO BOTTOM FIBER (IN) 
EC = DISTANCE FROM BOTTOM OF BEAM TO e.G. OF STRANDS (IN) 
HUM = RELATIVE HUMIDITY {PERCENT) 
SPAN = SPAN LENGTH (FT) 
ZINLOS=FRACTION OF INITIAL STRESS(e7*FSU) LOST (RELEASE) 
ZLOSS = FRACTIO~ CF l~ITIAL STRESS (~7*FSU) LOST {SERVICE) 

(COMPRESSION STRESS IS POSITIVE ) 

SHRINKAGE LOSS 

SH=(170COe•l50*HUM)/lOOO. 

ELASTIC SHORTEhiNG 

A 10 PERCENT LOSS IN STRANO FORCE DUE TO RELAXATION AND ELASTIC 
SHORTENING PRIOR TO RELEASE IS ASSUMED AT TIME OF RELEASE 

FEFF=0•~*0•7*FSU*AS 
FCIR=FEFF/AB+FEFF*(YB•ECI*ABS(YB•EC)/ZI-12e*ZMBW*(YB•EC)/ZI 

ECI=(UWC*1006e)**1•5*33.*SQRT(l000e*FPCR) 

CS022800 
05022810 
05022820 
05022830 
OS022840 
OSO 22850 
DS022860 
05022870 
CS022880 
OS022890 
CS022900 
OS022910 
DS022920 
OS022930 
05022940 
DS022950 
D502.2960 
05022970 
05022980 
C5022990 
05023000 
050~3010 

05023020 
05023030 
05023040 
OS023050 
05023060 
05023070 
05023080 
OS023090 
05023100 
OS023110 
05023120 
05023130 
05023140 
05023150 
05023160 
05023170 
05023180 
OS023190 

- -J- -- --- -~- .. ----- -j-.-
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ES=(28E+O~*FCIR/ECI) 05023200 

(. 05023210 
c CREEP LOSS 05023220 
(. 05023230 

FCD5=12e*Z~NC$(Y8•EC)/Zl+t2.*ZMC*fYBC•EC)/ZIC 05023240 
CRC=12e*FCIR~7.*FCDS 0502.3250 

c 05023260 
c STRANO RELAXATICN LCS5 05023270 
c 05023280 

CRS=20.•0.~*ES•0.2*(SH+CRC) 05023290 
c 05023300 
c TOTAL LOSS 05023310 
c 05023320 

DELTFS=SH+ES+CRC+CRS 05·023330 
OELF~I=ES+0.5*CRS 05023340 

c 05023350 
c LOSS FACTOR 05023360 
c 05023370 

w ZL05S=DELlFS/(e7*FSU) 05023380 w 
~ ZINL05=CELFSI/(.7*FSU) 05023390 

RETURN 050234-00 
END 05023410 



~ 
4J 
U:t 

c 
c 
c 

c 

COMMON/BLK 1/ HEA0(15),ZMI(20).Y~I(20)eBMA(20), 
*ZSA{20)eYSA(20),8MJ{20),YH(10,2),ZH(l0e2),NTY(30), 
*LC( 500),NL8( 500),LM(4).P( 500).XL( 500l.PL( 500), 
* E C C ( 5 0 0 ) , F 1 1 ( 1 0 • 4 , 4 ) , F 1 2 ( 1 0 • 4 • 4 ) , F 2 2 .( 1 0 • 4 • 4 ) • SF ( 1 64 • 8 I • 
* N PO S ( 5 00 ) , XP 0 S ( 9 • 9 ) • H F ( 1 9 • 4 ) • J T Y ( 3 0 ) • Y S T R l 9 • 4-) , Z S T R ( 9 • 4 ) • 
*NOUT(9)eYSS5(9,4).ZSS5(9,4),X(8) 

COMMON/BLK 2/ NHARMS.SPANeNBEA~S.E,GeNTYPES.NEO. 
*ALPHA.~LC~SE.NLCARO,NX 

COMMON/BLK 3/ XZE~0(164) 9 ¥MAMPL(20l,Z~A~PL(20), 
*FAMPL( 20), SFAMPL.: 20), TAt-1PL( 20) ,OA.MP.J,_( 2Q), Yft'OLT( 200 • 20.9) • 
* Z MOU T ( 9 ~ 2 0 , 9 t ~ FCV T ( 9 • 2 0, 9 ) , SF OUT ( 9 • 2,() , 9 ) • TOUT ( 9, 2 0 • 9 ) , 

*DOUT<9•2~t~).XC~T(9,76,~),XS(·)~X~(·l 

M~Tl-.i!EA.M .SQ I.C.GE A~ALYS JS, 

NHARMS;30 
C~L RE:J;·EAP 

1 REAP~ 5 • 2 J l ,£tiD= J 94)0 ) ( HE AD ( J 1 t , J 1;::: J ,, l S) , KQO:E 
211 FQRMAT(JS.Ilf.tlX,JJJ 

C LOAD l~PUT CAT' 
c 

c 

Jr(l<O()~ ,J;:Q ,,o 'CAJ-\- 1 NPJT 
:IFO,PQ£.~E .• O )(At.J- llSPSJT 

C ZERO O~fP.JJl $TORA:e;i£ A:f~~A 

.c 
~- ~ 4 * N-~AM$ • 4 
f)O ~2() J = 1, Nl.CASE 
N.P = NPOS~IJ 
OQ 2J9 ~;: l• -Nfi' 
();() .2l Q .J = 1 , :Nt!:.t: AM S 
Y:Mat)T(I,•,,•~) ;: .o.o 
IF(KQDJ: •NE .O) GO T.O ~JQ 

ZMOUT(I•J•~) = 0.0 
SFOUT(J,J,t<) = o.o 
FOUT(I•J•K) = 0.0 
TQUTCI,J•Kt ~ e.o 
DOVT ( I • 4, K) =.C • ~ 

210 CONTlNU€ 

AMOOOO 10 
AM000020 
AM000030 
AM000040 
AMOOOOSO 
AM000060 
AMOOOO 70 
AM000080 
AM000090 
AM000100 
AM000110 
AMOO<H 20 
AMOOOl~Q 

AM009140 
AMOO:Ql~O 

A-M000l60 
ANOOOJ 7,(9 
AMOQOl.BQ 

4MOOOJ ~-() 
Afi40QO?OQ 
AHO-Otl.2l 0 
A.~0-0~).~20 

AM0.0-923G 
AMOOO~A() 

AM00,0~6D 

AM()00~6Q 
AM00·()27() 
At•tO 00 ;2.80 
AHOIJ02q() 
AMOOO~.OO 

AM0003JO 
A~00032(t 

AMOQQ:3:30 
AM000340 
AM000350 
AM00036Q 
AM000370 
AMOQ0::380 
AMO 003·90 
Af11()1)04-00 

- - t- -· - - -1 - - ~- i ._]' - - - - - -} - -
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w 
w 
0"1 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

IF(KODEeNEeO) GO TO 219 
0 0 2 1 7 J= 1 • N X 

2 1 7 X OUT ( I • J • K) = 0" • 
219 CONTINUE 
220 CONTINUE 

FORM STFlUCTURE FLEX IB IL I TV MATRIX FOR EACH HARMONIC 

DO 900 NH = t. NHARMS 
HARM = NH 
ALPHA ~ HARM*3e14159265/SPAN 
CALL FLEX 

REDUCE FLEXIBILITY ~ATRIX 

CALL SYMSOL (SF. XZERO. NEQ. a. 1) 

SET UP XZERO FOR EACH CASE 

DO 800 K = 1. NLCASE 
DO 510 J = 1• NEO 

510 XZERO(J) = OeO 

ZERO OANPL• TANPL. SFAMPL. FAMPL• YMAMPL• ZMAMPL 

DO 515 NE = t. NBEAMS 
0 AMPL ( N B ) = 0 • 0 
T A~PL ( NB) = 0 • 0 
SFAMPL(NB) = 0.0 
FAMPL(NB) = 0.0 
YMAMPL(N8) -= 0.0 

515 ZMAMPL(N8) = OeO 

FORM LOAD VECTOR FOR EACH LOAD CASE 

DO 520 N = 1, NLCARD 
KK = LC(N) 
IF(kKeNEeK) GC TO 520 
NB = NLB(N) 
NT= NTY(NE) 

AM000410 
AM000420 
AM000430 
AM000440 
AM000450 
AM000460 
AM000470 
AM000480 
AM000490 
AMOOOSOO 
AM000510 
AM000520 
AM000530 
AM000540 
AM000550 
AM000560 
AM000570 
AM000580 
AM000590 
AM000600 
AM000610 
AM000620 
AM000630 
AM000640 
AM000650 
AM000660 
AM000670 
AM000680 
AM000690 
AM000700 
AM000710 
AM000720 
AM000730 
AM000740 
AM000750 
AM000760 
AM000770 
AM000780 
AMOO 0790 
AM000800 



w 
w ......., 

c 

PP= P(N) / PL(N) AM000810 
PN = 4 • *PP$5 ·If\ { ALPH.A*XL ( N)) *SIN { AL PHA*PL ( N) /2 • )/( 3e1415926.5*HAR.,) AN000820 

NR = 4 * NB - ~ 
Gl = PN/(~LPHA**3*Y~l(NT)) 
G2 = ECC{N)*PN/(ALP~A**2*B~J(NT)) 
G3 = Gl /ALPHA 
XZERO(NR) = XZERC(NR) + Z~(NT,l)$Gl 
NR ::: NR + 1 
X ZERO( Nf:<) = XZEf;Q(N~) • ZH(NT.ll$G2 
NR = NR + 1 
X ZERO( NR) = X ZERO (NR) • G3 + VH (NT • 1 ) *G 2 
NR ;; NR + 1 
XZERO( NR) .: XZERO(NR) + G2 
NR = NR + 1 
X ZERO ( NR) : XZERO(NR) - Z tH NT , 2 ) * G 1 
NR = NR + l 
X ZERO( NR) ::: X ZERO (N~) + 2H{NT.2)*G2 
NR = NR + 1 
XZERO(NR) = XZERO (NR) +G3 - YH(NT,2)*G2 
NR :: NR + 1 
X ZERO ( NR) = )(ZERC(NF'<) • G2 

AM000830 
AMOO 0840 

AM000850 
AM000860 
AM000870 
AM000880 
AM000890 
AM000900 
AM00091 0 
AM000920 
AM000930 
AM000940 
AM000950 
AM000960 
AM000970 
AMCC0980 
AM00099'l 
AMOOIOOO 
AM001010 
AMOO 10 20 

C AMOO 10 30 
C STORE AMPLITUDES CF OISPL• ~O~ENT. SHE~R. AND TORSICN DUE TO LOAOSAMOOIO•O 

c 

c 
c 
c 

c 

DAMPL(Ne) -= OA~FL(NS) + G3 
YMAMPL ( NB) ::: Y~A.-P·L ( NB) • PN/ ~LPHA**2 
SFAMPL(N6) = SFAMPL.(NB.) + PN/ALPHA 
TA~PL(NSl ~ TAMPL(NBl • ECC(N)*PN/ALPHA 

520 CONTINUE 
00 530 N = •• 4 

530 XZERO(N) = o.o 
NF : NEQ .., 3 

DO 535 N :; NF. NEC 
535 XZERQ(N) = o.o 

REDUCE R.~.s. VECTOR AND eACK•SUBSTITUTE TO SOLVE FOR X•AMPL 

CALL SVMSOL ( SF, XZERO. NEQ, s. 2) 

-14001050 
AM00t060 
AMOOl? 70 
AM001080 
AN001090 
AMOO 11 CO 
AMOOlll':> 
AM001120 
AM001t3t) 
AM001140 
AM001150 
AM001160 
AM001170 
AMOOll 80 

AM001190 
AM00120C. 

- - l- - - - -· - - ·-. ~· - ;- - - - -~·- -
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w 
w 
00 

c 
c 

c 
c 
c 
c 

c 
c 
c 

540 

1 

TRANSFORM REDUNDANTS TO BEAM CENTER-LINE AM00t210 
AM001220 

00 550 NB = t,NEEAMS AM001230 
NT = NTY(NS) AM001240 
DO 540 I = t. 8 AM001250 
NN = 4 
)((J) = 
X(4) = 

X(3) = 
X(2) = 
X ( 1) = 

* NB - 4 + I AM001260 
XZERO(NN) AM001270 
X(4) + YH(NT,l)*X(3)- ZM{NT.l)*X(2) • X(8t- YH(NT,2l*X(7)AM001280 
+ ZH(.NT.2t*X(6) 
X(3)- ~LP~A*ZH(NT.l)$X(1)- X(7) + ALPHA*ZH{NT•2)*X(5)· 
X(2) - ALPHA*YHCNT.l)*X(l) • X(6) + ALPHA*YH(NT.2l*X(5) 
X ( 1 ) - X( 5) 

STORE A"PL. CF OtSPL ... MCMENTS.SHEAR .. JI.XIAL FCRCE AND TORSIONAL 
MOMENT OUE TO REOUNOANTS 

DAMPL(NB) = OAMPL(NB) + X(3)/(Ytfi(NT)•ALPHA**4l 
YMAMPL(NB) = VMAMPLtNB)- X(3)/ALPHA**2 
ZMAMPL(NB) = Zt4AMPL(N8) • X(2)/ALP~A**2 

FAMPL(NB) = FAMPL(NB) + )({1)/ALPHA 
SFAMPL(NBJ = SF-~PL(NB} + X(3t/ALPHA 

550 TAMPL( NB) = TAfiiFL(NB) + X (4 )/ALPt>A 

AM001290 
AM001300 
AM001310 
AM001320 
AA4001330 
AM001340 
AM001350 
AM001360 
AM001370 
AMOOt380 
AM001390 
.6M001400 
AM001410 
AM001420 
AM001430 
AM001440 
AM001450 
AM001460 
AM00t470 
AM001480 
AMt)01490 
AM001500 
AM001510 
AM001520 
AM00t530 
AM00154n 
A'-4001550 
A'-400 1560 
AM00t570 
AM001580 
AM001590 
AM001600 

COMPUTE a•• SF. TCRS. MON •• ANO CISPL• FOR REQUIRED POSITIONS 

NP = NPOS(K) 
DO 700 PI= t. NP 
ARG~ALPHA*SPAN/2• 

IFtKOOEeEO.O) ARG=ALPHA*XPOS(K.M) 
SS=SIN(ARG) 
CC=COS( ARG) 
00 600 NB = 1• NBEAMS 
VMOUT(K.NB.~) = Y~OUT(K .. ~e.~) + Y~AMPL(N8)*SS 
IF( KOOE .NE .o) GO TO 600 
OOUT(K.l\8,~) = CCUT(K.NB.fi) + OA~PL(NB)*SS 
ZMOUT(K,NB.~) = Z,.,OUT(K.l\e.~) + ZMA~PL(NB)*SS 
FOUT(K,NB.Ml = FOUT(K,NB.fl) + FAMPL(NB)*SS 
SFOUT(K 9 NB.~) = SFOUT(K,l\B,~t + SFA~PL(NEl*C< 
TOUT(K,NA.M) ~ TOLT(K.~B.~) + TA,.,PL(NS)*CC 

600 CONTINUE 



w 
w 
\,0 

c 
c 
c 

STORE AMPLITUDE OF REDUNDANTS 

IF(KOOEeNEeOt GO TO 700 
DO 630 NN = t~NX.4 

NM = NN + 4 
630 XOUT(K,NN.~) = XOUT(K.NN.Ml + XZERO(N~)*CC 

DO 640 NN ~ 3.NX,4 
NM = NN + 4 

640 XOUT(K,NN,fll) = XOUT(K,NNeM) + XZERO(NMJ*SS 
DC 650 NN : 2e NX, 2 

650 
700 
800 
900 

1900 

N..- = NN + 4 
XOUT(K,NN.N) = XOlJT(KeNNeM) + XZERO(NM)*SS 
CONTINUE 
CONTINUE 
CONTINUE 
IF(KODEeEO.O)CALL OUTPTT 
IF(KOOEeNEeO)CALL OUTPUT 
GO TO 1 
CONTINUE 
STOP 
END 

AM001610 
AM001620 
AM001630 
AN001640 
AM001650 
AM001660 
AM00t670 
AM001680 
AMOO 1690 
AM001700 
AM001710 
AM00.1720 
AM001730 
AM00174:0 
AN001750 
AM001760 
AMOOOt 770 
AM00t780 
AMOOI790 
AM00l800 
AM001810 
AM.001820 

- -l--- -- - -·- .- ----- -}- -
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SUBROUTINE INPTT 
COMMON/BLK 1/ HEAC(15),ZMI(20),YM1(20),8MA{20), 
*ZSA(20),YSA(20),8MJ(20),yH(10,2),ZH(10,2l,~TY(30), 

*LC( SOO),NLE( 500),LM(4),P( 500),XL( 500),PL( 500), 
*ECC( 500),Ft1{10,4,4),F12(10,4,4),F22(t0,4,4),SF(164,8), 
*NPOS( 500),XPOS{9,9),HF(t9,4),JTY(30),YSTR(9,4),ZSTR(9,4}, 
*NOUT(9),YSSS(9,4),ZSSSC9,4),X(8) 

COMMON/BLK 2/ NHARMS,SPAN,NBEAMS,E,G,NTYPES,NEQ, 
*ALPHA,NLC~SE,NLCARO,NX 

READ(99,1000) (HEAO(Jl),Jl:t,t5) 
1 0 00 F 0 RM AT ( t 5 A 4 } 

READ 1010, SPAN•E•G•NBEAMS,NTYPES,JTYPES,NHARMS 
1010 FORMAT {3FtO.C .. lf.l5) 

WRITE(6,2000) (HEAD(Jl),Jt=1•15) 

AM001830 
AM001840 
AM001850 
AM001860 
AMOOt870 
AM001880 
AM001890 
AMOO 1900 
AM001910 
AM001920 
AM001930 
AM001940 
AM001950 
AM001960 

2000 FORMAT{1Ht,9X.• *****ANALYSIS OF ~ULTI-BEAM BRICGE*****••//.tX~15AAM001970 
14) AM001980 

PRINT 2010• SPAN.EeG.NBEAMS.NTYPES.JTYPES.NHARMS AM001990 
2010 FORMAT (lOX.llHBRIOGE SPAN,29X,tH=,Ft2.3// AM002000 

w 1 10Xw2AHYOUNGS MODULUS OF ELAS11CITV.t2X.1H=•F12.0// AM002010 
~ 2 10X.t4HPCISSONS RATI0.26X,tH=wF12e3// AM002020 

3 1CX.t5HNUMBER OF BEAMS,25XwlH:,t6// AM002030 
4 10X,20HNUMBER OF 8EAM-TYPES,20X.tH=•I6// AM002040 
5 10X,21HNUMBER OF JOJNT-TYPES,19X•1H=•I6// AM002050 
6 10)(, 19HNU~BER OF HARMOJ\ICS,21 X,1H=,t6//) AM002060 

C AM002070 

c 
c 
c 

G = E/(2e*(le + G)) 

READ IN BEA~ P~CPERTIES FOR EACH TYPE 

PRINT 2020 
2020 FORMAT (1H1.9X .. 26H *****BEA~ P~CPERTIES*****//// 

1 tX.4HTYPE,7X .. 4HI-ZZ.7X,4HI-YY.7X.4HA~EA, 
2 SX.6HTORS J.BX.JHZHL.SX.3HYHL.eX.3HZHR,8X.3HYHR/) 

D 0 1 50 N = 1 • 1\TY PES 
READ 1030, ZMI(N),Y~I(N).EMA{N),BMJ{N},ZH(N,t).VH(N,tl•ZH{N,2)t 

1 YH(N,2) 
1030 FORMAT (4Fl0e0/4Ft0.0) 

PRINT 2030. NtZMl(N),VMI(N),8MA(N),BMJ(N),ZH(N,t), 
1 YH(N,t ),ZtitN.2 ).YH(N,2) 

2030 FORMAT C/t~.4Fllel.4Flle2) 

AM002080 
AM002090 
AM002100 
AM00211 0 
AM002120 
AM002130 
AM002140 
AM002150 
AM002160 
A'-4002170 
AM002180 
AM002190 
AM002200 
AM002210 
~M002220 
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~ 

150 CONTINUE 
c 
C IDENTIFY EEJMS EY TVPE 

AM002230 
AM002240 
AM002250 
AM002260 
AM002270 
AM002260 
AM002290 
AM002300 
AM002310 
AM002320 
AM002330 
AN002340 
AM002350 

c 

c 
c 
c 

c 
c 
c 

c 

PRINT 2040 
2040 FORMAT (///2X.7HBEAM-N0.5X,4HtYPE/J 

READ 1050 • ( NTY( N). -~ = 1 • NBEAtiS) 
1050_FORMAT (2012) 

PRINT 2050. (N, NT~(N), N = 1. NBEAMS) 
2050 FORMAT (21~) 

READ IN HINGE FLEXIBILITIES 

PRINT 2060 AM002360 
2060 FORMAT (////lOX,30H *****HINGE FLEXIBILITIES*****// AN002370 

1 1 X • 4HTYPE .t5X • 5HLONG • .14X ,6HHClf;I Ze .t5X ,SHVERT • .t6X • 4HROT e/) AM002360 
DO 160 J : t. JTYPES AM002390 
READ 1010. (HFfJ.N)• N: 1,4) AM002400 

1070 FORMAT (4Ft0e0) AM002410. 
160 PRINT 2065, J, (HF(JeNJ, N : 1.4) AM002420 

2065 FORMAT (15.1P4E20e5) AM002430 
AM002440 

tOENTIFY JOINTS BY TYPE AM002450 

NJ = N8EAM5 • 1 
2070 FORMAT (///9~ JOINT NC.5X•4HTYPE/) 

PRINT 2070 
READ 1075, (.JTY(J ), .J : 1 • NJ) 

1075 FOAMAT (20 t2) 
PRINT 2050• (J,JTY(J). J = 1, NJ} 

C READ IN LOAD DATA 

AM002460 
AM002470 
AM002480 
AM002490 
AM002500 
AM002510 
AM002520 
AM002530 
AM002540 
AM002550 
AM002560 
Aftil002570 
AM002580 
AM002590 
AM002600. 
AM002610 
AM002620 

c 
READ 1080• NLCASE,NLCARO 

1080 FORMAT {215) 
· PRINT 2080 

2080 FORMAT (1Ht.9X.29H *****LOADING CONDITIONS*****/// 
1 t~.9HLOAO CASEt1~.7HBEA. N0~9X~4HLOA0,6Xt7HX COOR0,7X, 
2 6hLENGT~e6X,4~ECC.,//) 

00 175 N ~ t. hLCARO 

- -j;- ·---- -·-~- .. ----- -)--...... 
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c 
c 
c 

c 
c 
c 

READ tOQO• LC{N).NLB(N).P(N).XL(N).PL(N).ECC(N) 
1C90 FORMAT (2t5.4Fl0e0) 

PRINT 2090. LC(N).NLB(N)~P(N).XL(N).PL(N).ECC(N) 
175 ECC(N} = •ECC(N) 

2C~O FORMAT (/219.4Fl3e3) 

READ IN DATA SPECIFYING X COOROS FOR RESULTS. 

PRINT 2100 
2100 FORMAT (/////lOX.37~ *****JOINT X-COO~OS FOR RESULTS*****// 

1 22X.5HNO OF/ 
2 9X 9 9HLO~C CASE.2X.9~POSITIONS.9X•2HX1.7X.2HX2.7X.2HX3.7X. 
3 2HX4.7X.2HX5.7X.2HX6.7X.2HX7.7X.2HX8.7X.2HX9) 

00 200 J = 1. NLCASE 
READ 1110• L.NP. (XPOS(L.N), N = 1• NP) 

1110 FORMAT (2tS.9F5e0) 
NPOS(L) : NP 

200 PRINT 2110• L.NP. (XPCS(L.N). N = t. ~P) 

2110 FORMAT (/lt8.t7.F15e1•8F9ell 

READ IN COORDINATES SPECIFIED FOR STRESS OUTPUT 

PRINT 2120 

AM002630 
AM002640 
AM002650 

AM002660 
AM002670 
AM002680 
AM002690 
AM002700 
AM002710 
AM002720 
AM002730-
AM002740 
AM002750 
AM002760 
AM002770 
AM002780 
AM002790 
AM002800 
AM002810 
AM002820 
AM002830 
AM002840 
A14002850 

2120 FORMAT (/////tOX.49H *****COORDINATES FOR OUTPUT OF AXIAL STRESS**AM002860 
l***//22X.S~NO OF/ 
2 9X,9HSEAM TYPE.2X,9HPOSITIONS.t1X.2HY1.7X.2HZ1•12X,2HY2• 
3 7X,2HZ2.12X,2~Y3.7X.2HZ3.12X.2~~4.7X.2HZ4/) 

00 225 NT: t. ~TYPES 
READ 1130, NOUT(NT),(YSTR(NT.N).ZSTR(NT,Nl• N = 1. 4) 

1130 FORMAT (15.8F5.0) 
NO = NOUT(NT) 

225 PRINT 2130, NT.NO,(VSTR(NT.N),ZSTR(NT.N), ~ = t. NO) 
21 30 FORM AT ( t 1 8 , I 7 • B X • 2 F9 • 1 • 5 X • 2F 9 • 1 • 5 X • 2 F 9 • l• 5 X • 2F 9 • 1 ) 

DO 300 NT = 1• NTYPES 
DO 275 N = t. 4 
YSSS(NT.N) : YSTR(NT.~)/Z~I(NT) 

275 ZSSS(NT.Nt = ZSTR(NT.NJ/Yfilli(NT) 
ZMICNT) = E * Z~I(NT) 
YMI(NT) = E * Y~I(NTJ 
BMJ(NT) = B~J(NT) * G 

AM002870 
AM002880 
AM002890 
AM002900 
AM002910 
AM002920 
AM002930 
AM002940 
AM002950 
AM002960 
AM002970 
AM002980 
AM002990 
AMOO 3000 
AM003010 
AM003020 
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c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

1000 

2~0 

250 
260 
280 

c 
c 
c 

SUBROUTINE SY.,SOL (A.8,NN,.,M 9 KKK) 
DIMENSION A(1E4~B).B(164) 

A = COEFFICIENT MATRIX. 
B = RIGHT ~ANC SlOE MATRIX. 
NN = NUMBER OF EQUATIONS (MAX 800 HERE). 
MM = HALF eANO WICT t1 (MAX 20 HERE) • 

GO TO (1000,2000).KXK 

REDUCE COEFFICIENT MATRIX. 

NL = NN • 4 
DO 280 N = 5. f\L 
DO 260 L=2.MM 
C=A(N,L)/A(N.t) 
I = N+L•l 
IF(NL-1) 260.240.240 
.J=O 
DO 250 K=L.~M 
J =.J+l 
A(l,.JJ=A(I • .J)•C*A(N.K) 
A(N.Ll=C 
CONTINUE 
GO TO 500 

REDUC£ RIGHT HAND SIDE MATRIX. 

2000 0 0 2 90 N : 5 , f\L 
DO 285 L=2.MM 
I=N+L-1 

c 
c 
c 

IF(NL-Il 290.285.285 
285 B(lt=B(I)-A(N.L)*B(N) 
290 B(N)=B(N)/A(N.l) 

CARRY OUT BACK SUBSTITUTION. 

.N=NL 
300 N = N-t 

AM003090 
AM003100 
AM003110 
AMOO 3120 
AM003130 
AM003140 
AM003150 
AM003160 
AM003170 
.AM003180 

AM003190 
AM003200 
AM003210 
AM003220 
AM003230 
AM003240 
AM003250 
AM003260 
AM003270 
AM003280 
AM003290 
AM003300 
AM00331 0 
AM003320 
AM003330 
AM003340 
AM003350 
AM003360 
AM003370 
AM003380 
AM003390 
AM003400 
AM003410 
AM003420 
AMOO 3430 
AM003440 
AM003450 
A'-1003460 
AM003470 
AM003480 



w 
.I> 
<.n 

c 

c 

IF(N-4) 35 c .soo ,350 
350 DO 400 K=2,MM 

L = N+K•l 
IF(NL-L) 400.370,370 

370 B( N) = B(N) • A(N,K) 

400 CONTINUE 
GO TO 300 

500 RETURN 

END 

AM003490 
AM003500 
AM003510 
AM003520 

* B(L) -M003530 
AM003540 
AM003550 
AM003560 
AM003570 
AM003580 
AM003590 

- -t- --- -- .,.. ·------ -),--
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SUBROUTINE INPUT 
INTEGER*2 TITLE.HH.SS,CIGITt,OIGIT2,8K,Al,A2.KEY,HINGTP,YES,NO, 

*A3, A4 
COMMON/BLK 1/ HEA0(15),ZMI(20),YMI(20),8MA(20), 

*ZSA(20) ,YSA(20) ,BMJ(20) .YH(l0.2),Zt-Ht0.2),NTY(30), 
*LC( 500 ),NLE( 500),LM( 4) ,p( SOC) ,XL( 500) ePL( SOOt • 
*ECC( SOO),F11(10•4•4l.F12{10.4.4),F22{t0.4.4),SF(164,e), 
*NPOS( 5CO),XP05(9,9),HF(19,4),JTY(30),YST~(9,4),ZSTR(9,4), 

*NOUT(9),YSSS(9,4).ZSSS(9,4leX(8J 
COMMON/8LK 2/ NHA~MS,SPAN,NBEAMS,E,G,NTYPEStNEQ, 

*ALPHA.NLCASE,NLCARO,NX 
COMMON/BLK 3/ XZER0(164),YMAMPL120),ZMAMPL(20), 

*F AMPL ( 20) • SF A PJFL ( 20) • T .AMPL( 20} • C AMPL { 20) • Y~OUT ( 200, 20,9) • 
*ZMOUT(9,20t9),FOUT(9,20.~),SFOUT(9,20,9),TCUT(9,20,9), 

*DOUT(9,20,9),XOUT(9,76.9),XS(4),XA(4) 
COMMON/8LK 4/ TITLE(3,54),HINGTP(t9.4).PWHEEL(l8),ZNWHL{18), 
*DIST(l8),.HL•N~(l8),TLN(5,2),~ASAST(5,2),~ASASL(5,2), 

*KASAXT(5,2),ZMAST(20,5),ZMASL(20e5),ZMAXT(20,5J~ZMMAST{20), 

*ZM~ASL(20),ZM~AXT{20),POSAT(20tlO),pQSLN(20t10),POSAX{20e10), 

*NLLAST(20,5),NLLALN(2Q,S),NLLAX1(20,5),DISTAT{20), 
* D IS T AL ( 20 ) , 0 I ST AX { 2 0 ) 

AM003600 
AM003610 
AM003620 

. AM003630 
AM003640 
~M003650 

AM003660 
AM003670 
AM003680 
AM003690 
AM003700 
AM003710 
AM003720 
AM003730 
AMOO 374-0 
A'-4003750 
AM003760 
AM003770 
AM003780 
AM003790 
AM003800 

COMMON/BLK 5/ NWHLS.NWHEEL.Al.A2,KAXT,FULMAT,FULM~.FULMAX,PMAT 9 PMA~003810 
*AXT.NTRFL,NAXCL,NAXTSP,NA)T,JTYPES.A3,A4,ZPAN AM003820 

DATA HH,SS,DIGITt,OIGIT2.BK/ 1 H 1 , 1 S•,•t•,•z~,• '/ 
DATA YES.NO/•Y•,•N•/ 
REA0(99,104) ITITLEfl.J21.42=1,54) 
DO 102 Jl=2, 3 

102 READ(5.t04)(TITLE(Jl,J2leJ2=t.54) 
104 FORMAT(5lf.All 

.IM003830 
AM003840 
AM003850 
AM003860 
AM003870 
AM003880 

REA0(5,106lZPAN.E.NEEAMS.NTRFL.Al•A2.A3,A4,KAXT,NAXTSP.NAXCL,NAXT AM0~3890 
106 FORMAT(4X.F4.t,4X,F6.t ,sX,t2.5X.I2,SX.2Al.lX,2Al~5X.Il.5X,I2.5X.IlAM003900 

*•SX,Itl AM003910 
SFAN:ZPAN*12e AM003920 
NTYPES=O AM003930 

108 READ(S.tt2) KEY 
112 FORMAT(3XeAl) 

IF(KEY.EQeBK) GO TO 116 
REA0(99.tt4) I8MN,Y~I(IBMN),ZMI(I8MN),BMA(IBMN),BMJ(IBMN), 

*YH(IBNN,t),ZH(IB~~.t),YH(IBMNe2),ZH(JEMN,2) 

114 FORNAT(3X.I1,7X,F8.1,4),F8.1,4X,F5.1,4X,F8elt3Xe4(F5.2,1X)) 

AM003940 
AM003950 
AM003960 
AM003970 
AM003980 
AM003990 
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YH( IBMN tl) =•Yh( te~N el) 
NTYPES=NTYPES+t 
GO TO 108 

116 REA0(99,lt8) (~TY(~l),Jl:t,NBEA~S) 

118 FORMAT(4X,20{12,1X)) 
JTYPES=O 

1 22 READ ( 5 t 1 t 2 ) KEY 
IF(KEYeEO.BK) GO TO 126 
REA0(99,124) IJTN,(HINGTP(IJTN,Jl),Jl=l.4) 

124 FORMAT(3X,I!,~X,4{A1,7X)) 
JTYPES=JTYPES+l 
GO TO 122 

126 DO 132 Jt=t,JTVPES 
DO 128 J2=1,4 

128 HF(Jl,J2)=t.E+Oe 
IF(HINGTP(Jl,t).EQ.YES) HF(~t.t)=O• 
IF(HINGTP(J1,2)eEOeYES) HF(~1.3J=O• 
IFtHtNGTP(J1 9 3}.E0eYES) HF(~l.2)=0. 
IFCHINGTP(Jl,4)eEQeYES) ~FCJlt4J=O• 

132 CONTINUE 
NJ=NBEAN$• t 
REA0(99,118) (JTY(Jl),Jl=t,NJJ 
READ(5,J34l (TLN(Jltlt.TLN(J1,2),Jl=l,~TRFL) 

134 FORM AT ( 4X • 5 ( F4 el • 4X • F 4 • I , 4X) ) 
tF(KAXTeEOeO) GCJ TO 150 
READ ( 5 • 136 ) ( PWHEEL ( .J 1) • J 1 = 1 • 1 e) 

REA0(5,138) (ZNWHL(JJ},J1=2•18) 
136 FORMAT(4X,18(F3el•lX)) 
138 FORNAT(8X.t7(F~.0.1X)) 

NWHEEL=O 
DO 140 ~1=1.18 
IF(PWHEEL(Jl)eEQeOeJ GO TO 142 

140 NWHEEL=NWHEEL+t 
142 CONTINUE 
150 NLCARD=O 

NLCASE=O 

AM004000 
AM0040 10 
AM004020 
AM004030 
AM004040 
AM004050 
AM004060 
AM004070 
AM004080 
AM004090 
AM004100 
AM00411 0 
AN004120 
AM004130 
AM004140 
AM004150 
AM004160 
AM004170 
AM004180 
AM004l90 
AM004200 
AM004210 
AM004220 
AM004230 
AM004-240 
AM004250 
AM004260 
AM004270 
AM004280 
AM004290 
AM004.300 
AM004310 
AM004320 
AM004330 
AM004340 
AM004350 

lF(Al.EQ~BK.ANO.A2.EQeBK) ~0 TO 514 AM004360 
C ******************************************************************AM004370 
C SET UP INFLUENCE COEFFICIENT LOAC CASES•AASHTC TRUCK AM004380 

C *********************•********************************************AM004390 

··- -t------ _ .. _ ~--- -\-- •. :ll--
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00 

NW=2 
IF(AleEQ.H~.ANO.A2.EO.SS) NW=3 
SCALE-=0.5 
IF(A3.EQ.OIGIT1) SCALE=Oe375 
WHLWNM(l)=SCALE*8• 
00 156 •. 11 =2 .N. 
WHLWNM( J l) =SCALE* 32 • 

156 OIST(Jl)=(Jl-1)*14. 
CALL MAXMO~(NW.WHLWNM,OIST,ZPAN~FUL~AT) 
FULMAT=FULMAT*2•*12. 
DO 506 Jl=t.NTRFL 
KASAST(Jl,t)=NLCASE+t 
YOIST=TLN(.Jl, 1 )*12.-12. 

502 YOIST=YDIST+t2. 
IF(YDIST.GT.t2e*TLN(~1.2J) GO TC 506 
NLCASE=NLCASE+l 
CALL LOCATE(YOIST,NSM,ECCEN.NBEAMS.YH,NTY) 
DO 504 '.J2=t.NW 
NL C ARO= NL C ARO + 1 
LC(NLCARO)=NLCASE 
NLB(NLCARO)=NBM 
P(NLCARD ):"'H...WNM( .J2) 
XL(NLCARDt=DIST(J2)*12. 
PL(NLCARO)=t2. 
ECC(NLCARC)=ECCEN 

50 4 C ONT IN UE 
GO TO 502 

506 KASAST(J1,2l=NLCASE 

AM004400 
AM004410 
ANOC4420 
AM004430 
AM004440 
AM004450 
AM004460 
AM004470 
AN004480 
AM004490 
AM004500 
AM00451 0 
AN004520 
AM004530 
AM004540 
AM004550 
AM004560 
AM004570 
AM004580 
AM004590 
AM004600 
AM004610 
AN004620 
AM004630 
AM001f.640 
AM004650 
AM004660 
AM004670 

C ******************************************************************AM004680 
C SET UP INFLUNCE COEFFICIENT LOAD CASES-AASHTC LANE AM004690 

C ******************************************************************AM004700 
WW=0.48 AM004710 
CONF=t3.5 AM004720 
tF(A3eEOeDlGIT21 WW=0.640 AM004730 
IF(A3.EQ.DIGil2) CO~F=ta. AM004740 
FULMAL=(~W/12e)*SPA~**2/8e+CONF*SPAN/4e 
00 512 Jl=t.NTRFL 
KASASL(Jl.t)=NLCASE+l 
YOIST=TLN(J1.1)*12.•t2. 

508 YOIST=YOIST+12. 

AM004750 
AM004760 
AM004770 
AN004780 
AM004790 
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c 
c 

512 

$14 

IF(YDISTeGT.t2••TLN(J1.2)) GO TC 512 
NLCASE=NLCASE+l 
CALL LOCATE(VCIST.NS.,ECCEN.NBEAMS.YH,NTY) 
NLCARD=NLCARC+l 
LC(NLCARD)=NLCASE 
NLB(NLCARC)=f\18,_, 
P(NLCARO):(WW/tO.)*SPAN/12. 
XL(NLCARO):SPAN/2• 
PL(NLCA~OJ::SPAN 

ECC(NLCAROJ~ECCEN 

NLCARD=NLCARO+t 
LC(NLCARO)=NLCASE 
NLB(NLCAR0)::NBt.4 

AM004800 
AM004810 
AM004820 
AM0048J{\ 
AM004840 
AM004-850 
AM004860 
AM004-870 
AM004880 
AM004890 
AM004900 
AM004910 
AM004920 

P(NLCA~t)•CON~/10• AM004930 
XL(NLCA~Q)~SPA~/2• AM004~40 
PLCNLCAR0)=12• AM004950 
£CC(NLCAROJ:eCCEN AM004960 
GO TO 508 AM004910 
KASASL(Jl.2)~NLC.SE AM004980 
****•*************************************************************AM00.990 
seT UP tNFLUENCE COEPPIClENf LCAO CAS!S•AXLE T~AIN AMOOSOOO 
********************•**********.**********************•***********AM005010 
IF(KAXt.EQ.O) GO TO 526 AM005020 
NWHL:!:NWHeEL AM0050 :30 
WtLWNM< l) sPWHEEL( l ).1'2. AM00~040 

00 530 Jl#2•N• ~005050 
WtLWNM( J l )::PWHEEL( J l )/2• AMOOSOoO 

530 OISTC .Jt )::ZNWHL { Jt) AM005070 
CALL MAXMOfii( N•HL. WHLWNM-.o I Sf • lPAt\.FULtiAX) ANOOSOBO 
FULMAX=~ULM•x•2•*12• AM005090 
DO 52- Jl~ttNT~PL AM005t00 
KASAXt(Jl.t)~NLCAS£+1 AM0051t0 
~DISf=TLN(.Jl•l)*l2••ta. AMOOSt!O 

5t6 votst~votst+t2. AMOOSt3o 
lF(YOIST.GT.t2.*tLN(Jt.2)) GO TO 524 AMOOS140 
NLCASE~~LCAS!+t AM005150 
CALL L OCI\TE { YOl ST ,NeM .ECCEN •NBEA~S • YH • NTY) AM00Sl60 
00 518 J~~ltN-HL AM005t70 
NLCARD~~LC~RO+t AMG05t80 
LC(NLCARO):NLCASE AM0~5190 

., - -!- - -- -- - ------~- ·- ------ ---"--, ~I .. 
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c 
c 
c 

NLB(NLCARC)=NSM 
P ( NLCARO) =-HL •NM( J2) 
XL(NLCA~Dl=OIST(J2}*12. 

PL(NLCAR0)=12e 
ECC(NLCARDt=ECCEN 

518 CONT lNUE 
GO TO 516 

524 KASAXT(J1.2):NLCASE 
526 CONTINUE 

PRINT OUT INPUT 

WRITE(6.t100} 
1 1 0 0 F 0 RM AT ( • 1 • ) 

WRITE(6.110t) 
WRITEC6.t103) 
WRI TE(·6.110t I 
WRITE ( 6 • 11 0 4) ( T I TL E ( 1 • ~ 1 ) • J 1 = 1 0 • 11 ) • ( T I TLE ( t • J 1 ) • ,J 1: 14 • 2 6) • 

l(TITLE(leJ1leJ1=48e54) 
WRITE(6.tlC5) (TITLEt2.~2).42=13.19).(1ITLEt2.J2).J2:26e28}• 

l(TITLE(2.J2).J2=45.54) 
WRITEC6.1106) (TlTLE(3.J3).J3:13.54) 
WRITE(6.110l) 
WRITE(6•1 107) 
WRITEC6.tt08) ZPAN.E.NBEAMS.NT~FL.Al.A2.A3 9 A4.NAXTSP.NAXCL.NAXT 
WRITE( 6.1102) 
WRITE(6,1109) 
DO 1240 IB~~=leNTYPES 
W R I T E ( 6 • 1 l 1 0 ) I BMN • YM I ( IBM N ) , Z M I ( I 8 ~ N) • B II' A ( I B ~ N ) • B N. J ( I B N. N) • 

1YH(IBMN.tJ,ZH(lBMN.t).YH(IBN.N.2).ZH(lEMN.2) 
1240 CONTINUE 

WRITE(6.1102) 
WRITE(6.1111) 
WRITE(6.1112) (NTV(Jt).Jl=t.NBEAMS) 
WRITE(6.t102) 
WRITE(6,1113) 
DO 1235 I~ING=t.JTYPES 

1235 WRITE(6.ttt4l I~ING.{riNGTP(IHING,Jl).Jl=t.4) 
WRITE(6,1102) 
WRITE(6.1115) 

AM005200 
AN005210 
AM005220 
AM005230 
AM005240 
AM005250 
AM005260 
AM005270 
AM005280 
AM005290 
•M005300 
AM005310 
AM005320 
AM005330 
AM005340 
AM005350 
AM005360 
AM005370 
AM005380 
AM005390 
AM005400 
AM005410 
AM005420 
AM005430 
AM005440 
AM005450 
AM005460 
AM005470 
~M005480 

AM005490 
AM005500 
AM005510 
AM005520 
AM005530 
AM005540 
AM005550 
AM005560 
AM005570 
AM005580 
AM005590 
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WRITE(6,1116) (JTY{Jt).~t=l•NJ) 

WRITE(6,1102) 
WRITE(6,1117) 
WRITEt6.1118) (TLN(Jl.t),TLN(J1.2),J1=1,NTRFL) 
WRITE(6,1102) 
IF(KAXT.EQ.O) GC TO 1255 
WRITEt6.1119) 
WRITE(6.1120) (PWHEEL(Jl).J1:1,18) 
W R I TE ( 6 • 1 1 2 1 ) 
WRITEC6,1122) (ZNWHL(J1),Jl=2 9 1B) 
WR I TE ( 6 .11 02 ) 

1255 WRITE(6.1123) 
WRITE(6,1101) 

AM005600 
AM005610 
AM005620 
AM005630 
AM005640 
AN005650 
AM005660 
AN005670 
AM005680 
AM005690 
AM005700 
AN005710 
AM005720 

1101 FORMAT(' '•1X,l29('*t)} AM005730 
1102 FORMAT(' 1 t1X,l29( 1 e 1 )) AM005740 
1103 FORMAT(' • ,/,51 X, 'VALUES ASSIGNED TO INPUT DATA•,/) AM005750 
1104 FORMAT(• 'e/I',JOX.•DtSTRICT '•2At.4Xtl3Al•' CCUNTY HIGHWAY NO. 1 AM005760 

t,7At,/) AM005770 
1105 FORMAT(' 1 t30X,•CONTROL NO. •~7Alt5X,•IPE '•3Alt4X•'SUBMITTED BY:'AM005780 

t,1X.lOA1.1') AM005790 
1106 FORMAT ( 1 . 1 .30X, 1 OESCR IPT ION: '• 42At ,//) AM005800 
1107 FORMAT(' '•/•51X•'••••• BRIDGE PROPERTIES •••••'•//.25X. 1 MOOULUS•.M005810 

116X, • NUMBER•, 22X, i TRANSVER SE• • 5Xe • AXLE TRAIN 1 • / ,28X •' OF• • 7X • AM005820 
1 • NUMBER', 7X • 1 OF' • 24X,' AXLE TRAIN 1 • 7X, 1 5 IDE 1 • lOX, 'NUMBER OF' • / • 12)( eAM005830 
1 1 SPAN • • ex, •ELA STI CITY' eSX •' OF • • 7X • 1 TRAFFIC • ,sx • 1 AASHT0 1 • 9X.• AM005840 
1 1 WHEEL SPAC lNG G.. EARANCE 1 , 6X, • AXLE TRAINS 1 ,/ • 12X. • ( FT •) 1 tl OX • AM005850 
1 1 ( KS I J 1 • 6 X • 1 8 E A MS 1 • 6 X , 1 LANES 1 • 6X , 'LOA 0 IN G 1 • 1 2 X , 1 ( FT • l 1 • 9 X • 1 ( F T • ) • • AM 0 0 58 6 0 
19X, 1 ON BR I OGE 1 ,I' t AMO 05870 

1108 FORMAT(' 1 e9XeF6elt8X.F8ele7Xtl2~9Xtl2t9X,2Al•'-'•2A1.14X,I2. AM005880 
I 1 3 X • II • 15 X • t 1 • / ) AM 0 0 58 9 0 

1109 FORMAT(• •,/.44Xe5( '•')·,• BEAM DIMENSIONS AND PROPERTIES •••••'e//AM005900 
lt18Xt 1 1NERTIA ABOUT INERTIA ABOUT •,I', t lXt 1 BEAM 1 ,4X, 'HORIZONTAL• • AM005910· 
16Xt • YERTt CAL' • 20X • 1 TORS tONAL • • /ell X, 1 TV PE 1 • 7 X • • AXIS' • 11 X • 1 AXIS 1 • AMO 0 59 20 
110Xe'AREA•,ex.•STIFFNESS 1 ,tOX.•HL 1 ,8X,•VL 1 t8Xt 1 HR'•8X.•VR•,/,lOX, AM005930 
1 1 NUMBE~•,4Xt 1 (INe*.4) 1 e7Xe'(IN•**4) 1 ,6X,•(IN•**2) 1 ,6Xe 1 (1N•**4)'• AM005940 
l10X,4( 1 (1Ne) •),/) AM005950 

1110 FORMAT(~0 1 t11X.Il•SX.Ft0.t.5X,FtO.lt5X,F7.tteX,Fl0elt5Xe4F10•2> AM005960 
1111 FORMAT(' '•/•38X••••••• SEAM TVFE ICENTIFJCATION NUMBER FOR BEAM IAM005970 

1 •••••'•l'l'.t4X, •1=1 1=2 1=3 1=4 1=5 1=6 1=7 1=8 1=9 1=10 AM005980 
11=11 1=12 1=13 1=14 1=15 1=16 1=17 1=18 1=19 1=20't/) AM005990 

--[---- - - - - ,.- ·-- - - - - -- -~- -
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1112 FORMAT(' •,tOX,2015,/} AM006000 
1113 FORMAT(• '•/,46X•'••••• HINGE FORCE TRANSMISSION •••••'•//,28X, AM006010 

1 1 HINGE TYPE•,sx,•LONGITUOINAL' t6X,•V~~TICAL•,7X.2( 1 TRANSVERSE•,6X)AM006020 
t,/,30X,•NUM8ER•,tOX,2('S~EAR•~tlX),•FCRCE•,ttX,•MOMENT 1 ,/) AM006030 

1114 FORMAT( 1 0 1 t31X,Ilt1Xt4A16) AM006040 
1115 FORMAT(' '•/,37X,'••••• HINGE TYPE IDENTIFICATION NUMBER FOR HINGEAN006050 

1 I •••••'• /,17Xt 1 1=1 1=2 I=3 1=4 1=5 1=6 1=7 1=8 1=9 t=tAM006060 
10 1=11 1=12 1=13 1=14 1=15 1=16 1=17 !=18 1=19 1 ,/) AM006070 

1116 FORMAT(•O•.t3X,t915} AM006080 
1117 FORMAT(• •,/,3EX•'•••~• DISTANCE (FTe) FROM C.G. AXIS OF BEAM 1 TOAM006090 

1: •••••'•l'/,12)(,f('•'l •'LANE t•,6(• .•),tX,6(•.•), 1 LANE 2 1 ,6( 1 •')AM006100 
lt1X,6(•.•),•LANE 3',6(•e•),tX.6('•'l.•LANE 4•,6t•.•),1Xt6( 1 e 1 ), AM006110 
1 1 LANE S•,6(•.•)./,14X,5( 1 LEFT•,7X,•RIGHT 1 ,4X),/,14X,5('EDGE•,ex, AM006120 
l 1 EDGE•,4X)./) AM006130 

1118 FORMAT( 1 0 1 .13X,10(F5.t.5X)) AM006140 
1119 FORMAT(' •,/.54X•'••••• AXLE TRAIN •••••'•//e1SX.18('AXLE•.2XJ./, AM006150 

tt7x.•t•.sx.•2•.sx.•3•.sx.•4•.sx.•s•.sx.•6•,sx.•7•.sx.•a•.sx.•9•, AM006t60 
t4x.•to•.•~··tt•.4x.•t2•.4x.•t3•.4x,•t••·•x.•ts•.4x.•t6•,4x,•t7•. AM006170 
14X,•t8 1 ,/e5X.•AXLE•./,5X•'LOA0'•/•4X,•(KIPS) 1 ) AM006180 

1120 FORMAT( 1 + 1 tl3X,1S(F5.1e1X)./J AM006190 
1121 FORMAT(• 1 t3X, 1 DIST. FROM'•/e4Xe 1 AXLE 1 TO'el't4X, 1 AXLE l (FT.)•) 
1122 FORMAT('+',l9Xe17(F5e0tlX),/) 
1123 FORMAT(J') 

DO 170 Jl=l,NLCARD 
170 ECC(Jt):•ECCCJt) 

G:E/(2e*lle+e166)) 
DO 172 Jt:t.NTVPES 
ZMI(Jl )=E*ZMI(Jl) 
YM I ( J 1 ) :E * YM I ( .J 1 ) 
BMJ(Jll=G*BMJ(Jl) 

172 BMA(~tt:E*BMA(Jl) 
00 164 J1:t.NLCASE 

164 NPOS(Jl l=t 
RETURN 
END 

AM006200 
AM006210 
AM006220 
AM006230 
AM006240 
AM006250 
AM006260 
AM006270 
AM006280 
AM006290 
AM006300 
AM006310 
AM006320 
AM006330 
AM006340 
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SUBROUTINE OUTPTT 
COMMON/BLK l/ HEA0(15),ZMI(20),y~J(20).BMA(20), 

*ZSA(20),YSA(20),8MJ(20),YH(10t2l•ZH(l0t2).NTY(30), 
*LC( 500),NLB( 500),LM{4),p( SOO),XL( 500)~PL( 500), 
*ECC( 500),F11(10,4,4),F12(10t4•4),F22(10.4,4),SF(164,8), 
*NPOS( 500),XP05(9,9),HF(19.4),.JlY(30),YSTR(9.4).ZSTR{9 9 4), 
*NOUT(9),YSSS(q,4),ZSSS(9,4J.X(8) 

AM006350 
AM006360 
AM006370 
AM006380 
AM006390 
AM006400 
AM006410 
AM006420 
AM006430 
AM006440 

COMMON/BLK 2/ NHARMS • SPAN ,NBEAMS ;E ,G • 1\TY FES • NEQ, 
*ALPHA,NLC~SE,NLCARO,NX 

COMMON/BLK 3/ XZE~0(164),YMAMPL(20)·,Z~AMPL(20), 
*FAMPL(20),SFAMPL(20),TAMPL(20),0AMPL(20),YMOUT( 200,20,9), 
* Z MOU T ( 9 , 2 0 • 9 ) • FC>UT ( 9 • 2 0 , 9 ) • SFOU T ( 9 • 2 0 ; 9 ) , T 0 U l ( 9 • 2 0 • 9 ) • 
*DOUT(9.20,9),XCUT(9.76;9),X5(4),XA(4) 

AM006450 
AM006460 
AM006470 
AM006480 
AM006490 
AM006500 
AM00651 0 
AM006520 
AM006530 

PRINT RESULTS 

DO 1000 K = 1, NLCASE 
NP = NPOS(K) 
PRINT 10, K 

10 FORMAT (1H1.9X,51H *****BEAM CENTER•LINE OISFLACEMENTS 
1 NO.I2•5H*****//) 

PRINT 20, (XPOS(K.J), J = 1, NP) 
20 FORMAT (18HOLOCA1IONS ON BEAM, 9Fll.t) 

PRINT 25 
25 FORMAT (//6X.7HBEAM NO) 

DO 910 .J = t. NBEAMS 
910 PRINT 30. J, CDOUT(K • .J.M)• M = t, NP) 

30 FORMAT (/8X.t3.7X.tP9Ett.3) 
PRINT 40• K 

40 FORMAT (1H1,9X,49H *****BENDING MOMENTS AEOUT Y-AXIS 
10.12. 5H*****//) 

PRINT 20. (XPOS(K,J) • .J = t. NP) 
PRINT 25 
DO 43 Jl=t.NBEAMS 
DO 43 J2=1 .NP 

43 VMOUT(K,.Jt.J2}=•Y.OUT(K.Jt.J2) 
DO 920 J : 1. NBEAMS 

920 PRINT 30e J. (YMOUT(KeJ,M)• M = t. NP) 
PRINT 45. K 

45 FORMAT (1H1.9X.49H *****BENDING MOMENTS ABOUT z-AXIS 

LOAD CASEAM006540 
AM006550 
AM006560 
AM006570 
AM006580 
AM006590 
AM006600 
AM006610 
AM006620 
AM006630 

LOAD CAS£ NAM006640 
AM006650 
AM006660 
AM006670 
AM006680 
AM0066C)O 
AM006700 
AM006710 
AM006720 
AM006730 

LOAD CASE NAN006740 
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10 • I 2., 5H * * * * * II) 
PRINT 20., {XPOS{K.,J)., J = t., NP) 
PRINT 25 
DO 925 J = t. NBEAMS 

925 PRINT 30., J., (ZMOUT(K.,J.,M)., M = 1., NP) 
PRINT 50., t< 

50 FORMAT (IH1.,9X,36H *****VERTICAL SHEARS 
1 5H*****//) 

PRINT 20., (XPOSt~.J), J = t., NP) 
PRINT 25 
DO 930 J = 1., f\BEAMS 

930 PRINT 30., J., (SFOUT(K.,J.,~). M = 1., NP) 
PRINT 55, K 

LOAD CASE NO,I2. 

AM006750 
AM006760 
AM006770 
AM006780 
AM006790 
AM006800 

. AM006810 
AM006820 
AM006830 
AM006840 
AM006850 
AM006860 
AM006870 

55 FORMAT (1Ht.,9X.,331-i *****AXIAL FORCES 
PRINT 20., (XPOS(K.,J), J = l~NP ) 
PRINT 25 

LOAD CASE NO .12, 5H*****/ /) AM006880 

DO 935 J = t., NBEA~S 

935 PRINT 30, J. (FOUT(K.J.,Ml.M: t.,~p) 

PRINT 60. t< 

60 FORMAT (1Hl,9X,38H *****TC~SIO~AL MOMENTS 
1 5H*****//) 

PRINT 20• (XPOS(K,4), J = 1, NP) 
PRINT 25 
DO 940 J = 1, NBEAMS 

940 PRINT 30., J, (TCUT(K•J•~), ~ = 1~ ~P) 
PRINT 70• K 

LOAC CASE NO., 12. 

AM006890 
AM006900 
Ar-100~910 

AM006920 

70 FORMAT (1Ht,9X.,52t- *****FORCES ALONG LONGITUDINAL JOINT 

AM006930 
AM00~940 

AM006950 
AM-006960 
AM006970 
AM006980 
AM006990 
AM007000 

LOAO CASAM007010 
lE NO,I2,5H*****//) 

PRINT 75 
75 FORMAT (//28~0LONGITUCINAL SHEAR ON J~lNT) 

PRINT 20, (XPOS~k~J), J = t. NP) 
MM : NX / 4 
PRINT 95 
DO 950 J = t. MM 
JJ = 4*J - 3 

950 PRINT 100•J• (XOUT(K.JJ.~), M = 1. NP) 
PRINT 80 

80 FORMAT (//26t-OTRANSVERSE FORCE ON JOINT) 
PRINT 2C. {XPCS(K,J), J ~ 1• NP) 
PRINT 95 

AM007020 
AM007030 
AM007040 
AM007050 
AM007060 
AM007070 
A~007080 

AM007090 
AMC07100 
AM00711 0 
AM007121J 
AM007130 
AM007140 
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DO 960 J = 1 • Mfl 
JJ = 4*J - 2 

960 PRINT tOO,J, (XOUT(K,JJ,M), M = t. NP) 
85 FORMAT (//24HOVERTICAL SHEAR CN JCINT) 

PRINT 85 
PRINT 20, CXP,OS(K,.J), .J = 1. NP) 
PRINT c;s 
00 970 J ::: 1 • MM 

J.J = ••J - 1 
970 PRINT tOO,J. (XOUT(K,J4.~), M = 1. NP) 

PRINT 90 
90 FORMAT (//27~0TRANSVERSE NOMEhT CN JOINT) 

PRINT 20. (~POS(K,.J), .J = t, NP) 
PRINT 95 
DO 980 J = 1, MM 
.J.J = 4*J 

980 PRINT 100•J• (XOUT(K,.JJ.~)~ M =1• ~P) 
95 FORMAT (/9f-iOJOlNT NOJ. 

100 FORMAT (JS,t3X.tP9Ett.3l 
1000 CONTINUE 

C COMPUTE AXtAL STRESS AT FOUR SPECIFIED POSITIONS 
c 

c 
c 
c 

00 1200 N€ = t,NBEAMS 
NT = NTY(N8) 
DO 1200 N = 1. 4 

NS = 4*NB-4+N 
DO 1200 K = t • NLCASE 
NP = NPOS(K) 
DO 1200 M = 1, NP 

1200 XOUT(K,NS,M) = VMCUT(K,NB.~)*ZSSS(I\T,~l+ Z~OUT(K~NB.~)* 
1 YSSS(NT,N) + FOUT(K,NB,M)/BMA(NTt*E 

PRINT STRESSES 

DO 1300 K = t, ~~CASE 
NP = NPOS(K) 
PRINT 110. K 

AM007150 
AM007160 
AM007170 
AM007180 
AM007190 
AM007200 
AM00721 0 
AM007220 
AM007230 
AM007240 
AM007250 
AM007260 
AM007270 
AM007280 
AM007290 
AM007300 
AM007310 
AM007320 
AM007330 
AM007340 
AM007350 
AM007360 
AM007370 
AM007380 
AM007390 
AM007400 
AM00741 0 
AM007420 
AM007430 
AM007440 
AM007450 
AM007460 
AM007470 
AM007480 
AM007490 
AM007500 
AM0075l0 
AM007520 

110 FORMAT (1H1.9X.33H *****AXIAL STRESS 
DO 1300 NE = lt NEEAMS 

LOAD CASE NO,I2,5H*****/) AM007530 
AM007540 
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NT .: NTY(NB) 

NO = NOUT-( NT) 

PRINT 120 • NB 
120 FORMAT {.1/eH BEA~ NO, 12) 

PRINT 130, (XPOS(K,J), J = t. NP) 
130 FORMAT (18HOLCCATIONS ON BEAM.4X,9Fllel/4X.tHY,9X,tHZ/) 

DO 1300 N = .1. NO 
NS =.4*NB•4+N 

1300 PRINT 150. YSTR(NT.N).ZSTR(NT,Nle(XOUT(K,NS.~), M = 1, NP) 
150 FORMAT (2X,FS.t,FlO.t,SX,lP9Ett.3) 

RETURN 
END 

AM007550 
AM007560 
AM007570 
AM007580 
AM007590 
AM007600 
AN007610 
AM007620 
AM007630 
AM007640 
AM007650 
AM007660 
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SUBROUTINE OUTPUT 
INTEGER*2 TITLEeAl,A2.HINGTP,A3.A4 
COMMON/ELK 1/ HEAD( 15).ZMI(20).'VMI(20),8MA(20) • 
*ZSA(20),YSA(20).B~~(20).YH(l0.2),ZH(10.2),NTY(30), 

*LC( 50Q),NLB( 500),LM(4l.P( 500),XL( 500),PL( 500), 
*ECC( SOO),Fll(l0.4.4).F12(10,4,4)•F22(10•4•4),SF(164,8). 
*NPOS( 500).XPOS(9.9).HF(t9.4),JTY(30),YSTR(9,4)eZSTR(q,4). 
*NOUT(9).YSSS(9,4l.ZSSS(9,4),X(8) 

COMMON/eLK 2/ NHARMS,SPAN.NBEAMS.E,G,NTYPES.NEQ• 
*ALPHA.NLCASE.NLCARO,NX 

CONMON/BLK 3/ X ZERO ( 1 64) • YMAMPL( 20) • ZMAMPL( 20) • 
*FAMPL(20l.SFA~PL(20l.TAMPL(20).DAMPLf20).YMOUT( 200,20.9), 
*ZMOUT(9,20.9).FOUT(9,20.9),SFOuT(9,20e9),TCUT(9e20,9), 
*00UT(9,20.9),XOUT(9,76,9),XS(4),XA(4) 

COMMON/BLK 4/ TITLE(3,54 ),HINGTP(l9.4),PWHEEL(18),ZNWhL( 18), 
*DIST(t8),WHLWNM(18),TLN(5,2),KASAST(5.2),KASASL(5,2), 
*KASAXT (5.2) ,ZMAST (20• 5). ZMASL( 20, 5) ,ZMAXT( 20,5) eZMNAST( 20) • 
*ZMMA SL (20 t .z,_MAXT (20) ,POSAT (20 ,t 0) .POSLN(20, 10) .POSAX ( 20 .to) • 
*NLLAST{20•S),NLLALN(20t5)tNLLAXT(20.5),01STAT(20), 
*DISTAL ( 20) .o IST AX (20 J 

AMOQ7670 
AM007680 
.AM007690 
A'-4007700 
.AN00771 0 
AM007720 
AM007730 
AM007740 
AM007750 
AM007760 
AM007770 
AM007780 
AM007790 
AM007800 
AM007810 
AN007820 
AM007830 
AM007840 
.AM007850 
AM007860 

C OMMON/BLK 5/ NWHLS .NwHEEL,At ,A2 • KAXT ,FULJIAT ,FULMAL eFULMAX. PMAT ,PMAM00787Q 
*AXT,NTRFL,NAXCL,NAXTSP,NAXTeJTYPESeA3,A4~ZPAN AM007880 

C BEGIN PRINT OUT A~007890 

C AM007900 
CALL INFLN 

c 
C CONVERT MOMENTS TO KIP FEET FOR OUTPUT 
c 

DO 180 J2=t.NBEAMS 
IF(A3eNE.BK) ZMMAST(J2J=ZMMAST(J2t/12• 
IF( A3 • NEe Bt<) ZMMASL. (..J2 ): ZMMASL ( ..12 )/ 12 • 
IF(KAXT.NEeOl ZMMAXTf.J2)=Z~MAXT(.J2)/12• 

180 CONTINUE 
J3=2*NTRFL 
WRITEt6.t002l 
WRITE(6.1003) 
WRITE(6,1004) 
WRITE(6,1005) 
WRITE( 6 .t 006) 
DO 1207 J2=t.N8EA~S 

AM007910 
AM007920 
AM007930 
AM007940 
AM007950 
AM007960 
AM007970 
AM007980 
AM001990 
AM008000 
AMOOBO 10 
AM008020 
.AM0080 30 
AM008040 -­
AM008050 
AM008060 
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1207 WRITE(6et009) J2,(POSAT(J2.J4).J4=1.JJ) 
W R I TE ( 6 , t 0 10 ) 
WRITE( 6• 1003) 
WRITE(6.1004) 
W R I TE ( 6 • 1 0 0 5 ) 
WRITE(6,.1007) 
DO 1208 J2=t.NBEAMS 

1208 WRITE(6,1009) J2,(POSLN(~2 • .J4l.J4=1,J3) 
IF(KAXT.EQ.O) GO TO 1260 
W R I TE ( 6 • 1 0 11 J 
WRITE(6,.1003) 
WRITE(6,1004) 
WRITE(f,1005) 
WRITE( E;,t 006) 
DO 1209 42=t,NBEAMS 

1209 WRITE(6,1009) J2,(POSAX(.J2,J4) .J4-=l,,J3) 
1260 WRITE(6,1012) 

WRITE(6,1013) 
WRIT£(6.1012) 
WRITE( 6,1014) 
W Rl TE ( 6 .t 012 ) 
WRITEf6.t015) 
WRITE( 6 el 005) 
WRITE(6e1008) 
IF(KAXT.EQ.O.OReA3eEOeBKt GO TO 1265 
DO 1245 .J2=leNBEAMS 
WRITE(6,1016) J2.ZMMAST(J2).DISTAT(J2l.z~~~SL(J2t.OISTAL(J2). 

1ZMMAXT(J2)eDISTAX(J2) 
1245 CONTINUE 

GO TO 1275 
1265 IF( KAXT eEQ .o ) GO TO 1270 

DO 1280 J2=t,NBEA~S 
WRITE(6el0l8) ~2 .. ZM~AXT{J2)eOISTAX(J2) 

1 280 CONTINUE 
GO TO 1275 

1270 IF(A3eEO.BK) GO TO 1275 
00 1285 J2=1 • NBEAMS 
WRITE(6el019) J2.ZMMAS~(~2)e0ISTAT(J2).ZM~~SL(J2).DISTAL(J2) 

1285 CONTINUE 
1275 WRITE(6,1012) 

AM008070 
AM008080 
AM008090 
AM008100 
AM008110 
AM008120 
AM008130 
AM008140 
AM008150 
AM008160 
AM008170 
AM008180 
AM008190 
AM008.200 
AM00821 0 
AM008220 
AM008230 
AM008240 
AM008250 
AM008260 
AM008270 
AM00828.0 
AM008290 
AM008300 
AM008310 
AM008320 
AM008330 
AM008340 
A,_.008350 
AM008360 
AMOOB370 
AM008380 
AN008390 
AM008400 
AM00841 0 
AM008420 
AM008430 
AM008440 
AM008450 
AM008460 
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WRITE(6, 1017) AN0084 70 
1002 FORMAT('!'• 129('*'),/,• *'e50Xt 1 LATERAL POSITION OF LOAOS•,S2X,AM008480 

1'*'•/~1~•'*'•48Xe 1 FOR MAX~~WM MOMENT AT ~lOSFAN•,SOX,••••/,lX. AM008490 
1129(,'*' ),///,tX,57( '•' ), 1 AASHTO TRUCK 1 t58( •.•) t/e21X•' (POSITION AM008500 
lOF TRUCK WHEELS I~ LOADED LANES WITh RESPECT TO C.G. OF BEAM NOel AN008510 
1- IN FT.)•,/) AM008520 

1003 FORMAT(~ 1 tl2Xe61 1 e 1 )~ 1LANE 1 1 ,6( 1 e 1 ),tX,6( 1 e 1 ),'LANE 2 1 ,6( 1 e 1 )eAM008530 
1 1 X '• 6(. 1 

,. 
1 

) , 
1 LANE 3 1 

• 6 ( 1 • 1 ) • 1 X , 6 ( 1 • 1 ) , 1 LANE 4 1 • 6 ( • • ' ) • 1 X , 6 ( 1 • 1 ) • AM 0 0 8 54 0 
l'LANE 5•,~('•')) AM008550 

1004 FORMAT(' '•14X,•TO LEFT TO RIGHT TO LEFT TO RIGHT TO LEFT•, AN008560 
1 1 TO RIGHT TO LEFT TO RIGHT TC LEFT TC RIGHT') AM008570 

1005 FORMAT(' •.4x,•eEAM NO.•) AM008580 
1006 FORMAT( 1 + 1 el6X,5( 1 WHEEL WHEEL 1 ),/) AM008590 
1007 FORMAT('+ 1 e13Xt10( 1 EDGE •),/) AM008600 
1008 FORMAT( 1 +'•15X. 1 (KIP•FTe) TRUCK APPLIED (KIP-FTe) LANE APPLAM008610 

liED (KIP-FT.) TR~IN APPLIED 1 ,/t AM008620 
1009 FORMAT( 1 0 1 ,~X.I2t2X.F9.teFlt.t.F9.1eFllel•F9.l,Fllel•F9.1,F11.1, AM008630 

1F9.t,Fllel) AM008640 
1010 FORMAT(' '•///.tX.57( 1 e')•' AASHTC LANE '•59( 1 e 1 ),/.20X, AM008650 

t•(POSITION OF LANE LOADING WITHIN LOADED LANE WITH RESPECT TO CeGeAM008660 
1 OF BEAM NOel - IN FT.)•,/) AM008670 

1011 FORMAT(' '•//1.1X.57('•')•• AXLE TRAI~ '•60(•.•),/.20X, AM008680 
1 1 (POSITION OF AXLE TRAIN WHEELS IN LOADED LANES WITH RESPECT TO .C.AM008690 
lGe OF BEA~ NO.I- IN FT.)*,/) AM008700 

1012 FORMAT(• •.tx.t30( 1 *1 )) AM008710 
1013 FORMAT(//) AM008720 
1014 FORMAT(• '•' *' .SlX,'MAXIMUM MIDSPAN MOMENTS AN0 1 t50X•'*'•/,2Xt '*•AM008730 

t.stx.•LATfRAL DISTRIBUTION FACTORS 1 t49X•'*'J AM008740 
1015 FORMAT(• '•/,15X, 1 MCMENT FROM FRACTION OF '•2('MOMENT FROM AM008750 

lFRACTION OF •),/,15X.~AASHTO TRUCK FULL AASHTO AASHTO LANE AM008760 
1 FULL AASHTO AXLE TRAIN FULL AXLE •) AM008770 

1016 FORMAT(•0•.7Xei2.SX.F8•1•8X,F6e3,7X.F8elt7X,F6.3,8X,F8ele7X,F6.3) AM008780 
1017 FORMAT(•t•) AN008790 
1018 FORMAT(•0•.7X,I2.63XeF8el•7X.F6e3). AM008800 
1019 FORMAT( 1 0',7X,l2e5X,F8.1,8X.F6.3.7X.F8.t.7X,F6e3) AM0088t0 

RETURN AMO 088 2 0 
END AM008830 

- .. ~-- - - - - -· - y,- ~- ----- -·--
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SUBROUTINE INFLf\ 
INTEGER*2 TITLE,Al,A2,HINGTP 
COMMON/ELK 1/ HEA0(15),ZMI(20J .. YMI(20),BMA(2n)• 

*ZSA(201.YSA(20),8MJ(20),yH(10~2),ZH(10,2),NTY(30), 
*LC( 500),NLB( 500),LM(4),P( 50019XL( 500),PLf 500), 
*ECC( 500),F11(10,4.4),F12(t0.4,4),F22(10.4,4),SF(164.8), 
*NPOS( 500),XPOSt9.9),~FCt9.4t,JTY(30),ySTR(9.4l.ZSTR(9,4), 
*N OUT ( 9 ) • Y S S S C 9 • 4 ) • Z S S S ( 9 • 4 ) • X ( e) 

COMMON/BLK 2/ N~ARMS,SPAN,NBEAMS.E.G,NTYPES.NEQ, 
*ALPHA,NLCASE,NLCARD.NX 

COMMON /BLK 3/ XZERO ( 164), \'MAMPL{ 20) ,ZMAMPL( 20), 
*F AMPL( 20) .SFA114PL( 20 ), TAMPL (20) • OAMPL ( 20) • YMOUT( 200,20, 9) • 
*ZMOUT( 9.20 • 9) ,FOUl( 9.20 • 9) • SFOUT(9 .20 ,9}, T CUT (9 .20,9) • 
*DOUT(9,20.9),XOUT(9,76,9),X5(4),XAf4J 

COMMON/BLK 4/ TITLE( 3, 54) • H lNG TP( 19,4) ,PtlfHEEL ( 18) • ZNWHL ( 18) • 
*DIST(l8),WHLWNM(l8),TLN(5,2),KASAST(5,2),KASASL(5,2)• 
*KASAXTC5.2},ZMASTf20.5},ZMASL(20.St.Z~AXT(20,5),ZMMAST(20l, 

. *ZMMASL ( 20) • ZMMAXT (20. • PO SAT( 20 • 10) .POSLN( 20 •1 0) ePOSAX ( 20 •1 0) • 
*NLLAST(20e5),~LLALNC20e5),NLLAXT(20.5),0ISTAT{20), 
*DISTAL(20),0JSTAX(20J 

COMMON/BLK 5/. NWHLS ,NWMEEL,A1,A2• KAXT ,FULMAT .FULMAL ,FULMAX, PMAT .. PMA~009040 
*AXT,NTRFL.hAXCL,NAXTSP.NAXT,~TYPES,A3.A4.ZFAN AM009050 

AM008840 
AMO 08850 
AM008860 
AM008870 
AM008880 
AM008890 
AM008900 
AM0089tO 
AM008920 
AM008930 
AM008940 
AM008950 
AM008960 
AM008970 
AM008980 
AM008990 
AM009000 
AM009010 
AM009020 
AM009030 

DATA BK/ 1 •/ 

OIMENSICN ZZ(S),JZ(5) 
ZJMP=50e/(125e+SPAN/12e) 

AN009060 
AM009070 
AM009080 

IF(ZIMPeGTe0e3) ZIMP=~.3 AM009090 
FULMAT=FUL~AT*(le+ZIMF) AM009100 
FULMAL=FULMAL*fle+ZIMP) AM009110 
FULMAX=FULMAX*(le+ZIMP) AM009120 
DO 200 Jl=t.~LCASE AM009130 
DO 200 J2=t,NBEAMS AM009140 

200 YMOUT(~1.~2.t)=•YMOUT(~t.J2.1)*(1e+ZlMP) AM009t50 

C AM009160 
C AO~UST YMOLT TO CLOSE EQLILIBRIUM OF ~O~ENlS GAP. SHOULD IT EXIST AM009170 

C AM009180 
IF(A3eEOe8K) GO TO 254 
JSTRT=KASAST(l.t) 
JSTP:KASAST(NTRFL,2) 
DO 214 Jl=JSTRT,JSTP 
SUN=O. 

AM009190 
AM009200 
AN009210 
AM009220 
AM009230 
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00 204 J2:t.NBEAMS 
20~ SUM=SU~+Y~CUT(Jt.J2.1) 

SUM=SUM/(0e5*FULMAT) 
DO 206 J2=t,NBEAMS 

206 YMOUT(Jl,J2.1J=YMOUT(jt.J2.t»/SUM 
214 CONTINUE 

JSTRT=KASASL(l,t) 
JSTP=KASASL(NTRFL,2) 
DO 252 Jt=JSTRT,JSTP 
SUM=O • 
DO 248 J2=t,NBEAMS 

248 SUM=SUM+VMOUT{Jl,J2.1) 
SUM=SUM/(O.l*FULMAL) 
00 253 J2=t.NBEAMS 

253 YMOUT( J 1, J2, 1 )=YMOUT( .Jt. J2, 1) /SUM 
252 CONTINUE 
254 IF(KAXT.EQ.O) GO TO 264 

JSTRT=KASAXT(t.t) 
JSTP=KASAXT(NTRFL,2) 
00 261 Jt=JSTRT,JSTP 
SUM=O • 
DO 256 J2=t.NEEAMS 

256 SUM=SUM+YMOUT ( .J 1. J2 ,1) 
SUM=SUM/(O.S*FULMAX) 
00 258 ~2=t,NBEAMS 

258 YMOUT{ .J 1, .J2, 1 ):YMOUT( J t. J2. 1) /SUN 

261 CONTINUE 
264 CONTINUE 

DO 202 Jl =1•5 
DO 202 J2:t,N8EAMS 
NLL AS T ( J 2 • J 1 ) = 0 
NLLALN ( .J2 • Jl ) =0 
NLL-' X T ( J. 2 • J 1 ) = 0 
ZMAST ( J2, J 1 ):0 • 
ZMASL( J2.Jl )::0. 

202 ZMAXT(J2,J1)=0• 

C DETEMINE PI/AXI!IfUP# "-OMENTS DUE TC AASt-!TC TRUCK 

c 
IF(AleEGe8KeANCeA2eEO•SK) GO TO 220 

AM009240 
AM009250 
AM009260 
AN009270 
AM009280 
AM009290 
AM009300 
AM009310 
AM009320 
AM009330 
AM009340 
AM009350 
AM009360 
AN009370 
AM009380 
AM009390 
AM009400 
AM009410 
AM009420 
AM009430 
AM009440 
AM009450 
AM009460 
AM009470 
AM009480 
AM009490 
AM009500 
AM009510 
AM009520 
AM009530 
AM009540 
AM009550 
AM009560 
AM009570 
AM009580 
AM009S90 
AM009600 
AM00961 0 
AM009620 
AMOC<;630 
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c 
c 
c 

c 
c 
c 

00 208 LANE=t.NTRFL 
JST=KASAST(LANE.1)+2 
JSP.;:KASAST (LANE .2 )•6-2 
lF(JSPeLT.JST) WRITEC6.24S) LANE 
IF.(JSPeLTeJST) STOP 

AM009640 
AM009650 
AN009660 
AM009670 · 
AM009680 

249 FORMAT(//,.tOX•'****LANE NO. • • 12.• 
*) 

WILL NCT HCLD AASHTO TRUCK****' AM009690 
AM009700 

DO 208 Jl=l.NSEA~S AM009710 
DO 208 J2=JST.JSP AM009720 
SUM=YMOUT-{J2,J1.t)+YMOUT(J2+6•Jt.t) AM009730 
IF( SUM eGT • ZMAST ( Jl, LANE)} POS ~T (..Jl •2*LANE•l J=TLN(LAN E. 1) +2+( J2-·JSTAM009740 

*l AM009750 
lF(SUMeGT.ZMAST(Jt.LANE)) POSAT(J1•2*LANE)=POSAT(J1.2*LANE-1)+6. AM009760 
IF( SUM • GT • Z_,AST ( ~~ • LANE.) ) ZMAST ( Jt .LANE ):SUM AM009770 
J6 = J2+6 AM009780 

208 CONTINUE AM009790 

DETERMINE ~AXI~U~ MOMENTS DUE TO AASHTO LAhE LOAD 

DO 212 LANE=l.NTRFL 
JST=KASASL(LANE.t) 
JSP=KASASL(LANE.2)-10 
IF(JSPeLT.JST) WRtTEC6.251)LANE 
lF(JSPeLTeJST) STOP 

251 FORMAT(//.tOX.•****LANE NO. •.12.• LESS T~AN 10FT WIDE****') 
DO 212 Jl=t.NBEAMS 

AM009800 
AM009810 
AM009820 
AM009830 
AM00984.0 
AM009850 
AM009860 
AM009870 
~M009880 

AM009890 
DO 212 J2=JST.JSP AMOC9900 
SUM=(YMOUT(J2.Jl.l)+YMOUT(.J2+10.Jt.1))*0•5 AM009910 
DO 210 J3=1t9 AM009920 

210 SUM=SUM+YM0Ul(J2+J3.Jl.t) AM009930 
I FC SUM • GT • ZM ASL ( J t. LANE)) POSLN ( J t. 2*LANE-t) =TLN( LANE • 1) +( J2-JST l ANO 09940 
IF(SUM.GTeZMASL(Jt.LAI\E)) POSLN(J1.2*LANEl=POSLN(.Jt.2*LANE-1 )+tO. AM009950 
IF(SUMeGT.ZMASL(.Jt.LANE)) ZMASL{.Jl.LA-NEl=SUM AM009960 

212 CONTINUE AM009970 
IF(KAXT.EO•O) GO TO 224 AM009980 

DETERMINE ~AXI~UM MC~ENTS DUE TO AXLE TRAIN 

220 DO 222 LANE=ltNTRFL 
JST=KASAXT(LANE.t )+NAXCL 

AM009990 
AM010000 
A,_.010010 
AM010020 
AM0t0030 
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JSP=KASAXT(LANE.2)-NAXTSP-NAXCL AM010040 
IF(JSP.LT.~STl W~ITE{6.255)LANE AM010050 

255 FORMAT(//•lOX.•LANE NO. 'ei2•' wiLL NCT HOLD AXLE TR~IN VEHICLE***AM010060 
**•) AM010070 

IF(JSP.LT.JSl, STCP AM0t0080 
DO 222 Jl=leNBEAMS AM010090 
DO 222 42=JST,JSP AM010t00 
SUM=YMOUT ( J2 • Jl ,t )+YMOUT ( .J2+NAX TSP • Jl • 1) AMO 101 t 0 
IF(SUMeGTeZMAXT(Jl,LANE)) POSAX(Jl.2*LANE•t)=TLN(LANE,l)+(J2•JST) AM0l0120 

* +NAXCL AM010130 
~ F ( SUM • G T • ZM A X T ( J 1 • LA N E ) ) PO SA X ( J 1 • 2 *LA N E ) =PO SAX ( J 1 • 2 *LANE •1 ) +N A X TAM 0 1 0 t 40 

*SP AM010150 
IF(SUM.GT.ZM.AXT(Jt.LANE)) ZMAXT(Jt.LANEJ=SUM AM010160 
J 6=J 2+NAXT SP 

222 CONTINUE 

COMPUTE TOTAL MOMENT ON BEAMS FROM AASHTO TRUCK 

224 IF(AleEOeBK.ANO.A2eEOeBK) GO TO 242 
00 232 JB=1,NBEAMS 
DO 226 Jl =1 ,5 

226 ZZ(Jt )=0• 
DO 228 Jt=t.NTRFL 

228 ZZ(.Jlt=Z~AST(JB.Jl) 
CALL S 0 RT ( 2 Z • I Z ) 
SUMt~ZMAST(JB.IZ(l)) 

SUM2=SUM1+2MASTi~B.IZ(2)) 

SUM3·= { SUM2+ZMASTI JB.IZ( 3)) l*O .9 
SUM4=t SUM2+ZMAST(~B • IZ(3) )+Z~AST (JB. ll(4)) l*O e75 
SUM5=(SUM2+ZMAST(JB.IZ(3)t+ZMAST(JB.IZ(4))+ZMAST{~B.IZ(5)))*0•75 

ZMMAST(J8)=AMAXl(SU~t.SUM2.SUM3,SUM4,5UM5) 

ZZ( 1 )=SUMt 
ZZ(2)=SUM2 
ZZC3l=SU..,3 
ZZ(4)=SUM4 
ZZ(5 )=SUMS 
00 265 Jl =t .s 
IF(ZZ(Jl)eNE.ZMMAST(JB)) GO TO 265 
DO 263 J2=t,Jl 

263 NLLAST(JB.lZ(J2)):t 

AMO 10170 
AM010180 
AM010190 
~MO 10200 
AM010210 
AM010220 
AM010230 
AM010240 
AMO 10250 
AMO 10260 
AMO 10270 
AMO 102.80 
AM010290 
AM010300 
AM010310 
AM010320 
AM010330 
AMO 10340 
AMO 10350 
AMOt0360 
AM010370 
.AMO 10380 
AM010390 
AM010400 
AM010410 
AM010420 
AMO 10430 
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G~ TO 232 
265 CONTINUE 
232 CONTINUE 

C COMPUTE TOTAL ~CMENT C~ EEAMS FRO~ AASHTC LANE 
c 

c 

DO 240 JB=t.NBEAMS 
DO 234 Jl=t.s 

234 ZZ(JlJ=O• 
00 236 Jt:t,NTRFL 

236 ZZ(Jll=ZMASL(JB.Jt) 
CALL SORT ( 21, IZ) 
SUMl=Z~ASL(JB.IZCl)) 

SUM2=ZMASL (.JB, IZ( 2) )+SUM 1 

SUM3=CSUM2+ZMASL(JB.IZ(3)))*0•9 

SUM4= ( SUM2+ZM ASL ( JB • IZC 3) )+ZMASL( JBel Z( 4})) *0 • 75 

SUM5:(5UM2+ZMASL(JB.IZ(3))+ZMASL(JB.lZ(4J1+ZMASL(JB.IZ(5)))*0•7S 
ZMMASL(.JB):AMAXl(SU~t.SUM2.SUM3,SUM4.SUM5) 
ZZ(l)=SUMt. 
ZZ( 2.) =SUM2 
ZZ( 3 J=SUM3 
ZZ(4):SUM4 
ZZ( 5)= SUMS 
DO 269 .Jl=t.S 
tF(ZZ(Jl)aNEeZMMASL(~8)) GO TO 269 
00 267 J2=t.Jl 

267 NLLALN(.JB.IZ(J2Jt=l 
GO TO 240 

269 CONTINUE 
240 CONTINUE 

C COMPUTE TOTAL ~C~ENT CN BEAMS FROM AXLE T~AI~ 
c 

242 IF{KAXT.EC.O) GC TO 260 
DO 250 JB=t.NBEAMS 
SUM2=0 • 
SUM3=0• 
SUM4=0 • 
SUMS=O • 
DO 244 Jl =1 .s 

AM010440 
AM010450 
AM010460 
AM010470 
AMO 10480 
AM010490 
AM010500 
AMO 10510 
AM010520 
Al\4010530 
AM010540 
AM010550 
AMOl 0560 
AM0t0570 
AM010580 
AM010590 
AM010600 
AMO 10610 
AM010620 
AM010630 
AM010640 
AM010650 
AM010660 
AN010670 
AM010680 
AM010690 
AM010700 
AM0t0710 
AM010720 
AM010730 
AM010740 
AM0t0750 
AM0t0760 
AM010770 
AP-4010780 
AM01~790 

AM010800 
AM0108t0 
AMO 10820 
AMO 10830 
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244 ZZ(Jl)=O• 
DO 246 Jl=t.~TRFL 

246 ZZ{Jl)=ZMAXT(JB,Jl) 
CALL S 0 J;T ( 2 2 • I Z ) 
SUM1=ZMAXT(J8,1Z(1)) 
IF(NAXTeE~el) GO TO 289 
SUM2=ZMAXT(JB,IZ(2)t+SUM1 
IF(NAXTeEOe2) GO TO 289 
SUM3=SU~2+ZMAXT(JB,IZ(3)) 

IF(NAXT.EQ.3) GO TO 28q 
SUM4=SUM3+ZMAXT(JB,IZ(4)) 
IF(NAXT.EQ.4) GO TO 289 
SUM5=SUM4+ZMAXT(JB.IZ(5)) 

289 ZMNAXT(JB)=AMAXI(SU~t.SUM2.SUM3eSUM4.SUM5) 
ZZ(lt=SUMt 
ZZ( 2 ):SUM2 
ZZ(3)=SUM3 
ZZC 4l=SUM4 
ZZC 5 ):SUMS 
D0277 Jt:t,s 
IF(ZZ(Jl)eNEeZM~AXT(JB)) GO TO 277 
DO 27 3 J2= 1 • J 1 

273 NLLAXT(JB,IZ(J2))=1 
GO TO 250 

277 CONTINUE 
250 CONTINUE 

260 CONTINUE 
DO 40 Jl=t.NBEAMS 

40 OISTAT(Jl ):ZMM.ST{Jl )/FULMAT 
DO 42 Jl=t.N8EAMS 

42 OISTAL(Jl ):ZM~ASL(Jl)/FUL~AL 
lF(KAXTeEQeO) GO TO 46 
DO 44 Jt=t,N8EAMS 

44 OISTAX(Jt):ZMNAXT(Jl)/FULMAX 
46 CONTINUE 

RETURN 
END 

AM010840 
AMOlOBSO 
AMO 1 OBt)O 
AM010870 
AMO 10880 
AM010890 
AM0t0900 
.AM010910 
AM010920 
AM010930 
AM010940 
AM010950 
AM0t0960 
AM010970 
AMOl 0980 
AMO'l 0990 
AM011000 
AMO 110 I 0 
AM011020· 
AM011030 
AM01104-0 
AM0tt050 
AMO 11060 
AMOltO 70 
AM011080 
AMO 11090 
AMOltlOO 
AM011110 
AMOl 1120 
AM01t130 
AM011140 
AM011150 
AMO 11160 
AM011170 
AMO 11180 
AMO 11190 
AM011200 
AMO 11210 
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c 
c 
c 
c 
c 

c 
c 
c 

c 

c 

c 

- - - -
SUBROUTINE FLEX 
COMMON/BLK t/ HEA0(15),ZM1(20),YMf(20),BM~(20) 9 

*ZSA(20),YSA(20),8MJ(20),VH(10,2),ZH(10,2),NTY(30), 
*LC( 500).NLE( 500),LM(4),P( 500),XL( 500),PL( 500), 

-

*ECC( 500),Ftl(t0.4,4),F12(10,4,4),F22(10,4,4J,SF{l64.8). 
*NPOS( 500),XPOS(9,9),~F(t~.4),JTY{30).YSTR(9,4),ZSTR(9,4), 

*NOUT(9)eYSSS(9,4),ZSSS(9,4),X{8) 
COMMON/BLK 2/ NHARMS,SPAN,NBEAMS,E.G,NTYFES,NEQ, 
*ALPHA.NLC~SE,NLCARO,NX 

SUBROUTINE FLEX 

ZERO STRUCTURE FLEXIBILITY MATRIX, SF. 

NEQ = 4*(NEEAMS + 1) 
DO 250 I = 1. NEO 
DO 250 .J = 1, 8 

250 SF( I • J J = 0 .o 

FORM FLEXIBILITY MATRICES FOR EACH BEAM TYFE 

CALL BMFLEX (1, t, 1, t, Flit 

CALL BMFLEX (1, 1, 2, 2~ Fl2) 

CALL BMFLEX (2, 2, 2, 2, F22) 

C STORE EEAM FLEXIBILIT' INTO STRUCTURE FLEX. FOR ALL BEAMS 
c 

c 

DO 400 N = 1• NBEAMS 
NT = NTY (N) 

C STORE Ftt INTO SF 
c 

NN = 4-*(N • l) 

DO 320 I = t. 4 
320 LM(I) = NN + I 

00 340 I : 1. 4 
I I = LM (I) 
DO 340 J = 1, 4 

- - -·-
AMO 11220 
AMO 11230 
AMO l 1240 
AM011250 
AMO 11260 
AM011270 
AMO 11280 
AMOtt290 
AM011300 
AMO 11310 
AMO 11320 
AM011330 
AMO 11340 
AMO 11350 

. AM011360 
AM01t370 
AMO 11380 
AM011390 
AM0l1400 
AMO 11410 
AMO 11420 
AM011430 
AM011440 
AMO 11450 
.AM011460 
AM011470 
AMQ 11480 
AM011490 
AMO 11500 
AM011510 
AM011520 
AM011530 
AMO 11540 
AMO 11550 
AM011560 
AMO 11570 
AM011580 
AMO 11590. 
AN011600 
AMO 11610 

-



.JJ = LM(JJ - 1 I + 1 .M011620 
340 SF(II.JJ) = SF(II,.JJ) + F 11 (NT • I • .J) AM011630 

c AMO 11640 
c STORE F12 INTO SF AMO 11650 
c AMO 11660 

DO 360 I = t. 4 ~M011670 

II= LM{I) AM01t680 
DO 360 J = 19 4 AN011690 
.J.J = LM(J) + 5- It AM0lt700 

360 SF(ti,JJ) = SF(IIi.Jj) ~ F12(NT~I.JJ AM011710 
c AM011720 
c STORE F22 INTO SF AM011730 
c AM011740 

DO 380 I = 1 • 4 AMO 11750 '~ 

I I ::: LMf I) + 4 AM011760 
DO 380 J : I • 4 AM011770 
J.J = LM(.J) + 5 - II AM0117SO 

380 SFCII.JJ) = SF<tt • .Jj) + F22(NT.I•J) AM0t1790 
w 400 CONTINUE AMO tt800 0"1 
....... c AMO 11810 

c AOC HINGE FLEXISILITIES ALONG DIAGONAL OF SF AMO 11820 
c AM0ll830 

NJ = NBEAMS • 1 AM011840 
DO 450 .J = It NJ AM011850 
JT : JTY( J) AMO 11860 
DO 450 N ::: t• 4 AM011970 
I = 4*.J + N AM0118SO 
SFCI.tl = SFfltll + HF(JT,N) AM011890 

450 CONTINUE AMOl i900 
c AM01191~ 

RETURN AMO 11920 
c AA4011930 

END AMO 11940 

- -~)-.:..- ---- -e, __ ,~---- - - - --·--' ~j • ..... . 
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c 
c 
c 
c 

c 

c 

SUBROUTINE B~FLEX ( I I • J J, KK, LL, A) 

COMMON/ELK 1/ HEAD( 15),ZMI(20},yMI(20),8MAC20), 
*ZSA(20)eYSA(20)~A~J(20),yH{10,2),ZH(10.2),NTY(30), 
*L C { 50 0 ) , N L 8 ( 50 0 ) , L M ( 4 ) , P ( 50 0 ) , XL ( 50 0 ) , P L ( 50 0 ) • 
*ECC( 500),F11(10,4,4),F12(10,4,4),F22(10,4,4t,SF(l64,8), 
*NPOS( 5CO),XPOS(9,9),HF{19,4),JTY(30),YSTR(9,4),ZSTR(9~4), 
*N OUT ( 9 ) • Y S S S { 9, 4 t , Z S 5 S ( 9 • 4 ) , X ( 8 ) 

COMMON/ELK 2/ NHA~MS,SPAN,NBEAMS,E,G,NTYPES,NEQ, 
*ALPHA.NLCASE.NLCARO,NX 

DIMENSION A(t0.4,4) 

FORM BEAM FLEXIBILITY ABOUT HINGES 

DO 10 K = 1. NTYPES 
Fl = le/(ALPHA**2*BMA(K)) 
F2 = le/(ALPHA**4*ZMI(K)) 
F3 = 1 • / { ALPHA* *4 *V M I ( K ) ) 
F4 = le/(ALPHA**2*BM~(K)) 

Yl = YH(Keii)*ALPHA 
Zl = ZH(K.J~)*ALPHA 
Y2 = YH(K,KK)*~LPHA 
Z2 = ZH(KeLL)*ALPHA 

A(K.t.t) = Fl + Yt*Y2*F2 + Zl*Z2*F3 
A(K.le2) = -Yt*F2 
A{K,J.3) = •Zl*F3 
A(Kel.4) = 0.0 
A(Ke2el) = •Y2*F2 
A(K.2.2) = F2 + ZH(KeJJ)*ZH(K,LL)*F4 
A(Ke2•3) = •ZH(K,4J)*Y~(K,KK)*F4 
A(K,2.4) = -ZH(K,JJ)*F4 
ACK.3.tt = •Z2*F3 
A(K,3.2) = •YH(K.II)*Z~(K,LL)*F4 
A ( K • 3 • 3 } = F 3 + YH( K • I I ) * YH ( K • K K) *F 4 
ACK.3.4) = YH(K,II)*F4 
A(K,4.t) = 0.0 
A(K,4.2) = -ZH(K,LL)*F4 
A(K,4.3) = YH(K,KK)*F4 

... 

""" 
"'""~.~~~~ -- -·-

AMO 11950 
AMO 1196('! 

AMO t 1970 
.tMO 11980 
AM011990 
AM012000 
AM0120t0 
AM012020 
AMO 12030 
AMO 120 40 
AMO 12050 
AM012060 
AM012070 
AMO 12080 
AM012090 
AM0121 00 
AM012110 
AM012120 
AM012130 
AM012140 
AM012150 
AM012160 
AM012170 
AM012180 
AM012190 
AM012200 
AMO 12210 
AM012220 
AM012230 
AM012240 
AM012250 
AM012260 
AMO 12270 
AM012280 
AM012290 
AM012300 
AM012310 
AM012320 
AM012330 
AM012340 

-
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SCBROUTINE LOCATE(Y,N,EC.NEEAMS.YH.NTY) 
DIMENSION YH(t0,2),NTY(30) 
SUM=O• 
DO 20 Jt:t.~BEAMS 

N=J 1 
IF(SUM+YH(NTY(Jl).t).LE.V.ANO.SU~+YHCNTY(Jll.2J.GEeY) 

20 SUM=SUM+YH(NTY(J1).2)•YH(NTY(J1+1l.tl 
22 EC=Y•SUM 

RETURN 
END 
SUBROUTINE SORT(ZZ~tz) 
DIMENSICN ZZ(5l.IZ{5) 
DO 100 Jt:::t,S 
Sl=ZZ(l) 
S2=ZZ(2) 
S3=ZZ(3) 
S4=ZZ( 4) 
SS=ZZ(5) 

Z~AX=AMAX1(St,S2,53,S4.S5J 

DO 20 .J2=t,5 
IF(ZMAX.NEeZZ(J2)) GO TO 20 
IZ(.Jl):J2 
ZZ(.J2):::•t0.*(10•.J1) 
GO TO tCO 

20 CONTINUE 

100 CONTINUE 
R~TURN 

END 

---- ........ ) ... 
AM012410 
AM012420 
AM012430 
AM012440 
AMO 12450 

GO TO 22 AM012460 
AM012470 
AM012480 
AM012490 
AM012500 
AM012510 
AM012520 
AMO 12530 
AM012540 
AM012550 
AM012560 
AM012570 
AM012580 
AM012590 
AM012600 
AM012610 
AM012620 
AM012630 
AM012640 
AM012650 
AM012660 
AM012670 
AMO 12680 



w 
-....,J ...... 

-

SUBROUTINE MAX~C~(NeFtXSPC.SPAN,ZMAX) 
DIMENSION P(18ltXSPC(18),ZSPCC18),XSTCRE(18) 
XSPC( 1 ):0 • 
DO 10 Jl=t tN 

1 0 Z SP C ( .J 1 ) = X SPC ( J 1 ) 
ZMAX=O • 
DO 30 Jl=t,N 
XSPC(1)=SPAN/2e+ZSPC(Jl) 
DO 12 J2=2 ,N 

12 XSPCC.J2)=~SPC(l)•ZSPC{J2) 
ZM=O • 
DO 20 J2=t,N 
lF(OeLE.XSPC(J2).AND.XSPC{J2)eLEeSPAN) GO TO 14 
GO TO 20 

14 ZM=ZM+(SPAN-XSPC(J2))*P(J2)/2. 
IF( XSPC ( J2) .LT • SPAN/2 •) ZM-=ZM•PLJ2) *( SPAN/2 .-XSPC( J2)) 

20 CONTINUE 
IF(ZMeLE.ZMAX) GO TO 30 
ZMAX-=ZM 
oo' 24 J2=t.N 

24 XSTORE(J2l=XSPC(J2) 
30 CONTJNUE 

J STRT= 1 
JSTOP=N 
00 36 Jl=ltN 
IF(XSTORE(Jtt.GE.SPAN) JSTRT=JSTRT+l 
IF(XSTOHE(JlleLE.O.) JSTOP=JSTOP•l 

36 CONTINUE 
N=O 
DO 38 Jl=JSTRT,JSTOP 
N=N+ 1 
P(N):P(J 1) 

38 XSPC(N):XSTORE(Jl) 
RETURN 
END 

- -

AM012690 
AM012700 
AM012710 
AMO 12720 
AM012730 

--..AM0-12740 

-

AMOt 2750 
AM012760 
AMO 12770 
AM012780 
AM012790 
AM012800 
AM012810 
AM012820 
AMO 12830 
AM012840 
AN012850 
AM012860 
AM012870 
AM012880 
AM012890 
AMO 1290!' 
AMO 12910 
AM012920 
AM012930 
AM0t2940 
AM012950 
AM012960 
AM012970 
AM012980 
AM012990 
AM013000 
AM013010 
AMO 13020 
AM013030 
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