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PREFACE

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

interested in the underlying mathematical formulations,VChapters IT 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
‘dkaped 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. Chepter 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 formulation are extensive,
since they are developed in their entirety; For clarity, highlighters
(solid arrows) have been attached to those equetfons in the text which
are the end result of manipulating preceding equations or which are
especially significant

Recently the Texas H1gbway Department (THD) became a part of the
Texas Department of H1ghways and Public Transportation (TDHPT).

References in the test to THD pertain to this latter organization.

i
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ABSTRACT

Three computer programs have been deve]opéd or adapted to assist in

the design Of’multi-beam prestressed concrete box girder bridges. Prdgrams
DBOXSS and DBOXDS treat'girders with stréight and draped strands, respectively.
Each program has a "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 "optimization" option which determines release and 28-day concrete
strengths and strand pattern that minimize the total cost of the girder.
An\ana]ysis program AMBB has also been developed to compute lateral load
distribution factors for the members of a multi-beam bridge. Specifications
gdverning the designs pfoduced 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.




SuMMARY

, This'report presents formuiations for the automated design and analysis
of multi-beam prestressed concrete box girder bridges and documentation of
‘the computer pkograms 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 énd
Tocation of bond breakage is determined and for draped strand designs, the
end eccentricity of the strands are computed. Each program has é "design"
option Which, for a specified 28-day strength, determines the strand pattern
and reiease strength which minimizes the total number of strands used. An
"optimization" 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
supp]ied by the user.

‘Specifications governing design are those of the American Association
of State Highway and Transbortation Officials, 1973 Bridge Specifications
and 1974 and 1975 Interim Specifications. Design restrictions include
limits on release and sérvice load stresses, upper and lower bounds on
camber at release, ultimate and cracking momént capacities and.méximum and

minimum concrete strengths.

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

bridges has been modified to compute lateral distribution factors for

maximum moment for individual beams in a multi-beam bridge. Standard
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AASHTO truck and lane 1oadings’as well as arbitrary multi-axie vehicles
can be treated'by the program AMBB.

All programs have standard, simplified 1nput forms and,concfse output
formats. The cOmputer core requirements for the programs in source form

are 170,000 bytes for DBOXDS, 264,000 for DBOXSS and 294,000 for AMBB.
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AASHTO truck and lane loadings’as well as arbitrary multi-axle vehicles

can be treated by the program AMBB. | |

» A11 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 DBOXDS, 264,000 for DBOXSS and 294,000 for AMBB.



RECOMMENDATION FOR IMPLEMENTATION

These computer programs are available to assist the bridge’designer

in carrying out the routine calculations associated with\hisyjob.‘ In
addition, their optimization;options'automatical]y prdduce 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 éxp]ore a wider range of possible so]utions to a
design prob]ém. The programs should be equally useful for routine designs
“utilizing standardized cross sections as well as to explore new concepts

for possible future Standardization.
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I. INTRODUCTION

The simple span multi-beam prestresséd concrete box girder bridge is a
special use structure which may be the most ecbnomica] selection when traffic
disruptions, limited clearance, or other unusual conditions exist. This type
of bridge construction consists of a number of box girders (nof necessarily
of’identica] cross sectional dimensions) laid side by side across the bridge
bents. Lateral continuity between the girders is established by placing a
concrete key (Fjgure 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’
seCtiona] 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-
stressihg strands, the spacihg 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 considerab]e 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)
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has been omitted from consideration due to the diffiéu]ty of insuring that
all necessary reinforcing can be f1tted into a particular box design and
fabricatioh still be feasible. While the design 1tems listed above that were
omitted from consideration are by no means uhimportant, those items which
remain lend themselves to an automated (computer designed) approach.
Two distinct types of prestressing cable arrangements are commonly

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

have bond breakage near the ends of the beam to contro] stresses and camber.
The second utilizes draped cables, in combination with straight cables, to
attain the same controls. The latter arrangement rarely uses bond breakage
unless end sp]itting prob]ems are encouhtered during fabrication. When

bond breakage is used to a]eviéte end splitting, it generally onTy exténds
over a few feet édjacent td the ends of the beam. Two automated design
computer programs were deVe1oped in this study to tfeat the two types of
cable layouts. The first has been given the name DBOXSS (Design of Box
girders with §ﬁraight Strands) and the other DBOXDS (Design of Box girders
with Draped Strands). Each of these programs has two options available

to the designer. The "optimiiation" 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 ﬁdesign" option which computes a design based on
the minimum number of strands that can be used. The underlying mathematical
formuTations used in both the optimization and design options are taken

from thé‘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

N

L

has been simplified through the use of standard input forms. Avdescription
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 consideratioh 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.b Situations frequently
arise where the use of fhis means of determining lateral 1oad distribution
is questionable. To assist the designer in such cases, this study has
adapted a third computer program AMBB (Analysis of Multi-Beam Bridges)
which carries out a rigorous analysis of a multi-beam bridge and determines

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

S NN N NN WS N S B W o

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 a]so,compute‘
forces actihg on the joints between beams which may be of assistance in
designing concrete keys and transverse post tensioning. Thé 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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11, Desion oF Box GIRDERS WITH STRAIGHT STRANDS

The'design‘of prestressed concrete girders with straight strands can
be cast as a lihear, constrained optimization problemfin which the design
variables are concrete strengths‘and prestressing strand'1ay0ut, and the
constraints are restrictions on structural behavior dutiﬁned below.

Once the design’prob1em has been cast in this format, standard computational
procedures are évai]ab]e for its solution (1)*. The geﬁera1-form of the
lineak, constrained optimization problem;(Linea? Programming.problem or LP

problem) is:

- minimize . c;x; +tcx, ¢+ f~---~ tcox e - ,(])
subject to: % tagX, SRR alnxnii?bl : (2)
am1x1+am +""""+a X <b

where X ,...., X 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 arrangément of prestressing stkands in a beam have a direct
effect on the stresses at release and under service loads and on camber
of the beam. The Positibn of strands in the beam and the extent of bond -
breakage (also referred to as'"wrapping") can be described by a doubly

subscripted variable NS‘ij for the: general case shown in Figure 2. Here,

*Numefa1s in parenthesis refer to entries in the Reference section of
this report. ‘




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

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

just to the 1eft of one of the 11 wrapping points. Nij is 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

st,l = NS~2’2 = NSZ,B =

NSy 4 = st,s = NS, 6"

N52,7 = NS2 g = NSZ,Q =
NS '

2,10 st 11

" The wrapping of strands reduces the prestress induced stresses toward the

end of the beam, where load induced stresses to offset them are‘sma11.

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

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

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

o]
£ = fraction of initial prestress force lost 1mmed1ate1y

after release,
cross sectional area of the box girder,

distance from the c.g. axis of the beam to strand row
i (positive if row 1 above c.g. of beam) ,

= section modulii of beam (both positive quant1t1es),
= bend1ng moment at point j due to beam weight.

i
"'
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Stresses at any location between quarter points can be obtained by setting
subscript j =»1'and replacing Mj with the moment at that‘1ocation. Equa-
tions (3) and (4) ignore the effect of strand developmént,Tength. The
cross sectional properties A and Zkinélude the transforméd area of conven-
tional compression reinforcing in the topAdf the beam, if present. The

stresses existing under service load conditions can be computed from

: NR d. | M, M.
IR (TSN A B P T N E - (5)
J %5=1 t »J t Z,
. ' NR d, M. M.
N RS S I S, N T SN i (6)
J v 01:] A Zb 1, Zb -Z-b
where
n = fraction of initial prestress force lost under serv1ce
load conditions, :
fi & 75 = section modu111 of beam plus shear key,
Mj = moment at point j due to beam and shear key weight
M, = tota] live and dead T1oad moment act1ng on the composite section

J (i.e., with shear key) at point j.

Stresses at any section between quarter points (j = 1) can be obtained from
Egs. (3) thru (6) by setting subscript j = 1 and substituting the moments
acting at that section for M and M&.

Camber control is an important‘consideration in the design of prestressed
concrete box girders. If the beam camber is upward upon re]ease,‘there is
a tendency for the camber to increase with time due to creep and shrinkage
effects in the cdncrete and because of thekabsence 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



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 materiaTsvand mix design used as well as curing conditions.
In the absence of accurate creep and shrinkage data; many designérs’re]y

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 ‘
] .
A=A - —=—=—X1-€)F_ £ h,s.y: (7)
DL EciI { oj=] JJ J}

midspan camber (positive upward),
App midspan deflection due to beam weight (positive upward),

o
1
-~

ci modulus of elasticity of concrete at release.

In addition to satisfactory behavior under release and service load
conditions, a box girdek 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

- e 5w
M. = 1.30 {.MDL + 3(1 MLL)}
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maximum 1ive load moment,
dead 1oad moment,
I = "TE$%g§7—’ the impact factor,
L span length (ft),
The method of computing u]timate moment capacity at midspan depends upon
the location of the neutral axis in the cross section. If the neutralfaxis

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

P s
= A% -
M, = A% FE d{j.o 0.6 —-?T———}

3 c

£ =,fs{1.o - 0.5 —>

~f§u average stress in the prestressing strands at ultimate,

' A;' total area of prestressing steel,

fe ultimate strength of strand,

fe = compressive strength of concrete,
Px = A%/bd,

b, d (See Figure 4),

This computation neg1écts the contribution of the compression 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 neutkal'axis Ties below the slab, as indicated in Figure 4,
then a trié1 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




C = .833fA, : | - (13)

where Ac is the area between the neutral axis and the top of the section
and d is the Tocation of the c.g. of this area. Equalibrium of horizontal

forces requires that
The force C' is the force in the compression steel, giVen by

elEAL 5 el < yield strain : (15)

=1 -
| fyAS L yield strain
The force in the tendons at ultimate is

TeRA e

where f;u is the average‘tendon stress, determined from the stress-
strainﬂcharacteriStics of the tendon material, which can be‘éppkoximated

by (5)
fou’Es s Fu 5'fP1 (7)

2,la, '~é3/f§u(fs -1 Ty > o

average strain in the prestress strands,
“proportibna] 1imit stress of strand material,
modulus of strand material,

Lo+ (Fy = £/ (fg - 26 )
] 2‘| :
(g - ) /(5 - 2fy)




If the total tensile force T exceeds the total compression (c+cC'),
then the neutral axis depth c is too small, If (C + C') exceeds T, then the
correct ¢ value is less than that assumed. Once the proper c has been ob-

tained, the ultimate moment capacity can be computed from

Mu=C'(d—d')+C(d-d') . (18)

The average compressive stress over the concrete compression zbne (.833fé),
and the stress-strain relationship for the tendon (Eq. (17)) were derived
on the condition that Eqs. (11) and (18) give the same moment capacity when
Al = 0 and the neutral axis is located in the deck slab (5). | |
It will 1ater'prove useful to have a relationship between the strand
pattern in a box girder and its ultimate moment capacity. Let
NR |

o G | (19)

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 fé, the ultimate moment capacity of a section
Mu can be plotted against the parameter p, as shown schematical]y‘in Figure 5.
For a specified required ultimate moment capacity Mur’ a minimum value of
the strand force eccentricity S'exists for each conckete strength. The p]dt
of o vs. f.» shown in Figure 6, provides a convenient means of insuring that
the final strand pattern and 28 day concrete strength selected will yield
an adequate ultimate moment capacity. |

Current prestress concrete design practice recognizes the importance
of adequate warning of impending failure in ah»ovér1oaded structura]y

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

u > 1.2 Mcr | ‘ (20)

where Mcr is the moment required to produce a tensile stress at the~bottom of
the sectidn equal to the modulus of rupture strength of the cohcrete;

The net prestkess force in a strand at release and under service
load conditions is dependent on the Toss factors £ and ﬁ (Eqs. 3 thru 6).
The AASHTO Specification (G)Vprovides a method of long term prestresﬁ loss
calculation which includes all factors currently thought to héVe'a'signifi-

cant effect. The loss may be written as

[SH + ES + CR_ + CR/F, o (21)

stress in strand immediately after initial tensioning (ksi),

Toss due to concrete shrinkage (ksi),
Toss due to elastic shortening (ksi),
loss due to creep of concrete (ksi),

lToss due to relaxation of prestressing strand (ksi).
The four components of prestress loss are computed from

SH =17.0 - 0.15RH

ES =Ef . /E

s'cir! Fci

CRC 12fc1r -7 fcds

CRS 20. -v.4ES - .2(SH + CRC)

average annual relative humidity in percent,

modulus of elasticity of prestress strand,

14




modulus of elasticity of concrete at time of strand
-release, ,

concrete stress at c.g. of strands due to prestress
force immediately after release and beam weight. The
stress is computed at the point. of maximum moment.

= concrete stress at c.g. of strands due to all dead
loads except those present at release (i.e., beam weight).

fcdS'

The prestress 1655 immediatejy after release can be'estimated from
g = [ES + .5CR.1/f, | »: - (26)
The fraétion of the tbtal Tive Toad on a multi-beam bridge ihat i§ ‘
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:

$/D = fraction of axle load carried by the girder (27)

= 0.5(12N + 9)/N | |  (28)

5+ N /10 + (3-28/7)(1-C/3)* ; C <3 o (29)
5 + N_/10 5C>3 |

total number of traffic Tanes,‘
number of Tongitudinal beams,

K(W/L), a stiffness parameter,
1. for box sections,
overall bridge width,
span length.
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 authofs'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 computéd
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 S5 at the jth tenth point is given

by

vVsy J C

s; = 2 f Jd./(Véj) - y3)y

(j)— £ 1 " I
Vgl = 0.06fb3d, < 180b'd,

1.30),(3) | 5.y
AR

stirrup spacfng at 1§h_tenth'point,
area of stirrup,

yield strength of stirkups,

total width of beam web,

distance from c.g. of strands to top of section at ith
tenth point, ‘ :

fraction of d. which gives the distance from the center of
compression td the c.g. of strands; taken as 0.9,

total dead load shear at jth tenth point,
total live load shear at j;b_tenth point,




strength factor, taken as 0.9,

_ 50 . |
I-= T F 178 ° 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 designér has contro]yand by others

which he can not Control; The Tatter category includes differences in
}~pkicing procedures‘among fabricators and little corfe1étion between the
geographical location of a bridge and the fébritatorvwho produces the beams
fof it. However, despite the uncontrollable nature of some féctors, it is
believed that the cost model developed below provides‘a meéns of ranking
beams accord{ng 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 coﬁt‘of concrete is primarily
a functfon 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 shdwn 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 re]ease‘strength concrete is $1.00/cu.yd.
This method of cost presentétion was used - in an attempt to circumvent
'fabricators'khatural reluctance to divulging actual cost information. Concrete
- cost is p]otted against release strength in Figure'7 for‘the’four responses

received. ,
17
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Costs associated with prestressing strands cbnsists of the cost of
materials and cost of placing strands and wrapping them. The‘reported in-
place cost ofﬁ]/z‘in.‘diaméter'grade 270K 7 wire strand fanged from $0.20 |
to $0.25 pef foot. Unfoftunately, no cost figures on strand wrappihg‘were
sought in the questionnaire. Additional consideration is‘given to defermining

cost figures for design in Chaptér Iv.

A]thbugh the release strengfh féi and 28Qday strength fé of beam

~concrete frequently aré treated as indepéndent parameters in désign, ‘
fabrication practices indicate a strong correlation between the two quantities.
Most fabricatofs have a ré]ative]y small number of mix‘designs Which are
used to cover the usual range of required sthengths. For a speCific‘mix
design, the release strength may vary considerably, dependihg on the method
and length of time of curing, but the 28-day strength attained is‘lakge1y
‘independent of these factors.} Thus, if one specifies a release strehgth

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

of 7.0 ksi, depending on the fabricator‘involved, Thus, the desigh does
'notktake full advantage of the concrete strength available under service
16ad conditions. For a particular fabricatpr, one can génera11y construct

a plot of féi VS. fé whose‘general form will follow that shown in Figure 8.

2.2 STRAIGHT STRAND DESIGN FORMULATION - OPTIMIZATION OPTION

In this seétidn the problem pf determining the'concrete release and
28-day strengths and strand pattern layout which minimizes the total cost
of a box girder is formulated as a linear programming prcblem whose mathe-
mética] structure was giveh in Eqs; (m and’(Z). The notation used here

differs slightly form Eqs. (1) and (2) in that the design‘variab1es x],...,‘xn
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FIGURE 8. HYPOTHETICAL 28 - DAY RELEASE STRENGTH RELATIONSHIP
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are represented by symbols 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, additionai notation must be 1ntroduced Let the concrete
release strength féi be given by: |

- 10

féi =4.0+ 3 f, (33)

j=1 1

where f],..., f]O are design Variabies whose values satisfy the inequa]ities:

i=1,..., 10 . o (38)

<f. i=1,.0., 9 o (35)

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

(f, 2=....f10 0) and 9.0 ksi (fi=fp=....f;,=0.5) is admissible. For

example, a re]ease strength of 5.35 ksi would result if f] f2 =0. 5 f3 =0.35,

=f

f4 fs ""flo

conform with current AASHTO standands, while an upper limit of 9.0 ksi was

=0. A minimum re]ease strength of 4.0 k31 was se]ected to

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 féi inen 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 coSthS and strand wrapping cost Cw‘ As developed in

Section 2.1, the cost of concrete is assumed to be a function of release
strength. Let Cp» C1s+++s Cqp denote the cost of concrete with féi~=‘4.0,

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




as
'co + 2 ?1 (ci - Ci—1)fi : ‘ (36)
where f. 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 10 |
= LR R R DL | (37)

where A is the area df 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.

G EE N N R G B Tl EE a.

. MR
The total number of strands used in the beam is given by NSi 1°
If Cg is the cost per foot of strand, the total strand cost is given by
CS = csLiE]'Nsi,1 ' (38)

Y

Taking c, s the cost per foot of strand wrapping, the total cost of wrapping

strands may be written as

‘ c ; NR S oL 1 NR s (39) l
=¢ 5Lz R e ) . 39
W W i=1 1 ’,] 40 j=2 i=1 LR
Thus, the. total cost of the beam (objective function) becomes , |I
| (' | ) NR 2c L 11 WR l
Minimize (c L + .5¢c L) = NS, ., - — ¢ NS, . '
AL 10 A-l-c, |
F o I (6 - )t —amms | (40)‘
Equation (40) is linear in the design variables NSi j and 1’,i as required

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

When the strands are released, stresses are broduced in the beam by
prestress force and the weight of the beam. These'stresseS'areigenera]]y
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 cértain
limits which are a function of the concrete release strength. Generally

the stress Timits (in ksi) are of the form

0yj = 0316235 JFLT (fe; in ksi) (41)

% ™ Seifei | - 2

where S, . and'SCj are COhstants,_which<{n general may~yary from point to
point along the beam (hence the subscript j). The AASHTO Bridge Specifi-
cations (4) currently stip01ate'that %ﬁ.‘z 7.5 and»Scj:= 0.6. The‘squafe
root in Eq. (41) causes difficulties since it applies*to,féi‘which is

a design variable and thus introduces a nonlinearity into~fhe formulation.

With 1ittle error, Eq. (41) can be written as

Op5 = stj '007454féi + .03355¢ (féi and oy in ksi) (43)

J

Equation (43) is obtained from Eq. (41) by replacing\/?z; wfth’a first ordef

Taylor series expansibn'abdut the point‘féi = 4,5 ksi. The error in this

expression is 4.2% at féi = 8.0 ksi,.and decreaseS‘as féi approaches 4.5 ksi.
Release stresses are checked top and bottom at the‘end of thé}beam

(j = 11 in Figure 2), L/20 (j . 9), 2L/20 (j = 7), 3L/20 (j = 5), 4L/20 (j = 3)

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

to th by

>
o
-
l
i
|
I
|
|
l
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=1, 3,..., 11

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

. NR 1 d'i , ’ '
(] - E)F°1§1 1R —Z';— NSi,J. - .007454Stjfci

< —ZJ_.+ .033655, . 3 =1, 3,..., 11 . (45)

Replacing fl. in Eq. (45) with Eq. (33) results in the following Tinear

inequality constraint in the design variables:
10

Nsi,j - '007454Stjf§]

5 31, 3,0, 11 | (46)‘

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

fs

which 1imit release stresses in the top of the beam to the tensile allowable,

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

cj by

(B) .
-oj - ch <0 g-], 3,..., 1N

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

d, 10

1 i
Y = (e m e NS, . - S . %
i=1 A Ly LIPS B Pt

- NR
-(1 - 2)F,

M,
—J .= ‘
< Zb + 4'Oscj 3 i=1,3, . ..,1

Six constraints Timiting compression stress in the bottom of the beam

result from taking j=1, 3,..., 11.




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

Let

.. = .0316235, . \VF’ (f' in ksi) | (49)
tJ tiVvV'e c

— —

Ocj Scjfé | | (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 of the beam at midspan, 2/10 and 1/10 points, and for tension
in the top and compression in the bdttom at ‘the end of the beam. Using

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

O3 ==Stj .007454fé + .03355 (fé and

Efj in ksi) (51)
The 28 day strength fé depends on release strength in a manner depicted in
Figure 8. A piecewise continuous linear relationship between fé and féi v
is given by

10
9p * 2z

£l =
¢ i

. _(g'i - gi-l)fi (52)

Where s 9ye-++s 9y are the 28 day strengths which correspohd to release
strengths of 4.0, 4.5,..., 9.0 ksi (see Figure 10). Substitution of Eq. (52)
into Eq. (51) gives

| 10
.007454[g, + 2121 (9; - g;_q)f;1 + .03355 (53)

i = St

Tension stresses in the bottom of the beam are Timited by

GBS <0 (§=0, 3, 7) o (s4)

26
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The subscript value j ='0 denotes midspan of the beam. SUbstitution of
Eqs. (5) and (53) into (54) gives

NR di ] 10

1 T .
AR e LN '0]4915'”'151;(9" = 95_)f;

(- n)Fo . b | s

i

| M, M. |
< - -ZJ- -l 4 .0074545 .g, + .033555, (3=1, 3, 7) (55)‘
b Z, J wJ |

A discrepancy in notation ekists 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 ofkj =1 indicates that prestress force induced stresé is computed
with bonded strands at fhe quarter'point (i.e., NSi’]), which‘is valid since
the number of bonded strands there is the same as that at midspah. The
moments Mj and ﬁ& however, should be rep1aced with those occurring at midspan
when j = 1,

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

017 by

1) _ = : e

o17° - oy £ 0 | (56)

Noting that the load induced stresses are zero at the end, Eq. (56) becomes
NR d. 10

1 i 1491 la. -
Gy "z“t‘"z MSi,00 - 0195y 2 (95 - 95)f,

< 007454519, + 033555y, ) o (57)‘

" The compression stress in the top of the beam under service load is 1imited

(1 - n)F,

1

(3=0, 3, 7)
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The a110wab1e‘compression stress Eéj is

- - 1
9¢j SCJfC

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

;_ 10
9ei = Scj {90 ter (95 - 91‘-1”1’)

Replacing EgT) with Eq. (5) and 5_; with Eq. (60) yields

10
°~"1—1 (9

. - 9. fi |
1,37 (61)‘

As in Eq.'(55),'when =1, Mj and M5 are taken as the moments at midspan.
The compression stress at the bottom of the beam at its end is limited
9 by

T - oy 20 (62)

Substituting Eq. (6) for o,; and Eq. (60) for G _qy and noting'that Toad
induced stresses are zero at the end of the beam, gives
S 10

(]'H)F r - o w NSi’-”-ZS

¥
041 Zy, el

< Se1% | (63)‘

2.2.4 Constraints to Insure Proper Strand Wrapping‘[Constraints
21 thru (20 + 10-NR)]

(95 - 94.9)f;

Bond breakage is initiated at the end of the beam and proceeds
toward the quarter point (see Figure 2). The variables NS, 3 give the

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




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 i must be greater
than or equal to Nsi,j+1
ment is imposed through’the (10-NR) inequality constraints.

for all rows and wrapping points. This require-

NSi,2 = NS5, 20 | (64)‘ '

NSj 3 - NS p <0

2.2.5 Constraints Limiting the Number of Strands in Each Row
[Constraints (21 + 10-NR) thru (20 + 11-NR)]

The number of strands that may be placed in a row is Timited 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 NM. denotes the maximum number of strands that can

be placed in row i, then

NS, 4 < NM, (i=1, 2,..., NR) (65)‘

2.2.6 Constraints to Insure Proper Release Strength Representation
[Constraints (21 + 11-NR) thru (39 + T1-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 propek problem formu]ation, the constraint set musf

include

30
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2.2.7 Bounds on Initial Beam Camber [Constraints (40 + 11-NR) and
(41 + 11:NR)] ‘ DR

Let ™ and A™ denote the maximum and minimum initial midspan deflections
admissible in a particular design, with positive def]ections taken as
upward. If, for example, a désigner wished to insure that a beam did not
have an upward cémber of more fhan 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),

2* would be +3.25 in. and o™ would be 0.75 in. The initial camber

is the sum of the deflections due to prestreés and weight of the‘béam

(ADL). The initial dEf]ECtipnvADL due to beam’we1ght is
Cow? ' ~ W
bpp, = -22.5 7 (in.) S (68)
‘ " By v
‘where

beam weight (kips/ft),

L = span 1ength’(ft), ;
I = moment of inertia of beam section (in4),
Eci = modulus of elasticity of beam concrete at release (ksi).

Substituting Eq. (68) into Eq. (7) yields the following éxpression for
initial camber

1

A = ———
Ecilf

k . 1 | w |
{ZZ.SWL - Q- g)FojE]~ =z di.NSi,j 6495 (69)

where Y and Gj are given by Eq. (9). The upper bound on camber is en-

forced by

A §_A+ ' o } (70)

which upon substitution of Eq. (69) and rearrangement becomes
11 | NR

z I
%5=1 |i=1

4

, +
-(1 - £)F di NSy 5| 6.vs < EqIa + 2250l (1)

J7J



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 féi' The modulus of elasticity frequently is assumed to vary

with the square root of cyclinder strength; i.e.,

= .031623K\/fé1. (E ; and f(':'i in ksi) ' (72)

ci c

Replacing the radical with a Taylor series expansion and substituting
Eq. (33) for féi gives

10

E. =K {.007454 y

ci Z f. + .06337} , (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 (W L0
-(1 - g)F0 z 12 d. NS, .} 8595 - .0074542 K = f,

=1 li=t T i=1

< .06337KIa" + 22.5u* g (74)‘

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

11 NR 10
(1 -¢e)F = Jz d.-NS, .Ve.y. + .007454A7K 5 f,
O5=1 |i=1 ' 1sdf I ioq

< .06337KIA™ - 22 .5wl? : (75)‘

2.2.8 Constraints to Insure Adequate Ultimate Moment Cabacity
[Constraint (42 + 11-NR)]

The computed ultimate moment capacity of the beam Mu must be greater
thah or equal to Mur’ the required ultimate moment capacity defined in

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

< -Mur‘ , | (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 Nsi,]) nor the concrete
strength (described by the design variables fi)‘ Thus, an ihdﬁrect method,
one which 15 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 tﬁe relation between the parameter E}~whi¢h is a measure of
total strand force eccentricity, and concrete strength fé. Those beams
having a midspan strand pattern and concrete strength.which yield a moment
capacity in excess of Mur are represented by points that 1ie above and to
the right of the curve shown in Figure 6. Let Eb,S},...,E}0 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 approximated with the following

relation
10

o= Py + 21__25_' (pi - E"-])fi ; (77)

Note that Eq. (77) defines a piecewise linear approximation to the curve
in Figure 6. That is, for fi values which give a release strength that is
an integer muliple of 0.5 ksi, the value of o computed from Eq. (77)

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

eccentricity is present, we write

“p <P

- and substituting Eqgs. (19) and (77) into (78) we have

NR 0 o
Zo4Ns 2 (o - oeg)fy < meg (80)

Moving the design variables to the left of the inequality yields the final
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form ‘
NR o _ _ 4
N R O T DA | (80)‘

The computational procedure for construpting the S} in Eq. (80) is straight-
forward. Beginning with a release strength of 4.0, the corresponding 28
day strength 9; is used to compute moment capacity. Strands are added to
the section, 2 at a time, beginning with first (bottom) row and the
ultimate moment capacity Mu is computed using Egs. (11) or (18). If

My < My additional strands are added, progressively filling the first,

then the second row, etc., until Mu Z-Mur' The corresponding value of p

computed with Eq. (19) is then taken as E}.

2.2.9 Constraint to Insure‘Mu 3-]'2Mcr [Constraint (43 + 11-NR)]
The cracking moment capacity is defined as that moment which produces
a tensile stress of 7¢5\/fé (fé in psi) at the bottom of the beam (4).

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

_ NR 1 di
Mer = % -(1 - “)Foii] BN {41

+ 2371V - -hz%—} | (81)
where M, = midspan moment due to beam weight and fé is in ksi. Once again

an indirect approach to fbrmu]ation of this constraint must be used to

avoid introducing nonlinear terms. Figure 11 shows schematically the relation-
ship between the ultimate moment Eapacity of the sectipn Mu,v1.2 times

the cracking moment Mcr and the total strand force eccentricity (defined

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 ]’ZMcr’ and at the point o', exceeds ]‘ZMcr‘ Thus, for the
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FIGURE 12. MINIMUM REQUIRED STRAND FORCE ECCENTRICITY

VS. RELEASE STRENGTH
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particular fé under consideration, the requirement that

'Mu 5-']'2Mcr o (82)
can be stated as

-0 < -p' | (83)

As fé increases, the point of intersection of the Mu and ].ZMcr curves
generally moves to thefkight. Figure 12 shows the variation~df o' with
concrete stfength. Let 96, pi,.;., pio denote the minimum total strand
force eccentricity necessary for Mu 3-1'2Mcr’ for 28-day strengths corres-
ponding to release strengths féi of 4.0, 4.5,..., 9.0 ksi. The curve of

Figure 12 is approximated with straight line segments by

10 |
ot =egt2E (g - eing)fy | (e
Substituting Eqs. (19) and (84) into (83) yields |
NR L |
| ,1'57[ di°NS1",1 + 2151 (p.i ’- pi_])fi 270 . (85)‘

The computation of p% can be carried out in a manner analogus to that for

S} in the ultimate moment constraint.

2.2.10 Lower and Upper Bounds on Concrete Strength [Constraints'
(44 + 11-NR) and (45 + 11-NR)] |

If during the computation of the 5} for the ultimate moment capacity
constraint, it is found that Mur can not be attained for a particular 28-
day strength 9;» the release strength corresponding to 9541 must be taken as

the minimum permissible release strength. That is,

10 : | .
40t (), | (86)‘
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‘where (f'.)

If Mur can be obtained for all prescribed 28 day strengths, (féi)

min
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 actuaT re]éase strength that

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

10
4.0 + =z foo< (FLidoy (87)‘

. L . , e
max is maximum attainable value of fci'

above by

ci

2.3 STRAIGHT STRAND DESIGN FORMULATION - DESIGN OPTION

_ Should the designer wish to specify the 28 day sfrength fé to be used
and obtain the stfand pattern and minimum release strength, he may specify
the "design" option. For this problem formulation, the design variables
are limited to those which define the strand pattern (Nsi,j) and the

release strength‘féi.

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}rélease strength
to a minimum or to control camber. Mathematiéai]y, this is equivalent to
NR 2Lc 11' NR

w .
ENS - B Mg

Minimize (csL + .5ch)
©J=2 i=1

0]

i=1
AL ., '
MR -7 IR | | (88)‘

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

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




cost of cC-A'L/1944 to concrete insures that féi will be as small as possible.
We select c_ such that the total concrete cost will be a small fraction

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

small cost for wrapping (say Cy = $.01) insures that strands will be wrapped
only where necessary, but Wi11 always be used if it results in a lower

release strength féi'

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 féi’ Eq. (45) limits the tension étress at each

section (j=1, 3,..., 11) to the allowable tension stress by
Wb, 4 ,
(1 - e)F, ] - VRt ( NSy ,y - 0074548 Sf L
M. , .
_<_—i=l—+ .033555t (3=1, 3,..., 11) (89)‘
t J
Compression stress at points on the bottom of the beam are limited to the
allowable compression stress through modification of Eq. (48) to obtain

A I I
-(] - g)FO y - T-_...Z_._NS - S .f'.

i=1 b | isd cj ci

M . ; v
<-—~l— j= cies
7 (321, 3,u0ry 11) | (90)‘

2.3.3 Constraints on Service Load Stresses [Constraints 13 thru 20]
The expression for 28-day strength used in Section 2.2.3 is replaced
with thé specified strength fég. Tension stresses at the bottom for sections

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

- -1 - - —d . T 'f'
1 =] b ) b Zb ~
(=1, 3, 7) (91)‘
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As before, Mj and ﬁs are taken as midspan moments when j = 1.

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

‘ NR d. '
Y1 1 3 ]
R e TR o<

while the compression stress at the bottom is limited by

RCTS I T B G s f
-(1 - n)F°1§1 TR T e 2 3enes (93)‘

Compression stresses in the top of the beam at midspan, j=3,and j =7

are limited by |

2.3.4 Constraints to Insure Proper Strand Wrapping [Constraints 21
thru (20 + 10-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 + 10-NR) thru (20 + 11-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 (21 + 11-NR) and (22
+ 11-NR)] | .
The revised form of these constraints is obtained by substituting the

expression for modulus of elasticity at release

Eci = K {.007454F, + .03385} (fl, & E_; inksi) (95)
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into Eq. (71) to obtain

11 NR

(1 - d.-NS. .007454KIaT£! .
(1 - £)F, 321 [ z] 131655 - -o07asaKIATEL,

< .03355KIaT + 22.5uL%

11 Nr

1 - g)F : [z d NS ] .y, + .007454KI f'
J"'] =1 sJ i

< .03355KIn” - 22.5wLY | (97)‘

2.3.7 Ultimate Moment Capacity [Constraint (23 + 11-NR)]
Letting p denote the minimum total strand force eccentricity which
provides Mu greater than or equal to Mur for the specified 28 day strength

fés, and altering Eq. (79), we have

NR _ | |
IS, gy e | (s5) 8

2.3.8 Cracking Moment Capacity [Constraint (24 + 11-NR)]
Taking p' as the mihimum total strand force eccentricity which insures
that for the concrete strength f28’ the ultimate moment capacity is equal

to or greater than 1.2 Mcr,gives

NR . ~
. Y R :
R R R (99)‘

2.3.9 Lower and Upper Bounds on Concrete Strength [Constraints
(25 + T1-NR) and (26 + 11-NR)]

The release strength féi can not be less than the THD standard

minimum of 4.0 ksi,

-fli<-4.0 ~ _ ~ (100)‘

o
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~
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nor exceed the specified 28 day strength, .
1 ) ‘ . .
f1o< b | (101)‘

2.4 DETERMINATION OF FINAL DESIGN - STRAIGHT STRANDS

The 1inear'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 shortcoming in the formulation can

be treated‘thrOugh‘an 1ferative prdcess. Initial va1ues for ¢ and n

are assumed, and the 1fnear program solved to obtain concrete strengths
and strand pattérns Corrected values of £ and n are thén 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

‘ ihcorporated in the constraint equations and the linear program resolved.

Exper1ence with the computer programs 1n1d1cate that this process genera]]y
converges in 3 to 5 iterations, starting with = 0 05 and n=0.10.

The variables in a standard Tinear programming formulation are assumed

to be continuous. Thus, one may obtain a non-1nteger 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
S0 that'rdunding 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 Tinear 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
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camber restrictions or insufficient number of strands permitted to sustain
the loads which are to be carried. Such a condition is automatically de-
tected by the Simplex algokithm (1) during an attempt to solve the

linear program.

After a solution has been obtained for an L.P. problem, the Eehavidr
restrictions (allowable stfesses, camber limits, ultimate moment capacity,
etc.) which control the design can be easily determihed. Those inequality
constraints which are "tight" at the final solution (i.e., those which are
satisfied as equalities) control, while those which are satisfied by some
margin have no effect on the 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¢moré efficient beam.

2.5 VARIABLE CORRESPONDENCE FOR STRAIGHT STRAND DESIGN

The linear programming,prob]em'format¢giyen;in Egs. (1) and (2)
utilizes design variables xy,..., X . while the notation used in the
objective function and constraint,re]atjonshipsnretainedsNST,J\for the
variables representing the number,ofwhondedustnands,at,eachiwnapping,point
and fi""’f10 to denote variables associated with release strength
(féi for the design,option). Correspondenceybetween\these¢tw0 sets of

notation are as follows:

2.5.1 Optimization Option
The NS, j correspond to

X] = NS],1

Xp = Mz
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XNRAV T

XNRAV+2 T
Xo.NRAV = NSnrav,2

X70-NRAV - NSy 1

X10-NRAVHT = NS2 1

X11-NRAV = NSnrav,11

and the fi correspond to

f

X11.NRAVHT T

X17-nRAv+1] = T

10
The total number of variables n is equal to (11-NRAV + 11).
2.5.2 Design Option
" The correspondence between Xy and NSi’j,is the same as that given in

Eq. (102). The release strength is x]]-NRAV+1 and the total number of
- variables n is (11°NRAV + 1). '

S~
£
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I11. DesieoN 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 Egs. (1) and (2) with the exception of the design
variables Xyseees Xy which are required to take only integer values. While
the integer programming formulation more closely reflects the true nature
of the design problem, its solution requires considerably moré computational
effort than does the linear program. It is used here in 1ieu Qf the
linear programming apprbach because of variable rounding difficulties
inherent in the draped strand fokmu]ation. Draped strand design practice
requires that a fixed number of strands be draped in 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, if a linear programming formulation

was used, and the final solution indicated that 2.9 stfands were to be
draped, this value would have tb truncated to zero or raised‘to,6 (assuming
6 drapable strands per row). This obviously would lead to considerable
differences between the L.P. optimum design and that obtained from it by

rounding.

3.1 DESIGN CONSIDERATIONS
Let NSi denote the total number of strands present in strand row i
(row number 1 is the bottom most strand row) and Ii be a binary variable

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

NS, = 10 | I |
NS2 = 10 I
NS, = 6 I
NS, = 4 | I
I

1
2
3
4 4

N55 = -4 5

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

(104)

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=12. Define NW
as the number of drapable strands per row,ve as the distance between the
straight and draped strands in a row at the end of the beam, ey as this
distance at point j along the beam, and ol as the disfance from the end of
the beam to the holddown point (Figure 14). | '

The stress in the top of the beam at point j due to prestress in row
i is given by

1 1
= -(1 - E)F0 K«NSi + (1 - E)Fo(—di - ej)NW —-Ii

v (T)
Zy

%,
| (105)
, ' 1 : )
+ (1 - g)F (-d;) Z, (NS, - NW-I.)

Collecting common terms and factoring yields

| N
5. (T . 14t - (1 - W
51,50 = ~(1 - &)fy ;A Y1, % NSy - (- 00Fg Zoe5h (106)
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Noting that ej‘= Tje, where T3 is a factor dependent on the location of point

j, Eq. (106) becomes

N(T) ’ 1,9 “NW
The total stress in the top of the beam at point j due to all rows of
strands is obtained by summing the effects of each row, i.e.

Roa (1)

.\ N ' _ .
W (1) R o

Substituting Eq. (107)kinto (108) and ¢o11ecting terms gives

. NW

NR %1 d
= *
AT

“T) .y -
o5 © = -1 - &)F, §=]

The strand end éccentricity e must be an integer mu]tip1e of the strand
row spacing GS. The spacing between all rows must be the same in order
that a giveh design can be fabricated with equal ease‘by‘hardware that
depresses strénds at the holddown points or that 1ifts strands at the

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

e = N*GS
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where N is the number of rows by which the draped strands are raised

the end of the beam. Substituting Eq. (110) into Eq. (109) gives
‘NW
NS'l - (] - E)FO_Z__—t.—
(111)

It follows from the definition of I. that zI, is equal to the number of
rows with draped strands,’and that Nin is equal to EN which was defined
previously. Thus Eq. (111)'becomes

R

(T) _ 1 i (1 - ) N
55 ' = -1 -}g)Foi§1 R f NS; (1 g)F04Zt |

T GS-EN ~ , ' (112)

At this point a comment is in order concerning the seemingly bizarre set
of variables (NSi, I, NB and EN) used to arrive at an expression for
prestress induced stress.. The integer programming format uséd to formulate
the beam design problem requires that all constraint expressioﬁs (including
those developed later to 1imit 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 Ii)" The
introduction of transformed.variab1es to produce a linear expression is
not without its complicétions. ‘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 sbéce;correspdnds 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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NR -

=-(1 -, 2

i=1

M.
P
Ly,

and for service load conditions

M-
o5 ' = -(1 - n)F°1§1

NW

—‘n)F0 7 T .GS-EN

¢ J
- (115)

' NW .

Camber at midspan after strand release can be written as
' | .2 2 2
= 1 )L (al) L
S M o S I B A - +~{§

where MS, ME and MD are shown in Figure 15 and given by

NR i

MS (1 - E)F°1§1 di(NSi" Nw-li)
- NR

(1 - g)Fonii] diIi

MD + (1 - g)FONN-GS-EN |
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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 i$ identica1 to that described in Section 2.1. The calcula-
tion of stirrup'épacing differs from that previously developed only in
that the shear force to be resisted’by the stirrups Vﬁi) 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 0?TION~

In this section, the problem of determining the concrete release strength,
the mid-span;strandkpattern and end:éCCentricity of draped strands which
minimizes the total cost of a box girder is formulated as an integer program.
The variab1eszNSi, NB and EN ake integer, assuming ény'integer values which
satisfy the constraints defined below. The variables Ii and the variables
K; (introduced below) are binary’variables, which can assume only the values

0 or 1. The release stfength ofvbeam,concrete_can be written as

10

- I

where K; are binary variables (taking values of either 0,or'1) satisfying

the inequalities

fKi + Ki*l 5_0 i=1,...,9 (122)

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

The 28 day strength corresponding to a specific release strength can be




expressed as

(95 - 95.1)K; - (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 stfength is given by the discontionuous
step approximation
10 ( )
c.+ ¥ (c; - c. Ks
0 _i='-l 1 1-] 1
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 AL

'I .
. ' , A-L
Minimize el 2 M3 *qear 2 (5 - i)k * Jaar S “25)‘

3.2.2 Constraints on Release Stresses [Constraints 1 thru 8]

Release stresses are checked at the top and bottom of the beam, at
the holddown (j=8), 5L7/40 (j=5), L/10 (j=6) and at the end (5;7)(see Figure
17). The point 5L/40 is used so that different a]]owab1e~strésses could
be imposed, at the designers option, for points between the end of the beam
and the first tenth point and for those points between the tenth point 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 ihterval, they will be satisfied at’a11 points within the interval
because fhe offsetting §tresses 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
NR ; 1 d,

i
-(1 - g)F, 151 K+7—§Nsi—( £)F, —ETGS -EN

10 M, ‘
-.003727stj 151 K _<__.; + .06387Stj; j=5, 6, 7, 8 (126)‘

Referring to Figure 16, T3 is given by

0. s j=1 @-.12 j=5

o )
“'&40} D352 a-.10> 3 3=6
{a-.30

” ;3 J=3 1. 3 =7
((!-'-20> ;J-=4 0. . j=8
o

The bracketed quantity in Eq. (127) has the following interpretation:
x> =xif 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 |
R §1 i

(M-, £ {¢- —-z NS. - (1 - g)F
To oy (A i o7

10 MJ o |
-0.55; 1=)1S K < 4.0S K j=5.6,7,8 (128)‘
3.2.3 Constraints on Service Load Stresses [Constraints 9 thru 22]
Service load stresses are checked top and bottom at midspan, 4L/10,
3L/10, 2L/10, 5L/40, L/10 and the end. To insure that the alTowab1e tension

stress in the bottom of the beam at all points except the end do not ex-

5%




ceed the allowable tensile stress, it is necessary that

R d,
(0=, & p- ‘z‘1‘§ NS; + (1 = n)F, TTJGS EN -.0074545  ;

10 M,
D gy - gy )k < - g - Lot 0074545, 5q, + 033555, ; ;
i=1 b Z, ,

j=1,..., 6 | | (129)‘

At the end of the beam (j=7), tension stress in the top is limited by

' v il NW .
-(1 - n)Fo % + -z;:-zNSi -1 - n)F0 -Z—t— T7GS EN

=

=
—— e,

o

"0074545137 i (vg1. - 91._1)|<1. < .0074545,,g  + .033555,, (130)‘

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

is Timited to the allowable by

NR ds
1 i e M
(1 - n)F, 2 gﬁ —-s NS; + (1 - n)F, 7, 7;GS-EN

¥ Scjgo ;

j=1,..., 6 ’ (131)‘

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

C
S

( ) NR oy d; -
1 - o)F 2,3 ——st- - ), W GseEN
-Sc7 L (95 = 9590k < S¢q9, ' (132)‘
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3.2.4 Suff1c1ent Number of Strands in Row for Drap1ng [Constra1nts‘
23 thru (22 + NR)] |
~ Two variables, NS, and I, are associéted with each strand row. If
strands are to be draped in row i (Ii = 1), then there must be at least NW
strands present in that row (Nsiz_Nw). This 1s”assured by the constraint

set

-Ns1.+Nw-11._<_ | i=1,...,NR - (133)‘

3.2.5 Contiguous Draped Strands [Constraings (23 + NR) thru (21 + 2jN§)]

Fabrication practices require that strands which are draped must be

,ih adjacent rows. For example, this condition wou]d'hot be acceptable:

row 1 with draped strands (Iié1), row 2 with no draped Strands (I2=0)

“and rows 3, 4 and 5 with draped strands (I 3 4-15 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_i-l_-I - I_i)" NB 5_0 ‘ ’ .=]’ooo,(NR-]) (134)‘

where NB is the‘row number of the first row containing draped strands.
3.2.6 Upper Bound on EN [Constraints (22 + 2-NR) thfu (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 poss1b1e rows that may

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

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

dréped can be raised by 5 rows. If there were six rows containing strands




(with the 3 top most draped), then the maximum 1ift at the end would be
4 rows. In the firsf,case, the maximum value permitted for EN would be
15. For the latter case, EN could not excead 12. Thus, the upper bound
on EN depends on the total number of rows containing strands, which is

- given by

=

R

NB-1 + 12 L | . (135)

and the total number of strand rows available, NRAV. Upper bounds on
EN are imposed through the following set of constraints
NR

r I, <Jd
i=1 7

3=0, 1, ..., (NR-1) | | o (136)‘

23.2.7 Uppér and Lower Bounds on NB [Constraints (22 + 3°NR) and
(23 + 3*NR)] ‘

2

EN + [J + 1INB - [NRAV - 2J - 1] F20 413

The number_of the first row containing draped strands, NB, must
Tie between 1 and NR, i.e., " ,
NB < NR | | Qa7
NB < -1 f (138)

3.2.81‘Constraints'to Insure that if NB >1+1, then I, =0
[Constraints (24 + 3-NR) thru (22 + 4-NR)] | '
From the definition of NB and I, it follows that for those rows be]ow
row NB, 11=0 (1=1,...,NB-]). The constraint set definéd in Section 3.2.5

insures that draped strand rows are contiguous, that is, I.=0 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
11#0) to NB. For example, at this point,ynothing would prevent the occurrence

of a situation where NB=3 and I1=12=13¢....=1. The following constraint

set insures that this arrangement does not occur.

NB + NR-‘I‘i < NR + i i=1, 2,...,(NR-1) (139)‘

3.2.9 Constraints to Insure that if NB = i,'then-Ii = 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 11#1; For example, NB=3 and |
Il=12=13=....=0._This condition is prevented by |

-1 o |
-NB - (i+1) £ I,-1,<-(i+1); i=1,2,..., NR (140)‘
=3 T

U U A WE R AN P ancEE

1'

3.2.10 Maximum Number of Strands per Row [Constraints (23 + 5°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 NMi, we have

i=1, 2, ..., NR (141y<l|'|

3.2.11 Constraints to Insure Proper Release Strength Representation
[Constraints (23 + 6°NR) thru (31 + 6-NR)] |
The binary variable representation of féi defined in Eq. (121) is
valid dn]y if the inequalities appearing in Eq. (122) are satisfied. Thus,

it is required that

BE EN'EE B WS S e am e




Ky t Ky <0 i=1,...,9 ‘ (142)‘

3.2.12 Bounds on Release Camber [Constraints (32,+ 6-NR) and (33 + 6-NR)]
Letting A" and o™ denote the maximum and minimumzmidspan camber allowed,

- -and usfng Eq. (117) for the camber which occurs, we have

2

L
EcilopL - {5

2 2 2
M_+ (a L) [L (al) ] }
s Mty - M

+ B |
<Ela (143)

for the upper bound constraint on camber. Substitution of Egs. (118)
thru (120) for Ms’ ME and MD and noting that the modulus of the concrete

Eci can be written approximately as

| 10
= k{.003727 & Ki + .06337 (144)
| i=] ' ,

Eci

where K is defined in Eq. (72), we have

NR
L2
i=1
| 2 10
- 59‘—'6-—)— (1 - E)F NW-GS-EN - .0037271-Ka* = K
i=1
< .06337K-Ia* + 22.5w" (145)‘
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In a similar manner, the lower bound A~ is imposed through

5 (1 - g)Fo I ;NS
‘ i=1
2 10
+ (—“g—)— (1 - €)F NH-GS-EN + .003727-Ka™ I K,
| i=1

< .06337K-1a" - 22.5L% | (146)‘

3.2.13 Adequate Ultimate Moment Capacity [Constraint (34 + 6-NR)]
The discu551on in Section 2.2.8 applies in this case, with Eq. (80) -

being modified to give
NR 10 - ,
151 d;NS; + 13 (o5 - 510K < -0 }(147)‘

3.2.14 Ultimate Moment Capacity Mu 3-]'2Mcr [Constraint (35 + 6-NR]
The change of variables used above also applies for this constraint,
giving |

NR 10

BNy B ey - eig)l <o (148)‘

3.2.15 Lower and Upper Bounds dn Concrete Strength [Constraints
(36 + 6°NR) and (37 + 6-NR)] |

The lower limit (f and upper limit (féi) on concrete release

]
ci)min max

strength are enforced by

10 |
0.5 K, <4.0- (fiidnin | (149)"

i=1
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accomplished by first solving the integer fordeation 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 thecretically possible to obtafn 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, x],..'.,xn used in

Eqs. (1) and (2) and that incorporated in this chapter is as follows:

3.5.1 Optimization Option

Xy = NS1

XNR = NSnr

= NB
XNR#1

XNR+2 =
- XNR+3 T

X2.NR+2 ©

= — - —— - ——— = -

X2.NR+3 *

- e - .

X2-NR+12 ~ K10
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3.5.2 Design Option
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IV. ProcraM 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 1hput cards are title cards providing a}means of
job reference. The information preprintéd on thé 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 Tive load distribution 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 automatita11y computes lateral distribution

using Egs. (24) thru (26), (the AASHTO distribution factor). If a vehicle

other than an AASHTO truck is to be used for design, enter a "1" in column

20 and complete the axle train data cards. If both axle train and AASHTO
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TEXAS HIGHWAY DEPARTMENT

BRIDGE DIVISION

Part 1 of 2 - ' BOX BEAM DESIGN PROGRAM L oheet
| (STRAIGHT STRANDS) -

BIEIRIER (1) [TTIITTIIII1T) ERBRGN e Net] [TTTT1T]
EeRFRBLINGL) [TTIT1T) [FE (JT) EEEMIFmER ey [[TIIIIIIIT]

 [pESCIRI1 P [oN] HHLHHIHHIIHlIllllHUlﬂllLllllHU T a

of

IGLH

. . -
Enter 1 For Axle Train (Enter 1 if Concentrated Forces Enter §{ For !J‘
) . Applied To Single Beam Optimization O
Live Load Uniform Load : option
A.A.S.HTO. . Distribution : on Single 28 Day )
[ .Factor Beam (k/ft) © . Strength (ksi) )
S 6 8 9 13 i6 20 24 27 31 35 37 ; 48
. . Omit for Optimization
option

AXLE TRAIN

Axle Loads (Kkips) . .
Axie 1 Axle2 Axie3 Axie4 Axle5 Axie 6 . Axle7 Axle8 Axie9  AxleiQ Axleil Axiei2 Axlel3 Axielq Axlel5 Axiel6 Axiel7 Axleld

69
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8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 €6.68 70 72 74
i=2 iz3 iza4- iz5 iz6 i=? i=8 iz9 izi0 =t . =2 i=13. iz=14 izis i=ie i=17 izl8
‘Distance From Axle 1 to Axie i : .

CONCENTRATED LOADS ON SINGLE BEAM

Load (kips) ,
Distance Fine Left Support (ft)

4 8 1o 14 16 20 22 26 28 32 34 38 40 44 46 50 52 ' 56 58 62

BEAM DIMENSIONS o . T .
A (in) 8 (in) C (in) D (in) E (in) - F (in) G (in) H (in) M (in) T (in) W (in) X {in) Y (in)

(0 (O OO (0T [

14 7 19 22 24 27 29 32 34 37 39 42 a4 47 49 S2. 54 57 59 €2 64 67

Numb ‘ ’ Dismn:fa 10 Moxi M Dlslonce From Bottom of Beaom to Strand Row

umber Area of c.g. aximum inimum R

Span Bridge ot Number Compression Compression Initial initial Emer { to Read Nonstondqrd Grid Sp_ccmg Card
Length width = Traffic of Rumforcinq Reinforcing Comber Caomber r{Enhr i to Read Misc. Properties Card
{tt) n Lones Beams tin2) - {in) {in) {in) ’ ) -

4 7 i = ia 1819 23 26 29 32 § 36 39’ 43 . 47 51 55 5960 »

MAX!MUM NUMBER OF STRANDS PERMITTED IN ROW i

mmmmmmmmmmmmmm (0 0 [0 [0 [0 (0 [ (0 [0 (0 (0 ()

O 1314 1617 19 20 2223 2526 ZB &S 213z 3438 3T I3 404! 4344 4647 4950 5253 5556 5859 6162 6465 676872 TI 7374 7677 79 BO
iz} i=3 iz4 iz8% =6 =7 (=8 =9 i=!1{ =N is12  i=l3  i=14 i=1% i=16 i=17 (=8 =19 1320 =21 =22 i=23 i#24 =25 i:286

FIGURE 19. INPUT FORM FOR DBOXSS




BOX BEAM DESIGN PROGRAM

Part 2 of 2 (STRAIGHT STRANDS)

NONSTANDARD GRID SPACING CARD ( Enter This Card Only if Previously Specified)

Distance From Row i To Row (i+1)

[1] MM moDDommmommm oo oo ]t

78 U 1314 1617 19 28 2223 2526 2829 3132 3435 3738 4041 4344 4647 4950 5233 8556 5859 €1 62 6465 6768 TOT! 7374 7576
i=1 i=2 i=3 . i=4 iz% i*6 =7 i=8 i*9  i=l0 izl i=12  i=13  izl4 . is15 =16 i=17 =18 izl® =20 is2| (=22 iz23 524 1325

MlSCELLANEOUS PROPERTIES CARD (Enter This Card Only if Previously Specified)

Strand - -Allowable Stress Coefficients (ksi) Cresp 8 Shrinkage Coefficients (- in. & Days)
Unit weight Relative Strand Ultimate Retease (Long Term) .

Concrete -Humidity Areo Strength -
(k /Cu.Ft.) (%) (in2) ' (ksi) [ T [+ T -C T c CREEP | CREEP 2 SHRK | SHRK 2

0 00 moomo Moy O il

i 17 19 24 26 . 3132 3435 573! 40 41 4546 4849 5152 5455 58 80 63 65 €8 70 73 75
' . ) " End 1/10 Remainder - End 1/10 Remainder

‘CONCRETE COST COEFFICIENTS (include Only for Optimization Option)
Release Strength (Ksi)/ g Cost YD .

4.0Ksi/ 8 . ‘4.5Ksi/ 8 . 50Ksi/z g 5.5Ksi/ 8 6.0Ksi/ & 6.5Ksi/ 8 D:D]
70Ksi/ g 7.5Ksi/ 8 8.0Ksi/ £ | B.5Ksis g 90Ksi/ g : 76 ke

STRAND COST Sm:l /Lineal Foot  (Optimization Only) ' STRAND WRAPPING COST SE[D / Lineal Foot (Optimization Only) .
: 14 16 . 63 63

28 DAY CONCRETE STRENGTHS (Include Only for Optimization)
Release Strength / 28 Day Strength

4.0Ksi / 4.5ksi /| SO0Ksi / - 5.5Ksi / 8.0Ksi / 6.5Ksi / D]j
7.0Ksi / . T.9Ksi / 8.0Ksi / = 8.0Ksi / _ 9.0Ksi / , ' 76 .78

FIGURE 19. (CONTINUED)
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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 diétribution
of load) is entered in columns 24 - 27. This provision allows the usér to
include the weight of such things as a weérihg surface in the désign.
Concentrated dead load forces applied to a single girder are indicated by
placing a "1" in column 31 and completing the concentrated loads on a single
beam daté cakds. 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 b]aﬁk, 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 (UséAOnly 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. Tb,faci]itate
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 éx]es in sequential order. The weight of each axle is then
placed in the appropirate columns of the first data card. The spacing
of axles 1is 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
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1ight 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 éecond
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 Ohly if Column
31 of Load and Optidns Card Contains "1")
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 cof 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 live load occurs either at the 1/10,
2/10 or 5/10 point. If large concentrated forces are entered,.this

assumption may be in error, resulting in an overstressed design.

4.1.5 Beam Dimensions Card
The dimensions of the beam cross section which are to be input are
shown on the figure at the upper right corner of part 1 of the input form.

The f111ets (dimensions X and Y) are assumed to slope at 45 degrees.

Most any cross sectional shape can be accommodated with the d:mens1ons shown.

An ordinary rectangular voided section can be obtained, for example, by

inputing dimensions such that A=B=(2-WM) and G=H=E=C=0 (or left blank).

4.1.6 Bridge and Beam Properties Card
The information input on this card is used to compute the lateral
distribution factor (if columns 13 - 16 of the load and options card is

left blank) and other quantities used to formu]ate 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 Tongitudinal
beams in columns 23 - 26. 'The,number‘df 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, usihg a transformed steel area

of (h-l) for properties with shear key and 2(n-1) without. The distance from
thé toﬁ of the beam to c.g. of compresSion stéel is'entered in columns 36 -
39. If left blank, the'program assumes T/2. Maximum and minimum acceptab1e
release cambers are‘input in columns 43 - 47 and‘51’—‘55 (upward camber 1is

p ositive, downward camber hegative). These apply to the midspan cambef at
release produced by prestress and beam weight. A typical application of

the Tower 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
deflecticn caused by the addition of shear key and wearing surface. If
columns 43 - 47 or 51 - 55 are ]éft blank, then the constraint is ignored
during desigg. 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 blank, 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" in column 64 and complete
the non-standard grid spacing card. If column 68 is left blank, the program
assumes normal weight concrete (150;1bs/ft3); 50% relative hUmidity and

.153 in.z grade 270 strands. The allowable stress coefficients are taken as
0.6 for compréssion and 7.5 for tension at release ahd 0.4 ahd 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 strandé is determined from this input data. Strand rows are numbered
consecutively, taking the bottom-most row as row 1. The computation time
reqhired to obtain a finaifdesign increases rapidly as the number of avail-
able strand rows increases. Thus, one should include On]y those rows which

will 1iké1y 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. Thus, 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 - 5.

4,1.9 Miscellaneous Properties Card (Use 0n1y if "1" Entered in Co]Umn
68 of Bfidge'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 c¢f concrete, if different from .150
k/ft3, is entered in columns 4v- 6. Relative humidity is entered in columns
1 —’12, strand area in columns 17 - 19 and ultimate strength of strands

in columns 24 - 26. The coefficients used tc specify allowable streéses

are entered in éo]umns 31 - 55. If the allowable compressive release stress
differs from 0.6 f_, or the allowable tensile stress fkom 7.5 /?Z;j'then

the coefficients (those that replace 0.6 and 7.5) should be entered in
columns 31 - 32 and 3 - 35 for the end 1/10 of the beam (j = 8, 9, 10

& 11 in Figure 2) and in cclumns 37 - 38 and 40 - 41 for the remainder

of the beam. If the'a1lowab1e compressive long term stress differs from
0.4 fé or the allowable long term tensile stress from 6.0 /?:f theh 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 ahd'54 - 55 for the remaindef 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 aré computed and displayed using four different
sets of creep and shrinkage coefficients typical of concretes in highway
beams produced in four 1ocalit1e$ in Texas. Should the designer have
information on'the creep and shrinkage properties of the concrete he expects
tc be used ih_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.




4.1.10 Concrete Cost Coefficients Cards (Use Only if “1“}Entered
in Column 48 of Load & Opfions Card)

The cost of concrete in dollars per cubic yard can be inpuf 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 cah be used as a
guide to establishing the cost of higher st?engths 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 "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 pefmit 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 initia1 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.

E A SE Ny G Gy B A AN A A AF o A A e A W



is typical of most operations. Hansoh‘(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
arouhd 4 ksi'at 18 hours (release) and 5 ksi at 28 days. For the data
keported, the 18 hour strengths averaged 74% of the 28 day strengths.
This‘percentage is probably valid over the usual rahge of ré]ease strengths
utilized in THD prestressed designs, which is approximately 6 ksi. If lhis
percentage is applied to re]ease‘stréngths between 4 and 6 ksi, the first
straight 1ine segment shown in Figure 20 is produced. "Higher release
strengths generaT]y demand longer periods of steam curing and result in
smaller percentage gains in release strepgth over 28 day strength. At the
extreme 1imit 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 re]ease'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 méy process more than one design in a single computer run.
The first problem must contain the three title cards described in Section
4.1.1. Each additional problem which 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 demonstrating the use of

—
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78

E RGN N BN G I N BN A A ABF o A Gy A an -y o



the standard input form.

4.2.1 Example Problem 1

A mu]tibeém 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 THD
type "B" side. form and is to have an overall width of 4.0 ft. A 27 3/4
in. wide by 23 1/2 in. deep void is to be used, and the girder has one
interior diaphragm weighing 440 1bs. Seven boxes will be used, with
a 1.2 in. space bétween"adjacent boxes, givihg én oVeral] 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 strahds 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 1bs/ft. (1/2 key on either side
of the beam) and the 2 in. wearing surface 90 1bs./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 nd 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 usual tension allowable of 6.0 J?Z will be imposed for the end 1/10 of
the beam. |

The design option is used for this problem. The completed input form

iSrshown 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. abo?e 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.z) are to be used. The sec-
tion contains 5 No. 4 bars for compression reinforcing as shown. The com-
pleted structure wi]l 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 1bs./ft. per beam. The beam must have
an upward camber at release, but can not exceed .75 in. to insure a relatively
Tevel riding surface undér full dead load. A11owab1e release and service load

stresses in the cdncrete are those specified in the AASHTO Bridge Specification
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TEXAS HIGHWAY DEPARTMENT

BRIDGE DIVISION

Part | of 2 BOX BEAM DESIGN PROGRAM Sheet 41 o1 2
‘ : (STRAIGHT STRANDS) :

ol [s[TiR]! LLLTL [ HZozbeig (ciojuniTly]  Hi]liwial] INjo].] Mﬂlﬂﬂﬂ_] |
[cloNTIRO}L| N Ls}ziﬂg:ug 0GE Eﬁlﬁs [SBMI [TTEl] Bl HL! | I [ HIV

- EsiclR] ATt olN] ggkudﬂﬂmmm_lﬂm ERERNNRERERANARARE u

Enter 1 For Axle Troin |Enter { if Concentroted Forces Enter 1 For
: . Applied To Singie Beam Optimization
Live Load Uniform Locd - Option
A, A S HY.0. Distribution on Single 28 Day
Foctor Boam(k/ﬂ) Strength (ksi}
4
I—I [IIIJ 0 4 [B] 0

20 31 35| 37 ' 48
Omit for Optimization

Cption

AXLE TRAIN
Axle Loads (kips)
Axle Axle2 Axie3 Axlea Axle5 Axle6 Axle7 Axie8 Axie9 AxielO Axieil Axiei2 Axle!d Axiel4 Axlei5S Axlel6 Axiei? Axiei8

[0 [T [

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 .56 58 60 62 €64 66 68 70 72 74

iz 2 is3 i=4 iss izé iz7 =8 iz9 iz 10 (R AT i=l2  i=13 - i=z14 =15 i=16 i=(7 iz 18
Distance From Axie 1 to Axie | :

CONCENTRATED LOADS ON .SINGLE BEAM

Load {kips)
| Distance Fine Left Support (f1)

ry 8 Io 14 16 0 22 38 38 40 . 50 52 56 %8

BEAM DlMENSlONS ,
A (in) B (in) ¢ {in) D (in) E {in) F (in) G (in) H (in) M (in) T (in) w (in) X (in) Y (in)

LB_UDEJJLH_UMLE!JISH MO 01

M 17 19 22 24 27 29 32 34 37 39 42 44 47 49 52 %54 57 59 - €2 64 €7

Number Areg of c.g. of Maximum Mlmmum
Span Bridge of Number  Compression. ~ Compression . initial Initiol
Length width Tratfic . of Remfcrcmq -Reinforcing Caomber Camber
(1) (f1) Lanes Beams {in) (in) {in) tin)

) H) (6D () D ey gm0 od

8 19 55 5960

Enter 1 to Read Nonstandeid Grid Spacing Cord -
r‘Enter i to Read Misc. Properties Card

Distance to rnnsrunce From Bottom of Beam to Strond Row

MAXIMUM NUMBER OF STRANDS PERMITTED IN ROW i

I;QD]D][D[DEDEDD]D]DJVW[DI:D D]EDEDED[DD]EDEDD]EDDJ

104 1314 1617 19 20 2223 2526 282) 2122 3432 37T 4041 4344 4647 4950 5252 5586 5859 6162 6465 €768 Y97 7374 TETT 79 80
tei =2 i3 irq [EX-1 i= 6 i=7 iz 8 i= 9 =1Q

it izi2 =12 - i=l4 =i%  i=16  i=1?7 =18 is19 220 iz 2 i=22 i=23 i=:24 =28

FIGURE 21. COMPLETED INPUT FORM FOR EXAMPLE PROBLEM NO. 1



BOX BEAM DESIGN PROGRAM
Part 2 of 2 (STRAIGHT STRANDS) Shﬂ@'_z__Of_l._

NONSTANDARD GRID SPACING CARD (Enter This Card Only if Previously Specified)

Distance From jlow | To Row (i+1)}

EDD]D][DEDEDD][DD][D[D[DD]D]EDD][DD][DD]EDD][DCD[D

T o (314 (647 19 21 2223 2326 2829 3132 343> 3738 404 4344 4647 A950 5253 5236 3039 6! 62 6463 6768 TOQ T T34 I TS
izl ie 2 i=3 isd isd 126 ie? 18 iv9 f«tQ 11} inl2 1el3  let4 - 1e1S (w6 isiT  (s18 =19 j220 1321 I1s22 {223 1224 125

MISCELLANEOUS PROPERTIES CARD (Enter This Card Only if Previously Specified)

; " Reloti Strand Allowable Siress Coefficiants {ksil Creep & Shrinkage Coefticients (F- in. & Days)
unit- weight elotive Strand Ultimate
Concrele Humidity . Strength Release (Long Term)

(K /Cu.F1) (%) (Kks0) c T c T [ T c T CREEP |  CREEP 2 SHRK | SHRK 2

un oo il

i 2 | ) T € 3132 3435 3738 404l 3546 4849 5152 5455 58 60 63 65 68 70 73 75
End 1740 Remginder End /10 Ramoinder

CQNCRETE COST COEFFICIENTS (lnc‘lude Only for Optimizahon Option)

Relsase Strengm {Ksi) /& Cost YD

4.0Ksi/ 8 Ly 4.5Ksi/ 8 1 .' | B.O0Ksi/ & e . ssksizg L] . 60Ksi/ g 1§ ¢ 6.5/ 8 ED:[]
70Ksi/ 3 ! ] sksizg 141 8.0Ksi/ & 1 , ssksizg 111 90Ksiz g il 76 79

STRAND COST S-I'L'fnoot Foot mpvwnnon only) STRAND WRAPPING COST 51 Linedal Foot (Optimizotion Only)
s 16 ' 63 65

28 DAY CONCRETE STRENGTHS { tnclude Only for Optimization)

Relsase Strength 7 28 Day Strength

aoks 7 | 1§ asksi 2 114 . S0Ksi 7/ ?,_,j , ssksi /| L4 eoksi # | |} 6.5Ksi /DI,
7.0Ksi 7/ | ] 75ksi/z 1§ 1 8.0ksi 7 | ] 8.0Ksl / | - . 9.0Ksi / 7€ TE

!

FIGURE 21 (CONTINUED)
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STRAND ROW !

Figure 22. BEAM CROSS SECTION FOR EXAMPLE NO. 2




(4) for inland regions.
- The in-place cost’of beam concrete #s assumed to be $150/cu.yd. for
release strengths up to 5.5 ksi, $200 for f . = 6.0 ksi and $230 for

fci = 6.5 ksi. Release strengths greater than 6.5 ksi are assumed to
be unavailable. The 28 day concrete strength corresponding to each re-
lease strength is assumed to be that given in FigurekZO.

- The optimization option is used for this problem with the completed
input form shown in Figure 23. Program output for this problem is shown

in Figure 25.

4.3 INTERPRETATIONVOF PROGRAM QUTPUT

The program first reads input data and performs basic checks for input
errors. ‘At present, the program cheeks include; proper AASHTO Toading
‘desfgnation and omitted span length and omitted number of tongitudinal
beams (if no live lToad distribution factor is input). The input data is
printed out before design calculations are begun so that the user can
Tocate input errors which might cause the program tofterminate'abnorma11y
before producing any other output. The output format is essentialiy
the same for desfgn‘androptimization options (see first sheet, Figures
24 and 25).

The second sheet of output summarizes 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 by the program. In the
optimization dption, release strength is computed and 28 day strength is
obtained from 28-day vs. release strength input data. The modulus of

elasticity listed is computed using the ACI equation,(10) and’the unit
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TEXAS HIGHWAY DEPARTMENT
BRIDGE DIVISION

Port | of 2 | BOX BEAM DESIGN PROGRAM : sheot 2 o1 T
. . (STRAIGHT STRANDS)

Pl [s[Tir}! ] LLLTTTT ] bluvial ClolINTY] i elHwiAR el ] Uisl 54 l’ |

(CloiN[TiRIOIL] NlOI J LMLE-JQ{}] [1]PE] LI_LI EREMIFER N g l I P11 ﬂ
lESIciR]1[PiT]1 oiN] Iﬂ_!dﬂﬂ_lﬂ PiKdELiEM MOI RCNEENNENERRRNRRRRREN I“I

Enter & For Axle Troin jEnter { if Concentrated Forces Enter 1 For
o ) Applied To Single Beam Optimizotion
Live Load Uniform Lood - ‘

A. A SHTO. Distribution . - on Single 28 Day Op'iOQ
Focror Beam (k/ft) Strength (ksi)

WeEe (10 O (g O (5

20 24 27 3 351 37 48
Omit for Optimization

Option

AXLE TRAIN

Axie Loads {kips) : .
Axte 1 Axle2 Axie3 Axied Axle3 Axle6 Axle7 Axle8  Axle9 Axlel0 AxleHl Axislz Axlel3 Axield Axlel5 Axlel6 Axiel? Axlel8

1]

8 10 12 14 6 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 B4 66 68 70 72 74

iz 2 i =3 iz 4 i=5 i=g i=7 i=8 iz9 izi0 iz 1f isq2 i=13 i=tq i=z1s t=16 1217 izig
Distance From Axle } to Axle i .

CONCENTRATED LOADS ON S!NGLE BEAM

Load (kips)
Distance Fine Left Support {fr1)

4 . 8 i0 14 1€ 20 22

BEAM DIMENSIONS ‘
A (in} 8 (in) ¢ {in) D (in) E (in) F (in) G (in) H (in}) M {in) T (in) W (in) X (in) Y {in)

M@gﬂms_uumumugﬂuwmumnmnm

19 22 24 27 29 32 34 ’ 42 44 47 49 52 54 57 59 62 €4

Distance to Distonce From Bottem of Beom to Strond Row

Number Area of c.qg. MaxImum Minimum
Span Bridge of Number  Compression Compression fnitiat Initiol Enrer t10 Read Nonstondard Grid Spacing Card
Length width Traific of Reinforcing Reinforging - . Camber Comber riEn ter 1 1o Read Misc. Preperties Cord
(11) (1) Lanes Beams (in2) : {in) : (in) . {in)

EIHE-MGLULJMJUQUS'.EW

8 19 43 a7 51 55 5960

MAX!MUM NUMBER OF STRANDS PERMITTED IN ROW i

onl (4 [T [0 (D) (D) (7 OO O 000 (1 O CDEDEDEDD][DEDEDE[D CD[D

4 % 78 101t 4314 1617 1920 2223 2526 28:é&3 &il: ” 8 Q&R 4344 4647 4950 5252 5L 56 5859 €162 6465 67358 “) X "3 G ',’n”’ 79 80
iz is2 =3 iz4 iz5 it 6 i=? i=8 129 Qs isq 1212 212 isi4 =I5 i=t6 i=17 =18 219 i320 =20 P22 223 24 =25 =26

FIGURE 23. COMPLETED INPUT FORM FOR EXAMPLE PROBLEM NO. 2



BOX BEAM DESIGN PROGRAM
part 2 of 2 - (STRAIGHT STRANDS) sneot T ot T

NONSTANDARD GRID SPACING CARD ( Enter This Card Only if Previously Specified)

Distance From Row | To Row (i+1)

"afujuaguajunfusfonguafusfsiunfonguntunfonfuafonyuajunguapenfunpunieuion

78 00U 1314 (617 19 2t -2223 2526 2829 3132 3435 3733 4041 4344 4647 49350 52 53 5556 %899 6! 62 6463 6768 TO7TL 7374 7376
iz | i=2 i=3 iz4 i=3 I=6 7 =8 i=9 lsiQg izl i=zt2 P13 I=14  iai5  [sl6 =17 is18 si9 1#20 1s2¢ {222 1923 iz24 1#23

MISCELLANEOUS PROPERTIES CARD (Enter This Card Only if Previously Specified)

Strand Altowable Stress . Coefficients (kst) Creep 8 Shrinkage Coefficients (L -in. & Days)

Unit weight Relative Strand Uttimote

Concrete Humidity Area snkonqth
s

(1n2) ) (ksi)
.
17 19 : 24 26

Release {Long Term)

(k /CuFr)’ {%) T c T [ T [ T CREEP | CREEP 2 SHRK | SHRK 2

3132 343% -3738 4041 4546 4B 49 5152 5455 58 60 63 65 €8 70 73 15
End 1/40 Remainder - End 1/10 Remoainder

[T

CONCRETE COST COEFFICIENTS (include Only for Optimization Option)
Release Strength (Ksi) /8 Cost YD

4.0xsi/ g HEE. 4.5Ksi/8. | 1 A S50Ksi/ § “sld 5.5Ksi/ 8 6.0Ksi/ 8 6.5Ksi/ g @E
| 10 =8

70Ksi/8 T.5Ksi/ 8 | u © BOKsi/zg 8.5Ksi/z7 g A0Ksi/ g 76 79
H i4 24 -7 37 40

STRAND COST ¢ .@[_ /Llineol Foat ~ (Optimization Only) ) STRAND WRAPPING COST S/ Lineal Foot (Optimization Only)
s 16 63 65

28 DAY CONCRETE STRENGTHS (Inciude Only for Optimization)
Release Strength / 28 Doy Strength

4.0ksl ¢ || asks s | 16 ~ S0Ksl /7 6l ssksi /| (T4 coxsi 7 | IB
7.0 Kst. /7 7.5ksi 7 | loy 8.0Ksi / Ia ] ‘ 8.0Ksi 7 9.0Ksi / d ‘

37 39

6.5Ksi /
: 76

78

FIGURE 23. (CONTINUED)
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DISTRICY 2% HIDALGC COUNTY HIGHWAY NO. US 281
CCNTROL NO. 220=02 IPE 670 SUBNMITTED 8Y HLJ
CESCRIPTICN EXAMPLE FRCELEM NO» 1

‘tt*t"i‘***‘*‘******‘t‘**‘*t*t***‘*****t*******'*t‘***"‘*********‘*‘.‘“t'***“‘t***‘**‘*‘****‘****‘***f“‘*tttt“***‘*******‘*
* : EEAN DIMENSICNS AND PRCFERTIES *
ERXEREREEEERKEIRBRIRAEIRBRAR BRI N A BRI R RE AR R E R R R X AR BRI R KRR IR R R R KRR RERRRE AR E R R ERR AR IR AR PR R SRR A Rk
B% o seeonsocscscscosnsssnseces (DIMENSICAS IN INCHES)ecovocsvccsocsncacescsscsosass¥ %, ,SECTION PROPERTIES (%I THOUT SHEAR KEY),s%%%
* A B C c E F G H o T w x Y I (IN**4) AUIN®%2) YT LIND YBOIN) *
243,75 4775 11400 324,0C S.0C 6400 3.00 4,00 27,75 S.50 S5.00 0.C G.C 128925, 858.8 16.84 17.16 *
*
CCMPFRESSION Max Ivue MINIMUM STRANC CONCRE TE ¥e0 o SECTICN PROPERTIES (WITH SHFEAR KEY Jeaoo#®%%
REINFORCING INITLAL INITIAL STRAND ULTIMATE RELATIVE UNIT IC IN%%x4) ACIN®RX2) ~ YT(IN) YB(IN) %
AREA CAMBER CAMBER AREA STRENGTH HUMICITY wEICHT ' 1323¢€2. 1000.€ 16.87 17.13 =
CINE%2) 1n) {IN) CINS%2) (KsI) (%) - (K/FT%%3) : *
€.00 €C.022 0.153 270. 50. 0150 x=
*
KeesootsveseoossosacsscssscsssvscsacssscstsossonvcsscsnsceenscesSTRAND INFORMATIONG cacecocasscsessoscesscennsnnnsssssssossnssscsoscsnsssnsocsd
* *
*R(W NLVEER 1 z 4 £ € 7 3 19 . 28 2¢€=»
*MAXIMUM NO. OF STRANOS 22 [+] C ¢ ¢ [ . o o%
*SFACING (ROW f=1 TC I} Za€ : : ' ’
% ’ . : . . *
Beeeocsseessssssanncocsssssssesscssssiesascesssane ALLOWABLE STRESS COEFFICIENTSessocervssosssosensososscasessscsasssscnsnacscsscacnact

RELEASE ENC 1/10 RENAINCER SERVICE END 1/10 RENAINCER
C CW€0 C.60 .C 0.40 C.80
T 7 .80 7.50 . T 6.00 Con

*
CRFEP] = Coe CREEP2 = Co» SHERK1 = 0. SHRK2 = e b

. *
EEER KRR KEKXFEEXEBREENERR A KN BRX AN RSB E R AR RS I LR RN R B I A X ERR AR KA AN R RS AT A PR AN AR RREEKRRE K AR R A KRR R R TR KRR AR A RS SRR SRR SR Ik NN BN

*
x
*
*
®eooossescesnsssssecsavsssevssnsscscssssosrecens s CREEP AND SHEINKAGE CCEFFICIFNTS evoeocscsosscscotnncscscecsscscnosanscscsnsosssencssseh
*
*
*
*

PRANEF A AR IR A I RS AR DRI E R AR B I RE AR FR A KRR F SRR R R AR R ERRRAR KK TR R KX TR A S SRR R AR AR ARR R R R R AR A A AR R IR A A SRR AR SRR AR RS RS ARk
* BRIDGE PRAPERTIES ‘ *
L T N R R R R I R T S ¥
* =
TRSEAN - LENCTHE = 2S,0(FT) BFRICGE WICTH = ZEL€(FT) NLVBER? TRAFFIC LANES = 2 NUMEER EEANMS = 7,00 ' *
BRNAEEFER IR A A B F A AN R A AR E RN TR R R AT R T IR R E R AR R RS R R IR AR E R R A B C AR T 2 AR AR A AR AR I AR E AR R KRR R AN IR R R AR IR LSRR ER KRR AR TR R R

FIGURE 24. QUTPUT FOR EXAMPLE PROBLEM NO. 1




‘ttatat*ttttttt‘ttttts#ttttttc*tttt-ttaottttttttttt:ttottottnt.tttowtt1.1::10:tttttt‘tttttttt‘ttttttttttttttttttttttttt*ttttt*t#t

* LOADING CONDITIOMNS *
“"#.tt.‘tﬁt#ttkt#‘tt##t#t##tt#*t‘#tt‘tit‘i“"'t‘""#ttl""#t!'*“tt‘t!t‘t.ttt“““'i‘.t‘..t'tttt#'tt‘#*t“#*‘l#‘t‘tt‘#"tt‘
*
* . .
& AASHTC LL = hSe20 LeLe CISTRIBUTICK FACTCR = 0.363(TRUCKS) :
-
®eesssosssinesessnssssssssssssssscssscscscecest s CONCENTRATED FORCES CM SINGLE BEAMessosvrosesescsvacscecosossosvscsnssoccssossscoscosnssse®
SLCAD (K IPS) 0.4 0.0 0.C - Ce0 C.C Cs0 0.0 0e0 0.0 0.0 :
*OISTANCE FRC™ .
sLEFT SUPPORY(FT) 17.% C»0 C. C C.C ) Ne0 CeN 2.0 0.0 0.0 0.0 :
.
.

*UNIFORM LnAn CMN SINCLF BEAM = Co.CCS(k/FT) ) . . ) .
t#‘ttt’tttttt‘i!‘.tttQtitltttti't'ttttttt#t#ttt*tttttttttttttt#tit#ttt‘i##t"ttt*‘.‘#‘ttt"“‘*!*t“*‘**'*.*“**‘**‘*“‘**“‘*“'

‘ N  FIGURE 24. (CONTINUED)

THE CONMAND 15 7D SELECT STRancs

.3

ttntc.nsc::tantntitﬁ I e 1T 34.i§¢c‘ntvtttt:ntt:éotttgtttttttnt#at*tc:tt:otttnnttn::ttttttt‘tt:
"
. i s aeeenn e i iivanes.ns., DESTCN PROPERTLES .
i‘tt&&to&itti.i&t§¢ic6ttit&ttttﬁtttt#tnttttttiittttﬁiitstt*iti iitt’attotiai4:ttttttttéttoittttttttttttttttiit*nttttttttttttttitt

. , . o P L i
« RELEASE sTrERcT 2 EASE) = 2e34.2 UkSI) IRITIAL EFESTRESS LCSS & E.S7 PERCERT i -
* DAY STRFN : e . TOTAL  PRESTRESS LOSS = 1€:73 PERCENT *
Cd .ctottotc:ott1oo’tnt'0n»tnnnttoooti.-stoatmg:ttttttctttttttt P A S T L T NI I T Y
oo
.tgttvoottcttntttictt‘tttttttttdtttttttttttttttvttttttittt%ttttttiitttO‘ti*tttttthttttto.:-Qottittﬁtt!*tttttt*ttttt‘ttttttttttt*t
* BESIGN HESLLTE *
cicoacccctttt.#sttttitctttttttttttt-t-ttttitttttib‘ttttttctttt:tn$tttt1¢§-t#t:tati*t*tttas*attotttttt#ttttvtttttcttttttttttcttttt
. .

sicisersescsissesrsecssSTRAND LAYOUTeoaciioiosvacnianitososainncissioonancasascasracsssasssionasot

$erevensssecoscssisocssesscases

koW ETRARCE WRAPPED STRARDS Ik EACK Acw
NUMEER PER HOW

1 ? TRERE ARE NO WRAFPED STRANDS IN THIS ROW

P T R Y I tesssCOMPUTED DEFLECtlDN...o.-o.oo..o----oo-.o-.o.o-.o--...-...oooc.o-.oaooo.-.

ssacsvscsccsorassnre s

€HCRY TERS * LONG TERK
*
coNEe ITICN 4 wctuLus v CEFLECTION * -
* & * IKCHES leAseb UPON DALLAS CONCRETE PRCPERTIES)
¥ .RECEASE INCHES  * IRCHES (BASED ULPON ooessA CONCRETE FROPERTIES)
Bt 3 . s 5 FILLION *  €.03 INCHES . # INCHES (BASED UPON SAN ANTCNIC. CONCRETE PFOFERTTES)
EMWT ¢ KEY & DEAC LOAD % & VILLION # 0.02 INCHES * INCHES (BASED UPON LUFKIN CONCRETE PROPERTIES)

teieeenencieiienevesaseiinedecnesessSTIRRUR SFACING = AASHTO 1073 < STIRRUP AREA = 0ell TN2ecessccsescscecescssconssnmersnsosans

SECTICR » 9719 » 121¢ * zs1¢ - 1/8 * 3710 * ast0 . s/io
) . . - ) * - * - X *
SRACING (InL) » 17,20 * 17.2¢ * 12,20 * 13.20 * 1320 - 12.2¢ *+ 1320

P ok EE L B N BY RE N TN AR L IR IR BE RE N XK TR N AN Y 3
Qi E 2K B 3R NN ZR R RYURE R NP ON SRR 8 R XK ER TR N

B R T N I LI T N L L LT R L T T L L Y L P P P e P e P T P

FIGURE 24. (CONTINUED)
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£ s

« : ttutuoccca'c‘aautuatn.ttniniccan‘tututo"nntttt“::‘un-intun;t‘n 1 SIITITE LRSS e s
. CRITICAL DESIGN FACYORS ) - *
”C”Ot‘tttttttat‘t“t.tttt"tlOttt’i‘t.#‘t'!’.ﬂ..""t#t"‘t..ttttttittatv—w 1 REREEREEERRRNASE SRS SRS RQ
. H B : .
Oo-u-o---ooo.-.-ooo-.-..ﬂiLEASE s"ﬂseso‘.con.o.cn.a-..on.-o-o-‘oo.o.ona;-o-oonaooc.osea"“ LCAD STHESSES--o.--oo--.-oo-.-o..-‘
» ! (svrecl. x DEBO?ES STRESS ATV ALLOWAELE) * (SYMBOL X DENOTES STRESS AT ALLOWABLE) *
- * *
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concrete weight and‘release strength 1ndi¢ated. The initial and total
prestress losses shown are computed as described in Section 2.1. The

strand pattern and strand wrappfng requirements are listed under the heading
of Design Results. The number of strands required in‘each strand row is
printed, together with Aumber 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
(a1l creep and shrinkage effects have occurred) conditions. The 1ong term
deflections are computed using the method of Sinnd and Furr (2). Positive
def]ections are upward. The stihrup spacing required at each tenth point’
of the beam which is output 1s based on No. 4, grade 60 stirrups. For the
optimization option, the final items of design resu]ts are cost totals.

The total beam cost and cost per foot f1gures shown are of course based

on]y on concrete, strand and strand wrapping costs and therefore are incomp]ete.

It may happen that the user 1nadvertent1y may seek a des1gn which is
impossible to obtain within the imposed restrictions. When the program

determines that no feasible design exists, it pr1nts the message

*******************************

¥SORRY, THIS BEAM WILL NOT WORK. ¥

) *******************************

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

W
i




A TSR O AR & O G D' SE O Bh O U A B aE I -

CISTRICY 2% HIDALGC CCUNTY HIGHRAY KO. US 281
COATROL NOe 220=02 1IPE 670 SUBMITYED BY HLJ
DESCRIFTICK EXANFLE FRCELEN NO. 2

R L 22 SRR EREE XL RN EEERRE Rk Rk RE

- EEAS DIPENSICNS AND PRCFERTIES , : *
] PEPY R BERE » e J sheny ; -

B¥eecececcctctcnccccrnncncs s {DINENSIOAS IN INCHES)ceacecssscsacscnccnsoccccast *..SECTION PROPERTIES (wITHOUT SHEAR KEY)..®e%

s a 8 < € € £ G " » ¥ v v : ICINesa) ALIN%2) YT CIND YBOINY *

#3%5.25 26.00 15.CC 27.0C Ce75. 5.50 C.75 600 2600 5.5C 5.00 2eCC 3.00 S1510. . 560.7 13.35 13.61 %

. B

CCMERESSICA  AXINGF  NININUM ' STRANC CONCRETE *e<o SECTICA FFOFERTIES (WITH SHEAR KEY)....882

REINFORCENG  INITIAL  INITIAL  STRAND ULTINATE RELATIVE  UNIT 1(INesa) ACIN®22) YTOIN) YBUIN) *

AREA CAMEER  CANBER AREA STFENGTE  HUPICITY  WE FCHT s1508. s€0.e 13.51 13,49 =

CInee2) (313 (313} CIN*#2)  (KST) x) (K/FTR23) *

1.c0 cor%0 c.0 g.109 250. S0. 0.150 .

»

BececncscnsortetersctrntocsecctcccsennsttcccecteccancesSTRAND INFORWATIONG coveveconcacccnnocsnsansscassssiscsanasssssccsesonscnnt

* -

*RCe ALKEER 1 2z 2 a4 £ € 7 & € 1C 11 12 12 14 1T 16 17 1€ 19 20 21 22 23 24 2% 26%

SMAXIMUN NO. CF STRANDS 17 4 ¢ .0 ¢ ©6 G © © 0 ©6 o0 @ o0 6 o0 .6 € 06 © ¢ 0 ¢ o 0 o0

SSFACING (ROV I=1 TC I) 2.€ 4.C CoC €oC Co€ €CoC CoC 000 Co8 0O 0.0 Col 040 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 D.0%

* *»

®ecsncessessreccrcsacssnnssesstotcccacncccncccecssLLONABLE STRESS COEFFICIENTSeacascessocsssascssansccsoasncscssssscscossssnsans®

. ’ .

FELEASE EAC 1710 RESAINCER SERVICE ~ END 1710 * FEMATINCEF .

< 0.€0 c.60 c O.40 0.40 *

T 7.0 7.50 ‘ T 6.00 6.00 .

*

*

*
*
*
L
L
*
-

seecccsscccssssssssssccccsserocscsanrcavercese s CREEF AND SHRINKAGE CCEFFICTENTSceseasassvssccsossaencsasecnsscsssssstansessonsas

CFEEF] = Ce. CFREEP2 = Qe SFRKE = 0. SHRK 2 = O ' ‘ *

. . : *
®scscnscscsccccenssorrsercrscansssscncecncrsessCONCRETE COST COEFFICIENTE(S/VO243) covsncincsocnnccnsossssccnscsassccssssosnnsasnat
#4,0KSI/$1S0eT A.EKEF/S1E0.C S.O0KSI/5150.C SeSKSI/S150.0 6.0KS1/5200.0 6.5KS1/$230+0 7.0KS1/$230.0 7.SKSI/$Z3C.C *
*B,0KSI/$230.0 E.SKSI/E23C .2 SOKEI/7$230.C ! *
» *
Basecvosscsnnsececsccccacesss28 DAY CONCRFTE STRENGTH COEFFICISNTS (RELEASE STRENGTF/28 DAY STRENGTE)eccessocencacssacsanssanasset
*8 .OKS1/ S.axsy AoSKSL/ GoIRS1 S,0KST/ €o7KST  LoEKSI/ T7.4KSI E,CKSI/ B.1KS] 6,SKSIZ 8.2KSI 7.0KSI/ 8.,2KST  7.5KSI/ 8.2KSI#
*8.,CKSI/s 8.2K%T BSKEL/ B42KET G.CKSI/ B.2KSI ‘ *
. . »
*STRARD COST = $72S/FY SYRAND WRAPEING COST = $C.IS/F 1 MAXTIMUM FELEASE STRENCTYF ALLCEFD = 5.5 KSI#
Rkt il b et e R e g e T L e T T Lt I I T NN T

“Ol".‘tl‘.i..i"""O"O..Ot“l.‘l'l"lt."."...i'ft.i‘t*!.iittt‘t'l“ttltt‘t'ttt.“.“’.ﬁtt.“t“'tt‘iOt.t.l""ii#i‘t'li“'t
* BRICCF PRIPERTIES ) *
'...‘..1’.."l‘.‘."’“l“"“.‘."OO""'*ttt‘t‘.’tti.*'.“.“..‘t.‘."‘ﬁ"’.".i‘t”.‘l#il.t!t.“"““tttt*"'OOl‘Otttt.t..iﬁt
* *
SSFAN LENGTF = SC.((FY)  BFICGE wITTr = &4.C(FT) AUMEFER TRAFFIC LANES = & NUMBFR EEAMS = 1€.CC o
SESBER AR SRR L SR 2D RIRES b dd A dd L2 i 2222 21T 2T 22T 222 2 E Y T T T Y PP ey SEEEAERESR LKA PR R SERRRER SIS IL IRV ERERRDASFe AP Dy

FIGURE 25. OQUTPUT FOR EXAMPLE PROBLEM NO. 2
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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 information on féctors controlling the final design. Re]éase and
service load stresses are displayed first, with compression stress positive.

An "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 stkesses, 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 des1gn constraints are denoted with an "x" under the List of
Design Constra1nts section of the third output sheet. For example, the final
design of the first example problem (Figure 24).is'contr011ed by ultimate
moment considerations. As shown at the bottom of the Moment and Shear
Sumhary 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
‘ SummaryQ Live load moments include 1atéra1 distribution and impact factors.
Ultimate shears are total Tive load plus dead load, with load factors‘defined

in Section 2.1.
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V., ProcraM DocuMenTAFION - DBOXDS

The computer program DBOXDS implements the box girder design form-
ulation developed in Chapter III. Degcribed below are the standardvinput
form and its use, interpretation of program output and 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 meanhs of
job reference. The information preprinted on the form in various 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 run. The third
title card is the first card in a data pack when multiple problem runs
are made, as explained below.

5.1.2 Load and Options Cérd

The type of standard AASHTO loading (H-15, H-20, HS-15 or HS-20 is
entered ih columns 5 - 6 and 8 - 9. The live load distribution factor
entered in columns 13 - 16 fs 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 ]oadings. If columns 13 - 16
aré left blank, the program automatically 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" in column 20

and complete the axle train data cards. If both axle train and AASHTO loadings
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FIGURE 26. ~INPUT FORM FOR DBOXDS




BOX BEAM DESIGN PROGRAM

Part 2 of 2 A (DRAPED STRANDS)

MISCELLANEOUS PROPERTIES CARD (Enter This Card Only if Previously Specified)

: Creep & Shrinkage Coefficients
Strond Al'oweb'e - Stress Coetticionts (ksi) (@ - in. & Doys)

un't we:ght  Reig*ive  Stropd Litimore ’ — Qere zse {Long Term)

Concre* . oHum dy Arce Serength -

(¥ 7Ca F2 (%) {xsi) . T [ T [+ T c CREE® | CREEP 2 SHRK | SHRK 2 - -,

‘III] (1] IID o 0 ] oo o o O

10 1 i 3132 - 3435 3738 4041 - 4546 4849 5152 5455 58 60 62 65 68 70 73
~End 1/10 Remainder End 1/10 Remaginder
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CONCRETE COST COEFFICIENTS (include Only for Optimization Option)
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24 27

0
w

STRAND COST SD:D /Lineal Foot  (Optimization Only)
14 16
i

28 DAY CONCRETE STRENGTHS (includo Only for Optimization)
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4.0Ksi 7/ ) 4. 5Ksi 7/ ' SOKsi 7/ . : S S5Ksi /| : 6.0Ksi /
7.0 K81/ 7 5Ksi / ] 8.0Ksi / 8.0Ksi / 9.0Ksi 7/

FIGURE 26. -(CONTINUED)




are specified, the larger of the axle train, AASHTO truck and AASHTO lane
moments are used at each design point (Figuré'z). 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 a]1oWs the user to include the
weight of such things as a wearing surface in the design. Concentrated dead
lToad 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 pfogram determines the minimum cost'design, based on cost
1nformation 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 stfand pattern and release strength are selected
which minimize theﬂnumber 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 " 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, thé user should sketch the axle train configuration, labeling
either the right-most or left-most axie as axle 1 and numbering the
remaining ak]es 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 undér consideration. As an ex-

ample, an AASHTO HS-20 truck (with rear axles separated 14 feet) whose

-
-
e




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 automatica11y scales axle train axle loads by the lateral

distribution factor, but no impact factor is applied,

5.1.4 Concentrated Loads on Single Beam Cards (Use Only if Column
31 of Load and Option Card Contains "1")

Up to 10 concentrated forces acting on a single beam (no lateral
,distribution assumed) hay 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 assume that maximum moment..due to

total dead load plus 1live load occurs at a tenth point. ..If 1arge 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 section which are to be input are
shown on the figure at the upper right corner of part 1 of the input form.

The fillets (dimensions X and Y) 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=0 (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

100

G RSN A G 0 B N SE GE YT B D A T B e .



S B W aE Bl U U &N R EaErEE =

-l U .h & = =

left blank) and other quantities used to formulate the ébnstraint set.

The span 1ength-is entered in columns 4 -'7, bridge width in columns 11 -

14, number of traffic lanes in columns 18 - 19 and humber 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 fwo or moré}different box cross sections in the same Bridge). CompréSSiOn

steel is sometimes used in box sections to‘he1p'cohtrol 1ong term camber.

The area of this Steel, which fs;input'in columns 29 4‘32, is considered

in the ¢omputation of section properties, using a transformed steel area

of (n-1) for properties with shear key ahd.Z(nél) without. ’The'distanCe

from the top of the beam to c.g. of compression steel is entered in columns 36 -

39. If left blank, the program assumes T/2. Maximum and minimum acceptable
re]ease'cambers:are 1npdt in columns 43 - 47 and 51 - 55'(upward cahber is
positive, downward éamber negétive). Theée apply to the midspan camber}at
release produced by prestkess and.beam weight. A typic51 app1i¢atioﬁ'0f'
the lower bound camber would be to insure that a beam did not defleét
downward under fu]l dead 1oad (say, shear key plus wear1ng surface). If an
estimate of the final release strength is made, then a modulus of e1a5t1c1ty
can be computed, and the midspan downward deflection under shear key and
wearing surface weights determined. This value is entéred}(asva positive
number in this case) under minimum initial camber. This will insure that
the fina1 design has enough upward initié] camber to offset the downward
deflection caused by the}addition‘of shear key and wearing surface. If
columns 43 - 47 dr 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 pdint, should there be é need‘for draped strands,
is input in columns 72 - 74, Should column 79 be léft blank, the program
assumes nofma] weight concrete (150 1bs/ft3), 50% relative humidity, 0.153
in.2 grade 270 strands, and a standard gfid sbacing 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 1oads.’ In order to change
any or all of these properties, enter "1" 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 numbér 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~corresp6nding to that row on the input form.
The computation time required to obtain a final design increases rapidly as
the number of available strand rows increases, Thus, one should include
only those rows which will 1ikely be used. The top-most grid row is thé upper-
most row to which strands may be draped at the ends of the beam. This is
input by entering "TP? in the two ;o]umns corresponding to the‘rowknumber of
the top-most grid row. If the top-most row anber is greater than 26,
enter 1 in column 79 of the bridge>and’beam prpperties card and enter the row
number in columns 79-80 of the’misce1]aneous proberties card. At present the
program is limited to 10Arbws of strands.

5.1.8 Misce11aneous Properties Card (Use Only if "1" Entered in Column
79 of Bridge and Beam Properties Card)
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If propert1es other than the standard values listed in Sect1on 5.1. 6
are to be used, they must be entered on this card On]y 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 automat1ca11y assumes
the standard value. The unit weight of concrete, 1f d1fferent from .150

k/ft3

, 1S entered.in columns 4 - 6. Relative hum1d1ty is entered in columns
10 - 11, strand area in columns 14 - 16, ultimate strength of strands" |
in columns 19 - 21’ahd 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 féi or the allowable tensile stress
from 7.5 V?Z;?'then the éoefficients‘(those that replacé}0.6 ahd 7.5) sﬁodld be
entered in co]umns 31 - 32 and 34'— 35 for the end 1/10 of the beam (; =6&7
in F1gure 17) and in columns 37 - 38 and 40 - 41 for the remainder of the
beam. If the a]]owable compress1ve long term stress differs from 0.4 f' or
the‘a]1owab1e long term tensile stress from 6.0 /?z_:‘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 afterkall prestress losses and‘creep
and shrinkage effects have occurred is'computed using the method developed
in Referencek(Z). Cambers are computed and displayed dsing four different
sets of ereep and”shrinkage coefficients typical of concretes in highway
beams produced in four localities in'Texas“,Should the designer have
information on the creep and shrinkagekproperties of the concrete he expects
to be used in a particular design, he may enter the approprjate 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 1npdt for concrete
release strengths up to 9.0 ksi. If an estimate of the cost per cUbic
yard for 4.0 ksi re]ease'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 (Usekohly 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 1sn 't p0551b1e to construct a genera]
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
réasonab]e estimate of the relationship. | |

Fabricators generally use a 24 hour steam curing production sequence.
Beams are cast in the afterhoon, a]lowed to gain their initial set (minimum
of 3 hours after casting before steam curing is begun (13)) and.then steam

cured overhight. 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 cbncretes made
with type III Portland cement and subjected to 15 hours of steam curing at
150° F. commencing 3 hours aftef casting. Coﬁcrete 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 THD prestressed designs, which is approx1mate1y 6 ks1 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 Iimit 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 re1ea$e 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 fiore than one design in a single computer run.
The first prob]em must contain the three title 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
Toading 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 overall beam width 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 1bs./ft. The design will incorporate.two strand
rows, using 1/2 in; diameter grade 270k strands. A maximum of ten strands will

be allowed in the first strand row, which is to be placed 2.5 in. aboye the

bottom of the section. The second row is located the standard 2.0 in. above

the first, and may also contain 10 strands. Since the section 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. web width will
accommodate 2 strands in each ro&. hence the number of web strands, or the
number of strands available for draping, is taken as 4. Five number 4,

grade 60 conventional reinforcing bars are to be placed in the deck slab,

2.5 in. down from the surface.

The'beam dimensions C,E,G, and H have been specified as 0.0 in. on the
input form, which effectively modifies the beam section shown on the input form
to accommodate this specific beam cross section. For this design, there is
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 computatfons.

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 beam at

release, however all other allowable stresses will be taken as the sténdard
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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 féi = 6.0 ksi and $230 for féi = 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 units is to
be constructed to accommodate 2 lanes of traffic and span 80 ft. The‘desigh
loads consist of an HS-20 truck and a uniform load of 160 1bs./ft. The
box cross section to be used is a 3 ft. wide bitUmin§us surface beam probosed

as a standard by the Commonwealth of Pennsylvania Department of Transportation.

~ The vertical positioning of strand rows is such that the first row is placed

1.5 in. above‘the bottom of the section, with subsequent rows spaced'eVen1y
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 sectiohal area of 0.117 1n;2) are to‘bekused. The
5 in. web width and 42 1n.‘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 Specifitation (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 criticé]. Thus, there should not be a need for more than 2 strand
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BOX BEAM DESIGN PROGRAM

Part 2 of 2 (DRAPED STRANDS) Sheet__of

MISCELLANEOUS PROPERTIES CARD (Enter This Card Only if Previously Specified)
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rows and probably no reason to use draped strands.
The design option is to be used for this problem with the completed
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 loading designation
and omitted span length and omitted number of longitudinal beams (if no
live load distribution factor is input), top-most grid row not specified,
and an unrecognizable AASHTO truck loading. The input data isvprinted 6ut
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 design and
optimization options (see first sheet, F1gures 29 and 30). |

The second sheet of output summar1zes the design results, as seen 1n
Figures 29 and 30. The strength and modulus of the concrete, and the pre-
stress losses in the strands are 1isted under the heading of Design Properties.
The fikst items listed are the release and 28-day concrete strengths. For
the design option, the 28-day strength is that specified on input,‘whi1e the
release stfength is computed and 284day 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 pattérn, deflections, and stirrup

spacing requirements are listed under the heading of Design Results. Under
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TEXAS HIGHWAY DEPARTMENT
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FIGURE 28. COMPLETED INPUT FORM FOR EXAMPLE PROBLEM 4.
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FIGURE 29. OUTPUT FOR EXAMPLE NO. 3
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FIGURE 30. OUTPUT FOR EXAMPLE NO. 4
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FIGURE 30. (CONTINUED)

THE COMMAND IS TO SELECTY STRANDS
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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 céntroid 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, 5L/40, and the holddown location of
the beam is based on No. 4, grade 60 stirrups. For the optimization option,
the final items of design‘resu]ts are cost totals. The total beam cost and
cost per foot figures are baséd only oh concreté and strand cost and therefdre
are incomp1e£e. | |

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 deéign exists, it prints the message

SRR TS BEA LT RO ORG
devdededede dodkdek dodedokde e dededo ke doke dede ke dedeodekekekdek

When this abnorﬁa] termination occurs, the user should- inspect-#he-input
data on the first sheet of output for errors. Th1s is the most frequent
cause of abnormal termination. Other possible causes include; deflection

| constraints are too "tight", i.e., upper bound too small or lower bBound too

r
-
-




large, inadequate number of strand rows provided, or inadequate concrete
strength specified (design option). |
The final sheet of output (see the third sheet in F1gures 29 and 30)
prov1des information on factors controlling the final design. Release and
service load Stnesses are displayed first, with compnession Stress positive.
An "x" beside a stress indicétes:that it is at the allowable. 1n the thind
example problem (see Figure 29), a1thougn there are no stresses at.the ajlowable,
the stress in the top of the beam at the end is very nearly 0.0, and due to the
fact that no tension was a]]owed at this po1nt. 1t 1s obv1ous that th1s stress
was a critical factor in the des1gn. General]y, the stresses shown may in
some ceses s1ightly exceed the a]]owableSQ This is the result of permttting
a3 percent'Variation in computed prestress 10ss on successive iterations
(see Section 2.4). Stress computetions are based on the strand pattern and
prestress losses indicated on the Seoond output sheet. For release stresses,
beam weight and prestress forces are consioered. Service load stresses are
based on 1iveyload moment, dead load moment (beam weight, shear key; uniform
and concentrated 1oads), and prestress force. |
Active design constraints are denoted with an "x" under the List of
Design Qonstra1nts section of the thlrd~output sheet. For example, the
fiha] design of the fourth example problem (Figure 30) 1is controlled by
minimum concrete strength considerations, indicating that the design was
not critical. |
Moments and shears used in des1gn are listed in the Moment and Shear
Summary. Live load moments include lateral distr1but1on and impact factors,
U]timate shears are total live load plus dead load, with Toad factors defined

in Section 2.1.

-
»
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VI, ANALYSIS OF MULTI—BEAM BRIDGES

(; T

When a Toad is placed onuone of the beams of a mu1t1beam bridge, the
loaded beam deflects and QUe:t :evpresence of shear keys, adjoining beams
deflect with it. i ';;'; ut(ansm1tted to other beams in a similar way,
deform1ng the entire crossf e n*of the structure and thus distributing
the applied load to all beams.an ary1ng amounts | At each 10ng1tud1na1
joint between beams there are‘fo‘ces ln_thhee directions and one moment :
which tend to keep the beams togethe% us:shown in F1gure 31 . These Jo1ntq
forces are; vertical force Vis 1ong1tﬁ na1_force 2 s transverse force h \

: and transverse moment m.. These forces.,, ;course, act in an oppos1te
sense on the beams adJacent to the Jo1nt iﬁ;ie Jo1nt'forces.onreachmedge
of a beam and the app11ed 1oads\produce the*?otces V s A H and moments
M., M_., shown in F1qure 31 “on the beaht; ' The four components of Jo1nt

yi’ zi ti B
forces and six components of beam forces vary”W1th pos1t1on X along

the beam. They have un1ts of force or moment per un1t length: and are pos1t1ve

in the direction shown \
The method of analys1s emp1oyed uses Four1er.ser1es to represent the 1oads

applied to the structure and forces and deformaﬂmons produced by them

r~,

The loading may consist of a number of po1nt or patch 1oads acting vert1ca11y

A
anywhere on the structure. - These are approxtmatednby Four1er series gii
representations and the,response of the-structure °bt31neq§for eaCh,harmonic
in the series. The total response isﬁ&btained from the séﬁerpos;fion of
harmoniics . ' oh %ws

a,( -

The details of the method are treated adequate1y ?n 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 next 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 (3F10.0,415) - Use consistent length and force units.

Col. 1-10 - Span of bridge
11-20 - Youhg's modulus
21-30 - Poisson's ratio
31-35 - Number of beams (méx. 20)
36-40 - Number of different beam types (méxylo) |
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 Toads.
20-50 for concentrated forces. -

3. Beam Cards - Two cards for each different beam type.
First Card (4F10.0)

Col. 1-10 - Moment of inertia about z (vertical) axis.
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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 (4F10.0)

Col. 1-10 - Vertical distance between center of gravity of the
beam seétion 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—40v Horizontal distance between center of Qravity of beam
section and right shear hinge, measured positive to

the right.

Beam-type Identification Card (2012)‘ For each beam, starting from the

left, enter the beam type number in the above format.

Hinge-flexibility Card (4F10.0) One card for each different hingebtype.

Col. 1-10 - Flexibility of hinge in the longitudinal (x) direction.
Col. 11-20 - Flexibility in the transverse (y) direction .

Co1. 21-30 Flexibility in the vertical (z) direction .

Col. 31-40 - Flexibility of hinge for transverse rotation.

For a rigid connection, enter zero flexibiiity. For zero restraint,

enter a large number (say 108).

-
-
‘
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Hinge-type Identification Card (2012) For each hinge, starting from
the left, enter the hinge type number in the above format. |

Load Control Card (21I5)

Col. 1-5 - Number of load cases to be analyzed (no maximum) .
Col. 6-10 - Number of Toad cards (maximum 40) .
.. Load Cards (215, 4F10.0) 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 Toad centroid.
Col. 31-50 - Eccentricity of the centroid of the 1oad}from the
| centroidal axis of the beam, measured positive in
'positive directidh of y-axisv(i,e. positive to the
Cright). | i
‘A uniformly distributed load in the y direction should be reduced
to equivalent line loads acting oh the separate beams.

Results Card I (2I5, 9F5.0) - One card per load case.

Col. 1-5 - Load case number .
Col. 6-10 - Number of outputfpositiohs along span (max 9).
Col. 11-55 - X-coordinates of positions, fields of 5 columns each.

Results Card IT (I5, 8F5.0) One card for each beam type.

Col. 1-5 - Number of output positions on the cross section for
computation of 1ongitudina1 fiber stresses,(max 4).
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 4.0fft. box to the cross
section for a total of éight 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 1bs./ft. The forces'produced by a vehic]evimpact on the CMB are
not considered. The'anélysis 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 1'n.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)
3= 2t 6620201 - £./b)2(1 - t/n)2 bt + ht, - (t. + £)2)  (164)
vhe Vi h v h vV oTh

where dimensions tv,th,b and h pertain to a rectangular box inscribed within

the box section under consideration and

t, = thickness of vertical walls,

th = average thickness of top and bbttom slab,
b = width of section,

hv = depth of section.

For this section J is approximately 177,000 in.4.

The input data are shown on
the coding sheet in Figure 33. The loading is idea]ized as two uniformly
distributed line loads of 242.5 1bs./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 c.g. of the shear key. The joint

N\ : :
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 1bs./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
empiri¢a1 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 which it could be done

‘manually (and which has been added to the program so that it is done automatically)

is described below. |

Current design practice stipulates that vehicles be confined to 1anés
on a bridge. Only one vehicle is permitted (1atera11y) within a lane for
calculation of design moments. Lateral distribution factor is defined here
as the ratio>of the 1arges£ midspan moment produced in a beam by a vehicle
or vehicles on the bridge to the maximum midspan moment of one vehicle carried
entirely by that beam. Thus, lateral distribution is in térms of fractions of

a vehicle (truck). It is assumed that the 1ongitudiha1 position of a vehicle
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$3332ANALYSIS OF MULTI-BEAM BRIDGE#%x%*2

EXAMPLE OF ROUTINE ANALYSIS w1TH AMBB

BRIDGE SPAN = 4200000
YOUNGS MODULUS OF ELASTICITY = 5000,
POI SSCNS RATIO = 0e166
NUMEER OF EEANMS = 8
NUNBER OF EEAM-~TYPES = 1
NUMBER CF JOINT-TYPES : = 1
NUMBER OF HARNONICS . = 15

FIGURE 34. OUTPUT FOR EXAMPLE PROBLEM NO. 5
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2% %L 0AD ENC CONDIT IONS#% %8 %

LOAD CASE BEAM NO LOAD X COORD LENGTH

210000 4204000 17+ 250

2104000 4204 000 =17+ 250

*5 & ¥ X JOINT X=-COORDS FOR RESULTSs®%sx

NO OF
LOAD CASE POSITIONS X1

1 1

k22 2CCORDINATES FOR QUTPUT GF AXIAL STRESS**»%xk&

NO OF
BEAM TYPE - PCSITIONS Yl Z1 va z2

1 2 0e0 =1 608 00 17e2

FIGURE 34. (CONTINUED)
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on a bridge when it produces maximum midspan moment in a beam is independent
of its transverse location on the bridge.

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 c.g. location of beam 1 as a
reference point. One line of wheels from the vehicle, positioned 1ongitudina11y
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 Tines of the vehicle from the left to the right edge of
the lane (observing required side clearances; e.g., 2 ft. for AASHTO trucks)
and adding the two ordinates of the influence Tine to obtain the total moment.
This process is repeated for all beams and all Ianes 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

‘simu1taneously 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 "1" 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. 1f an axle train is to be used, complete columns 48-67. The
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AASthTO Enter 4 for Axie Train Side
Loading r| Axle Train Clearance (11} | Number of Axie Train
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2425 3132 3839 4142 - - a8 5455 &t 67 ‘
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-
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FIGURE 35. INPUT FORM FOR AMBB
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Hinge Force Transmission (Enter Y or N)

Hinge Type Transverse
Number

Transverse
Shear Shaar Farce Moment
P — — —

B B ]

- — b
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st poed

®inge Type ' Indentification Number For

S 12 415 1718 2021 23 24 26 27 29 30 32 33 35 36
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Left Edge Right Edge Left Edge Right Edge Left Edge Right Edge Left Edge Right Edge Left Edge Right Edge
Lane 1 Lane tons 2 Lane 2 Lane 3 ’ Lans 3 Lane 4

fip i o g i g @D (o gm g
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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 W111 be loaded in
attempting to produce maximum momeht in a beam.

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 Teft 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 kight hinge is below the

~ beam céntroidvand HR positive if the hinge is to the right of the
beam centroid. Several typica1 situations are shown in Figure 36
with the various dimensions labeled. |

Beam Type Identification Card - For each beam, starting from the left,

enter the beam type number.

Hinge Card - A hinge is assumed to be either completely flexible

(no force transmission) or completely rigid (fu11’f0rce transmission)
in each of its 4 possible modes of displacement. If the hinge
transmits longitudinal shear force (ai in Figure 31), "Y' is

entered in column 14. If a, must be zero, then column 14 should

contain "N" or left blank. The remaining components of joint force
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CASE I
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BEAM n
BEAM 2 Y -
1 |k 2| 1°
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‘?l FIGURE 36. TYPICAL BEAM AND HINGE ARRANGEMENTS

146



-
-
A

are vertical shear (Vi in Figure 31), transverse force (hi) and
transverse moment (m).

Hinge Type Identification Card - For‘each hinge, beginning with

the hinge betweén beams 1 and 2, enter the hinge type number.

Lane Location Card - The limits of traffic lanes are measured with
respecf to the centroid of the left-most beam (beam number 1) in
the bridge. Distance is positive to the right of the centroid.
Lane 1imits are shown as TRi and TLi in Figure 32.

Axle Train Cards - Enter only if column 48 of the control card

contains "1". 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 ExampTe 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 1/2
in. thick horizontal 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 i$ seen in Figuré 38. The structure
is sketched to some convehient scale and the layout for beams, joints and
traffic lanes are fndicated. With the completed work sheet, it is a simple
matter to complete the input formvas shown in Figure'39. For'this problem, four
12 ft. traffic janes are utilized, with HS-20 loading.

The results of this analysis are shbwn in Figure 40. The first two
sheets 1ist 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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example, if only lane 2 wére loaded, the truck wheels should be located 2 ft.

from the left edge of the lane to produce maximum moment 1hebeams‘1”through 4 and

2 ft. from the right edge of the lane for the remaining beams. Comparable
information on the location of the 10 ft. wide lane loading is also Shown. The
last entry on the last sheet displays maximum moment and,Tatéral.distribution
factor for each beam.. Thé maximum moments include the AASHTO impact factor

for axle train as well as AASHTO loadings.

156

m N BN N A B N BE 2N AN A BE B B A N A s



E D S S Bh Ul B E S TS M U B AR B EECEE e

10.

11.

12.

13.

REFERENCES

Hadley, G., Linear Programming, Addison-wesiey Pubiishing Co., Inc.,
Reading, Mass s 1965,

Sinno, R., "The Time Dependent Deflections of Prestressed Concrete
Bridge Beams", Dissertation, Texas A&M University, College Station,
Texas, 1968. -

Furr, H., Sinno, R., and Ingram, L., "Prestress Loss and Creep Camber
in a Highway Bridge With Reinforced Concrete Slab on Pretensioned Pre-
stressed Concrete Beams", Research Report, No. 69-3, Texas Transpor-
tation Institute, Texas A&M University, College Station, Texas, 1968.

Standard Spec1f1cat10ns for 1ghwax Bridges, 11th edition, American

Association of State Highway Officials, Washington, D.C. 1973

Jones, H., Ingram, L., Furr, H., and Harris, D., "AutOmated De51gn of
Continuous Bridges With Precast Concrete Beams: Volume I, Design Con- '
siderations", Research Report, No. 22-F1, Texas Transportation Insti-
tute, Texas A&M University, College Station, Texas, 1974.

"Interim Specifications - Bridges", American Association of State High-
way and Transportation Officials, Washington, D.C., 1975,

Bridge Design Manual, Texas Highway Department, Austin, Texas, January
5, 1965. '

“Interim Specifications - Bridges", American Association of State High-
way and Transportation Officials, Washington, D.C., 1974.

Powell, G., Ghose, A., and Buckle, I., "Analysis of Multibeam Bridges",
Journal of the Structural Division, ASCE, Vol. 95, ST 9, September, 1969.

ACI Standard Building Code Requirements for Reinforced Concrete (ACI
3T18-71), American Concrete Institute, Detroit, Michigan, 1971

Schuermann, A., "Heuristic Integer Linear Programming", Dissertation,
University of Arkansas, Fayetteville, Arkansas, 1971.

Jones, H. and Furr, H., unpublished summary reports on visits to highway

beam fabricators in Texas, for Texas Department of Highways and Public
Transportation, research study 2193.

Standard Specifications for Construction of Highways, Streets and Bridges,

Texas Highway Department, Austin, Texas, 1972.

157



14.

15.

16.

17.

Hanson, J., "Optimum Steam Curing Procedure in Precasting Plants",
ACI Journal, January, 1963.

wStandard Plans for Highway Bridges - Volume 1, Concrete Structures”,
U.S. Department of Transportation, Federal Highway Administration,
Bureau of Public Roads, Washington, D.C., August, 1968.

Pool, R., Arya, A., Robinson, A. and Khachaturian, N., "Analysis of
Multibeam Bridges With Beam Elements of Slab and Box Section", Engi-
neering Experiment Station Bulletin, No. 483. ;

Duberg, J., Khachaturian, N., and Fradinger, R., "A Method for the
Analysis of Multibeam Bridges", Journal of the Structural Division,
ASCE, Vol. 86, No. ST 7, July, 1960.

158




m,
:
B
8
E

Il UE-Dh A I T B B U ShE ) BE B D BN B EE e



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, espec1a11y
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.

¥ “‘j?oﬂeﬁcal Corves

Concrete Coct ($ /sz)

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 -
; 160 ,
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Ré]ease _

Strength (psi)
4000
4500
5000
5500
6000
6500
7000
7500
8000

Indicate those items listed below that were cons1dered in arr1v1ng
at the costs computed for question 1.

Yes No (a) Cost of materials (cement, aggregate, admixtures, etc.)

Yes  No__ Cost of energy used in cur1ng(e g » natural gas, oil,
electricity, etc. )

Yes No Cost of labor in placing concrete

—— ——

Yes  No__ Amortization of permanent eqUipmént (such as forms,
curing facilities, etc.) through periodic depreciation.

Yes NQ__;F Increased cost due to decreased production associated
with leaving beams in forms to obtain high release strength.

Yes No | Increased overhead due to reduced production.

Other

What would be the in-place cost per foot of strand for 1/2 inch d1ameter,
grade 270, 7 wire strand?




Release
Strength (psi)
4000
4500
5000
5500
6000
6500
7000
7500
8000

Indicate those items listed below that were considered in arr1v1ng
at the costs computed for question 1.

Yes x No___ (a) Cost of materials (cement, aggregate,vadmixtures etc.)

Yesx No__ Cost of energy used in curlng(e g., natural gas, oi]
electricity, etc.)

~ Yes No X Cost of labor in placing concrete

i

Yes  No x Amort1zat1on of permanent equ1pment {such as forms,
‘ ' curing. facilities, etc.) through per1od1c depreciation.

Yesgg_‘ No_ Increased cost due to decreased production associated
with leaving beams in forms to obtain high release strength

[,

Yesx No ‘ Increased overhead due to reduced product1on

Other

What would 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
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. 2 -

Probably would not

Release
Strength (psi)

4000
4500
5000
5500
6000
6500
7000
7500
- 8000

3

(In place, finished
product)

Concrete
Cost ($)

- Would be difficult to
obtain in a reasonable
production cycle.

Indicate those items listed below that were cons1dered in arriving
at the costs computed for question 1.

Yes_x

Yes X

Yes

Yes

Yes X

Yes X

No_  (a)
Nq__;~ (b)
ﬁo_3£;  (c)
No X (d)
No__ (e)
No___ (f)

{9)

Cost of materia]s (cement, aggregate, admixtures, etc.)

Cost of energy used in curing(e.g., natural gas, 011
electricity, etc.)

Cost of ]abor in placing concrete

Amortization of permanent equ1pment (such as forms,
curing. fac111t1es etc.) through periodic depreciation.

Increased cost due to decreased production associated
with leaving beams in forms to obtain high release strength.

Increased overhead due to reduced production.

Due to long production time - would be
unable to bid other work,

Other -

What would be the in-place cost per foot of strand for 1/2 inch diameter,
grade 270, 7 wire strand?

25¢/ lin, ft.

RESPONSE FROM COMPANY 2
| 163



Release - Concrete
Strength (psi) . Cost ($)
4000 ,' $1.00
4500 $1.00
5000 | $1.10
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 arfiving
at the costs computed for question 1. '

Yes XX No___ (a) Cost of materials (cement, aggregate, admixtures, etc.)
Yes XX No___ (b) Cost of energy used in curing(e.g., natural gas, oil,

electricity, etc.)
Yes.  No_XX (c) Cost of labor in placing concrete

- Yes____ No_ XX (d)‘ Amortization of permanent equipment (such as forms,

curing. facilities, etc.) through periodic depreciation.
Yes_XX No___ (e) Increased cost due to decreased production associated

with leaving beams in forms to obtain high release strength.
Yes_XX NQ__; (f) Increased overhead due to reduced production.

(g) Other

What would be the in¥p1ace cost per foot of strand for 1/2 inch diameter,
grade 270, 7 wire strand? $.25

RESPONSE FROM COMPANY 3
‘ 164
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Release
Strength (p
4000
‘4500'

- '5000
5500
6000
6500

7000
- 7500
8000

2. Indicate those items
at the costs compute

YesX No___ (a) -

Yes X No___ (b)
vegzg_‘ No___ (c)
Yes_ No;gi (d)

Yes X _ No_;_ (e)

Yes___ Nox_ (f)
(9)

3. What would be the in

- Concrete
si) | Cost ($)

>
-—
o
o

o
o
)

o
)
Ln

X

L
@
3

ﬁ:.
)

1.90
.90

$225

H

listed below that were considered in arriving
d for question 1.
Cost of materials (cement, aggregate, admixtures, etc.)

Cost of energy used in curing(e.g.; natural gas, oil,
electricity, etc.) _ ~

Cost of labor in placing concrete

Amortization of permanent equipment (such as forms,
curing. facilities, etc.) through periodic depreciation.

InCreased cost due to decreased production associated
with leaving beams in forms to obtain high release strength.

‘Increased overhead due to reduced production.

Other

-b]ace cost per foot of strand for 1/2 inch diameter,

- grade 270, 7 wire strand?

1ﬁ47~231/f;1_

RESPONSE FROM COMPANY 4
165
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ApPENDIX B

DEFINITION OF VARIABLES APPEARING IN LABELLED
COMMON BLOCKS OF DBOXSS AND DBOXDS ;

166



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/BLK1/

ADIM, BDIM, CDIM, DDIM, EDIM, FDIM, GDIM, HDIM, TDIM, XDIM, YDIM -
- the:cross sectional dimensions A, B, ..., Y on input form (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 c.g. axis of beam (in4)
DTOP distance from‘c.g. of beam cross section to bottom‘of beam (in).
T section modulus for computing stress in top of beam (1n3)
7B 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 c.g.
axis of composite beam and shear key section (in4).
distance from c. g of beam and shear key compos1te section to
bottom of beam (in) .
section modu]us for computing stress at top of composite beam and key
section (ind) | |
section modulus for computing stress at bottom of compos1te beam and
key sect1on (1n ).
span length (ft) .
28 day concrete strength (ksi) .

I B Al AN EE T i EBESE aE h e B B w-EE =
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JOPT

ASSCLR
ASSPLS

'APRIME

CBOT
COSTWP
DEFMIN
ALDEF
NRAV

NWHEEL
DISTF
FPCMAX
FPCMIN
ELASC

ULTMRQ
DCR

WB
FO
NR
HDPT

program option code: if = 0, design option is performed; if = 1,
optimization option performed . |

fraction of initial prestress lost immediately after strand release .
fraction of initial prestreSé lost after all losses have occurred
area of compression steel reinfprcing (1n2).

distance from bottom of beam to center of first strand row (in).
cost of strand ($/FT) midspan. o

minimum permiésib]e midspan camber upon release (in).

maximum permissible midspan cambef'upon felease (in) .

the number of rows available for strand p]acement in DBOXSS and the
maximum number of strand rows that can be fitted in the beam
cross section for DBOXDS -

number of axles in axle train vehicle.

lateral distribution factor applied to axle loads.

maximum permissible concrete release strength (ksi).

minimum permissibTe concrete release Stréngth (ksi) .

constant which when hu]tip]ied times the square root of concrete.
strength (ksi) gives the modulus of elasticity in ksf (ksi)2.
required ultimate moment capacity (k-ft).

distance from top of beam to c.g. of compression reinforcing steel
(in).

beam weight (k/ft),

shear key weight (k/ft),

initial strand force (kips),

the number of rows available for placement of strands,

distance from center line of beam to holddown point (ft).

168




NW - number of strands to be draped in strand rows .

ALPHA - fraction which when multiplied times the span length gives

the distance from the end of the beam to the holddown point .

COMMON/BLK2/ | |
PAXLE(TI) 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(I) - magnitude of Ith concentrated force applied to a single
beam (kips) . |
DCONC(I) distance from the left end of the beam td the Ith concentrated
force. |
G(I) cost of concrete with release strength of 3.5 + 0.51($/yd3).
F(I) 28-day strength of concrete with a release strength of 3.5
+ 0.51 (ksi). -
D(I) distancé from c.g. of beam cross section to strand row I (in).
” Positive if strand row is above c.g. of beam.
GRIDS(I) distance from strand row I to row'(I + 1) (in).
BMMAX(I) bending moment at points along beam due to live load. The
| locations are: I=1, end of beam; I=2, L/10; I=3, 2L/10;
I=4, L/4; 1=5, 3L/10; I=6, 4L/10; I=7, L/2 (k-ft).
BVMAX(f) live load shears at points along the beam (kips) .
DLMOM(I) - dead load moment at points along the beam due to uniform load and
concentrated forces (kip-ft). |
DLSHR(I) ultimate dead load shear at points a]ong 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 inbut.
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i
4
[

: 1
S
4l

EN

PRLMAX(I)
ZL0S(1)
PECRK(I,J)
ZWRAP(I,)

NSDIF(I)

COMMON/DEF INE/

UWC
HUM

array containing estimates of’prestress loss computed for
4 sets of concrete properties and inpUted propefties in

SUBROUTINE CAMBER .

. contains final prestress loss fractions 0.1, 0.2, 0.3, 0.4.

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 + 0.5I and a prestress loss of
0.1 (k-in) . ‘
for strand row I, contains the number of wrapped strands

in J=1 and the total length in feet (J=2) and inches

(J=3) of wrapping .

vnumber of different wrapping lengths in strand row I .

unit weight of beam and shear‘key concrete (k/ft3) ,

average relative humidity used in computing prestress loss due

to shrinkage (%) .

area of a strand (inz).

ultimate strength of the strand (ksi)-

factor which when multiplied times the square root of

concrete strength (in psi) gives the allowable tension stress

in the concrete in psi for the end of the beam and the 1/10

point at release.
same as CTR1, but for points between the 1/10 and 5/10

points on the beam .




cTS1 -
1Sz -
CBRI -

CBR2 -
CBS1 .
CBS2 .

| CREEP1 -

CREEP2 -
SHRK1 -

SHRK2 -
RATNOD -

FPL -
FSY -
ASTIRP -
GSP -

COMMON/YZ/
Y1, Y2, Y3,

same as CTR1, but for service load conditions ,

same as CTR2, but for service load conditions .

factor which when multiplied by‘concrete strength gives the allowable

compression stress in the concrete at the end of the beam and

the 1/10 point at release.

same as CBR1, but for points between the 1/10 and 5/10 points .
same as CBR1, 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 appeéring in the denominator of the unif creep function
constant appearing in numerator of the hyperbolic function defining
the shrinkage prdperties of the concrete.,

constant appearing in the denominator of the shrinkage function,
ratio of the modulus of elasticity of compression stee] to that
of concrete. Used in computing transformed section properties .
proportional limit stress for strand material (ksi).

yield strength of compression reinforcihg and stirrups (ksi).
total area of stirrup reinforcing (1n2).

spacing between strand row for DBOXDS.

Y4, 11, 72, 13, Z4 - characteristic widths and depths used in
computing area and c.g. of compression zone for ultimate

moment computations (see SUBROUTINE ULTMP) .

17
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COMMON/DUMP/

TITLE(I,J) - used fo store input title cards .

YJ(I) - scratch storage.

FROW(I) - used to store number of Strands‘placed in each row during generation

of coefficiehts in ultimate and cracking moment constraints in
SUBROUTINE EQGEN . |
PEF(I,J) - used in EQGEN to form ultimate and crackingymoment constraihts
Row 1 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 fhe total number of strands placed. Column 2
contains the sum of the products of the number of strands in
each}kow times the distance of that row from the c.g. of beam.
Column 3 contains the distance from the c.g. of PEF(I,1) strands
to the c.g. of the beam.
INE(T) - contains the product of the number of strands in each row times
their distance from the c.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)
='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).
IMCR(1I) - contains.the cracking moment capacity when KKODE(I) set equal
to 1.

COMMON/D314/ | |
These variables are used in SUBROUTINES LPCODE and INTPRG and are

defined in the subroutine descriptions.

172



| G-I BN I O BN BN B Bl B G BN B B e am =



ApPeENDIX C
DESCRIPTION OF SUBROUTINES USED

IN DBOXSS AND DBOXDS

Table of Contents

Subroutine Name

)
-




The primary differences between programs DBOXSS and DBOXDS occur
in the MAIN programs. The logic and storage requirements of DBOXDS are
more involved than those 1in 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 programming complexities by dealing with each problem
separately. The majority of the computer core storagé requirements (with
programs in object form) arise from the large arrays used in LPCODE and
INTPRG.  By dividing the programs, it was possible to overlay arrays in
a straightforward way (see the shifts in variable names appearing in
COMMON/D314/) 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
presehted 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

“ Togic when necessary for understanding its operation.
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MAIN PROGRAM

Function ,
The main progkam reads and checks input data, computés the quan-
tities required by subroutines, iterates on prestress Toss until

an acceptable design is obtained and outputs the final'design.

Variable Definitioné

WIDTH - overall bridge width, used to compute AASHTO lateral
distribution factor (ft). '
JTNTL ‘numbgr of traffic lanes, used in computation of'AASHTO
lateral diStributfon factor.
number of 1ongitud1na1 beams, used in computing AASHTO
lateral distribution factor. N
ZAXLE(I) cohtains axles loads of designated AASHTO truck loading
(kips). | | o
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 ¢oncentrated force used in computation of live load shear
| from designated AASHTO lane loading.
CMLOAD cbncentrated 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=1, 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 release stresses correspond to the
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KSYM(I,d) -

~ NSTRMX(I) -

NWRAP(I) -
STRSP(I) -

following points; end, L/20, L/10, 3L/20, 2L/10 and 1/4 point.
For service service stresses, I corresponds to end, L/10,

2L/10, 3L/10, 4L/10 and midspan. Tension stresses are negative

~and compression stresses are positive.

array cqntainihg the,symbp] "x" to be printed with tﬁose stresses
(eitherireieasé or sérvice) which aré at their allowable value
(1=1, . ., 63 J=1, . ., 4). Column 5 contains "x" for behavior
constraints which are binding on the final design. The constraints
are: minimum concrete strength {I=2), ultimate moment capacity
(1=4), minimum initial camber (I=5), maximum concrete strength
(I1=1), cracking moment capacity (I=3), maximum initial camberv
(1=6).

the maximum number of strands permitted in strand row I, stored in
integer form.

contains strand wrapping information used in output.

stirrups spacings (in). I=1, end; 1=2, L/10; I=3, 2L/10; I=4,
quarter point; 1=5, 3L710; I=6, 4L/10; I=7, midspan.
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CALL DEFINE
Define Standard
Parameter Values| -
[Read Input Data|
Y

Check Input Data
for Consistency. Print
Message and Terminate

if Error Found

Compute - Lateral

Distribution Factor

Select Truck
ond Lane Loads
for Loading

CALL PROPTY
Compute Section Properties

|Compute - Characteristic- Cross
Sectional Dimensions for
Use in ULTMP
Y
Comput Strand Row
Spacing Information
i 4

Print Input and
Computed Data
Y

Compute Design Moments
and Shears

'

FIGURE C1. Flow Chart for Main Program
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Scale Momenfs and Shears
by Lateral Distribution
Factor and Impact Factor

N ~
Set Initial ond Final Prestress
Loss Factors to Q.05 to 0.

Compute Parameters Required
by LPCODE

Yes Y

. Define Strand
and Concrete Costs

Y

A
Y

Y

Go To 150
for DBOXSS

Y

Go To I75
for DBOXDS

FIGURE C1. (continged)
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CALL EQGEN

Generate Coefficients for|
LP Problem

L.

CALL LPCODE
Solve L.P.vProblem

Compute Quantites
Required for Prestress
Loss Using Solution from

L.P Problem

Y
CALL PLOSS
Compute Initial & Final
Prestress Losses

Computed
Final Loss

= 1,03 times
Assumed Loss

Go To 200

Read LP
Coefficient ‘Matrix
from Tape

Y
Update Stress

Constraints to Reflect
New Prestress Losses

[Update Camber Constraints]

Update Ultimate Moment|

and Cracking Moment
Constrairits

1

Store New Prestress
Losses as Assumed

A

{ Prestress Losses

FIGURE C1. (continued)
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“Exiract Strand
Wrapping Pattern from
-L.P_Solution

|
Extract Coricrete
Strengths from
L.P Sélution

Go To 300

FIGURE C1. (continued)
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CALL EQGEN |
Generate Coefficients
for Integer Program in | .
Rectangular Array Form|
for Call to LPCODE

LL LP
Solve Continuous L.P
Approximation to Integer
Program

Y
Round Continuous Solution|
to Interger Values for
Initial Starting Solution
for Integer Program

CALL &UASH
Compress  Coefficient Matrix
for Integer Program to Column

Array
Y .
Store Right-Hand-Side Vector
for Constraint Set on Tape

i ]
>~ CALL INTPRG
’ . >Solve Integer Program
4
~ CALL PLOSS 4

Compute Prestress Losse
for_Current Solution

Go To 200

Read Right-Hand-Side Vector
from Tape

Y

FIGURE C1. (continued)
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+

Update Stress -
Constraints to Reflect
New Prestress Losses

Update Camber
Constraints

Update Ultimate
Moment and Cracking
_Moment Constraints

Store New Prestress
ss#s as Assumed
restress Losses

Go To 480

FIGURE C1. (continued)'
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CALL CAMBER

Compute Long Term Camber
for 4 Typical Texas Concretes and
Input Creep & Shrinkage
Properties

| Compute Initial Cambers]
' .
"CALL ULTMP
Compute Ultimate Moment
Capacity

Compute Cracking‘
Moment

—CALL PLOSS
Compute Prestress Losses

CALL SHEAR
Compute Stirrup Spacings

Comput Beam Cost
Data

{Compute Stresses|

Identify Binding
Constraints

Output Final Design
Information

Required
Go To 100 Data Set

FIGURE C1. (continued)
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SUBROUTINE DEFINE

Subroutine Function

This subroutine defines standard parameter values used in the program.

The subroutine is called before input data 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, average relative 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 reinforcing 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 programming 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 the version in DBOXDS; The coefficient matrix is the same,
regardless of whether the problem is to be solved as a continous linear
progkamming (L.P.) problem or ah»integer program. DBOXDS uses an L.P.
solution as a starting point for the solution to the integer program. To
jnsure that the starting point is realistic, it is necessary to place an
upper,bbund of 1.0 on binary variabiés (which take values of either 0 dr 1)
which appear in the integer formulation. This is done at the end of EQGEN
by generating an additional set of upper bound constraints which are
activated oﬁ]y~when the coefficient matrix is passéd to Subroutine LPCODE.
The coefficient matrix is destroyed during the solutioh of the linear program
in LPCODE. Thus; to preserve the matrix for later iteratiohs Oh'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 objective 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 Egs. using the

~ simplex method. It calls subroutine PIVOT to perform tableaux transforma-

tions. The principle variables used are those contained in COMMON/D314/

which are defined below.

Additional Considerations =~ DBOXSS

The coefficient matrix is destroyed during the solution procéss. To
preserve it for later use in iterations on prestressuTOSs (and thus save
the computatipna] effort of recomputing it each time) the matrix is stored
on sgpatthtape-(unit'4). This is performed 1mmediaté1y after entry to the

subroutine.

Variable Definitions

NFRCE - number of unrestricted variables (those whfch may assume
negative values). This uarametér must'be-zero for the versiun
of LPCODE incorporated in the program.
NEQS - number of equality constraints. Must be iero in this program.
INDX - parameter indicating whether the primal (INDX=0) or dual
| (INDX=1) problem is io be solved. Must be zero in this
program.
KODE - code indicating whether this is the first call to LPCODE
- (KODE=0). On the first call, slack variables are added to the
coefficient matrix and it is stored on tape unit 4. |
N - the uumber of constraints plus 1.
M - the number of variqb]es.
A(1,J) - the coefficient matrix.
b 187




B(I),XD(I)'-‘arrays used as flags during computatioh.
X(I) - on return, contains the problem solution.

0BJ - contains the objective function value.
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SUBROUTINEVINTPRG

Subroutine Function

This subroutine uses a heuristic algorithm to solve the integer programming
‘problem. It calls subroutine‘PHASE], PHASE2 and PHASE3. It is used only
in DBOXDS. To improve computational efficiency, it works with a compressed
version of the coefficient matrix which 1Svobtained by de]etihg 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

NT - number of continuous variables in the problem.

N2 - number 6f integer variables in the problem.

N3 - number of binary (0 or 1) variables in the prob1em.

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.
a tolerance on variables. When any variable takes a value less than
TV, if>is assigned the value zero.
number of constfaints in the problem. ‘
the maximum amount by which any variable is‘incremented in testing
for a potential solution point.
array containing the number of iterations used in each of the
four phases of the algorithm.
contains the values of the variables.
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Y(I) -

ROW(I) -

coL(I)

BB(I)

c(I)
B(1)

XX(I) -

contains the nonzero terms of the coefficient matrix in "stacked"
form, 4 |

contains ‘the row in the c0eff1cieht matrix from which the Ith
element of Y(I)‘was taken. |

contains the element number of Y(J) where the first nonzero
element from row I of the coefficient matrix is stored.

scratch storage used to accumulate the value of each constraint.

contains the coefficients of the objective function.

contains the right-hand-side vector for the constraints.

scratch storage space.
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SUBROUTINE PROPTY

Subroutine Functidn

This subkoutine ca]culétes 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 compdted 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, D, 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

AREAK

of concrete obtained by multiplying the area of
steel by (RATNOD-1.)(in.?).

area of cross section with shear key and with compres-

sion steel transformed using (2-RATNOD-1)(in.2).

YBK -

Y1 thru Y15

IT1 thru 115

JVKEY. =

il
[y
1

- JVKEY

]
N
1

distance from c.g. of beam to bottom of beam (in.).

distance from c.g. of beam to bottom of beam, with

shear key (in.).

distance from bottom of the cross section to the c.g.
of the areas 1 thru 15 shown in Figure C2 (in.).
moment of inertia of areas 1 thru 15 shown in Figure
c2 (in.h. |

shear key omitted.

shear key included.
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JA)

ZB

ZTK
ZBK
APRIME
RATNOD

section modulus at top excluding thefSheaf keyf(in.B).'
section modulus at bottom excluding the shear'key (in.3).
same as ZT excépt including shear key (in.3).

same as ZB except including shear key (in,3);

area of compression steel in the top flange (in.z).

modular ratio.
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FIGURE C2. Component Areas Used In Computing Cross

Sectional Properties
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SUBROUTINE MOMSHR (DL, NWHL, NWHEEL, XSEC, PAXLE, MAXMOM, MAXSHR)

Subroutine Function

This subroutine determines the maximum bending moment and shear

force at a point on a simply supported beam due to a series of moving

concentrated forces.

Definition of Variables

DL -
NWHL(I) -

NWHEEL
XSEC*

PAXLE(I)

]

MAXMOM

~MAXSHR

NS -

NST -
IPL(1)

IPR(I)*

length of span (ft).

distance from concentrated force 1 to concentrated
force I (ft).

number of concentrated forceé in moving force pattern,
distance from left end of beam to point where maximum
effects to be computed as load pattern moves from
right to left (ft). |

weight of Ith concentrated force (kips).

on return, contains maximum bending moment at point
of interest (kip-ft).

on return, contains maximum shear force at point of
interest (kips). |

shift number, which is the number of the force located

over the point of interest on the beam.

number of intervals between concentrated forces.
array indicating which concentrated force is located
over the section of interest for shift number 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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- D2*

REACT(I)*

DM*

SHEAR(I) .

MOMENT(I)

IT

distance from ény concentrated force to the right end
of the beam for load pattern moving right to left (ft).
1eft‘reaction force for shift I, as load pattern moves
from right to left (kips). | |
distance from point of interest on beam to any coh- \
centrated force to the left of the point and still on
the beam when load pattern moves from right to left (ft).
shear force at point of interest on beam for Ith shift
(kips).

bending moment at po1nt of 1nterest on beam for Ith
shift (k1p ft).

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
Y1, Y2, Y3, Y4, 21, 72, 73, 74, IMUL)

Subroutine Function

This subroutine 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

capacity was developed in Chapter II. This subroutine calls function

subprogram BRACK.

6efin1tion of Variables

ASTAR
FPCBM

FPS
ASPRM

FPL
D
DPTH
FSY
DCR
Y1,Y2,Y3,v4,
71,22,13,14

ZMUL
CLONG

total area of prestressing strands (1n2).
28 day concrete strength (ksi). |
ultimate strength of strand (ksi).

total area of compression steel reinforcing present in. slab

(ind).

proportional limit stress for strand material (ksi).
distance from top of section to c.g. of strands (in).
depth of section (in).

yield strength of compression reinforcing steell(ksi).‘

distance from top of section to c.g. of compression steel (in).

dimensions used to compute area and c.g. of concrete compression
zone (see Figure C3).

on return, contains the ultimate moment capacity (k-ft).
fraction of prestress force lost dué to elastic and inelastic

effects.
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average strain in the strands after all losses (in/in).

width of top of section (in).

thickness of top slab (in).

total compression force over concréte compression zdhe-(kips).
total tension force in strands (kips). |

distance from top of beam to neutral axis (in).

average strain in strands (in/in).

average strain in compression reinforcing (in/in).‘

total compression force in compression reinforcing.
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FIGURE C3.

Dimensions of Cross Section Used
in Computing Concrete Compression Zone




Set Prestress
Loss Fq'grtpr

Compute Avérage Initial
Strcmdiswain

Compute Location of
Neutral Axis by
AASHTO Equation for|.

Moment Capacity

Neutral c te Moment Capacit
Axis in Siab oy A

by AASHTO Equation.

Set Distance From
Top of Section to Neutral
Axis, x, equal to O.

Compute  Strain 'in
Compression Reinforcing
and Strands
Use - Stregs-Strain
Properties of Strend ond
Compression Reinforcing
1fo Con:(pute S;resses‘
rom ng¥n frains

Compute Concrete Compression
Zone Area and its ¢.g.

Sum Total Compression Force from
Concrete ond Compression
Steel (if in Compression)

—¥ _
Sum Total Tension Force from
Strands and Compression Steel
(if in Tension)

Sum Moment about Neutral
Axis to Obtain Moment
Capacity

FIGURE C4. Flow Chart for Subroutine ULTMP
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Use Linear Interpolation
to Obtain Estimate
of Neutral Axis Location

Xnew _
> Xold +.25
Yes

Go To 150

Go To 100

FIGURE c4. (continued)
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SUBROUTINE PLOSS (FPCR, ZMBW, ZMC,,ZMNC, FSU, AS, AB, ZI, ZIC,
YB, YBC, EC, HUM, SPAN, ZLOSS, ZINLOS, UWC)

Subroutine Function ' ;

‘This subroutine computes the fraction}of initial strand stress
lost -immediately after release and when allvcreep, 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).
IMBW - moment at midspan due to beam weight (k-ft).
ZMC - other dead load momenf at midspan acting on
composite section (beam plus shear key) (k-ft).
other dead load moment at midépah acting on
non?composite section (beam without shear key)'(k-ft).
ultimate strength of strand (ksi).
total area of strands (in.2).
cross‘sectional area of beam (in.2).
mdment of inértia of beam cross section (1n.4).
moment of inektia of composite section (in.4),
distance from t.g. of beam to bottom of beam (in.).
distanCe_from c.g. of composite_section to bottom
of beam (in.). | |
EC - distance from bottom of beam to c.g. of strands (in.).
HUM average're1ative humidity present during life of beam (%).
SPAN - span length (ft).‘
ZINLOS - fraction of initial strand stress (.7 FSU) lost at release.
202 |
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ZLOSS

UwC
SH
ES

CRC

CRS
ECI

fraction of initial strand stress lost'undek ser#ice
load conditions.

unit weight of beam concrete (k/ft3).

prestress loss due to shrinkage of concrete (ksi).
prestress loss due to elastic shortening (ksi).
prestress loss due to creep of concrete‘(ksi).
prestress loss due to strand relaxation (ksi).
mddu]us of elasticity of concrete at release (ksi).

Computed from ACI equation.
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SUBROUTINE CAMBER (ES;VEC, ASTRN, STRNS, UNB,\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
ASH
AST
BCR

BSH

ES

EC
ASTRN
STRNS
UWB
AREA
SPANL
ECCL

IB
FO
ENDECC

]

unit creep at time infinity (in./in./psi).
shrinkage at time infinity (in./in.).

total area of prestressing étrands (in.2).

time at which one-half ACR is reached (days).
time at which one-half ASH is reached (days).
modulus of elasticity of steel (106 psi).
modulus of elasticity of concrete (106 psi).
area of a single pféstressing strand (in.z).
total number of prestressing strands.

unit weight of beam Concrete‘(1bs./ft3),
cross-sectional area of beam (in.z),

span length (ft).

eccentricity of the strand pattern at the’center
Tine of thé beam measured from the cg (in.).
beam moment of inertia (in.%).

total initial prestressing force (1bs).
eccentricity of the strand pattern at the ends of

the beam measured from the cg (in.).
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PRLMAX -'totaT %regtiess loss at time infinfty'(%).
- CBRMAX - total camber at timé infinity (in.).
HDPT - distance from the centerline of the beam to the
hold-down point (ft).
CNST(i,j) - creep and shrinkage coefficients bésed 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
DEPTH

FPC
FSY

AREA
VU

SPACE
AV

RJ

VC

width of a web of the beam cross-section (in.).
depth of the beam (in.). |

distance from extreme compressive fiber to the
centroid of the prestressing force (in.).
compressive strength of concrete at 28 days (ksi).
yield sirength of non-prestressed conventional
reinforcemént\in compression (ksi).

area of web reinforcement (in.2).

shear due to ultimate load and effect of pre-
stressing (kips).

longitudinal spacing of the web reinforcement (in.).
total area of web reinforcement (in.2), |
ratio of distance between centroid of compression
and centroid'of ténsion to the~depth D.

shear carried by the concrete (kips).
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ApPeNDIX D

| DescRIPTION OF MODIFICATIONS TO
GHosE’s MuLTIBEAM BRIDGE ANALYSIS PROGRAM
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Chapter VI described 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 ax]e’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. 1If a 1 is found in column 62, control
is transferred to subroutine INPUT for'reading~of the data oh the form in
Figure 35. Output is hand1ed in ‘the same wéy, with subroutine OQUTPTT being
used when a blank is encountered in column 62 offthe‘firsf card and sub-
‘rOUtine OUTPUT utilized for output when the program is to be used to compute
lateral distribution factors. The‘1ongitudina1 position of vehicle axles
(either axle train or AASHTO truck) is first compufed.' NeXt, the influence
~lines for midspan moment 1n’each beam is computed by moving a single line
of wheels traﬁsversely across the bridge in one foot moves. Finally, the
maximum moment in each beam and the correspohding'poSition of axle train,
truck or lane loading is’¢omputed from the influence 1ines. Loadings for
produéing the influence lines are assembled in subroutine INPUT,’and
maximum moments and vehicle positions are computed in subroutine INFLN.

-The variables listed belbw are used in the modifications to the original

program.
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ZPAN
E -
NBEAMS

NTRFL

KAXT -

NAXTSP

NAXCL

NAXT

YMI(I)

IMI(I) -

BMA(T) -
BMI(I) -

YH(I,1) -

span length (ft.).

modulus of elasticity (ksi).

number of beams in bridge.

fumber of traffic lanes.

trigger: if 1, axle train loading input; if not equal to 1,
no ax1e‘tkain considered. R |

lateral spacing of wheel Tines in axle train (ft. - an integer
number). L

side clearance of éx]e train vehicle. The distance'between
the wheel line and outside of the vehicle. The wheei line -
may bé no closer than NAXCL feet from the edge of a traffic
lane. | . |
number of axle trainé that can simultaneously be located
trénsversej y on the bridge (NAXTZ NTRFL). |
moment of inertia about,y-axis'(see Figure 31) of beam type I
(in%). | |
moment of inertia about z-axis of beam‘type I (in“),

cross sectional area of beam type i (in2).

torsional stiffness (polar mdment of inertia) of beam type I
(see Eq. 164), (in*).

distance, parallel to y-axis, between c.g. of beam type I and -

" left hinge (HL on input form), (in).

’YH(I,Z) -

distance, parallel to y-axis, between c.g. of beam type I

and right hinge (HR on input form), (in).
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ZH(I,1)
ZH(1,2)
NTYPES

NTY(I)
HINGTP(I,J)

JTYPES

JTY(1) -

TLN(T,J)

* NWHEEL
PWHEEL (1)
INWHL (1)

distance, parallel to z-axis, between c.g. of beam type I
and left hinge (VL on input form), (in).

distance, para11e1 to z-axis, between ¢.g. of beam type I
and right hinge (VR on input fdrm),‘(in).

number of different beam types.

contains beam type number for beam I.

for hinge type I: contains "Y" in J = 1 if hinge transmits

Tongitudinal 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; cpntains‘"Y“ in J = 3 if hinge

transmits tranéversevforce (y-direction Figure 31), "N" if

"not; contains "Y" in J = 4 if hinge transmits transverse

moment (about x-axis Figure 31), "N if not.

number qf.differént hinge types. | |

contains hinge type number for hinge I.

contains distance between c.g.«of beam 1 and left edge of
traffic lane I in J = 1. ‘Distanéeibetwéen c;g. of beam 1

and right edge of traffic lane I in J = 2. Distances are

posit{ve to the right of beam 1 cQg. and negativeyto left

(ft).

number of axles in axle train.
weight of axleé I in axle train (kips).

distance between axle 1 and axle I (ft).
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KASAST(I,d) -

KASASL(1,d)

KASAXT(1,J) -

 FULMAT
FULMAL
 FULMAX
ZIMP
ZMAST(1,J)

ZMASL(I,Jd)

ZMAXT(I,J) -

ZMMAST (1)

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 (2 ft.) permits. For J = 2, contains load

" case number for truck as close as possib]e to right edge of

traffic lane I.

for traffic lane I, J = 1 cbntafns load case number where 10
ft. wide ]ané load is positioned at left edge of lane. J =
contains‘1oad caSe number where lane load is at right édge of
traffic Tane I. | | |

same as KASAST(I,J) but for axle train whose side clearance is

NAXCL.

“maximum moment at midspan due to single AASHTO truck (k-in).

maximum midspan moment due to full AASHTO lane load (k-in).

maximum moment at midspan due to full axle train (k—in).'

- impact factor.

maximum midspan moment, beam I producéd by AASHTO truck posi-
tioned in lane J (k-in).
maximum midspan moment, beam I produced by AASHTO lane load

in lane J (k-in).

‘maximum midspan moment, beam I, produced by axle train in

Lane J (k-in).
maximum moment at midspan of beam I due to AASHTO trucks in

one or more lanes, using AASHTO lane reduction factors (k-in).




IMMASL(T) -

ZMMAXT(I) -

POSAT(I,J) -

POSLN(I,J) -

POSAX(I,J) -
NLLAST(I,J) -

NLLALN(I,J) -
NLLAXT(I,Jd) -
DISTAT(I) -

same as ZMMAST(I), but for lane loads applied instead of
AASHTO trucks (k-in).

maximum midspan moment for beam I by placing from one up to

NAXT axle trains simultaneously in the various traffic Ianes.
AASHTO Tane reduction factors are not used (k-in).

contains the position of left and right wheel lines of

AASHTO truck which produces maximum moment in beam I. J =1
contains distance from c.g. of beam 1 to left wheel line for
truck in lane 1. J = 2 contains distance to right wheel line
of truck in lane 1. J = 3 contains distance from c.g. of beam
1 to left wheel line for truck in lane 2. J = 4 contains
distancé to right wheel 1ine, etc. (ft).

see POSAT(I,J), but for AASHTO Tane loading instead of AASHTO
truck (ft). ; ,

see POSAT(I,J), but for axle train vehicle (ft),

coded array: if NLLAST(I,J) # O, thén lane J is loaded when
maximum moment at midspan of beam I occurs under AASHTO truék
loadings. | |

same as NLLAST(I,J), but fof AASHTO Tane 1oadihg.

same as NLLAST(I,J), but for axle train vehicle.

fraction of full AASHTO truck applied to single beam I which

- would produce same moment as that recorded in IMMAST(I).

DISTAL(I) -
DISTAX(I) -

same as DISTAT(I), but for AASHTO lane loading.

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-cbord%naée 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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ApPENDIX E
PROGRAM LISTINGS

DBOXSS: « + + » . 215
DBOXDS., + + + » . 268
AMBB: . + « + + + 335




COMMON/BLKY/ ADIMLBEIMeCDINJDDINLEDIMFDIMeGDIMaHDIM, TOIM, £S000010

AWODIMsWHDIM,XDI¥, YODIMsACONC +BINERT .DTCFDBCT, 2T+ZB+ ACONCK $S000020
2BINERK +OTOPK s DEBUTK e ZTK+ZBKs ZL s F 28+ JOP T4 ASSCLR +ASSPLS+APRIME , $50000390
3CBOT +COSTUF s CCSTFT4 CEFMINJALDEF s NRAV NWHEEL s CISTF o+ FPCMAX, - ~ §5000040
AFPCMINLELASCoULTMRQ«CTOR o W WB oF(U,DCR : $5000050

COMMON/BLK2/ PAXLE(1B8)/NWHLI18):,STRMAX(26)FCONC(10):DCONC(10), $5000060
1G6{11),F(11)+D(10)+GRIDS(26) +BMMAX(7 )+ EVMAX(7 ) +CBRMAX (S)+PRLMAX(S)¢5SS000070

20LMOMC 7). DLSHRE 7)+PECRK{ 11+4),2L0S(4) , ZWRAP(40,3) ,NSDIF(10) $S000080
COMMONZ/OEF INE/Z UWCsHUMJAS+FPS+CTR1,CTR2:CBR1,CBR2,CTS1,LTS2, §5000090
1CBS1+CBS2+CREEP1 yCREEP2+SHRK1 s SHRK23RATNOD+FPL,FSYL,ASTIRP ~  SS000100
COMMON/YZ/ 21,22, Z3tZ4choY2cY3oYQ : §S000110
COMMON/DUNP/ TITLE(3:58),Y3(11).FROW(26), §5000120
IPEF<$0.3).ZNE(ll)-KKGDE(i}.ZMCRlO) © $50001 30
CGHNQN/O314/ NoMe ARRAY (156027615 B{276)¢ XE276) XD 276) 08 ,KP1,K €S000140
DIMENSION STRESS{6,8) ¢NSTRMX(26)+ZNWHLL18)+ZAXLE(18),VU(7), $S000150
1EX(2) s KSYM{E+sS)I+sSTRSP(7)» IAA(16) NWRAPL40,3) - L . _ 55000!604

n INTEGER ONE'TWO¢ELANK,HHH,SSS.EX ‘ - $S000170
o DATA EX/* X v/ ' : $S000180
DATA ONEoTUOoELANKQH“H.SSS/'l t,02 S, AR ] ¢ 4*S vy $50001990
NCOUNT=1 $S000200
CHEAAATAEERRESREEARDERRERES AL KRR RREE KRR KRS R XA RS KA REEREK KX ERRRRS S XS %55000210
Chkix%x INPUT ROUTINE 85000220
C**t******‘*‘*****‘*****************‘******‘****’*‘#*****’********"****ssooozao
CALL REREAD _ $5000240

3007 FPC1=6.0 o ) ‘ ) , $5000250
IF(NCOUNT.NE.1) GC TO 573 ) e §S000260
READ{(S:SCOMTITLE(1+J)eJ=14+54) : ' $5000270
READIS +SO0Y(TYITLE(24Jd) sd= 1:54) B - $5000280

573 READ‘515QOQEND=2500) {TITLE(3 o J1) o dl= 1954) $5000290
500 FORMAT (80A1) $$000300
CALL DEFIN ... .. ss000310
READ(5.501)!O'!A.IB.DISTF » JLLOADS : UL SBs JCONC,F28,J0PT $5000320

501 FOR"AT‘AIQQXQ‘IQ‘XOAIQQXOF403'3XO1103XO Fle2¢3Xe11:3%X,F3.1,55000330
*10Xs11) ] ; , ~ §5000340
IF(JOPToEQ.O.ANE'FZS.EQoO ) WRITE(6,525) SS000350
IF{JOPT ¢EQeD s ANLC oF28+EQe0.+) STOP ' SS000360

S525 FORMAT(///77/+3SX+**¥DESIGN CPTICN SPECIFIED BUT NO 28 DAY CONCRETE $S600370
ISTRENGTFE GIVEN*®®*) $S000380

C AXLE TRAIN ‘ $50003990
DO 927 I=t1,18 ‘ ; $5000400
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9Le

C

C

PAXLE(T)=0. $S000410
NWHL(I)=0. $5000420
927 CONT INUE SS000430
IF(JLOADNE-1)GC TO 861 } SS0C0440
READ({5.502) (PAXLE(I)»1=1,18) SS000450
502 FORMAT(3IXs 18(F3.1,1X)) $5000460
DO S03 N=1,18 ‘ $SS000470
_ IF(PAXLE(N3.NE.O-)NU&EEL=N $S000480
503 CONTINUE $S000490
READ(S ¢S0S) (NWHLI{T) 21=1,17) $5000500
505 FORMAT(7Xe17(F2.0+1X)) $S000510
CONCENTRATED FORCES APPLIED TO SINGLE BEAM 55000520
861 DO 590 I=1,10 $S000530
FCONC{I)=0. S5000540
DCONCI(I)=0, ‘ $SS000550
590 CONTINUE - o . B  SS000560
IF(JCONC.NE.1) GO TO 925 : SS000570
READ{S 591 )J{FCONC(I)s1=1,10) €5000580
READ(5»591)(DCONCI{I)sI=1,10) S$S000590
591 FORMAT{3X+10(FS5.2.1X)) SS000600
BEAM DIMENSIONS §5S000610
925 READ(S59907)ADIMBOIMoCDINDDIMEDIMeFDIMGOIMHDIMo WHDIMs TDINWDDISS000620
M XDIMSYDIN $S000630
907 FORMAT(2X,13(F8+2,1X)) $S000640
GENERAL INFCRMATION T , B $S000650
READ(5,508) ,ZL.ﬂleP.JTNTL, TNLB,APRIME,DCRs AL DEF , DEFM IN, '$S000660
*CBOT+JGR1ID , JPROP ‘ : . SS000670
908 FORMAT{(3X,F4.41,43X, F#ola’3x’12§‘3X¢F6n4 9F8e293XsF8,203XsFSe393Xs §8000680
1FS5e3s3XsF2e193Xs1143X511) $5000690
IF(DISTF.NE.0.0) GO TO 4102 SS000700
IF(ZL+LT.10040Re TNLE.EQeO) WRITE(6+917) ZL, TNLB $5000710
917 FORMAT(/////+40Xs**CHECK YOUR DATA = EEAM LENGTH AND NUMBER OF EEASS000720
%MS AREX7?,/,60XeF10e2s5X+FSe2) $S000730
. IF(ZLeLTe100e0Re TNLBGEQ.O) STOP $5000740
4102 READ(9S+90€3) IAB,TAC.IAD,IAE SS000750
9083 FORMAT(42X,4A4) SS000760
IF‘X‘B. EQ.EL‘NK oAND.!‘CiEQ.BLANK) ALDEF‘IOOO. ‘5090770 )
IF{ IAD +FQ «BLANK eAND ¢ 1 AE.EQ.BLANK) DEFNIN==1000. SS000780
MAX IMUM NUMBER OF STRANDS PER ROW 55000790
$5000800

READ(S5+SO0S)(NSTRMX{(I)+1=1,+26)




FonuAriﬂx 25(12 Sixd), 12 ) o o $S000810
DO 910 J=1,26 ' : $5000820
STRMAX{ JI=NSTRMX{ J) , $5000830
lrtusraux(J).Ne.o)NaAv J o $5000840
CONTINUE . _ SS0008%0
DO 878 Jl=1,2¢€ _ . ' S$S000860
GRIDS(J1)=0, ‘ S $S000870
GRIDS( 1) =CBOT ~ , $5000880
IF(JGRIDNE.1) GO TO 862 - $S000890
NONSTANDARD GRIC SPACING ' $S000900
READ(S,880) (GRIDS(I)+1=2,26) ; , $5000910
880 FORMAT(3X,25{F2.1,1X)) - : $S000920
IFAGRIDS{2)+EQe0.) WRITE(6+897) $S000930
897 FORMAT(1X,130(1H*)/1Xs2(1H*),* INCORRECT DATA INPUT = DISTANCE FROSS000940
*M STRAND ROW 1 TO ROW 2 IS O = CHECK INPUT CARD (NONSTANDARD GRID SS000950
*SPACING)s COLSe 4 £ S ”'.B(IH*)/!x,lSO(lH*)) o $5000960
IF(GRIDS(2).EQ.0.) STOP $5000970
MISCELLANECUS PROPERTIES : $5000980
862 IF(JPROP.NEs1) GO TO 863 ; , ' S5000990
READ{S+882) CUW,UHM +SA,SPF, BR2, TR2, BRl1., TR1, BS2, TS2es 8S1s TS1SS001000
* 4 CREEP] ¢ CREEP2, SHRK 13 SHRK2 $5001010
882 FORMAT( 3!.F3.3a4!;?2.0.4x,f;3 394XQF3000§X9F2029leonlsIXQFZGZalx. $5001020
*F20103XeF2e20 1XsF2ele1XsF 2025 1XoF20144X,4(F3.052X)) SS001030
IF{SPF «NEs+sD.) FPS=SPF , , SS001040
IF(SA +NEeQs) AS=SA SS001050
IF(UHM«NE 0 o) HUM=UNM 55001060
IF{CUWNE«Oo) UWC=CUNW , $5001070
' READ{99,9082) (I1AA(J1)+J1=1,16) $S001080
FORMAT (30X »2A1 0 1Xs2A1 s 1Xe2A101Xs2A1 s 3Xs2A151Xe2A121Xe2A1,1X,2A1) SS001090
IF(IAA{1) e NE+BLANKsORs IAA(2) «NE.BLANK}) CBR2=BR2 $5001100
IFCIAA(3) oNECBLANK «OR« IAAL4) eNEBLANK) CTR2=TR2 - $S001110
IF(LAA{S) e NE.BLANK «OR«IAA(6) s NE.BLANK) CBRI1=BR1 $S001120
IF(IAA(7) eNE.BLANKeORsTAA{B) s NE.BLANK) CTRI=TRI1 $SS001130
IF(TAACD) +NEBLANK +OR < TAA{10) «NE +BLANK) CBS2=8S2 - ~ S$5001140
IF‘IAA(“)ONEQBLANKOCRQIAA{IZ,QNEOB‘.AW’ CT1S2=T7Ss2 $5001150
IF(IAAC13) NE«BLANK sOR.I AA(14) .NE.BLANK) CBS1=8S1 $S001160
IF(TIAA{15) eNE+BLANK «OReIAAT16) eNEeBLANK) CTS1=TS1 $S0C1170
CONCRETE COST COEFF ICIENTS $5001180
IF{JOPT.NE.1) GO TO 1001 $S001190
READ(S,915)(G( 1) I=1,6) R $5001200
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READ(S5:,91SMG(I)eI=7,11)

FORMAT (10X ,5(F8 o1 49X )sFGal1)

STRAND AND STRAND WRAPPING COST
READ(S5,514)COSTFY,COSTWP
FORMATI{13XF3.2,46X yF302)
FDRMAT"0!!5(F39111°X)0F30!’

28 DAY CONCRETE STRENGTHS
READ{(S+913MF(I)e1I=1,6)
READ(S+ 9123 MF(I),1=7,11)

DO 916 J=1,11

IFIF(J) eNEoOe0) FFCMAX=4,04{J=1)%0,5
IF(F{J D EQe0.0) FlI)I=F(ym1) -
IF{G(JI)eECQe0+) GLJII=GI{Ym™1)

CONTINUE

CONTINUE

LIVE L OAD DISTRIBUT ION FACTOR

IF(DISTF.NE«O+) GO TO 933

CONSNT 1.0

C11 = CONSNT2WIDTH/ZL
Dll—S.*JTNTL/!O.+{3.-2.*JTNTLI7.)*((1¢-Clll3'l**23
IF(C11+GTe3) D11=54+JTNTL/10.

SI1={12.%JTNTL+S,)/ TNLB

DISTF =(S11/7011)%0.5

CONTINUE

[AASHO=1

AASHTO TRUCK LCADINGS

IFL{TALEQeBLANK+ANC+ IB<EG«BLANK ) IAASHO=0
IF{IAEQ.BLANK AND,: IB.EQ.BLANK) GO TO 6000
IF(IA-EO.BLANK¢AND.!B.EQ.GN£!GO T0 1000
!FlIA.EQ.HPFQANCOIS.EG.BKE,GQ TO 1000
XF(IAoEQcSSSoANU.!B.EQ-OﬁE)GO TC 2000
IF{IAEQ.BLANKsAND: ISB.EQ.TNDO)GO TO 3000
IF{IAEQeHHHs AND+IBoEC.TNO)GO TEB 3000
IF{IAEQ.SSSAND.IB.EQ.THWO)GO TO 4000
WRITE(G +950)

$5001210
$5001220
$S001230
$S001240
$S001250
$5001260
$S001270
$S001280
$5001290
$S001300
$S001310
55001320
$5001330
S5001340
S5001350
$S001360
$5001370
SS001380
$5001390
$S0031400
SS001410

55001420

SS001430
§5001440
§5001450
$5001460
§5001470

'$S001480

55001490
$S001500

'$S001510

$S001520
$5001530
55001540

~ $5001550

S$S5001560
S5001570

55001580

$5001590

950 FORMAT{1X,130(1H#)/1X+30(1H*)+* UNRECOGNIZABLE AASHTO TRUCK LOADINGSS001600
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2 NeXal

aNaXa)

1000

2000

3000

*=CHECK INPUT
sTop

_H=15 TRUCK

ZAXLE(1)=6,
ZAXLE(2)=24.
ZNWHL( 1) =14,
NAXLE= 2
ULOAD=0.480
CSLOAD=19,5
CMLOAD=13,5
GO TO 6000

HS=15 TRUCK

ZAXLE( 1) =6,
ZAXLE(2)=24,
ZAXLE(3)=24.,
ZNWHL{1)=14.
ZNWHL (2)=28.,
NAXLE=3
ULOAD=0.480
CSLOAD=19.5
CMLOAD=13.5
GO TG 6000

H=20 TRUCK

ZAXLE(1)=8,
ZAXLE(2)=32,
ZNWHL (1) =14,
NAXLE=2
ULOAD=0.640
CSLOAD=26.
CMLOAD=18.
G0 TO 6000

HS=20 TRUCK

CARD 4, COLSes S5 THRU €+ 30C1H*) /71X, 130 1H*))

$SS001610
$5001620
SS001630
$S001640
S5001650
$5001660
$S001670
$S001680
$S001690
$5001700
$S001710
$S001720
§S001730
$5001740
$5001750

.SS001760

SS001770
S$S001780
$S001790
$5001800
$5001810

88901820

$5001830
$5001840
$5001850
$S001860
$5001870
55001880
$S001890
$S001900

. $S001910

$S001920
$5001930
$5001940
$S001950
$5001960
$5001970
$5001980
$S001990
$5002000
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4000

ZAXLE(1)=8.
ZAXLE(2)=32,
ZAXLE(3)=32,
ZNWHL(1)=14.
ZNWHL (2) =28,
NAXLE= 3

ULOAD=0.640

 CSLOAD=26.

CMLOAD=18,
CONT INUE
CALL PRCPTY
Z1=TDIM
Z2=TDIM#XD IM
Z3=HDIM

$5002010
$5002020
$S002030
$5002040
$5002050
$5002060
$5002070
$5002080
$$002090
55002100
$50021190
$5002120
$50021 30
55002140

Z4=HDIM+GDIM , $5002150
Y1=wHDIM/2. b el ... .. sso002160
Y2=wDDIM ‘ $5002170
Y3=ADIM/2,=Y1l=Y2 ' : $5002180
Y4=XDIM $S002190
D(1)==DBOTH+GRIDS(1) ‘ $S002200
IF{NRAV.EQ.1) GO TO 588 '$S002210
IF(JGRIC.EQ.1) GO TO 582 ‘ S e o ' $S002220
DO 580 J1=2,NRAV ‘ : » $5002230
S80 GRIDS(J1)=2.0 ; : $S002240
582 DO 584 J1=2,NRAV _ SS002250
IF{GRIDS{J1) EQ.0.) GRIDS{J1)=GRIDS(J1=1) -~ .$5002260
584 D(J1)=D{(J1=1)+GRIDS{J1) ' $5002270
588 CONTINUE i o , , o , $5002280
CREBRRRREEERRKERRRRKREREREERKKKERERARRAKERERRRER AR SRRR KK RERRKF XX KRR R XXSS002290
C**%% PRINT OUT INPUT QUANTITIES $5002300
CREREFERERERRRAE R R SRR RERERERRRRARERERRRAEERINERR SRR RRERR AR RK XA RERE XK R XX SS002310
WRITEC(G6+5080) (TITLEC10J41)eJ1=10+11) (TITLE(14J1):5J1=148,26), $5002320
1(TITLEC12J1)9J1=88,58) (TITLE(2¢J23:J02=13:19)+{TITLE(2:+42)+J2=26:255002330

28) +( TITLE(22J2) 0J2=44 954 ) o {TITLE(3+J3)443=13,54) . SS002340
9080 FORMATC1HL 437X+ *DISTRICT *,2A1+1Xs13A14* COUNTY HIGHWAY NOe« %, $5002350
17A1 /738X *CCNTRCL NO« *,7A1,* IPE 9,3A1,° SUBMITTED BY *,11A1/ $5002360
238Xs *DESCRIPTION *,42A1) '§5002370
600 FORMATC1H1) $5002380
WRITE(6+601) ‘ : $S002390
601 FORMAT(//,1X,12G{ %)) : §5002400




WRITE(6+610) $5002410
610 FORMAT{® %%,47X,'BEAM DIMENSIONS AND PRGPERYIES’.SOXo‘*'i S$S002420
WRITE(6,602) $5002430
602 FORMAT(1X.129(¢*%*)) ~  SS002440
WRITECG6+.611) $5002450

611 FORMAT(IX s *%%%,26(¢ %), (CIMENSIONS IN lNCHES)'o27('o')o'*'QSX-'$.88002¢60

£+SECTION PROPERTIES (ﬂITHGUT SHEAR KEY)s o %%%x?)
WRITE(6,6132)

$5002470
$5002480

613 FORMAT(1IX3%%% 32X A% ,5X3?B? 35X s 9C'¢SXs D' SXs*E?+sSX»*F*35Xe?G?45X:55002490
EOHY o SXe "M s SX st T oSXs T WP aSX 9t X 3SXa Y 99X *TUINK®A)* ,5X,* A{IN*%2)*55002500
®e4Xe 'YTUIND? o SEX,*YBUIN) **) $5002510

WRITECG6+650YADIMNBDIMsCDINSDDIMIEDIMs FCIM, GOIMs HD IM, WHDIM,TDIM, WOD SS002520
&lMoXDIMoYDIMgBXNERT.ACONC;DTOP.DBCT $5002530
650 FORMAT(1X, *%%3F5,25 12F6.2+5XsF10+006Xs F6.195XoF5.2.6X.F6.2v' *v) 55002540

WRITE{6.,603) $§5002550
603 FORMAT(!X,'*',IZ?X.'*') $5002560
WRITE(6,614) BINERK » ACONCK , DTOPK 4 DBOTK $S002570

614 FORMAT(1X,%% COMPRESSICN  MAXINMUM ~ MINIMUM®,13X,*STRAND'. 14X, *COSS002580
 ENCRETE® s9Xs %60+ +sSECTION PROPERTIES (WITH SHEAR KEY)sseo®¥%k%,/,1X+*S55002590
&* REINFORCING INITIAL INITIAL STRAND ULTIMATE RELATIVES,SS002600
€4 X, $5002610
EYUNIT S 13Xs® TCINSE4) ¢ ,5X, SA(INK%2) 90 4Xs *YTCIN) * s 5Xs P YBECIN) %% 4/,0 SS002620
&% AREA® ,7X +% CANBER CAMBER AREA STRENGTH  HUMIDITY SS002630
EWEIGHT ® s 10XsF 1000 6XsF60145XsFSe2,EXsF6a20% %94/9IXs*%x  (INEX2)9,55002640
E6Xe* {IND" e6Xs* (IND* 35X o {IN¥%2)  (KSI)I®46Xs* (%) (K/FT*%3) * ,555002650
£3Xe2%0) } ; o $S002660
WRITE(6+651) APRIME s ASoFPSsHUM,UNC 55002670
651 FORMAT (* %9 ,8XoFS5¢242X+20XeF10e3,5XeF8e0s7XsF 2400 7XsFS5¢3+55Xs%%?) SS002680
IF(ALDEFeGTe 999 ANDDEFMIN.GT.=999,) WRITE(6.7101) DEFMIN $S002690
IF(ALDEF L Te99T eo ANDeDEFMIN To=999,) WRITE(E+7102) ALDEF $§5002700
1F(ALDEF+LT2999 ¢+ AND.DEFMINGGT 09992 ) WRITE(6.7103) ALDEF,DEFMIN 55002710

122

7101 FORMAT('+9,22X,F10.3) $5002720
7102 FORMAT{(*#% 412X +F1043) $5002730
7103 FORMAT{ '+® 412X +2F103) $5002740
WRITE(6,603) $5002750
$S002760

WRITE(6+615) -
615 FORMAT{® %7 _,S54(%,9) ,*STRAND INFCORMATICN® +S5S5{ %) ' %9/ %%,127X, *%SS002770

€%/ % *ROW NUMBER®, 16X, 2 3 4 s € 7 8 9 10 11 SS002780
€ 12 13 14 15 16 17 18 19 20 21 22 23 24 285 26%,'%¢) §5002790
WRITEC(6+652) (NSTRMX(I),1=1,26) $S002800
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652 FORMAT(1X %%9, : *MAXIMUM NO. OF STRANDS -.26(1x.13),-*-) $5002810
IF(NRAV.EQ.1) WRITE(6,894) CBCT : $$002820
IF{NRAV+EQ.1) GO TO 891 ’ $5002830
WRITE(6+894) (GRIDS{1)+1=1,26) : §5002840

894 FORMAT(1X, %%, ¢SPACING (RCW !-1 TO x)'.nx.zatFA.ta.'t-J ' $5002850

891 WRITE{6+603) , : $S002860
-WRITE(6,888) : L T ) $5002870

888 FORMAT{1X, 9%% ,84G( %, ), ALLOWABLE STRESS COEFFICIENTS? »49{%.%),% %x?)SS002880

‘ WRITE{(6,603) ' $3002890
WRITE(6,883) ‘ $5002900

883 FORMAT(1X,*%%, 15X, 'RELEASEY,8X,'END 17107, 2x.'REMAt~oea'.29x. $S002910

- B9 SERVICE® »8Xe7END 1/10%:2Xs*REMAINDER® 315X, 7%°?) $5002920
WRITE{6+896) CBR2+.CBR1.CBS2+CBS1,CTR2.,CTR1,CTS2, cTS1 ‘ §5002930
896 FURMAT(!X.'*'.27X;'C'.4X.F4.2a6XvF4.2.l4X.'C"4XaF4.2‘6XoF4o2a © $5002940
txax.-s-lxx.-*'.z7x.-1'.4x,F4.z.ex.F4.2.44x,~T-.4x.F4.2,6x,F4.2. $5002950
*18X, * %) R , e S . .. SS002960

WRITE(6+603) ' $S002970
WRITE(6+8S5) CREEP1+CREEP2,SHRK1,SHRK2 L .~ 55002980

89S FORMAT(1X %% 447{*%,%),CREEP AND SHRINKAGE CDEFFICIENTS',48(‘ *), SS002990
KSR /1 X 2% 327X 100X s % /11X 3" %% ;30X *CREEP]1 = ?,F4.,0+,5X+*CREEP2 = *SS5003000
%,F8,09 7Xs * SHRK1 = ~.F4.o,sx,*suax2 = 9 4F4.04,30X,%%2) $S5003010
WRITE(6,603) , S - S , .. ss5003020
"IF{JOPT.NEe1) GC TO 695 : ' $S003030
WRITE(6,616) A ‘ SS003040
FORMAT {* t'.ast-.'),-ccucasre COST COEFFICIENTS{S/YD*%2)%,46(*,*),55003050

co %) ; $S003060
WRITE(69653)(C{I)s1= 1.8) : , : SS003070
FORMAT(® %4,0KST/$® ;F5.14+® 4.5KSI/$°:FSels® S.0KSI/$*:FS5.1.,* £,55003080
ESKSI/S®sFSele® 6.0KSI/S?FSale? CEoSKSI/S?sFS5.1," 7,0KSI/$%,FS5.155003090
£4? 7.SKSI/S$®3FS5.1s9Xs2%%) : $S003100
WRITE( 646541 (G(1),1=29,11) ' o $S003110
FORMAT(® %8,0KSI/$?sFSsle® BeSKSI/S? FSal1e®' 9,0KSI/S? FS5,1,84X%X,*SS003120
Exe) $S003130
 WRITE(6+603) - L N R , , ) SS003140
WRITE(6,617) SS003150
617 FORMATL® 2°,28(%,.%),728 DAY ccucssre STRENGTH COEFFICIENTS (RELEASSS003160
EE STRENGTH/28 DAY STRENGTH) *427{%.%),*%") o SS003170
WRITE(6,655){F(1),1=1,8) SS003180
FORMAT{® *4.0KSI/93F4.1,°KS1 QeSKSI/%3F8.1,°KSI SeOKSI/*4F8¢1,*SS003190
EKST  SeSKSI/®eFa41,°KSI  640KSI/*+F8.1+°KST  6.5KSI/® sFael1+°KST 7S5003200




EoeOKSI/® sF8 o1 e?KS] 7 eSKSI/*Fael'KSI*?)
WRITE(6,6S61(F(I),1=9,11)
FORMAT (* %8,0KSI/7%,F4,1e*KSIT

EKSI*+80Xs"%*)
WRIFTE(64603)
WRITE(G 657 )ICOSYFT,

657 FORMAT{®* *STRAND COSY =

£$*,Fa, 2 /FT Y, 1EXs "MAXIMUM RELEASE STRENGTH

ke ) . .
WRITE{ €,602)

WRITE(6,9007)

FORMAT{/1X+129{*%?))

WRITE(G6.618)

FORMAT{" *'053XQ'ERIDGE PROPERTIES'057XO".’
WRITE(6+:602)
WRITE(6.603)
HRITE(SoGSB)ZL
FORMAT{® %SPAN LENGTH =
EFT)®5Xe *NUMBER TRAFFIC LANES =
*o®%?)

WRITE( 6+6C2)

WRITE(6,600)

WRITE(6,602)

WRITE(6,619)

FORMAT(* *'v52x”LOADlNG CONDITIDNS'OS?XQ'*')
WRITE{£,6C02)

WRITEL6+603)

IF{JAeEQeEBLANK.ANDs IB+EQBLANK) GC TGO 696
!F‘IBQEQgT'O) URITE(6965931A.DISTF
FORMAT{® % AASHTO LU = H®*3Ale "=m20%,7Xs

€= PoF 5430 {TRUCKS)® 462X, "2%)
IF{IB«+EGQGONE) “R[TE(60669)IA.Dl$’F
FORMAT(* % AASKETO LL = H*',Al,%=15°,7X,

&= ‘Fsou"{TRUCKS"oﬁzx"*"
WR‘TE‘G’éO’!

IF{JLOADNE.1) GO TO 697
WRITE(6,62C)(1.1=1,18)
FORMAT{®* **,S7( %'} +*AXLE TRAIN'-60('

CE1BI6+S5Xe%%8)
WRITE(G6,661)(PAXLE(I).1I=1,18)

656 BeSKS1I/2,Fasle *KSI

COSTWP.FPCMAX
$? 9FQ8 .20 /FT 416X +*STRAND WRAPPING COST =
ALLOWED =" 4F4e1,"

698
9007

618

sWIDTHs JTNTL, TNLB
® WF5.1,°(FT)* ,SX+*ERICGE WIDTH =
',12,5Xs "NUMBER BEAMS =

Lele DISTRIBUTION FACTOR

650 *Lele DISTRIBUTION FACTOR

696

2%)s%%%s /4" RAXLE NUMBER

620

ssooza:o
$5003220

9.0KSI/‘.F¢.1,'SSOQSZ30

§5003240
$5003250
SS003260
$5003270

KSI*SS003280

$5003290
SS003300
S$S003310
$5003320
$5003330
$S003340
SS003350
55003360
- §S003370

.FS.I.'(SSOOBSBO
* sFS5.2+20XS5003390

$S003400
$5003410

- $5003420

$S003430
SS003440
$S003450
SS003460
$S003470
$5003480
$S003490
$S00 3500
SS003510
$5003520
$S003530

$5003540
- $5003550

$S003560
$S003570

* 455003580

S$SS003590
$5003600
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698

666
699

FORMAT(?

XAXLE LCAD(KIFS)*,18F6. 1.4X.'*')

WRITEC(E+662)(NWHL{I)»1=1,17)

FORMAT(®

*CISTANCE 7O AXLE(FT)

WRITE(6,602)
IF(JCONC.NE-I) GO TO €98
WRITE(6+621)

FORMATU(® *"45(’

E*¢)

WRITE(6+:664) (FCONC{ I131=1+10)

FORMAT(*

*LOAD(KIPS )

WRITE(6+665){DCCNCL 1)21=1,10)

FORMAT(®

XDISTANCE FRON? 3 118X 2 %%,/,? %L EFT SUPPORT(FT)
59.1.23)&,'#') .

WRITE(6+603)

IF(ULSB.,EQ.0.0) GC

WRITE(6,666)ULER

FORMAT (¢
CONTINUE

*UNIFORM

WRITE(6,602)
C****#***#*t*****##******************#**********#**1***** *kkAEAK AR FIREXXXSS003800

Cx%%x COMPUTE DESIGN MOMENTS AND SHEARS
c:t#t*t*tt##***t*#*t*t*#*######*****t##*i#t##*##**tt**t*##*****tt******t55003820

DO 20 J1=

17

DLMOM( J1)=0.,
DLSHR(J1)=0.

IF(J1+EQe1l)
IF(J1 EQ.2)
IF(J1.EC.3)
IF(J1.EQ.a)
IF{J1 +EQ.5)
IF{J14EG.H)
IF(J]1.EQ,.,7)

ZX=Ce

Y0 699

LOAD ON SINGLE BEAM =

ZX=21/10.
IX=2.%ZL/10 .
ZX-ZL/#.
IX=3+¥2L/ 10,
ZX=4.%ZL /710,
ZX=ZL /2 -

ZMDL=CACONCK*UWC/ 1484, ) ¥ZX/2+ (2L =2X)
IF{J1+.EQ.7) ZMBu= :
ZSDL=( ACONCK *UNC/ 1448, ) #(ZL/2e=2X)
IF{JCONC.NE.1) GO TO 14

SuUMM=0.
SUMV=0.

DO 12 J42=

1.1¢0

ZMODL

IF(DCONC(J2).EQe0.) GO TO 14

.10F9.1,23x,'*')

3 17F 4,04 Xe%%")

") s *CONCENTRATED FORCES ON SINGLE BEAM®,48(*,.%),

W’HQFSQZQ .{K/FT) * 186x; %)

§5003610

S5003620

$5003630
55003640
£5003650
$5003660

*SS003670

$5003680
§€5002690
SS003700
€5003710

', F5,.,1,5FS$5003720

SS003730
SS003740
$S003750
$S003760
$S003770
$S003780
$S0037990

$5003810

$S003830
$S003840
$S003850
$S003860
$S003870
$5003880
$S003890
$S003900
S$S003910

- §5003920

$5003930
SS002940
55003950
SS003960
$S003970
$S003980
$S003990
SS004000




6ee

FCONC(JZ,*(ZL-DCDNC(JZ))/ZL
SUMM=SUMM+R®Z X
SUMV=R
IF{DCONC(J2)+GT oZX¥el) GO T0 10

| SUMM=SUMMSECONC( J2) #( ZX=DCONC(J2))

10

12

14

16

18

20

4103

SUMV=SUMY=FCONC{J2)

DLMOM{ J1 ) =DLMON{JI1 ) +SUMNM

DLSHR{ J1 )=DLSHR(J1)+SUMYV

CONT INUE

DLMOM{ J1 ) =CLNCN{I1 I +ULSDXRZX/2 4% (ZL=ZX)
DLSHR{ J1)= DLSHR(JI)fULSB*(ZLIZo-ZX’
ZMOML=0 »

ZMOMT=0.

ZSHRL=0 .

ZSHRT=0.

ZNOMAX=0.

ZSHRAX=0 »

ZIMP=1,+50,/7(125.4+2ZL)
IF(ZIMP .GT +1.30) Z2IMP=1,30
IFC{IAASHO.EQ.0) GC TO 16
ZMOML=DISTF*ZINPRULGCADXZX/2.%{ZL=2ZX)}"
ZSHRL=DISTF#Z IMP*ULOAD®( ZL /2,=ZX)
R=CMLOAD®(ZL=2X )/ ZL
ZMOML=ZNOCML+REZXEDI STFxZ IMP

ZSHRL=ZSHRL+R*DISTF*Z IMP

CALL MOMSHR (ZL , ZNWHL sNAXLE » ZX » ZAXLE s ZMOMT 5 ZSHRT)
ZMOMT=ZMOMT*DISTF *Z IMP

ZSHRT=ZSHRT*D ISTF#Z IMP

IF(JLOADL.EG.0) GC TO 18

CALL MOMSHRCZL o NWHL (NWHEEL s ZXs PAXLE s ZMOMA X ¢ ZSHRAX )
ZMOMAX = ZMOMAX D ISTF

Z SHRAX=ZSHRAX*DISTF

BMMAX{ J1)=AMAX] (ZMOML ¢« ZMOMY , ZMOMAX )

BVMAX{ J1)=AMAX1 (ZSHRL  ZSHRT, ZSHRAX )

CONTINUE

ZMAX=0 40

DO 4103 J1=1,7

IF (BMMAX(J1) ¢ GT.ZMAX
CONT INUE

) ZMAX =BMMAX (J1)

 ZMNC=ABS(ACONCK=ACONCI®UWCHZL*%2/ (144 +%8)

$S004010
$S004020
$5004030
$5004040
SS004050
$S004060
SS004070
55004080
£5004090
$S004100
$S004110
$5004120
SS004130
$S004140
SS004150

~ SS004160

$5004170
SS004180
55004190
$5004200
$5004210
55004220
$S004230
$5004240
$S004250
$S004260
$S004270
$5004280
$S004290
55004300
$S004310
$S004320
$5004330
S5004340
$S004350
55004360
$5004370
55004380
$5004390
$5004400
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t

oy

9¢2¢

ZMC=DLMOM(7)

ULT“RO—I.B*(Z‘CL#CLMBM(T)4(5./3:)#ZHAX

)

NIRRT

55004410
SS004420

AC 7 o e e e e e ke e e ok e sk e ok ok e sl e 3ok ek e ok ko ok sk ok sk ol e ok ok dkak ek ko ek Rk ok ke kR ok ak kR k ok kR k kR Rk k¥ %k %SS0044 30

C*%xs% GENERATE DBJECTIVE FUNCTION AND INITIAL CONSTRAINT SET

SS004440

C#***t**#*#****#*#**#*******************##*t****#*tt*******tt*****#*#t%*SSOOQ‘SO

ASSCLR=0,0¢
ASSPLS=0,.1

ZSSCLR=ASSCLR .

ZSSPLS=ASSPLS

ELASC=]1 +04355%{ 1000 «%UNWC ) *%1,.5

NFRCE=0
NEQS=0
INDX=0

IF{JOPT.EQ.0) GC TO 110

N=1485+11*NRAV
. M=11%NRAV+10
GO 1O 112
110 N=1426+411 *NRAV
M=11%NRAV+1
112 KK=M+N=1

K=N+Mm]

IF{JOPT«EQs1) GG TO 108

(s laNe!

COSTFT=100,

G(1)= 1944.*CGSTFT/(4.0*ACGNC)

COSTWP=0.1
108 CALL EQGEN
KODE=0

DEFINE COST COEFFICIENTS FOR DESIGN OPTION

55004460

SS004470
$5004480
$SS004490
$S004500
SS004510
$5004520
SS004530
S5004540
$S004550
SS004560

" SS004570

$S004580
SS004590
SS004600
$SS004610
$5004620

58004630
55004640
£5004650
SS0 04660
SS004670
$5004680
$5004690
S$S004700

CHEIRSRRERREARNFAARRRRRERR R AEXERKRKKAEE RRERER KK KK RARRER XX XK RAEXE S A RR X $XSS004710

Cxx%% ITERATE ON PRESTRESS LOSS
CHAKESESRESREAEN SERREIETE SRR SR EREECKAREEERRARRRRERSERRARAEREREEAXR S XXX 255004730

700 CONT INUE

CALL L?CDEE(NFRCEQNEQSQINDX;KODE:KBOMB)

ann

AMOM=0.,
ASUM=0,

COMPUTE NEw PRESTRESS LOSSES

SS004720

$S004740
SS0047%0
SS004760
$5004770
$S004780
S5004790
S5004800




DO 706 Ji=1,.NRAYV
ASUM=ASUM+X(J1)*AS
AMOM=AMOM=X{J1 ) *AS%D{J1)
DCG=DB0 T=ANON/ASUM
IF(JOPT.NE.O) GO TO 708
FPCR=X {11 *NRAV+1}

GO TO 712

FPCR=4 .0

KNT=11%*NRAV

DO 710 J1=1,10

710 FPCR=FPCR+X(KNT+J1)
712 CALL PLCSS(FPCR,ZMBHQZHC-ZﬂNCoFPSQASUFqACONC.EINERT.B!NERK.DBGT;

#DBOTK + DCG s HUM 3 ZL ¢ ZLCSS » ZINLOS » UNC)

TERMINATE ITERATIONS IF COMPUTEC LONG TERM LOSS DOES
NOT EXCEED ASSUMED LOSS BY MORE THAN 3 PERCENT

IF(KBOMB.NE.O) GO TQ 740
IF{ZLOSS.LE+1.03%ASSPLS) GG TO 740

UPDATE CONSTRAINTS TO REFLECT NEW PRESTRESS LOSSES

READ(4) ARRAY

REWIND 4

JST=112NRAV

RELEASE AND SERVICE STRESS CONSTRAINTS

DO 714 J1=2,13
DO 718 J2=1,JST.
ARRAthl.J23~ARRAY<J1.42)*11.-ZINLQS)/(a.-ZSSCLR)

DO 716 J1=14,21

DO 716 J2=1,JST

ARRAY(J1 4 J2)=ARRAY( J1+J2 )%#(1emZLOSS)/(1.=ZSSPLS)

BOUNDS ON INITIAL CAMBER

JR=22+11*NRAV

IF(JOPT.NE.O) JR=41+11%*NRAV

DO 718 J1=1,11

DO 718 J2=1.NRAV ‘
ARRAY (JR, (J1=1) *NRAV+ J2) =ARRAY (JR, (J1=1 ) ANRAV$J2) *( 1 ,=Z INLOS )/
*(1e=ZSSCLR)

S$5004810
$S004820
$5004830

$5004840

$5004850
SS004860
55004870
$5004880
$S004890
$5004900
§5004910
$S004920
$S0049 30
$S004940
$5004950
55004960
SS004970
$5004971
55004980
$S0 04990
$S005000

' $S005010

ssOosozo
SS005030

' SS005040

S5005050
SS005060

S5005070

£5005080
$S005090
$S005100
$S005110
SS005120
$S00S130
SS005140
$S005150
SS0051 60
$S005170
$5005180

718 ARRAY(JR+1 (Ul =1 )ENRAV+I2)= ARRAY(JR+1.(Jl-l)*NRAV*JZ)*(lo-ZXNLD‘)ISSOOSlQO
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%(1.,=2SSCLR) : SS005200
CRACKING MOMENT CAPACITY $5005210
JR=25¢ 1 1 XNRAV $5005220
IF(JOPT NELO) JR=84+11%NRAV $S005230
DO 719 J1=1,NRAV $5S005240

719 ARRAY{JR,J1) = ARRAV(JR.J:)*(I--ZLOSS!I(I.-ZSSPLS) ' $S005250
IF(!LOSS.LE,O.Z! 11=1 SR - , ' $5005260
IF(ZLOSSeLELD02) 12=2 3 $5005270
IF{0e2 oL ToZLOSSeAND ¢ ZLOSS+LEL0+3) I1=2 $$005280
IF{0 e2 oL ToZLOSS cANDoZLOSSeLEe0e3) [2=3 , $5005290
IF(ZL0SSeGTe0432) I1=3 ' ‘ SS005300
IF(ZLOSS«GT.0.3) 12=4 e ' SS005310
S1=11/10. ; . $5005320
$2=12/10. $S005330
IF(JOPT.NE.O) GO TO 720 SS005340
ARRAY (25+1 1 *NRAV ¢K+1 )==({PECRK{1s [2)=PECRK(1,11))*%ZL0SS/0.1=55005350

 R(PECRK(1,12)%S1=PECRK{1+11)%52)/0.1) 'SS005360
GO TO 726 SS005370

720 DO 722 J1=1,11 : $S005380

722 ZNE(JI1 )={PECRK(J1+12)=PECRK(J1, Ii))*ZLGSSIO.l-(PECRK(J!.12)*51- $5005390

*PECRK{1:11)1%52)/0,1 SS005400

‘ DO 724 J1=1+10 w , $S005410

724 AﬂRAY(QQ’l!*NRAV.IIONRAV+J1)-2o#(ZNE(Jl#l)-ZNE(Jl)) ' $5005420
ARRAY {4441 1 ENRAVsK+1 )—-INE(I) : SS005430

726 CONTINUE , , L _ ) , SS005440

JC=11%NRAV+10 _ - o ' SS005450
JR=44411%NRAV SS005460
IF{JOPT.EQ.0) JC=11%NRAV+1 : ' $S005470
IF{JOPT.EQ.0} JR-25+11*NRAV - SS005480
KODE =1 . SS005490
ASSPLS=Z1L 0SS , : ‘ S$SS$005500
ASSCLR=ZINLOS $S005510
GO TO 700 ’ ~ $S005520
CONT INUE , . ‘ , o . _SS005530

' SS005540

UNSCRAMBLE L.P. NCTATION FOR BONC BREAKAGE SS005550
_ o _ $5008560
DO 402 J1=1,NRAV * N $S005570
DO 402 J2=1.,11 : SS005580
IDX=J1+(J2=1 ) sNRAV : : 55005590




62¢

. S1

402

408

410

412
414
422

X{IDX)
s2 AINT{S1}

IF(S1=S2.GE+0+5) X{IDX) = S2+1
IF(S1=52,LT.0e5) X({IDX) = S2
CONY INUE

DEL=ZL 740,

JT = 0

DO 410 J1=14NRAV

Js = 0

DO 408 J2=1,10

IDX=J1 +{J2=1 ) ¥NRAV ;
IF(ABS{X{IDX)=X({IDX+NRAV)).LE.0.001) GO TO ao08
JS = 4SS + 1

ZWRAP( JSs1)=X( IDX JaX{ ICX +NRAV)
NWRAP{ JSs1)=ZWRAP(JSe1)
ZWRAP(3S,2) = (11=J)2)*DEL
CONTINUE

NSDIF(J1) = Js

JT = JT + IS

IF(JTEQ:0) GO TO 422

DO 414 J1=1:47T

SS = ZWRAP{J1:2)

S1 = AIKT(ES)

DEL = SS<S1

DO 412 J2=1,13

S2=(J2=1)712. '

IF({DEL .CT«S2) GO TO 412

ZWRAP( J1+2)=ABS(S1)

ZWRAP{ J1:3)=y2=1
IF(ZWNRAP(J1+3).LT:12.) GO TO 414
ZWRAP{ J1:21=ZWRAP(J1,20+1,
ZWRAP( 41,4 3)=0.

GO TO &4t14

CONT INUE

CONT INUE

CONT INUE

28=DAY CONCRETE STRENGTH

IF(JOPT .EQ.0) GO TO 648

F28=F (1) ,

DO 642 Jy3=2,11

$5005600
$S005610
$S005620

$50056 30

§500%5640
SS005650

S5005660
SS005670
$S005680
55005690
$S005700
$3005710
$5$005720
$5005730
SS005740

. $5005750

$S005760
55005770
$5005780
85005790
$5005800

' §5005810

$5005820
$S5005830
$5005840
$5005850
55005860

_SS005870
,ssebSaab

$S005890

- $5005900

$S005910
$5005920
$5005930
S$5005940
$5005950
S5005960
$SS005970
$5005980
SS005990
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C

642 FZS‘F28+2.*(F(J3)‘F(J3-I)3*X(11*NRAV+J3-1)

648

LONG TERM CAMBER

SUM=0,

SUML10=0.0

SUMi1=0,0

DO 432 J=1.NRAV
SUM10=SUM10+ASkX(J)
SUML1=SUM11=AS*D{J) *xX{J)

. SUM=SUM+X(J)

STRNS=SUM
EC=ELASCH*SQRT(F28)/1+E403
ES=29.

ECCL=SUM11/SUM10
ENCECC=ECCL
FP=F0*1000.
UWB=UWC*1000.,

CALL CAMBER(ESsEC.AS
®*NDECC s PRLMAX , CBERMAX )
DEFLECTION CALCULATIONS
ECR=ELASC*SCRT{(FPCR)
SUM6=0.0

DO 9057 Jl1=1,11
SUM7=0+0

DO 9058 J2=1,NRAV
SUM7=SUM7+D{J2)*X{( J1=1) *NRAV+J2)
YIC={{11=J1)%kZ2L J40 ., 4+7ZL/80.)%12,
DJC=ZL/740.%12.

IF{J1.EQel) YJIC=3, *ZL/S.tlzo
IF(J1.EQ.1) DJC= ZL/‘.*IZ.
SUME=SUME+ SUMT*D JCk Y IC

+ STRNS,UWB

DEFBWK=(=22, 5$UB*ZL$#4-(1.-ZLDSS)*FO*SUMG)/SOOO./BINERT

DEFCF=0.

IF{JCONCNE.1) GO TO 2445
DO 2444 UN=1,10
ZB8X1=ZL=DCCACC(JIN)
Z8X2=DCONC {UN)
ZBX=AMIN] { ZBX1,2BX2)%*12.

DEFCF‘DEFCF+FCONC(JN)*ZBX*(3.*ZL**2*144--4.*ZEX**2)/48.

CONT INUE

DEFBHU’(‘ZZ.S*(ULSB#!B)*ZL**Q-(lo-ZLOSS)*FO*SUHé*DEFCF)/SOOO./

sACONC,ZL

SS006000
SS006010
$5006020
SS006030
SS006040
SS006050
SS006060
$SS006070
$S006080
$5006090
SS006100
SS006110
$S006120
$S006130
$S006140

; o SS006150
sECCLsBINERT +FP ,ESS006160

$S006170
$5006180
$S006190
$S006200
$$006210
$S006220
55006230
$5006240
$S006250
SS006260
$S006270
55006280
$5006290
SS006300
SS006310
$S006320
$S006330
$S006340
$5006350
$S006360
SS006370
$S006380
$SS006390




*B INERK ' SS5006400
ULTIMATE MOMENT AND CRACK ING MOMENT CAPACITY S$S006410
DD=DTOP+ECCL SS5006420
CALL ULTMPISUMI0,F28,FPS,APRIME FPL,DD+DDIN,FSY+DCR, ' $S0064 30

kY¥1sY2eY¥39Y8971922+Z3:28,+2NMUL) $S006440
SUM8=0.0 $S006450
DO 9056 J2=1,NRAV : $S5006460

9086 SUMB=SUMB+ (]  /ACONC=D(J2)/728) %X (42) 55006470
ZCRACK=((1+mZL OSSI*ZBK¥FCRSUMB+7.5%7ZBK*0,031623%SQART(F28) =W *ZL*%255006480
178+.%12 +%2ZBK/2E)/12. SSC 06490

C ***********************************#*******#****** Ak Ek kB RER R X RS AR %X XKSSQOO0ESOD
Cx*¥x%x PRINT QUT RESULTS SS006510
Cok ok ok kg ******************t************************************** *xx%x%xxSS006520
WRITE(6,60C) 55006521
IF(KBOMB.NE.O) WRITE{6,70) S5006522

70 FORMAT{SOXs32("%* )3 /50X +**SORRYs THIS BEAM WILL NOT WORK=X',/,50X,55006523
xX32( v %% )} SS006524
IF(JUOPT .EQe0) WRITE(E,622) €S006530
FORMATL / T 447X »*THE COMMAND IS TC SELECT STRANDS?®* 48X, ) 55006540
IF(JOPT sEQel1) WRITE(E,€23) S5006550
FORMAT( 7/ »°* T 2SO0X s *THE COMMAND IS TO OPTIMIZE®*,S1X,* *) SS006560
WRITE(6,601) 550065790
WRITE(6,624) $S006580
FORMAT(? X1 ,S54X,*CESIGN PROPERTIES? 56X, %) SS006590
WRITE{ E,602) SS006600
WRITE(6,603) SS006610
ZLS=Z1. 0SS*100. SS006620
ZINL=ZINLOS*1C0. » SS006630
WRITEL6+625) FPLRLECRLZINLF2B,ZLS $S006640

€25 FORMAT(?® %°* ,4X,'RELEASE STRENGTH = ' ,F5,2,* (KSI)®*+4X,*"CONCRETE MSS0O06650
10DULUS{RELEASE) = ® 4F7e14+* (KSI)®*4a4X,?INITIAL PRESTRESS LOSS = ?,S55006660
2F5.2:% PERCENT® 44X, 7%k8/% %?2,4X,228mDAY STRENGTH = 9,F5,2,°* (KS1)SS006670

3% 50X, *TOTAL PRESTRESS LOSS = " ,FSe2+s' FERCENT' 34Xy *%?) S$5006680
WRITE(6,602) SS006690
WRITEL6,601) SS00€&700
WRITE(6.,628) : SS006710
FORMAT(* *?,56X+*CESIGN RESULTS® ,S7Xet%*") §SS5006720
WRITE(€,602) SS006730
WRITE{ 64603} SS006740
WRITE(€,625) SS0067590
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C

FORMAT(? %9 ,SE(2,7), *STRAND LAYOUT® S8 ?,%) ,9%3)
WRITE{(6+603)

WRITE(6,63C)

FORMATL{® %x*,31X, "ROW?,7Xs*STRANDS
1e87Xs" %% 5 /4% %? 30X s *NUMBER PER RCW 379X, *%%)
JCNT = 1
DO 631 K
INTX=X{K) _
"ISTP = NSDIF(K) + JCNTmi

IF(NSDIF(K),EC+0) WRITE{E+640) K, INTX

630

1. NRAV

'SS006760

§$5006770
$5006780

WRAPPED STRANDS IN EACH RCW'SS006790

$S006800
S5006810

- 'SS006820

$5006830
$5006840
$5006850

640 FORMAT(?® *’y32X:1209X03301Xg6X.’THERE ARE NO WRAPPED STRANDS IN THSS006860

115 ROW? 34X, " %1%)
IF{NSDIF{K)sEG«0) GC TC 631
IF{(NSDIF(K)eGTos1) WRITE(6,632)

1ZWRAP{ J3+3) +J3=JCAT,L,JSTP)
IFI(NSDIF({K)eLES1) VﬂITE(6990?3)K9INTX’(N.ﬁﬂp(J311).ZfRAP‘J3v2,’

lZﬂRAP(J3'3)’J3~JCBT'J$TP)

632 FORMAT(® %1 ,32X 312:e9Xs13e1Xe6Xs1I3 ,°
I1FT = 3 ,F4,157% INCHES? 429X+ %%,/,(% %% ,53X,13 '
20R *3F4al s FT = '3F4,19% INCHES®*320Xs9%%))

9073 FORMATI(? X* 432X412eSX+s1341Xe6XsI3 4+ STRANDS WRAPPEL FOR *,F4 .1,

IFT = ®,FA41s* INCHES?®,29X,7%?) ' k

JCNT JCNT + NSDIF(K)

WRITEL 6,603)

PUT STIRRUP SPACING & CAMBER PRINT 0OUT. RGUTINES HERE

WRITE{6,6C3)

CBRI= ALDEF‘X(KK‘“)*‘-E+C4/(ELAQC*QQRT(FPCR)*BINERT,

'RITE(60634,CBRUAX(I)QCERIQCBRﬁAX(Z)’DEFBHK,CBRﬂAX(3)’DEFB'U,

1CBRMAX(4)

IFCCREEP] «NE Do) WRITE(6,5049) CBRMAX(S)

634 FORMAT{1X+"%? oS3(*4%)s'CCNPUTED CEFLECTION®,SS(®a?)®%%?/1X,"%0,
1127Xe * X2/ 1Xg %2 422X 5 *SHORT TERM® 425X ? %? 29X *LONG TERM® ,30X,
2V /71X oK% gSTXo? %! 468Xe "X/ 1Xe* %9, 8Xo *CONDITION® 3OX %2 ,3X 4
4" MODULUS® 93X 2%%® 33X s CEFLECTION® 43X,°
SXePx®, I6EXs* X%54,3X, FEL,2,°
ORTIES)I®* o13X " %070 k8, 22X, "BMWT #,20X e % %%, 3X, 'RELEASE® ¢ 3Xs*%?,2X,
TF Se29s® INCHES® 42X+ %? 43X +FSe2,* INCHES (BASED UPON®,

3*' ODESSA CONCRETE PROPERTIES)I*,13X,%%*/
BIXs?%X? 32X "BNUT ¢ KEY?® 14X 4% %0,8 5 MILLION®92Xs%%%,2X,F5.2
9* INCHES®%s2Xe* %% ,3X,FEe2,°

Kes INTXs{NWRAP{J351) +ZWRAP(J3,2),

STRANCS WRAPPEL FOR *,FG .1,

631

$5006870
$5006880
$5006890

- SS00€900

S$5006910
S50069290
$5006930

STRANDS WRAPPEL FSSC006940

$80C6950
SS006960
§$50069790
$S006980
S$5006990

- $S007000

$5007010
$S007029
§50070390
S5007040
§5007050
SS007060
S§SS007070
$S007080

*000BX e 'K/ IX e " R",26Xs*%?, 1355007090
INCHES (BASED UPON DALLAS CONCRETE PRGPESS007100

§S007110
s$S007120
SS007130
sS007140

INCHES (BASED UPCN SAN ANTCNIO CONCRETSS007150




1E PROPERTIES)®s BXe®%9/1X+%%% ,2X,*EMWT + KEY + DEAD LOAD'+2X, S$S007160

29% 1,95 MILLION® 32X 4%%? 2XsFE029% INCHES® 32X," %% ,3X,F5,2,% INCHESS007170

3S (BASED UPON LUFKIN CONCRETE PROPERTIES) ®,13X,%%?) SS007180

9049 FORMAT(IXs"%® s26X+°#% 413X %? 16Xs* *9,3X,F5.2,* INCHES (BASED UPDSS007190
IN GIVEN CONCRETE PROPERTIES)* ,13X,%%7) $S007200

C $S007210
C STIRRUP SPACING OUTPUT , $5007220
c ‘ - $5007230
DO 9078 Ji1=1,7 ; SS007240
ZX=(J1=1)%21./10, $5007250
IF(J1eGToa3) ZX=(J1=2)*ZL /10, , . 'SS007260

IF(J1 +ECe8) ZX=2L/4 o €S007270
VU(J1)=1.884%(WBX(ZL/2+=ZX)+DLSHR(J1145./3.%¥BVMAX(JL }) 55007280

CONT INUE : . $S007290
WEB=2. %WDD IM $5007300

DO 9075 J1=1,7 ‘ o , $S007310

J2=0 $5007320
IF(J1.EQs1) J2=10%NRAV ' $S5007330
IF(J1.EQe2) J2=EXNRAV $5007340
IF(J1+EQe3) J2=2%NRAV SS007350
SUM1=0.0 SS007360
SUM2=0,0 ' : $S007370

DO 9076 J3=1sNRAV , $S007380
SUM1=SUM1I4+ASEkX(J2+43) ‘ $S007390
SUM2=SUM2=AS*D{ J3)%X{ J2+J3) - SS007400
IF(SUM] +LT+0.001) DISTCG=DTOP+ECCL » $S007410
IF{SUM1 .. T.0.,001) GO TO 9091 ~ SS007420
DISTCG=DTOP+SUM2/SUML - 55007430

9091 CALL sHEARtuEB.Doxm.DIsrcc.an Fsv.AerRp.vutdxa,spACE) $S007440
STRSP( J1)=SPACE , $5007450

9075 CONTINUE : _ I : SS007460
WRITE(6,603) ' ' : : $S007470

, WRITE{6,9077) ASTIRP,(STRSP( J4) +J84=1,7) $S007480
9077 FORMAT (1X %% ,36(*+ "), *STIRRUP SPACING = AASHTO 1973 = STIRRUP ARESS007490
SA = ",F4,2¢" IN2%36(%.?),%%0/ SS007500

11 Xs2%0, 127X, *%0/1X, '*‘osxo'SECTIGN'QIOX"*'95!:’0/10’ 25X s20%? SX, SS007510
2%1/710% +5Xo%%% ,5X4%'2/10° 05)(”*'05Xt'1/4'06X9'*'05Xt'3/10'05x’ P ke, sSS007520

35Xe P4/ 1C% 9 SX o "X EX PS5 /100 e5X o083/ 1Xe%? 422X o7 %% ,7(14Xe%%8)/1X,*%¢SS007530

4 sSXe?*SPACING (IN)* sAX o8, T7{4AXsFS.2s5Xe2%%)) SS0078540
$5007550
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COST DATA PRINTOUT

IF{JOPT.EG.0) WRITE(6,603)
IF{JOPT .EQ.0) GC TO 9020
CONCV=ACONC/ 184 4%ZL /27
STRET=STRNS*ZL

WRPFT=0 .0

J2=0

43=1

DO 433 Jl1=1,NRAV
IF{NSDIF{J1).EQ.0) GO TO 433
J2=J2+NSDIF(J1)

Ja=J43

DO 436 I=J4,42

WRPFT= WRPFT&ZWRAP(I;!)*(Z&RAP(i;2)+{ZWRAP{1;3)/12 ))

JI=JI+ENSDIF(J1)
CONT INUE

CONT INUE
JC1=11%NRAV+1
DO 434 J1=JC1l .M

COSTC‘G!J!'I!*NRAV)+X{JI)*2.*(G(JX-II*NRAV41!-G(Jl—li*NRAV33

IF(X(J1)eNE.0.5) GO TO 435
CONT INUE

CSTCON=CCSTC*CONCY
CSTSTR=STRFT*COSTFT
CSTWRP=WRPFT*CCSTWP*2 .
CSTTOT=CSTCCN+CSTSTR+CSTWRP
CPRCST=CSTCON/CSTTOT*100.
SPRCST=CSTSTR/CSTTOT#100.
WPRCST=CSTWRP/CSTTOT*10C,
CSTPFT=CSTTOT/ZL
WRITE(6,603)

WRITE(6.670)

KS5(040) %)
WRITE(6+6C3)
WRITE(6+671)

671 FORMAT{XXv'*'QSXo'ITEN'o!SXy'A”CUNT‘ngXc‘COST’oSXo'PERCENTAGE OoF

I1TOTAL COST*9EXe *%?,3GX,%%7)
WRITE(S5.,672) CSTTOT
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$5007560

- 85007570

$5007580
SS007590
$5007600
S5007610

- 85007620

SS5007630
S5007640
55007650
SS007660
S$S0075670
S50C7680
S8007690
SS007700
§S007710
SS007720
SS007730
$5007740
580077590
§5007760

 SS007770

S$sS007780
SS00677990
$5007800
$S007810
$5007820

'SS007830

SS007849
SS50078S0
S50078690
£5007870
§5007880

670 FORMAT{ 1IXs'%%,84(0,°), ‘CGST AND MATERI AL REQUIREMENTS OF BEAM® 4,4S5007890

55007900
$5007910
$S007920
SS007930
SS007940
S5007950




672 FORMAT{1Xs " %¢,87X+%%%4 7X, *TOTAL COST OF BEAM $ * ,F8e24+2Xs'%") SSD07960

, WRITE(6+673) CCNCV, CSTCONoCPRCST $S007970
673 FORMATL 1X %" ;6Xs *CONCRETE*? ¢OXsF7e2+? YDX#37,5X+°5%,FB8e2414XsF5.255007980
19 X's15Xe *#9,3GX,?%9) $S007990
WRITE(6:,674) STRFT,CSTSTRsSPRCST+CSTPFT $S008000

674 FORMAT(IXe*#*9 ,7Xe? STRANDS® 410X oF702+® FT?,8Xs78% ,FB8.2,18X,FS5.2+" %X55008010
1% 415X, * %%, 7X, *COST PER FOOT $ "oFB8e2s2Xs0%x?) $5008020
WRITE(6+675) WRPFY,CSTWRP+WPRCST $5008030

675 FORMAT(1X, %% ,3X, "WRAPPED STRANDS® 46XsF7e2¢% FT®,8X 787 ,FB8.2+14X,FSS008040
15020% XTe15X e 2% 0,39X, 147 ) $5008050
WRITE(6,676) ' 55008060

676 FORMAT(1Xs *#¢,127Xs *%7/1Xs %% ,5Xs * DOES NOT INCLUDE END SECTION® ,9SS008070
£3X, 0% ) ; $5008080

9020 WRITE(6,6C2) $S008090
C $50081 00
c 'CRITICAL CESIGN FACTGRS OUTPUT / , - $5008110
C 55008120
o WRITE{(6,600) $5008130
W DO 800 J1=1,6 SS008140
DO 800 J42=1,5 ‘ $5008150

800 KSYM(J1+J2)=EX{1) $S008160
WRITE(6,602) ' , ) ‘ $SS008170

, WRITE{6,810) $S008180
810 FORMAT{1X+%%%,52X,*CRITICAL DESIGN FACTORS 452X, *%?) $50081 90
WRITE{€,602) $5008200
WRITE(6,603) S5008210
WRITE(6,811) ~ 55008220

811 FORMAT(® %8,23(%,%) ,"RELEASE STRESSES"+24(?e?)e? %' ,21(*,%),"SERVICSS008230
1E LOAD STRESSES®+21(% %) +7%3/¢ 390,12X,*(SYMBOL X DENOTES STRESS ATSS008240

2 ALLOWABLE)®* 4s13Xe%%?,13Xx,* (SYMECL X DENCTES STRESS AT ALLOWABLE)®*, SS5008250
312Xe %% 0 /0 %V, E63X "k V,EIXNL X)) ) ‘ $5008260
WRITE(6.,812) $5008270

B12 FORMAT{ ' X9 ,2XeSECTION % ,7X,?STRESS TOP* +8X,'*? ,6X,*STRESS BOTTSS008280
1OMT,6X 4 %% 42X, ¢ SECT ION A ,7Xs *STRESS. TOP®? 48X:"%* ,6X+?*STRESS BOTTOSS0082990
OMI gBX o TR /0 %7 11 X%k OXe? (KSTI) ol1Xe?%k0,10X s {KSID?e10X,?%%,11X%X45S008300

FO RV OGNy VIKSI I g 11X, *%2 10X 2(KST)? 410X, %0 /7 k¥ 411 Xs®%k? 25X, %*,2555008310

GX 29%9 3 11X 5 1H? 425X " %9 ,25X,%%%) ‘ , §5008320
DO 801 J1=1,6 : : k §5008330
XSX1=(J1=1)/20.%2ZL 55008340
XSX2=(J1=13/10 %20 $S008350
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ZMI=WAXSX1/2.%(ZL=XSX1)
ZMIB=WBAXSX2/2 e ¥ {ZL=XSX2)

ZMUBK=DLMCM{J1)+BMMAX (J1)

IF(J] +GT o3 ) ZMIBK=DLMOM{ J1+1)+BMMAX{ J1+1)
J3=(10=(J1 =1 )%4 ) RNRAV

IF{J1.GTe3) 43=0

SUM1=0.0

SUM2=0,0

SUM3=0,0

SUM4=0 .0

DO 804 J2=1,KNRAV

SyUMlL= SUM1+(-(l.lACOhC+D(J2)/ZT)*X((12-2*J1)*NFAV+J23)
SUM2=SUM2+ (= (1 +/ACONC=D(J2)/7Z8)%X{(12=2%J1)*NRAV+J2))
SUM3=SUM3+ (=1, /ACONCK+D{J2)/ZTKIXX(I3432))

SUMA=SUMA+ (= (1. /ACONCK=D( J2)}/ZBK)*X{J3+32))
STRESS(J151)=((1e=ZINLOS) *FOXSUMI=ZMJI*12./ZT)%(w=1,)
STRESS(J1+2)=({1.=ZINLCS)*FORSUMR+ZMI%X12,7ZB)#(=1,)

STR=CTR1
SCR=CBR1
S$TS=CTS1
SCS=CB S1
IFUXSX1eLEeZL/10e40+1) STR=CTR2
IFIXSX] eLECZL/1040 1) SCR=CBR2
IF{XSX2eLEeZL /10.40e1) STS=CTS2
IF(XSX2.LE.ZL/10.4#041) SCS=CBS2

IF STRESS WITHIN 1 FERCENT OF ALLOWABLEs CALL IT CRITICAL.

IF{STRESS(J1 +1) el Ee=s00099%STRESGRTIFPCR*1000,)) KSYM{J1,1)=EX{(2)
IF{STRESS{J142)4GEe eIG*kSCR*FPCR) KSYMI{J1.2)=EX(2)
IF{STRESS(J1+3)GE¢«99%SCSH*F28) KSYM( I1s3)=EX{2)

IF(STRESS(J1+4) oLEe=.00099%STS*SORT(F28%1000.)) KSYM(JIs43 EX(2)
IF{Jl1eNEe1) GO TO 9053
IF(STRESS(!’3§oLE--.00099*575*50RT(F28*1000 )) KSYM{1,3)=EX(2)
IF{STRESS(1 +4)eGE««99%SCSEF28) KSYM{1 »4)=EX(2) ‘ :

CONT INUE

Ja=Jl=}

WRITE(E+812) JA.STRESS{ UL e1 ) o KSYNM(JIL +1) +STFESS(J192)eKSYM{J142),

$SS008360
$S5008370
55008380
$S008390
SS008400
$S008410
$S008420
SS008430
$S008440
S5008450
$S008460
55008470
$5008480
SS008490
SS008500
55008510
SS008520

STRESS{J1+2)={(1.=ZLOSS )*FOXSUM3I=ZMJIB%12,/2T=ZMIBK*12,./Z2TK)*{=1,)SS008530
STRESS{J1,4)=((1.=ZL0SS I¥FO*SUMA+ZMJIBX12,/ZB+ZMIBK*x12./ZBK)*{=1.) SS008540

$5008550
S5008560
$S008570
$5008580
$5008590
55008600

- 85008610

$5008620
5008621
SS008622
$5008623
SS008630
SS008640
$S008650
SS008660
S5008670
SS008680
S5008690
$S008700
55008710
SS00B720




*JQsSTRESS(JL1 +3)aKSYM{J1,3),STRESS(J154),KSYM{J1+4) §5008730
IF(X{KK=J1+1) eECs0s) KSYM{JI1,5)=EX{(2) SS008740

801 CONTINUE SS00B750
813 FORMAT(® % ,8X,11:°720% 43X ¢%%® e6X3E116453XsA1,8Xe*%*36XsE114443X4ASS008760
116X %0 34X 0197 /10% 33Xtk o6X3E1104 33X Al 98X ,2%? ,6X,E11.4,3X,Aly SS008770
24Xy ¥ %) : 88008780
WRITE(6:814) ' 55008790

814 FORMAT(? **.1xx.-*-.2=x,-*=.2=x.'*-.xxx.-**.zsx.'*'.25x.-*'/- x*, SS008800
11100, )30 RO DB 0,0 ) 0ko, D5 ,0 )0kt 11(04%),2%8,25(",%),9%*,25(%,*55008810

2),4%0) , 55008820
WRITE(6,603) $5008830
WRITE(6,822) ' sso0es8a0

822 FORMATU(1Xs 9% ,50(%,%),°LEIST OF DESIGN CCNSTRAINTS®i51(*+%),%%*/1%,55008850
19 %% ,37X,(SYMBOL X INDICATES CONSTRAINT CONTROLS FINAL DESIGN}*s SS008860

237Xs* %4 ss0ces70

WRITE(6,603) : $5008880
IF(CBRI +GE «ALDEF=04,05) KSYM(63sS)I=EX(2) ssooBs8t

o IF(CBRICLECDEFNIN0405) KSYN(5,5)=EX(2) _ sspoésa2
@ WRITE(6+805) KSYM(2,5)3KSYMIA4;5)sKSYM{535) sKEYM(145) 2KSYM(3,5), $5008890
*KSYM{B :5) $5008900

805 FORMAT(1Xs V%% o16X+9 MINIMUM CONCRETE STRENGTH?+3X»A1411X+*ULTIMATE S5S008910
IMOMENT 53X Al 11X, *MINIMUM INITIAL CAMBER® 43X,A1+15X»*%¢/1X%%*, 55008920
216X, ¥ MAXIMUM CONCRETE STRENGTH®3XsAl511Xs *CRACKING MOMENT® ,3X+A1,5S5008930

3 11X "MAXEMUNM INITIAL CAFQER';3X¢AI.ISX,'**) sS5008940
WRITE(6+603) $S0 08950
WRITEL(6:602) : S5008950

el . 85008970
C DESIGN SHEAR AND MOMENTS AT TENTH POINTS 35008980
c o SS5008990
WRITE(€4+5C4S) _ ‘ - SS009000

9045 FORMAT (/) 4 - : . . §s009010
WRITE(6:662) §5009029
WRITE( 659041 ‘ '$5009030

9041 FORMAT{1X,s*%? 451X MOVMENT AND SHEAR SUMMARY?, 52X, ***) $5009040
WRITE(6+602) $500905%
WRITE(6,6023) SS009050
WRITE(6+9042) $S009075

9042 FORMAT{1X»s**7 ,5X,s *SECTION® s5X+2%,6X, *BEAM WT.? STXs K0 421X, %1 ,21XS5009080
1o ®ho g 21X P47, 21Xe *X0/1X5 2R 0, 17Xs?%?,3Xs "PLUS SHEAR KEY? 24X ,* %* 6X455009090
29 O0THER Dol e® 55X 4% %7 30X s Lol o® ¢8X5* %2 3 8Xs " TOTAL * 48X * %% 7X; *ULTIMATSS009100
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BE®e6X2 VXV /Y KT 17X 1KY ,4(TXy *"MOMENTS? 47X+ 7%7) 48Xy *SHEAR? 38X *%® /* SS009110
%%, 17X € 4 (TX s " AKIPOFT)® o6X s %9 ) e8Xe *{KIPS) s 7Xs "7 /1X:%%?,17X,S5S006120
ST, 5(21X, *%%)) $5009130
DO 9040 J1=1,7 , : ; o 55009140
ZXx={J1=1)%2L /10, ' $5069150
IF(J1eGTe3) ZX={J1=2)*ZL /10, : $5009160
IF(J1+.ECed) ZX=2ZL/4, ; ‘ , 550091 70
J2=Jl=1 , $S009180
IF{J1+GTo8) J2=Jlm2 SS009190
ZMIB=WB*ZX/2 + ¥ (ZL=2ZX) : : SS009200
ZMJIT=ZMJIB+DLMOM{ J1) +BMMAX(J1) $5009210
VUCJIL1)=1.484% (WBH(ZL/2.=ZX)+DLSHR{J1)+5,/73%BVMAX{J1)) $S009220
IF{J1+EQGed) WRITE(6+,9043) ZMJIB,CLMCM(J1 ), BMMAX(JI1),ZMIT,VU(JI1) S5009230
IF{J1 eNEAIWRITE(6,G047) J2,ZMIB,DLMOM{J1 ) oEMMAX(J1) » ZMIT, VUL J1) $5009240
CONTINUE $5009250
FORMAT{ IX o 2% ;6XsI1 29 /10% 47X s? %7 35 ({4X sE12+555Xs1%?)) , $5009260
FORMAT (1X, *%9 3 6Xs 91 /49 ,8X?%® ,S{AX,E12595X,?%%)) ' $5009270
WRITE(6.,603) : SS00S280
WRITE(€6.5044) ULTMRG,ZMUL »ZCRACK . $5009290
9044 FORMAT {1Xse %% ,42X,*ULTIMATE MOMENT REQUIRED = ",E12+5,% KIP=FT? ,3955009300
1Xe0k? /1 Xe¥%? s42X o *ULTINATE MOMENT CAPACITY = *,E12.5s? KIP=FT?*, 32SXS5009310
259KV /1X s 2% ,42X 5 *CRACKING MOMENT CAPACITY = ¢,E12.5,°% KIP=FT?,39X,55009320
3o xe) : SS009330
WRITE(6,6032) : ' SS009340
WRITE(E,602) ’ , : SS009350
WRITE(6:,641) ‘ 55009360
FORMAT(1H1) . $5009370
NCOUNT=NCOUNT +1 : ' ' $S009380
GO TO 3007 : $S00$390
CONT INUE ' SS009400
STOP : , $5009410
END ~ : $S009420




SUBRQUT INE EQGEN $§5009430
COMMON/BLK1/ ADIM,BDIMsCDIM,DDIM EDIMFDIM,GDIMHDIMTDIM, $5009440
IWDDIMsWHDIMs XDIM, YDINJACONC+BINERT«DTOP+DBCT +»2T+2Z28+ ACAONCKS $5009450
2BINERK s DTOPK s DBCTK s ZTK s ZBKs ZL 9 F2845 JOPTs ASSCLR s ASSPL S+ APRIME, - 850609460
3CBOTsCOSTUFP sCOSTFTHDEFNMINJALDEF s NRAV 4 NWHEEL,DISTF,FPCMAX, ' SS009470
AFPCMING ELASCLo, ULTMRQ+CTOP s WeWBFO,L,DCR S5009480

COMMON/BLK2/ PAXLE(18)+NWHL(18)+,STRMAX{26)FCONC(10),DCONC(10), $5009490
16€113:+F(11)eD(10)+GRIDS(26) +BMMAX(7) +EVMAX{7) s CBRMAX{(S)+PRLMAXI(S5},SS009500
2DLMOM{7 ) CLSHRUTISPECRK( 11+4),ZL0S(4) + ZWRAP({ 10+3) +NSDIF(4) $5009510

COMMON/DEF INE/ UWCsHUMAS+FPS,CTRL4CTR2,CBR1,CBR2,CTS1,(TS2, S$5009520
1C5$l9CBSZoCREEPI CREEP25 SHRK1 s SHRK2 sRATNOD s FPL 4F SY, ASTIRP S50095 30

COMMON/YZ2/21+22+37Z3+:24:Y19Y2+Y3.Y4 SS008540

C OMMON/ZDUMP/ TITLE(3:+54),YJ(11),FROW(26), SS009550
1PEF{50+3)9s ZNE(11),KKODE(4).ZMCR(4) SS0069560

COMMON/D314/ NsMARRAY (1564276 )+8B(276)sX(276)eXD(276):0BJ+sKP1,K SS009570

JRR=28+11%NRAYV , , $S009580

JCC=1+11%NRAV , $S009590

IF{JOPT«NE«D) JRR=46+11%NRAV $5009600

IF(JOPYNE Q) JCC=10+11%NRAV SS009610

DO 2 J1=1+JRR ‘ : $§S0C€9620

ARRAY( J1 +K#+1) =0.0 $S009630

DO 2 J42=1,JCC : . S50096490

2 ARRAY{(J1,J2)=0. SS0086S)D
ek sk e ok 3k 3k ok ok o kK koK ke oKk etk ok ok ok ok ke ok ok ol ok ke Kok ke Rk Aok Rk ok R ok ok kokok kR ok k kR kR Kk kkk kk k%k%kSSC 09660

C OBJECTIVE FUNCY ION v . $S009670
C****#*******#**************************t*******************#*#****#****55009680
DO 4 J1=1sNRAV $S009690

DO 5 J2=1,11 _ $5009700
ARRAY{12( J1=1)%11+J2)=24 #COSTWPAZL/80 + $5009710
ARRAY{1+J1)==(COSTFT*ZL+ 0, 5*COSTWP*ZL) $5009720

ARRAY (1 sNRAV#11+1 )==ACONC*ZL*G(1)/1944, $5009730

IF{LJOPT.EQe0) GC TO 8 ' ‘ SS0097490
DO 6 J1=1,10 $S009750

6 ARRAY(I,[;*NRAV+J1)”ﬂCONC*ZL*(G(JI+lQ-G(J!))/IQQQ. v SS009760

8 CONTINUE ’ ; $SS009770
C e ok o ko R ok koo ok oK ok ok ok ok o ok K R OR KK R ok koK ok KR Rk kKRR Kok R Rk Kk kR kR Rk k Kk SS009780

C RELEASE STRESSES = CONSTRAINTS 1 THRU 12 §S5009790
C**#*t********#*##*********************************************t*****t**55009800
FO = 0 «7*ASXFPS 5009819
W=UWCXACONC/144 . ' 550¢€%820
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DC 16 Jl=1,11,2 $5009830
ZX=(11=J1)%ZL/40. , sS009840

ZMI=0 e SHWH{ZL % ZXmZX%%Z) %12, - SS009850
JR=1+J1 ' $5009860
ST=CTR1 : SS009870
SC=CBR 1 ‘ : SS009880
IF(ZXeLEeZL/10e+el) ST=CTR2 : ; SS009890
IF(ZXeLESZL/10s4+21) SC=CBR2 , : SS009900

DO 10 J2=1,NRAV SS009910
ARRAY(JR.(JI-I)*NRAV+J2§—-(1.-ASSCLR)*FG*(1./ACONC+D(J2)IZT) $5009920
ARRAY{JR+1,{J1=1)*NRAV+J2)=(1 ,=ASSCLRI*FO*x (1 ./ACONC=D{J2)/2ZB) $5009930
IF{JOPT.EQ.0) GO TO 14 , SS009940

DO 12 J2=1,10 SS009950
ARRAY{ JR,NRAV*11+J2)==,0074535%ST ’ S5009960
ARRAY{ JR+1 ,NRAVX11+J2)==SC $S009970
ARRAY{ JRyK#+1 )=ZMJ/ZT++063366%ST 5009980

ARRAY { JR+1,K+1 )= sz/za+4.o*sc '§5009990

GO TO 16 $S010000
ARRAY{ JReNRAVX11+41)=m,0074535%ST ‘ $S010010
ARRAY{ JR+1,NRAV*11+1 )==SC ‘ $5010020
ARRAY(JR,K+1 )=ZMU/ZT+.0335524ST €5010030
ARRAY{JR#1 K+1 )y=ZMy/s28 e , , $S010040

16 CONT INUE ' , $S010050
CRmpk Rkl kok g Rk Kokok akokkok ok ok kkkdkok Rk ok okokdk kR kR kR ok kkk Rk kR kAR Rk B Rk R k&SSO 10060
C SERVICE LOAD STRESSES = CONSTRAINTS 13 THRU 20 ‘ SS010070
{C %k ek ook ks 33 ok e sfe kol ak s ok e ok ofe ol e afe 3 ak aalk 3 ki ok ok Ak ok sk ok o 3K 3k ok dk ak *****#*****#***#********** $S010080
C CONSTRAINTS 13 THRU 18 : - $SS010090
WB=UWCXACONCK/144, ‘ SS010100

DO 24 J1=147,2 : SS010110
IF(J1.EQ.S) GO TO 24 : $5010120
IF(J14EQe1) ZNJE=BMMAX(7)%12.+DLMOM{7) %12,  §S5010130
IF(J1.EQe3) ZMJIB=BMMAXE3IX12.+DLMCM(3)%x12, $S010140

IF(J1 .EQe7) ZMIB=BMMAX{2) %12, +DLMOM{2)%12, : $S010150
ZX=(11=J1)%*ZL /40, , ) SS010160
IF(J1.ECel) ZX=2L/2. $SS010170
quzo.5*uat(ZLtzx-zx¢:z)¢12. } SS010180
JR=13+J1 : , SS010190
IF(J1EQ.7) JR=18 $5010200
ST=CTS1 $S010210
sC=CBS51 , $S010220




30

IF(ZX oL EeZL/1044e1) ST=CTS2
IF(ZXeLEeZL/1C0e+s1) SC=CBS2

DO 18 J2=1,NRAV

ARRAY ( JRs (J1 =1 ) %NRAV+J2)=(1 +m=ASSPLS)*FO%{1+/ACONC+D( J2)/2T)
ARRAY( JR+ 1,{J1=1) *NRAV#I2)c=m(] emASSPLSIXFOX(1./ACONC=D(J2)/2ZB)
IF(JOPT.EQ.0) GO 10 22

DO 20 J2=1410

ARRAY({JRINRAVH 114 J2)==2,%xSCH{F (J2+1)=F(J2))

ARRAY ( JR+1sNRAV*114J2)==,014907%STH{(F(J2+1)=F(J2))

ARRAY ( JR,K+1 )=mZMJI/ZTmZMIB/ ZTK4SCHF(1) ,
ARRAY{( JR#+1,K+1 )==ZMJ/ZB=ZMIB/ZBK++ 0074535 STHF(1)+.033552%ST
GO TO 24
ARRAY{ JR,K+1
ARRAY ( JR+1 K+ 1
CONTINUE .
CONSTRAINTS 1S AND 20

DO 26 J2=1,.NRAV
ARRAY(20¢NRAV*10+J2)'-(1o-ASSPLS)t(1./ACDNC+D(JZ)/ZT)*FD
ARRAY( 21 NRAVE1C+J2)=(1.=ASSPLSI*{1./ACONC=D{J2)/ZB)*FQO
IF(JOPT.EG.0) GO TO 30

DO 28 J2=1,410

ARRAY( 20 NRAVH* 114 J2) ==e014G074CTS2%(F (J241 ) =F (J2))

ARRAY (21 s NRAVX114J2)==2,%CBS2%(F(J2+1)=F(J2))

ARRAY( 20, K+1 =e0074535%CTS2%F (1) +.033552%CTS2
ARRAY( 21,K+41 )=CBS2*%F( 1)

GC YO 32
ARRAY( 20,K+1
ARRAY{21+K+1

Y==m2MJ/ ZT=ZNM JB/ ZTK+SC*F28
=mZMI/ZB=ZIMIB/ZBK+« 031623 %SQRTI(F28)%ST

I=CTS2%,031623*%CTS2%xSQRT(F28)
1I=CBS2*F28

SS010230
$5010240
$5010250
$S010260
55010270
$5010280
$S010290
$5010300
$S010310
$S010320
$S010330
$5010340
$S010350
$S010360
S$S010370
$5010380
SS010390
$S010400
55010410
SS010420
$5010430
$S010440
$S010450
S5016460
SS010470
$S010480
$5010490
$S010500

C*tt********##*##t***#**#***#*************#t**#*****##**#****#**********SSO105!0

C

STRAND WRAPPING CONSTRAINTS = CGNSTRAINTS 21 THRU (20+10%NRAV)

$5010520

CHedekd ik ki Rk kk ok ko ko ko k ok ok Rk ok k Rk kR Rk kR Rk Rk kR Rk kR kkxk %%k SS0 10530
32 DO 34 J1=1.NRAV

34

DO 34 J2=1,10
ARRAY(214{J1=1)%10+4J2:NRAVXJ2+J1)=1, ;
ARRAY(21+(Jl'l)*lO+J2.NRAV*(J2‘l3+Jl)=-l.

$5010540
§S010550
$§5010560
§50105790

Cakkikkhrkkkkkpk ik kR kkkiokRiokk kR kR kR R R R KRR EER KRR KRR X REE XXX SS010580

C
C

MAX IMUM NUMBER CF STRANCS PER ROW = CONSTRAINTS (21+10%NRAV)
THRU (20+11%NRAY)

$§5010590
$5010600

C***#**#********#**#*i******#*t*******t*****#***************#***********SSO10610

DO 36 Jl1=1.NRAV

§501C6290
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ARRAY(21+10%XNRAV+JI1,J1)=1,
ARRAY(ZI*!Q*NRAV‘JI9K+l)-STRMAX(J1)

36 CONTINUE
CHR AR ARARRR AR AR RNR AR AR AR R BRI RRRR R AR KRR ARk kKA X KKK K% S50 10660

C
C

JOPT=1,+ PRCPER RELEASE STRENGTH REPRESENTATIGN = CONSTRAINTS
(21 +11%NRAV) THRU ( 39+ 11%NRAV)

§50106390
$5010640
S$5010650

S5010670
55010680

c#*#**#**#**##**tt#***#*#tt*********##**#*t**#********#****t***t**#*t*t*55010690

40

IF(JOPT.NE.1) GO TO 44

DO 38 J1=1,10
ARRAY(21+11%XNRAV+J1,11*NRAV+I1I=1,
ARRAY( 21+11%XNRAV+JL ,K+1 " )=0.5

. DO 40 J1=1,9

ARRAY(31+11*NRAV4J1.II*NRAV*JI)?-!.
ARRAY{ 31+1 1*NRAV+ J1,114kNRAV+IL1+1) =1,

$5010700
$S010710
$S010720
$S010730
SS010740
€S010750
SS010760

C**#*********#**#**##*#*#**##*#**************t***********************tt*SSO10770

C
C
C

BOUNDS ON INITIAL CAMEER ‘ ‘
JOPT=0,CONSTRAINTS {21411%NRAV) THRU (22+11%NRAV)
JOPT=1,CCNSTRAINTS (40+11%NRAV) THRU (41+11%XNRAV)

$5010780
55010790
$5010800

C*******#*****************************************##********************SSOIOSlﬁ

44

46

YJI{1)=3.%(2L%124)/8%

DO 46 J1=2,11

YJ(JI)—‘!I‘J!}*(ZL‘!Z Y740 +( 2L %12, 1780,

IFCJIOPT sEQe0 ) JUR=22+11%NRAV

IF(JOPTNEL0) JR=41+411%NRAV

DO 48 Jl=1,11

DELTAJ=2Z2L %12 ,.,740.,

IF(J1 +EQe 1) DELTAI=ZLX12.,/4,

DO 48 J2=]1,NRAV _

ARRAY { JRy(J1=] )RNRAVHI2)I=={1 o=ASSCLR)I*FOXYJ{ J1)XD(J2)*DELTAJ
ARRAY{ JR+1+s{ J1=1)ENRAV+J2 ) ==mARRAY{ JR, {(J1=]1)XNRAV+I2 )"
IF{JOPT.EQ.0) GO TO 52

DO S0 J1=1,10

ARRAY( JRs 1 1%NRAVH J1 )=m (235252 *BINERTXELASCXALDEF

ARRAY{ JR+1 +1 1 X*NRAV+J1)=,235252 *BINERT*DEFMIN*ELASC

ARRAY({ JR,K+1 } =240 *ELASC*ALDEF*E1NERT+22.5*W*ZL#*4
ARRAY{UR+1.K+1 Y==2,0 *ELASCRXDEFMINKBINERT=22 ,SxWkZL k%4
GO 10O 60

ARRAY{ JR, 1 1XNRAVH 1) == 235252 *BINERT*ELASC*ALDEF
ARRAY{JR+1+,11%NRAV+1)=,235252 *BINERT*ELASC*DEFMIN
ARRAY( JR K41 )=1 .058991 *BINERT XELASC*XALDEF 422 ,ShwkZL ®%4

$5010820
$5010830
$5010840
$5010850
$5010860
$5010870
SS010880
$S010890
$5010900

' §5010910

§5010920
$5010930
$S010940
$5010950
$S0 10960
S5010970
$5010980
$S010990
$S011000
$S011010
$$011020




eve

c $5011040
60 ARRAY(JR K+1)=ARRAY(JR+K+1)/1 .,E+04 S§011050
ARRAY (JR#1sK+1)=ARRAV(IR+1,K+1)/1.E+04 $S011060

DO 56 J1=1.M $S011070
ARRAYT IR+ J1I=ARRAY(JIR,J1) /1 E+08 $5011080

56 ARRAY(JR+1,J1)=ARRAY(JR+1,J1)/1.E+04 $SS011090

c $S011100
C e e okl ik ok ki ok ok s i i o Sk ok ok ale il ol sk o ok e e ok K ok ok dk ko skl kR ok ok e sk sk k kool ok kR kk kok Rk kR kkkk k2 %kSS011110
o ULTIMATE MOMENT AND CRACKING MOMENT CONSTRAINTS ss011120
c JOPT=0, CONSTRAINTS {(23+11%NRAV) AND {2a+11%NRAV) $S011130
C JOPT=1, CONSTRAINTS (42+ 11%*NRAV) AND {43+11%xNRAV) SS011140
C t*#***t**t#*tt***************#******# ***#********#tt****##**t***t****#* S$S501 ll 50
C 55011160
C SET UP NO. STRANDS AND s?nawo ECCENTRICITY ARRAY S5011170
¢ $S011180
DO 62 J1=1,NRAV $50111906

62 FROW(J1)=0., $§5011200
sumM=0, s$011210

KNT=0 Ss011220

PF=0., $S011230

DO 6% J1=1sNRAV ; 65011240

67 IFIFROW(J1IEQ.STRMAX{J1)) GO TO &4 §50112%0
1ADD=2 55011260
IF(STRMAX({J1)=FROW{ J1)+LEW1) IADD=1 §s011270

FROW( J 1 Y=FROW(J1)+1ADD 58011280

PE=PF + 1ADD*{(@D(J1 M) $5011290
SUM=SUM* I ADD S5011300
KNT=KNT 41 55011310
PEF(KNY 1) =8UW §50113290
PEF(XKNT+2) =PF $S011330
PEF(KNT s 3)=PF/SUM 55011340

G0 TO 67 §8011350

64 CONTINUE 85011360

c SET UP FOR CALLS TD ULTMP $S5011379
ZMDL=W* 2L % %278, $5011380

DO 63 J1=1»4% $S011390

63 ZLOS{319=0.1%J1 $5011400

DG 65 Jl=111" $5011410
ZNE(J1 =0, '$5011420

ARRAY{ UR41,K+1)==1,058G9G1*BINERTH*ELASCH*DEFMIN=22, 5% Wk ZL **4

$S011030
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DO 65 J2=1,4 R _ $5011430
PECRK{J1+42)=0, EERN SS011440
JSTOP=11 , » $S011450
IF(JOPT.NE.O) GC TO 66 S ‘ '£5011460
F(1)=F2e ~ _ SS011470
JSTOP=1 $S011480
GENERATE TOTAL FORCE ECCENTRICITIES FOR ULTIMATE MOMENT AND CRACKSS011490

MOMENT CCNSTRAINTS ; $S011500
FPCMIN=4,0 $S011510
DO 84 J1=1,JSTOP , - $5011520
IF(J1.EC.1) GC TO 69 ~ ‘ SS011530
IF(F(J1)NE,F({J1=1)) GO TO 69 , SS011540
ZNE(J1)=ZNE(J1=1) B ~ ‘ SS011550
DO 68 J2=1,4 ‘ SS011560

PECRKL J1+J2)=PECRK{ J1=1,42) : ' $S011570
GO TO 84 - ... .. ... .. sso11580
 FPCBM=F(J1) ' $5011590
DO 70 J2=1,4 SS011600
KKADE( J2)=0 _ . SS011610
KODEMU=0 $S011620
ZMOL D=0, » ' S$5011630
DO 82 J2=1 +KNT , L SR UT S SR . o - §S011640
ASTLSASR*PEF(J2,1) ' '~ 55011680
OD=DTOP+PEF(J2,3) $5011660
CALL ULTnp:ASTL.FPcan,FPs.ApRIsE.FFL.co.oolu.rsv.nca. +  SS011670
XY 1o Y20 Y30 YA:Z10Z2:23:Z4,ZNUL) SS011680
DO 72 J3=1.4 : ' 55011690
ZMCR{J43)= (l.-ZLOS(JB))*ZBK*FU*{PEF(JZQI)lACDNC#PEF(JZ-Z)/ZB) ; $5011700
147.5%ZBK*,031€23%SQRT({FPCBM)=ZBK*ZMDL*12./2B 'SS011710
72 ZMCRLJ3I=INCR{I3I*]1.2/12, $S011720
DO 73 J3=1,4 $S011730
IF(KKODE(J3)+EQel) GO TO 73 : SS011780
IF(ZMUL <L ToZMCR(J3)) GC TC 73 ~ '§S011750
PECRK(J1,43)=PEFtI2,2) == = o - o ~ SS011760
KKODE{(J3)=1 $S011770
CONTINUE : ‘ : $S011780
IF{KODEMU.EQs1) GO TO 78 o o . , ~  $S011790
IF{ZMUL +GE JULTMRG) GO TO 76 $S011800
E1=ZMOLD $S011810

IF(EL «L ToZMUL) ZMOLD=ZMUL . o o B ~ $S011820




IF(E1.LToZMIL) GC TC 82 $5011830
FPCMIN=4.04(J1=1)%0,.5 $S011840

GO TO Ba $5011850
ZNE(J1)=PEF(J2,2) S \ _ ‘ SS011860
KODEMU=1 - SS011870

DO 80 J3=1.4 $5011880
IF(KKODE(J2).EQ.0) GO TO 82 _ Ss011890

CONT INUE $5011900
IF(KODEMU.EQ.1) GC TG 84 €5011910
 CONTINUE , $S011920

CONT INUE $$011930

, SS011940

FORM ULTIMATE MOMENT AND CRACKING MOMENT CCNSTRAINTS $5011950

- _ '$S011960

IF(JOPTEQe0) JR=1423+11%NRAV ’ ‘ $S011970
IF(JOPT «NEO) JR=1+42+11%NRAV : _ - 850119890

DO 86 J1=1.NRAV $5011990
ARRAY( JR+J1)=D(J1) , S5012000

ARRAY (JR+1.J1)=C(J1) _ $S012010
IF{JOPT.EQ.0) GO TO 90 §s012020

DO 88 J1=1,10 §5012030
ARRAY{ JRs 1 1 ¥NRAV+JL )=2 % (ZINE(J1 +1)mZNE(S1)) SS012040
ARRAY(JR+1.!1*NRAV+J1)-2.*(PECRK(J1*1-l)-PECRK(JI,l)) $5012050

ARRAY (JRsK #1 ==ZNE( 1) $5012060
ARRAY{ JR+1 ,K+1 )==PECRK(1+1) $5012070

G8 TO 92 S5012080

90 ARRAY (JReK+1 )==ZNE(1) $5012090
ARRAY (JR+1 5 K+1 )==PECRK{1+1) $S012100
C******##******* *****#****#****#**##*****#***#*t*********#***t**** ek k%kkS5012110
C MINIMUM ANC MAX IMUM CONCRETE STRENGTH CONSTRAINTS $S012120
c JOPT=0+ CONSTRAINTS (25+11%NRAV) AND (26+11*NRAV) $S012130
c JOPT=1, CONSTRAINTS (44411%NRAV) AND (45+11%NRAV) , $S012140
c*#**ttttttt****#t***#ttt*t*t**ttttttt*##ttt**t**t*#***t********t***t*ttsso12150

IF(JOPT.NE.O) GO TO 92 o - ~ $5012160
ARRAY{26+114¥NRAV, 11 $NRAV+1 )=l ~ $5012170
ARRAY(26+1 1 XNRAV s K+1 )==4,0 §s012180
ARRAY(27411%NRAV, 11 *NRAV+1)=1.0 ) $S012190
ARRAY( 27+ 1 1%NRAV,K+1 ~  }=F28 : , 55012200
GO TO 96 . §5012210

92 DO 94 J1=1,10 o $S012220
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ARRAY (4541 1*NRAV, 11 !NRAV+J1)==1, , $5012230

94 ARRAY(46+11%NRAV>11¥NRAV+J1)=1, : : $S0122490
ARRAY{45+11*NRAV,K+1 )=4,0=FPCMIN : $5012250
 ARRAY{46411%NRAV.K+l  )=FPCMAX=4,0 » $5012260
$6 CONTINUE ' $5012270
RETURN ' _ ' $S012280
END i e $5012290




SUBROQUT INE DEFIN §5012300

COMMON/DEF INE/ UWC,HUMsAS+FPSsCTR1 +CTR2+CBR1 ,CBR2,CTS1,.CTS2, $so012310
1CB8S19CBS2¢ CREEP 14 CREEP 2, SHRK1 » SHRK2,RATNOD+FPLsFSY,ASTIRP $S012320
UNC=.150 $8012330
HUM=S0. 55012340
AS=0.,153 $8012350
FPS=270, $5012360
FPL=0,63%FPS S$012370
CTR1=7 .5 $50123890
CTR2=7.5 $8012390
CHBR1=0,€ $5012400
CBR2=0 .6 ss012410
CTS1=6+,0 55012420
CTS52=6.0 $S012430
CBS1=0.4 $3S012440
CB82=0.4 55012450
CREEP1=20. $S012460
N CREEP2=0, §s012470
bt SHRK1=0 ss0124890
SHRK2=0 & . - $5012490
RATNOD=64 ¢ 835012500
FSY=60. 88012510
ASTIRP=0.11 §5012520
RETURN S5012530
END 55012540

TG B UE B A S B N A SGE A BE B A O B aEm e




suaanuvxns LPCODE (NFRCE,NEQS, INDX»KODE.KBOMB ) ' §5012550
COMMON/D314/ NoMsA {(156,276), a(27a).x(276),xo(276).aaa.xpx,K . 85012560
LINEAR PROGRAMMING AL GORITHM , $5012570
$5012580

: $5012590

SET UP MATRIX v - S5012600

, ' _ : . : , $S012610
KBOMB=0 ' ' $S012620
KP1=N#M o - ' '$S012630
K=N+Mel ; L ) N ' ‘ $5012640
KK=K=1 L ! $S012650
IF{KODE .NE.O) GO TO 200 ' _ SS012660
DG 1 I=1,N o B $S012670
DO 1 J=M.KK ‘ : ' , S5012680
A{Ied+1) =040 ~ . - 55012690
DO 2 1=2.N . T i . - - §S012700
IPM=14+M=1 ~ B S$S012710
A(I,IPM)=1 .0 , : 55012720
WRITE{(4) A ‘ : , 55012730
REWIND 4 : $5012740
, : - $S012750

FLAG BASIS - , o N ~ _  ss012760

: _ ‘ $S012770

DO 5 1I=1.K ‘ . $5012780
XO(I1)=0.0 ‘ o ) B $5012790
X(1)=0.0 ' - §5012800
DO 6 I=1eN » S $S012810
IPM=1+M ‘ ' ; . o . Sso012820
6 X{IPM)=1,0 ' §5012830
DO 7 1I=1eN ' SS012840
7 B{(1)=0.0C : o 55012850

10 CONT INVE §5012860
ChekrkirkkgkkkikkikrkkErpirkRkkkkkiriokktik kR Rk Rk kR kR kR kkkEkkk ke kxkk SS012870

Cxk%xx FEASIBILITY SECTIGN o $5012880
CRREMAERERARARRAR AT RRRRE RS AR RRRR AR AR R AR KRR R RRRA KKK KEREK XXX SSO 12890
INEG=2 $5012900
11 DO 14 I=2.N : ‘ S5012910
IF (B(1)) 12,12,14 $5012920
12 CONTINUE : ' ; £5012930
IF (ACI+KP1)=A{ INEG,KP1)) 13,14,14 $S012940




13 INEG=I $$012950
14 CONTINUE $5012960
IF (A(INEG,KP1)) 15.,23,23 §S012970
15 IF (B(INEG)) 164+16,23 $5012980
16 JSM=1 = $S012990
DO 19 J=2,.K. $5013000
IF (XD(J)) 17+17+19 $8013010
17 CONTINUE $S013020
IF (A{INEG+J)=A(INEG,JSM)) 18,19,19 SS013030
18 JSM=J - $S013040
19 CONT INUE $S013050
IF (XD{JSM)) 20,20+23 $S013060
20 IF (A{INEG,JSM}) 22,21,21 $S013070
C ' $S013080
C NO FEASIBLE SCLUTION $S013090
< $S013100
21 KB8OMB=51 85013110
GO TO 38 $S0123120
N 22 CALL PIVOT (INEGsJSM) $5013130
0 GO TO 10 §5013140
C kol 3 ok ok skl e ok ok ok sk ok ok o o a2 o o 3 3k o ok ok S 3k 3 e o e ik kK Ok K kK kR Nk kR kR ke Rk ARk %%k %kSSO0]3150
Cx%%x OPTIMALITY SECTION o o SS013160
C****************###t#*#*****t********###**** wdkkkkkdkkkkk gk kkkkkkkkkkkkkSSO1 31 70
23 JBGST=1 $S013180
C $S013190
c SELECT INCCMING VECTOR $5013200
C $S013210
DO 26 J=1sK $S013220
IF (XD(J)) 24,28,26 $S013230
24 CONTINUE $SS013240
IF (AC(1+J)=AC1,JBGS5T)) 26,+26+25 $5013250
25 JBGST=J4 $S013260
26 CONT INUE $$013270
; IF (AC(1+JBGST)) 38+38.27 $8013280
c T $5013290
o CHECK FCR UNBOUNDED SOLUTION 55013300
C $5013310
27 DO 29 1=24N $5013320
ISPOT=1 $S013330
S5013340

- E-GE BN AN G B G BN GE A OE N B Gk B B e

IF (B(I)) 28,28,29
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33

34

35
36

37

c*:t*****t*tt*a**t****t***t#t**tt***:*ttt***t**t:*t*:**:******t**tttt**tssol3560 -

Cxex%k

'CONT INUE

IF (A(I,4B8GST)) 29:29 3¢
CONTINUE

CONT INVE

1F (A(ISPOT;JBGST)) 31+31.32
KBOMB=%S0 :

GO0 70O 38

SELECT OUTGOING VECTOR

KK=ISPOT
DO 36 I=KKsN

IF (B(1)) 23,23,3¢

CONTINUE

IF(A(T+,JBGST)) 2€,3€,34 .

IF (A(IoK+1)/A(IoJBGST)-A(ISPUT9K+1)/A(ISPOY.JBGST)) 35+36+36
1SPOT=1

CONT INUE

IF (BLISPCT)) 37,37,31

CALL PIVCT (ISPCT.JBGST)

GO TO 23

OUuTPUT SECTION

$S013350
S5013360
$S013370
$S013380
$5013390
SS013400

'S5013410

SS013420
$$013430
SS013440
€S013450
SS013460
S$S013470
$S013480
SS013490
$5013500
SS013510
$S013520
$S013530
$S013540
$S013550

S5013570

C#***#*#***t****t###*t*****##**tt##**t*##*t*******#t*****#*********#t*t*SSOI3580

38

39
40

41

42
43

44
as

0BJ==A(1,KF1)

IF (INDX=1) 40,39,4C

O08J==084

DO 45 I=1,K

IF (X{1)) 4404494!

DO 42 J4=24N

IF (A{J+1)) #42,42,43

CONT INUE

X{I)=A{J3,KF1)}

GO TO 4S5

X{I)=0.

CONTINUE

DO 49 J=1.K

IF (J=N+1) ‘6*‘6'47
=J+M

GQ TO ag

$S013590

55013600

$S013610

$5013620

$5013630
55013640
$S013650
SS013660
S$S013670

S5013680
§S013690
$5S013700
$SS013710
$S013720
£s013730
5013740




47 JJ=Jd=N+1 $5013750

48 XD{(J)==A(1sJJ) $S013760
49 CONTINUE SS013770
IF(KBOMBeEQGeS0) WRITE(6550) §5013780
SO FORMAT (/1 CHOUNBOUNDED) ' $5013800
RETURN : . $5013830

END ) . $S013850

162
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SUBROUT INE PIVOY (1.J)

COMMGN/D318/ N,N,A (156,276);BI276)+X{276) s XD{276)s0BJ,KP1,K

DO 2 J3=14K

IF (XC40)) 24241

IF (A(1+dJ)) 2243
CONT INUE

- X€JJ)=0,.0

NM1=Nm]

R=A{1,J)

DO 4 L=1,KP1
A{TeL)I=A(I L) /R

DO S L=2,1

F=A{L=14J)

DO 5 M=1,KP1

A{llm] sM)=A(Lm]l ,M)=pA (I, M)*F
IF {I=N) 6+8.8

DO 7 L=1,NM1
F=A{L+1,J)

DO 7 M=1,KP1 ;
AL+l MITA(LEL MImA( I M)%F
CONTINUE

X{J)=1.0

M=KP1=N

RETURN

END

HE B N W BN BN B BN BN BN BN B D BN B BB e

$S013860
$5013870
$5013880
$5013890
$S013900
$S013910
$S013920
$5013930
$S013940
$S013950
$5013960
SS013970
$5013980
$5013990
SS014000
SS014010

$5014020

$S014030
SS014040
SS014050
$S014060
$S014070
55014080
$5014090
SS014100




SUBROUTINE PROPTY

REAL*4 J1412413:14415:16,17+18+19,1106111,112 LI13,114,115
COMMON/BLK1/ ADIMIBDIMsCDIMeDODIMIEDIMFDIMeGOIMsHDIMN, TDIM,
1WODIMo WHD I Mo XD IR, YD I My ACCNCoBINERT, ‘DYCP40BOT 4 2T+ ZB, ACONCK s
23!NERKQDTOPK'DBOTK’ZTK.ZBKQZLoFZSoJOPToASSCLRQASSQLS'APRI“E’
3CBOT.COSTWR . COSTFT 2 DEFMIN, ML DEF 4 NRAV 4 NWHEEL ¢DISTF,FPCMAX,
AFPCMINJELASCsULTMRQCTOP s o WB+FCoDCR

COMMONZ/ CEF INE/ UWCs HUMsAS FPS,CTRI<CTR2,CBR1,CBR2,CTS1,CTS2
1CBS]1 s CBS23CREEPL +CREEP2+SHRK] sSHRK2, RATNOC FPL.FSY,ASTIRP
EQUIVALENCE {AREAJACONC) +(YB,DBCOT) +(YT,DTOF) ., (YBK,DBOTK),
*(YTK.DTOPK).(AREQK’ACONCK)o(AoADIﬂ)sIB.BD!N)o(CoCDIH)i(D.DDIN).

$5014110
$5014120
s$S014130

- $S014140

SS014150
$5014160
55014170
$S014180
55014190
$5014200

. §5014210

RK{E+EDIM) s (FsFDIM) 2{GsGDIN) (T ,TOIM) s (WLoWDCIM) o {WHsWHDIM) s (H,HDIM) SS0 14220

CYOP=DCR
(A=(WFE+2.3WD)) /2.
(B={%H +2.,%WD) ) /2.
wD*D
C1%H
C1%G /2,
E*CZ/?.
CcCxC2
WH*T
WHRF
AB (C2=mC1)%*H
A9 {C2=C1)*G
A10 = A3
Al1l : 2*(D-H-G-E-C)
AL2 A4
IF(A.LT.B) GC TC 80
AB8=0.
A9=0,
A10=0.
Ai1=0.
- A12=0.
CONTINUE
Ala=(XDIM*%2)/2,
ALS=(YDIMR%23)/2,
AREA = A1%2, #+A2%2, + A3%2, + A4%2., + AS¥2, + A6 + A7
k42, 2(RATNOC=1,) *APR IME= 5625 '
AREAL= AL%X2. 4A2%2, + A3%2. + AQ%2, + AS¥2, + A6 + A7
*+ (RATNOD=1,) * APRIME= ,5625

C1
c2
Al
A2
A3
A4
AS
A€
A7

-—
-
=
—-—
=
—
-
-
-
—
-
=
-
=
—
-
-
=
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$$014230
SS014240
$5014250
$S014260

. S$5014270

$5014280
$5014290
$5014300
$5014310
$S014320
SS014330
$S014340
55014350
$5014360
$S014370
$5014380
$5014390
$5014400
$S014410
$S014420
SS014430

SSOIQQCOWVMM,

SSO14450
SS014460
S$S014470
SS014480
SS014490
§5014500
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AREAK= AREAL+ 2.0%A8 + 2 0%A9+42,0%A1042.0%A 1
Y1 D/2.

v2 D=hH/2,.

¥3 D=(H+G/3,)

Y4 C + E/73,

vs c/2.

Y6 D=T/2.

Y7 = F/2.

Y8 D=({H/2.0)

Y9 = Dw{H+ G/2.0)

Y10= Dmw{H* 2,0%G/32,0)

vi1 (CoH="G+E+C)/2 «0

Y12 C + 2.0%E/3.0

Y 14=D=TeXCIM/ 3.
Y15=F+YDIM/3,
Y8 (Y1%A1%2,.

T R

H

+ Y2%A2%2, & Y3*A3*2o + Y4%AS4

1+2,0%A12

x2,

€& 4+ Y7%A7 + (D=CTOP)*2.%({RATNOD=1.)%APRIME) ZAREA

YT = DwYB
TY¥Blx (Y1%A1%2, + Y2*A3*2. + Y3*A3t2. 4+ Yaxpd
€ 4+ Y7?TXA7 + (D=CTOP)*{RATNCD=1.)*APRIME) /AREA

YBK=(YB1%XAREA 1+ YBXABX2 .+ YOXADK2 4V 10%A10%2,
22.0 )/ AREAK

Y TK=D=Y BK

DO 10 J1=1,2

JVKEY=J 1=1

DY=YB

IF{UVKEYsEQel1) DY

11 WO*{(D#*%x3)/712.

12 = C1%{H%%3)/12.

13 = C1%{G*%x3)/36,
‘14 C2%(E*%3)/36.

15 = Cc2*(C**3)/12,

16 WHR(T*%3) /12, AGR{{ YCmDY )%%2)

17 WHE(F#%23)/12, + A7T*((Y7=DY)**2)

llB—Z.*(RATNOD-l.)tAPRIME*{(D-CTGP-DYtt*Z)

1131=  (RATNOD=1, )% APRIME* ((D=CTOP=DY ) %%2)

114=(XDIM*%4)/36e4A14%((Y14DY I#%2)

T11S=(YDIMX%X4) /36, +A1SK((Y]1SmDY ) k%2 )

XINERT = I1%2, ¢+ I2%2, + 13%2, + [4x%2,
xk2.4115%2,

Y8K
AL*{{Y1=DY)**2)
A2%¥({Y2=DY ) %%2)
A% ({Y3=DY)*%2)
AG*{(Y4=DY ) %#2)
AS2 ((YS=DY )%%2)

=

+
+
+
+
+
+

T I T A T I

*2. + Y5%ASx2,

+Y11%A11%2, +Y12%A12%

§S014510
$S014520
S$S014530
$S014540
SS014550
55014560
55014570
$S014580
SS014590
S$5014600
SS014610

- 550146290

S5014630
$5014640
$S014650

+ YS%AS*2. + Y6#A6S5014660
55014670

$S014680

+ Y6%XA655014690

SS014700
$S014710
$S014720
SS014730
SS014740
§5014750
$5014760
55014770

55014780

$S014790

-$5014800

$5014810

85014820

SS014830
SS014840
$5014850
$SS014860
$S014870
$S014880

+ IS%2, 4 16 4+ 17 + I13+411455014890

$5014900




69¢

5

10

IF{JVKEY.EQ.0) GO 1O S

IF{A«GE+B) XINERK= XINERT+(131-113

IF(A.GE.B) GO TO &

I8 = (C2=C1)*(H*%3)/12. ¢+ AB¥{((YB=DY )%%2}

19 = (C2=C1)%(G¥%3) /12, + AO¥{(Y9=DY )*%2)

110 Cl1*{G*%3)/3€, + A1O%((Y10=DY )%x%2)

I11 C2%{( {CabHaGmE=C)AR3)/12. + AlLl%{{(V11=DY )%%x2)
112 = C2%(EXx%3) /36, + AlZ*{(Yla-BY yE%2)
IF({UVKEY.EQel) XINERK =

hou

EXINERT+I131=113 + [8%2,0 + 19%2,0 + 110%2,0 + I11%2.0 + 112%2.0

CONT INUE

IF(JVKEY.EQe1) GO TO 8

ZT=XINERT/YT

ZB=XINERT/YB

BINERT=X INERT

sxnsnr-axnsﬂr-o.75*¢4/13.~z.*<.2sxas¢(va-.50)*t2)
GQ TO 10

ZTR=XINERKZYTK

ZBK=XI NERK /YBK

B INERK= X ENERK
BINERK=BINERK®0 «75% %4/ 18 om2¢%( « 281 25%(YBK=0¢50)*%2)
CONTINUE

RETURN

END

$S014910
$5014920
SS014930
$S014940
55014950
SS014960
$5014970
$5014980
$S014990
$S015000
SS015010
55015020
$S015030
SS015040
$S015050

 $5015060

$501S070
$5015080
55015090
$S015106
$S015110

$5015120

$S015t 30
SS015140




SUBROUT INE FOMSHR(OL.NWHLoNﬁHEhL:XSEC’PAXLEoMAXNBM.NAXSHR)

REAL®S4 MAXMOM, NAXSHR,NWHL s MOMENT

COMMON /7 DUMP/ MONENT(!Z).SHEAR(12);1PL(203'19R(20)¢REACT(20)

DIMENSIGN NWHL(18).PAXLE(18)
 NST=NWHEELwY

- DO 11 II = 1,2

IF(IT1+EQe2) XSEC = DL = XSEC
XSECR= ODL=XSEC

DG 3 NS = 1.NST

IL=NS

CALL LGCATE(DL.xssc.nst.us,nuﬂL)
N1l = IPLCIL)

N2 = IPR{IL)

xrtu:.eo.o.nuc.nz.se.o» PROD = PAXLE(IL+1)*XSECR

lF(NI.EQ.OOANﬂ.NZ:EQOO’ 6C TO 33
IFIN1.,EQ.0O) N1 = JL+1
IFIN2.€G.0) N2 = I+t v
OBTAIN THE LEFT REACTICN FOR ANY SHIFT

PROD = 0.

DO 4 1 = N1s,N2

IFC(I +EQel) D2 = CLw™{XSEC=NWHL{IL))
_IF‘<!“>05001, GO TO 3¢ ‘ o
IF€] oEQ.‘IL*l)oANDo‘PL‘IL,oEQOO) DZ = XSECR
1F&1 oEOo‘lL*l,0AND-!9L(IL’QEQQO’ GQ TO 36

IFCI.LE.IL) D2 = u.-cxssc»mm—n.uu-nmu I=1)))

IF(I.LE.IL) GC YO 36

IF(I.GT.IL) D2 = XSECR-fNNHL(I-I)-NﬂHLiIL)’
CCONTINUE

DELY = PAXLE(]1)%D2

PROD = PRCOC+DELT

CONTINUVE

REACT{IL) = PRCO/DL

SUMVY. = 0,

SUMM = 0.

IFCIPLCIL) . EQ.O’ SHEAR(IL) = REACT(IL)
IF(IPLUIL)+EQ.0) MOMENTL{IL) = REACT{IL)  %XSEC
IF(IPL‘!L’.EQ.Q) GO 10 3

DO 5 1 = N1,IL

IF{]l < EQ.1) OM = NwHL{IL)

IF(I .EQe1) GC TO 34

I’II' B I BN BIE ENE MEN IGN BN N IR B @B BN N e e e

- §€5015150

$S015160
SS015170
$S015180

$S015190

$SS015200
$S015210
5015220
$5015230
$S015240
$S015250
$5015260
SS015270

- $S015280

$5015290

 $S015300

$S015310
$S015320

$S015330
SS015340

$S015350

S$5015360
$S015370
55015380
$5015390
$S015400
$SS015410
SS015420
55015430
$S015440
SS015450
S5015460
SS015470
$S015480
SS015490
SS015500
SS015510
$SS015520
$S015530
$SS015540




DM = NWFL(IL )=NWHL( I=1)

DELTM = FAXLE{(I)*DWM

DELTV = PAXLE(I)}

SUMM = SUNMM4+DELTM

SUMV = SUMVHDELTV

CONT INUE

SHEAR(IL) = REACT(IL)=SUMV
MOMENT(IL) = REACT(IL)RXSECwSUMM
CONT INUE o '

NA = 0 v

IF(I1.EQsl) MAXMON = MNOMENT(1)
IF(I1sEGQsl ) MAXSHR = SHEARI(1)
NSTA = NST & 1

IF(NSTALEQsO) GO TO 16

DO 13 kL = F+NETA

NA = NA ¢+ 1

NB = LL + 1} ‘

AAA £ MUOMENYT(NA)

888 = SHEAR(NA) )
IFCILECa2) AAA = MAXHOM
IFLI1«EQiR2) BRAB = MAXEHR

IF(MOMENTINE) sGT4AAA) MARMOM = MOMENTINB)
ABS{SHEARINB))

IF{ABS{SHEARINB 1) +sGT.BBB) MAXSHR
IFIMOMENTINB) «GT4AAA) GO TO 15
NA = NA & {

60 YO 13

NA = NB @ 1

CONTINUE

CONTINUE

CONT INUE

XSEC=DL=XSEC

RETURN

END

$S015550°
$§S015560
$S5015570
$5015580
§5015590
SS015600
$S015610
50156290
$5015630
$S015640
$S015650
$S015660
SS015670
SS015680
§8015699
ss0i5700
§5015719
850158720
85015730

85015756
§$8015788
85018776
§5016780
ss015790

- 55015800

$5015810
$5015820
§50158308
55015849
$5018850
$S015880

- 8s6is5870

- mmc-EE hE B EE B aE B S By Ex A BN BE B EE .
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SUBROUTINE LOCATE(DL.xsec,Nsr.Ns,NwHL) - $5015880
REAL*4 NWHL ,MOMENT ‘ $5015890
COMMON/CUMP/ MOMENT(12), SHEAR(lZ).lPL{20},!PR{20}-REACT(20) $5015900
DIMENSICN NwHL(18) } $S015910
XSECR = DL=XSEC ; : $S015920
DTERM = 0. o ‘ ' - $S015930
DO 1 1 = 1,NST ; : _ , , , $5015940
DLE = NWHL{NS)=DTERM : ‘ 55015950
IFIDLE +LE.XSEC) IPLINS) = . : $5015960
IFI(DLE.LE.XSEC) GC TO 2 ‘ : _ $S015970
IF({I1.EQ.NS) IPLINS) = O : : - SS015980
IF{I1.,EQ.NS) GC YO 2 ‘ $5015990
DTERM = NWHL{I) o ~ : $5016000
CONT INUE ' SS016010
CONT INUE : _ SS016020
DO 4 IC= 1,AST L ‘ . o 55016030
NSC = NS+IC SS016040
IF{{NS+1)<EQ+{NST+1)) IPR(NS) = O ‘ SS0160590
IF{NSCeGToNST ) GC Y0 5 _ , : . S$S016060
DELTR = NWHLINS+IC)=NWHL{NS) : SS016070
IF(DELTReGToaXSECR.ANDCIC+EQel) IPR(NS) = - ' $5016080
IF(DELTR,GT<XSECR) GO TO S ' , S ~  sS5016090
IPR(NS) = NS+IC+1 $S016100
CONTINUE ‘ : SS016110
CONT INUE _ o o SS016120
RETURN , - o $S016130
END : . SS016140




SUBROUTINE ULTMF{ASTARFPCBMsFPSeASPRMFPL+D+DPTHsFSYs DCRo SS501€150

AY1oY20Y30V4021422:Z342Z4,ZMUL) C $5016160
CLONG=0 o2 $S016170
ESINI= 0.7#FP5*(l.-CLONG)/28.5+O3 SS016180
CON1=(FPL/28000.)#(1 . +(FPS=FPL ) /(FPS=2,%FPL)) $S016190
CON2==(FPL/28000+)*FPL*(FPS=FPL )%%2/ (FPS=2 , *FPL )} $S016200
BEFF=2.%(Y14Y2+Y3) ‘ , $S016210
THK=Z1 : $5016220
ZAMZ3=Z4m23 ' 55016230
IF(ABS(Z4=Z3) LEc1.Em06) ZAMZ3=1.E=06 $5016240
Z2MZ1=22=21 S5016250

 IF(ABS(Z2"Z1),LEs1.E=06) 22MZ1 =1 .E=06 $S016260

C R AR N o 2 o o ok o ol ok kol ok okl ok e ok g R ol ok R o kR ok el kR ook ke ok Rk k kR Rk Rk ok Rk k kkk kkkSS016270
Cxxxk POSITIVE MOMENT CAPACITY = N,A. IN SLAB 55016280
C e sk 2e 3 e 2 ook 3¢ ok ol ok ok e e o ol ol ol ok KR ek ok ak sk ke ok o e e e R KK o ke kR RO R Kk RO R KRR R R R AKX XRSSO 16290
C o ; S . o .. $5016300
C CHECK TO SEE IF NeAe IN SLAB $S016310
c ' ‘ $S016320
N PSTAR= ASTAR/ (BEFF %) o - 55016330
o FSUSTR=FPS#{]l e »05*PSTARXFPS/FPCBM) SS016340
T=ASTAR®FSUSTR . 55016350
CC=eB3I3*FPCEMABEFFXTHK : $5016360
IF(CCeLTeT) GO TO 10 $5016370

C $5016380
C ‘NeAes IN SLASB C o 55016390
C 55016400
ZMUL : ZASTAR ¥FSUSTR*D*{ 1 =0+ 6¥PSTARKF SUSTR/FPCEM ) /71255016410
RI=PSTARXFSUSTR/FPCEM , - _ - ,  SS016420
IFIRILGT0e3¥ZMUL =0 ¢ 254FPCBY *BEFFRD*R2/12, $30156430
RETURN 55016440

Cx*x #********#*#ttt#*##*#**#*#*##**#t* *t#***#*****##*#*## *#*#tt*t**t#tttttsso 1€450
Ckxkk POSITIVE MOMENT CAPACITY = N.A. BELOW SLAB ; $S016460
Cxkxkxk tllt** *#l&##\lt**t*##**t*ttt**#**t**t#**tt***#*#*ttt*t**###*##**t#****t SS016470
10 CONTINUE . e B -  $5016480

C SS016490
C . BEGIN ITERATION TO LOGCATE NeAo. : SS016500
c o . $S016510
JCNT=0 ; ; $5016520

X=0e , $S016530

12 X=X+0, 28 , 4 N - 5016540

- EEc-Em B I AaE B EE I SN Ay A En A En B A - EE -
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13 JONT=JCAT+1 , SS016550
IF(XeGT.DPTH) ZMUL=0. . $SS016560
IF(X+GY oCPTH) RETURN ’ $SS016570
o : ; SS016580

COMPUTE STRAND STRAIN AND FORCE IN DECK STEEL SS016590

‘ , $S016600

ES=+003%({CmX) /X+ESINI : : $S016610
ESP=,003%( X=DCR) /X ; SS0165620
CS=29 . E+032ABS{ESP) : $5016630
IF{CSeGT.FSY) CS=FSY ‘ ' ' $S016640
IF(ESP sLE+0) CS==CS ‘ o : . SSN16650
CS=CS*ASPRM ‘ : ~ SS016660
: ; - , , $S016670
COMPUTE RESULTANT COMPRESSIVE FORCE ON CONCRETE AND ITS LOCATION SS016680

: : $5016690

. KODE=1 _ SR e $5016700
GO TO 1000 o ' , SS016710
DBAR=D=YC(C $50167290
CC=C%, 833%kFPCBM ’ : SS0186730
CTOT=CS+CC ' $S016740
GO TO 2000 ' : $S016750
. - SR . § . . , $S016760
COMPUTE STRAND STRESS AND STRAND FORCE B S SS016770

‘ $S016780

T=ASTARXF S ' i : $S016790
SUMFOR=T=CTOT = . : : SS016800
IF(SUMFOR.LT.0.) GO TO 18 } S ' : . SS016810
IF(JCNT.EQ.2) GO TO 17 o G , $5016820

SAVEF1=SUMFOR ' S$S016830
SAVEX1=X ' - §5016840

GO TO 12 R - , $S016850
SAVEF2=SUMFCR ‘ ~ $S016860
SAVEX2=X ~ SS016870
—SAV£x1+(snvsx2-savext:tsavssx/xsnvert-SAVEFa) S $S016880
IF(X=SAVEX1.LT.425) x-savexx+.2s ‘ . SS016890
JCNT=0 , $5016900
GO TO 13 ‘ S SS01691D

et iR

18 ZMUL=(CC*DBARSCS*(D=DCR})I /12, o _ : SS016920
GO TO 28 , ; SS016930
C#*#*t*****t*#** ***t##t**t*#***#t*tt*#tt***#***t*** #t*tt#*t*t**t#}k**ﬁl*#t 55016940




Cx*¥kkkTHIS SECTICON COMPUTES CONCRETE COMPRESSICN AREA AND ITS CeGe $5016950
C Ak ko ko A R Rk ARk ok R KKk Rk kR R ok ROk R Rk kR KRk Rk kR k kkk k%% SS016960
1000 C '(YI*BRACK{Oos!’Zl)*YZ*X+Y3*BRACK(O..X'23)+ERACK(Z!ngZZ)*YQ $S5016970
* -O-S*Y4’8RﬁCK(Zl’X:ZZQ#*ZIZZﬁZl+BRACK(Z3gX'ZQ)*Y3-O SkY3% 35016980
* BRACK(Z3:X‘Z4)#*2/24”23)*2- 55016990
YCo(OoS*Vl*BRACK(GongZ!}##2+O.5tY2*X**2+O SkY3%XBRACK(0ssXeZ23)%%2 SSO017000
‘+Y4*Zt*BQACK(ZloX’ZZ)*Oo5*74*BRACK(ZlsX922)#*2-0o5¥Z!#Y4* SSOI?OIO
BRACK(Z!9X'22)*#2122M21uo33333*¥6tBRACK(ZlgXoZZ)**B/ZZHZl 530!7020
'+Y3*23*BﬂACK(230Xo24)+0.S*YB*BRACK(ZB’XvZQ)**Z 55017030
-Go5*23*Y3*BRACK(Z3ng24)**2124ﬂ23-‘333‘3*Y3 53017040
*BRACK(ZB Xe28)%%3/24M23)%2 o /C 55017050'
Go To 18 55017060
C#**t***tt*#t#**t**t##*t***t**t#t***t*#*t#****#tt*t*#********tt#*#t#**#tSSOX7070
C***** THIS SECTIGN CDMPUTES STRAND STRESS ;,> ) ) SSO!TOBO
C****#**##**##**#*tt*t*#*t*#****t*#****t**#*****t##**#t**#***#t***t#**#tSSOI7090
2000 FS-ES*28000 . i B _ 55017100
_ IF(FS.GT.FPL‘ GQ TO 2002 N 55017110
2002 FS=.$#FPS%.S*SQRT(FPS¢*2-A.*CON2/(ES-CONI!) 55917!20
G0 _TO 1€ 1$S017130
28 RETURN 350!7140
END 55017150
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"SUBROUTINE PLCSS(FPCReZVMBWsZMC o ZMNC,FSUs ASsAB3ZI+21CsYBaYBCLEC,
¥HUM» SPANL ZLOSS+ZIN.OS.UWC)

THIS SUBROUTINE CCMFUTES PRESTRESS LOSS BY 1975 AASHTC
INTERIM SPEC.

FPCR = CONCRETE RELEASE STRENGTH (KSI)

ZMBW=Del s MOMENT DUE TO BEAM WEIGHT AT MIDSPAN(K=FT)

ZMC = TOTAL DelL s MOMENTY (EXCEPT BEAM WEIGHT) AT MIDSPAN
ACTING ON COMPOSITE SECTION(K=FT)

ZMNC = TOTAL Dele MOMENT (EXCEPT BEAM WEIGHT) AT MIDSPAN
ACTING Ch NCNCOMPOSITE SECTION (K=FT)

FSU = ULTIMATE STRENGTH OF STRAND €(KSI)

AS = TOTAL STRAND AREA (IN*%2) -
AB = CROSS SECTIONAL AREA OF BEAMN {IN%x%*2)
Z1 = M. OF te CF NONCOMPOSITE BEAM (IN*%*4)

ZIC = M. OF I« OF COMPOSITE BEAM (IN%%4)

'¥YB = DISTANCE FRCM C.G. OF BEAM TO BOTTOM FIEBER (IN)

YBC = DISTANCE FROM C.G. OF COMPOSITE BEAM TO BOTTOM FIBER (IN)
EC = DISTANCE FROM BOTTOM OF BEAM TO CeGe OF STRANDS (IN)

HUM = RELATIVE HUMIDITY (PERCENT) :

SPAN = SPAN LENGTH (FT) , _
ZINLOS=FRACTICN OF INITIAL STRESS(.7%FSU) LOST (RELEASE)

ZLOSS = FRACTION OF INETIAL STRESS (.7*FSU) LOST (SERVICE)

(COMPRESSIEN STRESS IS POSITIVE )

 SHRINKAGE LOSS

SHE{ 17000 .= 1SO*HUM) 21000,

ELASTIC saenvew:&e

A 10 PERCENT LESS IN SYRAND FDRCE BUE TO RELAXATION AND ELASTIC

SHORTENING PRIOR TO RELEASE IS ASSUMED AT TIME OF RELEASE

FEFF=0.9%0.7XFSU%AS
FCIR=FEFF/AB+FEFF *( YB=EC )} *ABS( YB=EC)/Z1=12 . % ZMBW*(¥B=EC}/Z1

- ECI=(UWC*1000.)¥%]1 S%33.,%SQRT (1000 *FPCR)

$5017220
$S017230
$5017240
$5017250
$S017260
$S017270
$S017280
SS017290
$S017300
SS017310
SS017320

'§50173390

$S017340
SS017350
SS017360
SS017370
£S017380
$S017390
SS017400
SS017410
S5017420
SS017430
SS017440
$S017450
SS017460
SS017470
£S017480
SS017490
$S017500
$SS017510
SS017520
55017530
SS017540
SS01 7550
55017560
SS017570
$S017580
S5017590
SS017600
SS017610
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ES=(28E+06*FCIR/ECI) | | o $S017620
' $5017630

CREEP LCSS , o $S017640
T . L . . o ~ $5017650
FCDST12.%ZMNCX{YB=EC)/Z1+12.%ZMC*{YBC=EC)/Z1IC ' : €5017660
CRC=12.*FCIR®7.*FCDS : - SS017670
- ) B . S , . . $S017680
-STRAND RELAXATION LOSS , SS017690
- ‘ , : ‘ , SS017700
CRS=20 e=0 « 4 #ES=0 2% ( SH+CRC) , SRR ' S$017710
' $$017720

TOTAL LOSS ' c ‘L ‘ $5017730
: : _ o ~ SS017740
DELTFS=SH+ES+CRCHCRS o : ‘ $S017750
DELFSI=ES+0.5*CRS S : : SS017760
, : . o o U o ~ §S0177790
LOSS FACTOR _ $5017780
: : - S$S017790
ZLOSS=DELTFS/{ .7%*FSU) - $S017800

ZINLOS=DELFSI/{7¥FSU) A , , $5017810
RETURN , . $S017820

END I L T T .. .SS017830




SUBROUTINE CAMBER(ES2EC+ASTRNs STRNS ¢UWBsAREAsSPANLSECCL s IBsFO, ENDESS017840
*CCo PRLMAX, CBRMAX) $5017850
COMMON/CEF INE/ UMCo HUM+AS+FRS, CTRE . CTR2,CBR 1+ CBR24CTS14C TS24 $S017860
1CBS1+CBS2,CREEP ] +CREEP24SHRK] s SHRK2 sRATNCOLFPLLFSY,ASTIRP  SS017870

DIMENS ION CNST(4,5) ,PRLMAX(S),CBRMAX(S)

$5017880

DATA CNQT/315.0200’440016009525'01000675.'40oo3800025..400..50012935017890

*0..25.,460..Sc..0..c.-0..0./
REAL 1B

CAMBER AND STRESS LOSS CALCULATIONS

$S017900
SS017910
$S017920
$5017930
SS017940

MIDSPAN CAMBER AND STRESS LO0SS DUE TC INTITIAL PRESTRESS AND BEAMSS0179S50

HOPT=S5,.0

TF(CREEFL +EQeD.) Jl=4
IF(CREEPI! .EQ.,0.,) GO TO 2
CNST(1 +5)=SHRKI
CNST{ 2+%) =SHRK2

CNST( 3,5 )=CREEP1
CNST{4’5’ CREEP2

J1=5

D01 N=1,J1
ASH=0e 00COO01%XCNST (1 o}

BSH=CNST(2,N)

ACRR=0 ,000001 *CNST{35N)

BCR=CNST(4 4N)

ACR = ACRR#0,001

RN = ES/EC

AST = ASTRNXSTRNS

W = UWB*ARFA/144,

DLM = (WXSFANL*SPANL/8.)%*12. o

TEMP = 1o+ (RNXAST/AREA ) +(RNEASTXECCL*ECCL/IB)
FR = FO/TEMP  +{DLM*ECCL*RN*AST/(IB*TEMP))
PLI = ((FC=FR)/FO)*100. :

CONST = (!./AREA)+!ECCL*ECCL/IB)

FCSO = FRX*CONST={CLM*ECCL/IB)

STRN1 = ACRXFCSO+ASH ;

STRN2 = STRN1=STRN1 *(RN*ASTXCONST)

DFCS = STRN2#*ES*AST*CONST * 10.0 ** 6

STRNG = ACR¥*(FCSO=DFCS/2.)+ASH

55017960
SS017970
$5017980

$5017990

$5018000
$S018010
$5018020
SS018030
$5018040
$5018050

55018060

$5018070
$5018080
55018090
S5018100
sso1e110
SS018120°
$5018130
$5018140
55018150
SS018160
$S018170
55018180
SS018190

$5018200

$5018210
$S018220
SS018230
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STRNS
DFCS1
STRN6
STRN7

STRN4=STRN4 #RN*AST*CONST $5018240
STRNS*ESkAST*CCNST * 10.0 %% 6 , $5018250
ACRX(FCSO=DFCS1/24+)+ASH $5018260
STRN6=STRNG *RN*AST*CONST ' $5018270
PLINF (STRNTXES®XAST*10.0%%6/FC)*100. ' B $5018280
PLMAX PL INF+PLI _ ‘ §5018290
PRLMAX{N) =PLMAX o : ~ ' : $S018300
CCONST = l.l(EC*IB*%G.**é) ' '~ $5018310
HSPAN = SPANL/2. ' ‘ ' $5018320
ci1 = ccoucv:«#a:euoecc . XHSPAN¥0.S*HSPAN%144,.) $5018330
cI2 = CCONST*{FR*(ECCL-ENDECC ;*(Hspan-noprjto.s*o.67*(HspaN5501834e
1=HDPT) *144.0) ~ $5018350
CI3 = CCONST*{FR*{ECCL=ENDECC ; )*HOPT*(HSPAN‘HDPT/Z.)*1#4.) 55018360
cia CCGNST*!iS.I384.)*(U*SPANL*SpANL*SPANL#SPANL*l2.*12.*12.)) $5018370
cl = c11 +CI2 4CI3 =Clia $5018380
STRAIN=FCSO/(EC*10.%%6) ' $S018390
CMAX = cx*ztnca:trcsu-iachzz.))+57RA1N)/51RA1N)*41.-49L1NF/100.))55013400
CBRMAX(N)=CNAX , $s018410
CONT INUE ' : , $5018420
RETURN ' $S018430
END ' : , , : S5018440

[T




SUBROUT INE SHEAR(BsDEPTH.D+FPCsFSYsAREA s VU+SPACE) ) $5018450

AV=2.%AREA SS018460
S1=(AV*FSY)/{0.100%B) : S5018470
SMAX=0 « 7S*DEPTH _ 85018480
IF{S1.LT.SMAX) SMAX=S1 SS018490
RJ=0.90 ~ $5018500
VCMAX=0.1B0%B*RJ*C SS018510
VC=0, 06%FPCHB *R J*D ' 55018520
IF(VC2GToVCMAX) VC=VCMAX SS018530
SPACE=(2,®AVEFSYXRJ*D )/ { VU=VC) SS018540
IF(SPACE oL Te0 20 +0Re SPACE «GTo SMAX) SPACE=SMAX S5018550
RETURN $S018560

END , : $S018570
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INTEGER*2 ROW,COL £S000010
COMMON/BLK1/ADIMsED IMsCOIMsDDOINJED IMs FDI My GDIM, HDIM, TD IMo WOD IM» DS000020
1WHDIMs XDIM, YDINSACONC 2BINERT 4DTOP+DBCT 427 5 2B+ ACONCK, BINERK s DTOPK, DS000030
2DBOTKy 2TK, ZBK9ZL s F28+ JOPT s ASSCLRoASSPLSsAPRIMESCBOTsCOSTF Ty ~ DS000040
3DEFn1N.ALoEF,unav.uvhﬁsL.o!srr.chnax.chnxn.ELAsc.ULvuno.crop. DS000050

AW WB s FODCReNR,HDPT o NW 4 ALPHA DS000060

» cenunN/Esz/PAxLEtxai.uwHL(18).srnnaxtzby.sanC(10),ocouc1103. ‘DS000070
1G€11)sF(11),D{10C) ,BMMAX{9) 2BVMAX(9) +CBRMAX{S5) PRLMAX (5),DLMOM{9), DS000080
20LSHR(9); PECRK(11,4),21L.0S(4) pS000090
COMMON /DEF INE/ uuc.nun.As.FPs.c7R1.crﬁz,caax.csnz.c751.crsz. DS0001 00
lCBSl.CBSZ.CREEP!oCREEP2oSHRKl;SHRKZ.RATNOD.FPL,FSY.ASTIRP.GSP DS000110
COMMON/YZ/21322+235Z4+Y1eY2:Y3,Y4 f DS0001 20
COMMON/D314/NsMs0BJ 3KP1 9 Ky NCONy NCy NRASNCASNL1oN2,N3, DXMAX, IS, TV, TR, DS0001 30
1SUMs IGNORSIT(4) , JCONT, X{150),Y(3136) +ROW{3136),C0LI{150),88B{150), DS000140
2C(1503+,B(150) 4XX{150) DS000150
COMMON /DUMP/ TITLE(s.sas.vatxn).Fncutzea. ~ DS000160
1PEF(S50,3)s ZNE(11 ) ,KKODEC 4)4ZMCR( &) 0S000170
DIMENS ION STRESS{S:4),NSTRMX{26 )+ ZNWHL( 18), ZAXLE(18),VU(9), - DS000180
IEX(2) s KSYM{S+5) e STRSP(G9) s 1AA(16) DS000190
INTEGER ONE2TWO,BLANK s HHHs SSSeEX } : DS000200

DATA NTE/? TP -/ DS000210
DATA EX/°® egex 2y , - , ) DS000220
DATA ONEoTUB.BLANK.HHHsSSS/'l 0,02 DS000230

CALL REREAD 05000240
NCOUNT=1 ~ ) , Rehk o ; o ' DS000250

€ % 2k %k ok ek 3k ok 3k ok e ok ik ke ok S ok e o 3 e sl sie sk ok ok ak a3k ok ook Xk t*******##*t#*tttttt*tt kkkkkk kkkkkkDS000260
Cx%x%x%x INPUT ROUTINE ' " DS000270
CHEARRARERKERRRR AR RRRKAKERBRRRERRRR RS SRR RRA KRR R R RR KRR R KRR KX KKK XXX DS000280
3007 FPCl=4,0 ‘ DS000290
IF(NCOUNT.NE.1) GG TO 573 DS000300
READ{5,500)C(TITLE(1+J)eJ=1,54) , , DS000310
READ{S+S00)(TITLE(20J) +J=1,54) ‘ DS000320

573 READ(S,500,END=2500) trlrLsta,Jai.Jl 1.54) : ' DS000330
500 FORMAT(80A1) DS000340
CALL DEFIN 0S000350
READ(S:S01)IDsIAsIBsDISTF LJLOAD, UL S8, JCONC,F28,J0PT DS000360

S01 FORMAT (A1 94X+ Ale1XsA124X,F8.3,3Xe11,3X, F8.2,3Xel1e3X+F3.1,05000370
' *10Xs11) £S000380
IFCIOPT cEQe0 e ANDeF28+EQ.0e) WRITE(6,525) = : - £S000390
IF(JOPT.EQe0eANCF284EQeOe) STOP , : DS000400




525 FORMAT(/I///93SX.‘*CESIGN OPTION SPECIFIED BUT NO 28 DAY CONCRETE DS000410

1STRENGTH GIVENX?) 08000420

C AXLE TRAIN DS0004 30
DO 927 1=1,18 DS00C440
PAXLEC(I)=0. DS0004S0
NWHL(I)=0. DS000460

927 CONT INUE DS000470
IFCJLOADNEL.1)GC TO 861 DS000480
READ(S, S02)(PAXLE{(I)sI=1,18) 05000490

S02 FORMAT(3X+18(F3.,1,1X)) DS000500
DO 503 N=1,18 0S000S10
IF(PAXLE{(N) +NE o0 o INWHEEL =N DS000520

S03 CONTINUE DS000530
READ(5,8505)(NWHL{I),1=1,17) DS000S540

S05 FORMAT{7X,17{F3.0,1X)) 0S000550

C CONCENTRATED FORCES APPLIED TO SINGLE BE&" DS000560
861 DO S90 1=1,10 DS000570
FCONC(TI)=0. DS000580

Sz DCONC{(1)=0. DS000590
o 590 CONTINUE DS0C0600
IF(JUCONCNEs1) GO TO 925 0S000610
READ(Ss SO1)(FCONC(I)s1=1,10) 0S000620

] READ{(S »S91 )(DCCNC(1).1I=1,10) DS000630
591 FORMAT{3X,1C{FS5.2,1X)) DS000640
C BEAM DIMENSIONS ‘ v _ N ~ DS000650
. 925 READ(S 907 )ACIM+BOIMeCOINLODIMIEDIMFDIMeGOIM,HOIM, WHDIM, TDIM,WDDIDSO000660
XM XD IMsYDIM 0S000670

07 FORMAT(3X, 13(F4+2,1X)) DS000580

C GENERAL INFCRMATICN DpS000690
READ(5,908) ZUJWIDTHes JTINTL,:, TNLB2APRIME sDCRyALDEF (DEFMIN, 05000700

- 1CBOT +NWHDPT s JFROP _ DsS000710
908 FORNAT"X;F4.1.3X.F‘Ql.3x’1203X;F604 OF‘02'3X’F4 293XsFSa3e3Xs 05000720
IFSa3s8XsF2,1048X012:48XsF32194X011) . 05000730

) IFIZL.LT'!O‘.OR. TNLB.EQeD) WRITE(6+,917) ZLs TNLB DS000740

917 FOR"AY(/////Q‘OX.‘*CHECK YOUR DATA = EEAN LENGTH AND NUMBER OF BEADSOOO750
EMS AREX®, /460X ,F10e29 SXeFSe2) DSO000760
1F‘ZLOLTolO-QURo TNLB.EQ.0) STOCP : ;05000770
READ(99,9083) IAB,IAC,IADSIAE - ©S000780

9083 FORMAT (42X +184A4) ; psS000790
IFCIAB.EQs BLANK<ANDSIAC, EG.BLANK) ALDEF=1000. ~Dso00o0800

G NI O AR OGN O S G EE BN SaE B EE aE e AaE-aE e
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C

IF{TIADEQ+BLANK JANDLJAE.EQG.BLANK) DEFMIN==1000,

MAXT MUM NUMBER OF STRANDS PER ROw
NRAV=0

READ{S5,9094) (NSTR&X!JI):J1~1,26)

0094 FORMAT(3Xs25(A24+1X),A2)

910

862

DO 9100 Ji=1,2¢€
IFINSTRMX(J1) eNESNTP) J2=J1
IFINSTRMX{J1) sEQeNTP) NRAV=J1
IF(NSTRMX(J1)EQ.NTP) GO TO 9101
CONTINUE

DO 9404 Ji1=1,26

NSTRMX { J1)=0

READ(99,909) {(NSTRMX(J1) +J1=1,J2)
FORMAT{3X,25(12 ,1X),12 )

DO 910 J=1,26

 STRMAX{ J)=NSTRMX(J)
IFINSTRMX{J) NE.O) NR=J
CONTINUE

MISCELLANEQUS PROPERTIES
IF{JPROP.NE.1) GO TO 863

READ{S .882) CU'.U&M.SA-SPF.PSG BR2s TRZvBFloTR!;BSZ;TS2:BS!oTSlo

1CREEP1 + CREEP 24 SHRK1 ¢ SHRK2 s NVRA

DS000810
DS000820
DS000830
DS0 00840
DS000850
DS000860
DS000870
DS000880
DS000890
DS000900
DS000910
DS000920
DS0 00930
DS0009490
DS000950
DS000960
DS0 00970
DS000980
DS000990
DS001000
DS001010
£S001020

882 FDRHAT(3XsF3a393XsF20092XQF3.3021-F3-0;3X;F2.194XoF2.2.lx;FZaI’IX'DSOOIG3O
IF 26241 XsF 201 33X eF 26201 X9F 20191 XsF24241X3F20144X+4(F3,0+1X)s1Xe12) DS001040

9181

IF(SPF ¢NE.O.) FPS=SPF
IFISA«NEsC o) AS=SA
IF(UHMoNE« 0o ) HUMSUHM
IF(CUN «NEOs) UNWC=CUW
IF(PSGeNE+0.0) GSP=PSG
IF(NVRA NE.0) NRAV=NVRA
IF{NRAV.EQ.0) WRITE{(6,9181)
IF(NRAV.EQ.0) STOF

£0S001050
DS001060
DS001070
0s001080
DS001090
DS001100
DS001110
DS001120

FORMAT( 1Xe 1300 1HX)/1X,60{*%%)4* INCORRECT CATA INPUT = TOP=MOST GRDS001130

11D RO¥W WAS NCT SPECIFIED « CHECK

2UMBER OF STRANDS CARD AND/OR MISCELLANECUS PFCPERTIES CARD

3%¢))
READ(99,9082) (IAA(J1)+1=1,16)

601" %)/, 1X560(*%%),*MAXIMUN NDSO01140
*,€0{(*DS001150

DS001160
0S001170

9082 FORMAT( 30X +2A151Xe2A1 51X 92A131Xs2A1+3Xs2A1+1Xe2A191Xe2A141X,241) DS001180
IFCIAA{1) s NE+BLANKCR+IAA{2)«NEeBLANK) CER2=EBR2 - DSD01160
IFCTAA(3) NEJBLANK.ORSIAA{S) s NEL.BLANK) CTR2=TR2 DS001200
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IF(IAA{S) e NE«BLANK:CRe IAA(6) . NE.BLANK) CBR1=BRI1
IF(IAA(7) «NEJBLANK,OR. TAA{B) « NE+BLANK) CTR1=TR1
IF(IAACD) JNE.BLANK.ORIAA(10)«NEBLANK) CBS2=BS2
IF(IAA{11)«NE.BLANKeORsIAA(12) .NE.BLANK) CTS2=TS2
IFCTAA(13) NEsBLANK ¢ORIAA(18) NE.BLANK) CBS1=BS1
IFCIAA{15) sNEeBLANK sORIAA{16) cNEBLANK) CTS1=TS1
CONCRETE COST COEFFICIENTS

IF(JOPTNE.1) GO TO 1001

READ{S5:+918){G{1)s1I=1,6)

READ(S5+ 9151 G(I)e1=7511)

FORMAT (10X sS(F8.1+9X)sF4al)

STRAND COST

READ(S+914) COSTFT

FORMAT (13X +sF3.2+46XF3.2)

FORMAT (10X +sS5(F3.1+10X)eF3e1)

28 DAY CONCRETE STRENGTHS

READ(S,913)¥(F{I)eI=1,6)

READ(S,913)(FCI),I=7,11)

DO 916 J=1,11 N

IF(F(J) eNE <O e0O) FPCMAX=4,0¢{ J=1)%0.5

IFCF(J) eEQe0e0) F(II=F(J=1)

IFIG(J)+EQeQe) GLIVI=G(Jw1)

CONT INUE

CONTINUE

LIVE LOAD DISTRIBUT ION FACTOR

IF(DISTF.NE.0.) GO YO 933
CONSNT =1 .0

C11 = CONSNTR*WIDTH/ZL
D11=5++JINTL/10e#(3em2%xJTNTL/7e)*((1e=C11/34)%%2)
IF(C11 oGTe3) D11=S,+JTNTL/10.

S11=(12.*JTNTL+9,)7 TNLB

DISTF_ =(S11/D11)%05

CONTINUE

IAASHO=1

AASHTO TRUCK LOADINGS

IFCIAGEQeBLANK cAND+ IB.EQ.BLANK) IAASHO=0

DS001210
08001220
D§001230

- DS001240

DS001250
DS001260
0S001270
DS001280
DS001290
DS001300
DS001310
DS001320
DS001330
DS001340
DS001350
DS001360
0S001370
DS001380
0S001390
DS001400
DS001410
0S001420
DS001430
DS001440
DS0014 S0
DS001460
DS001470

DS001480

05001490
DS001500
DS001510
0S001520

DS001530

DS001540

DS001550
03001560
DS001570
D5001580
DS0015990
0S001600
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IF{IA<EQeBLANK +AND. IB.EQeBLANK) GO TD 6000  DS001610
IF(IA+EQeBLANK « AND+ IB+EQ.ONE)GO TO 1000 DS001620
IF{IAEQeHHH,ANC.IB.EQ.ONE)GO TC 1000 ; DS001630
IF(IAEQ:.SSS+AND+IB.EQ.ONEIGO TO 2000 DS001640
IF(IA.EQ.BLANK «ANC.IB.EQ.TWO)GO TO 3000 : ‘ DS001650
IF(IA.EQ.HHH.AND. IB+EQ.TWO)GO TO 3000 , ' DS001660
IF(IA<EQ.SSS.ANC.IB.EQ+TWOIGO TO 4000 LT : 0S001670
WRITE(6,950) ~ 05001680
950 FORMATC1Xs 1300 1H*)/1X+30( 1H¥) « ¢ UNRECOGNI ZABLE AASHTO TRUCK LOADINGDS001690
*=CHECK INPUT CARD 4, COLS. 5 THRU 8%,30(1H%*)/1X,130(1H%)) DS001700
sTOP : DS001710
. DS001720
H=15 TRUCK . : o ’ 'DS001730
, : , - DS001740
ZAXLE(1)=6, ; ’ DS001750
ZAXLE(2)=24. S - S , DS001760
ZNWHLL 1) =14, : DS001770
NAXLE= 2 ; ‘ . DS001780
ULOAD=0.480 : , DS001790
CSLOAD=19.S , DS001800
CMLOAD=13,5 , : DS001810
G0 TO 6000 - : ‘ - R DS001820
DS001830

HS=15 TRUCK ' ' ‘ ~ DS001840
, e o DS001850

ZAXLE(1)=6E. , e - ' 0S001860
ZAXLE(2)=24. : _ ‘ DS001870
ZAXLE(3)=24. , o DS001880
ZNWHL(1)=18, ‘ DS001890
ZNWHL(2)=28, DS001900
NAXLE=3 ~ DS001910
ULOAD=0.480 ‘ ‘ DS001920
CSLOAD=19.5 : : DS001930
- CMLOAD=13.5 ' DS001940
GG TO 6000 ' ' , 05001950
: DS001960

H=20 TRUCK , DS001970
0S001980

ZAXLE(1)=8. : DS001990
ZAXLE(2)=32. 0S002000




INWHL(1)=14,

DS002010

NAXLE=2 DS002020
ULOAD=0,640 DS002030
CSLOAD=26. DS002040
CMLOAD=18, DS002050
GO TO 6000 DS002060
C , DS002070
C HS=20 TRUCK DS002080
c DS002090
4000 ZAXLE(1)=8. ~ pS002100
ZAXLEC2)=132, 0S002110
ZAXLE(3)=32, DS002120
ZNWHL(1)=14, DS0021 30
INWHL (2)=28., DS002140
NAXLE=3 DS002150
ULDAD=0.640  DS002160
CSLOAD=26. DS0021 70
CMLOAD=18. 05002180
3 6000 CONTINUE 08002190
w CALL PROPTY DS002200
Z1=TDIM DS002210
Z2=TDIM+XD IM 05002220
Z3=HDIM DS002230
ZA=MDIM+GDIM PS002240
Y1=WHDIM/2 ., DS002250
Y2=WDDIM PS002260
Y3=ADIM/2.=YlmY2 DS002270
Y4=XDIM , -  DS002280
D(1)==DBOT+CBOT ' , p$S002290
DO 9102 J1=2,NR ; DS002300
9102 D{(J1)=0(J1=1)+4GSP . - , DS002310
ALPHA=0,.S=HDPT/ZL ' DS002320
C**tt*#***#*t**t*#*t##*t###**##t****#***t**#****#t*t**t#**t*tt#**#*****#05002330
Cx%k%x PRINT OUT INPUT QUANTITIES DS002340
C##i#*##**#t***##t*#tttt#*tt****##tt**#*t*******tt#*t*tt#t*****###tt*##t05002350
WRITE(6,9080) (TITLE(1J1)5J1=10,11),(TITLE(14J1)3J1=14,26), 05002360
1CTITLE(15J1)5J1=8484568) o (TITLE{(2+J2)4+J2=13,19)(TITLE(2,J2),J2=26,2D5002370
28 ) ATITLE(2+U2)+J2=86,54) 3 (TITLE(3,J3),43=13,54) , , DS002380

9080 FORMAT (1H1 s37X,*DISTRICT *,2A1,1Xe13A1,° COUNTY HIGHWAY NO. *,  DS002390
17A1/38X, 'CONTRCL NOo *+7A1,* IPE *,3A1.' SUEMITTED €Y *,11A1/  DS002400
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238X+ *DESCRIPTION
600 FORMAT{1H1)
WRITE(6,601)
FURM‘T(//’!XQ‘ZQ('*‘)’
'RITE‘GaG!O’
FORMATL® %® ,47X,*BEAM DIMENSIDNS AND PRDPERTIES'.SOX"*')
'RITE!G.602’
FGR‘AT‘!X!129('*'3,
WRITE{6,603)
FORMAT(1X %% 4127X,%%¢)
WRITE(6+:611) ADIMsBOIMCLINMDDIMEDIMFDIMGDIMHDIM WHDIM,TOIM,
TWODIM,XDIM,YDIM
611 FORMATU1Xs " %? sB8Xe "% 0,44(% %), DIMENSIONS IN INCHES *,43{*,%},
1'*'.ex,'*'llX.'*‘.lZ?x,'*'/lx,'*'-ZIX.'A'-GX.'B',GX.'C'.6x-'0‘a
26XePE® 36X 9 F P 36X a?G? 96X g T H 36X 9 "M 36X 50T 26X ?W? 46X 9" X0y EX?Y?,
321x:,*’/lx.'*'919X9l3{F502v2X)il?Xo.*”
WRITE{(6,603)
WRITE{6,613) BINEFT’ACONC‘DTOP'BEUTQBINERK ACONCK,DTOPK,,DBOTK
613 FORMATU1Xs "% ,BXs*% %, 14(%,2),* (WITOUT SHEAR KEY)*,12(*,.°),*
IN PROPERTIES "312(* e )s*{WITH SHEAR KEY ) '3 17(?6%) % ,8X,9%%/1X,

*s42A1)

601
610
602

603

B IS I N S IS N ERC'SE O O E BE A T aEEaE =

DS002410
DS002420
DS002430
DS002440
0S002450
DS002460
DS002470
Ds002480
DS002490
DS002500
DS002510
DS002520
DS002530
DS002540

‘DS002550
' DS002560
' DS002570

05002580

SECTIODS002590

DS002600

2%, 127X "XT/IXS K 318 X9 2€F JTUINKRG)? SX,*ALINXkX2)*,5X5*YT(IN)*;5X,DS002610

S'VB(IN)'tlBX)'lX"*'/lXo'*'9lZXgE(FlO.O.ﬁX.FG.I'GXoFS 236X2F542
413X} el Xe% %)
WRITE(G6,603)
WRITE(6+650) DCRsAPRIMEIAS»FPS,HUM,UWCHDPT
650 FORMAT(1Xe%%? 4 X,*DISTANCE T0® ,95X,*DISTANCE FROM':#X.'*'/IX.'*'

DS002620
DS002630
0S002640
DS002650
DS002660

17Xs*CG OF * 38X, *COMPRESSION® s SXs *MAXIMUM?® ;S X5 * MINIMUM® 417X ¢* STRAND*® DS002670
2+19X+* CONCRETE® ¢5Xo *CENTERLINE OF "3 4X o "%/ 1Xs "%%,8X, *COMPRESSION? 205002680
35Xs *RE INFORCING® ¢ 2(5Xs * INITIAL® )+SX+*STRAND® ,5X4 *ULTIMATE ", 5X, 05002690
4'RELATIVES s 7Xo *UNIT *410Xs YBEAM TO 37X+ " %% /1X, '%%,4X, *REINFORCING® »DS002700
S8Xe® AREA® s 9Xs 2( *CAMBER® 46X )»* AREA",6Xs *STRENGTH®¢5X.*HUMIDITY*, DS002710
66X+ *WE IGHT s 6Xs "HARPING POINT® 34X+ *%°/1X, 9% ,8Xo* (IN)?,10X, ¢ ( IN*%2DS002720
7)0.2¢8Xe? (IND® )y 7Xo T INKE2) *98Xs *(KST )T 4OXo9({X) *+8X,*{K/FT4%x3)?, DS002730
BBXe® (FT)? ¢OX ot #%/1X 9% 3 TXoFS502510XeF5:296Xe9X  +3Xe9X +7XsFSe3, DSO0QR740

DS002750
DS002760
DS002770
0S002780
DS002790
DS002800

7 XeF R o0 X F 00 XeFSe3910XoFS5:2,9X%%?)
IF{ALDEF«GT 4999 e o ANDDEFMIN+sGT sm389,) WRITE(6,9401) DEFMIN
IF(ALDEF.L?.?QQ.laNDADEFNINQLTo-Q99o) lﬂlTEtG.QSG!) ALDEF
!F(ALDEF.LTQ§99goANDoDEFﬂanGT.'qggo’ iR!TE(G.QGOI) ALDEF,DEFNIN

9401 FORMAT{'+? 346Xe F9.3) :
9501 FORMAT(*4°® 24X FGe3)




9601 FORMAT(*+¢ 434X +F9.3,3X:F943) DS002810
WRITELE.603) ~ 0sS002820
WRITE(6.+614) Nw.ceor.ssp.uanv o DS002830

614 FORMAT(1IX+%%% ,54(%,%),% STRAND INFORMATION ®oS3(*.°),"#**/1X,"%*, DS002840
1127X, 9% /71X "% 9,10X,*DISTANCE FRCM BOTTOM® ,56X.* NUMBER OF WEB STRADS0028S0
2NDS = 7313:18X 239/ 1X,%%%,10Xs *OF BEAM TO STRAND ROW 1 = *,F5.2, DS002860
3° INe'+8Xe*GRID SPACING = *,F5.24° INe*+9X+*TOP = MOST GRID ROW', DS002870
A3Xe "= 9, IIp18Xe * ¥/ 1IN %, 127X, 0%0) DS 002880

WRITE(6¢651) (J1oJ1=1,26)s(NSTRMXC(J1)sJ1=1426) : DS002890

651 FORMAT(1Xe *%® 42X, 'ROW NUMBER® 39X 22614 32X+ 7%%/1X+ %%, 2Xs*MAX+s NO. ODS002900

IF STRANDS®026T8,2Xe "%/ 1X o *%k9,127X,0%%) DS002910
WRITE{6+615) CREEP]1 ¢ SHRK1 jCBR2,CBR1+CES2,CBS1,CREEP24SHRK2,s DS002920
1ICTR2sCTR1+CTS2,CTS1 0S002930

615 FORMAT (1X o %, 17(%,9),* ALLOWABLE STRESS COEFFICIENTS *,32('.'), DS002940
1* CREEP AND SHRINKAGE COEFFICIENTS *,13(%¢% )% %7 /1X,°%2,127X,*%*/ NS002950

C21Xe " %%, 27X *RELEASE * 319X, *SERVICE 4 67Xs *2%/1X+%%* 421 X+2(*END 1/10'DS002960
203X0'RE“QINDER' '6x)QSXO.CREEP‘ = .QF‘.OOBXO.SHRK‘. = .F#.O.IBX. 05002970
BIKI /I X o R® 4K o *COMPRESSION? 48X 2(F8024+7XsF8.2+11X) 26X *CREEP2 = *,DS002980
5F8,0+8Xs"SHRK2 = 9,F8e0s13Xs ¥/ 1X s %9,4X, *TENSION® 412X +2(Fa.2, D0S002990
67XeFB02s11X) 952X /1Xe0%? 127Xt %) DS003000
IF(JOPT«NE.1) GO TO 695 DS003010
WRITE{6.,616) ; . ; . DS0032020
FORMAT (" %9,86(%,%),*CONCRETE COST COEFFICIENTS(S/YD%*%3)* ,46(%,9),05003030
g%t DS003040
WRITE(64653)(G(1I)41=1,8) , , DS003050
FORMAT( ' %4,0KSI/$*,FS.1¢' &4.S5KSI/$? ,FSale® S.0KSI/S*FSel,? 5,05003060
ESKSI/S? 3FS5el st 6+0KSI/S?3FSels? 645KSI/$2,FSele? 7.0KSI/S$?,£5,1D5003070
€99 T7+SKSI/S® sFSe1,5Xs%%¢) B DS003080
WRITE(6+654)(G(I)s1=9,11) DS003090
FORMAT(? %*8,0KSI/%?% 4FS,1,°* BeSKSI/S*sFSels? DeOKSI/$'3F5.1+84X,°DS003100
gke) , . DS003119
WRITE(6.603) 05003120
WRITE{(6,617) ' DS003130
FORMAT(* %°,28(%,9),'28 oav CONCREYE STRENGTH COEFFICIENTS (RELEASDS003140
EE STRENGTH/28 CAY STRENGTKI®,27(0,9), ¢%7) : DS003150
WRITE(6,655){F(1)+1=1,8) DS002160
FORMAT(* %4 .0KSI/%¢F4e14%KST  4eSKSI/*4Fas1,'KST 5.0KSI/*,F4.1,'D5003170
EKSI  5e5KSI/®* 4F841,9KST 6+0KSI/?3Fbely *KSI €E.5KSI/*,Fa.1,°KSI 7DS003180
EoOKSI /% eF48,1+9KST 7.5KSI/% sFAe] o' KST%?) £S003190
WRITE(6+656)(F(1),[=9,11) , DS003200
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657 FORMAT(*

6985

658

FORMAT (' *8,0KSTI/%sF4,14+%KS] BeSKSI/0,F4els*KSI
EKST®* 480X, *#9)

WRITE(6+603)

WRITE(6,657) COSTFT,FPCMAX ,
*%,21X,*STRAND COST $13F8.2+ ' /FT1,4321Xe " MAXIMUM RELEASE
1STRENGTH ALLCWED =% 3F4.1 ¢* KSI® 421X, %%?)

WRITE{6,602) »

WRITE(6,9007)

FORMAT(/1X,129(7%7))

WRITE(6,618)

FORMAT(* %% ,S3X,*BRIDGE PROPERTIES?® sS7X, *%*)
WRITE{64602)
WRITE(6,603)
WRITE(6.,658)ZL
FORMAT(?®* *SPAN LENGTH =
EFT)? +5X+*NUNBER TRAFFIC LANES
*"*”

WRITE(€,6C2)

WRITE{6.600)

WRITE(€,6C2)

WRITE(E,619)

FORMAT(?' %9 ,52X "LOADING CONDITICONS® 457X, *%
WRITE{6,6C2)

WRITE{6,603)

IF{TA.EQeBLANK.AND. IE.EQ+BLANK) GO TC 696
IF({IBeEQ.TWO) WRITE(6,65S)1A,DISTF
FORMAT (* * AASFTO LL HY s Als 'm209,7X,
£ P ,F 5,2, {TRUCKS)* 362X,?%7)
IF(IBEQ.DNE) WRITE(E,EEC)IADISTF
FORMAT (* * AASHTO LL = H',Al,'=15%,7X,
ET 9,FS5,.3, " (TRUCKS)®* ,62X,*%¢)
WRITE{(6.,603)

IF(JLOAD.NEL.1) GC TO 697
WRITE(6.620)(1,1=1,18)

FORMAT (' %2 ,57{*4%),tAXLE TRAIN' ,;6C(* %)%/, xAXLE NUMBER
£18I6,5X.'%7) ‘ '
WRITE(6+661)IPAXLE(I)I=1,18)

FORMAT(® %AXLE LOADI(KIPS)*,18F6.1,4X, %)

WRITEL6:,662) (NWHL{TI)o1=1,17)
FORMAT(* *CISTANCE TO AXLE(FT)

QeOKSI/'»Fa.1,"

-

+WIDTHLJTNTL, TALB
T 4FSel ¥ (FT)?2sSX*EBRILCGE WIDT¥F =
2,12+8X 0+ "NUMBER BEAMS =

VI FS .14

-

*)

=

Lelo DISTRIBUTION FACTCR

*Lele DISTRIBUTION FACTCR

12 1TF4.0e8X,%%)

Cs003219
£s5003220
DSN03230
£S003240
DS003250
DS0032¢€0
D5S003270
DS0032890
£S003290
€S0033¢¢
DS003310
0S003329
DSND3330
DS0C03340
£s003350

*3F 5+4252CXDS0C3360

DSN03370
£S003380
DS0033990
CS002400
DS003410
DS003420
DS003430
DSN03440
DSC03450
DS003460

DS0C347C

£s5003480
£S003490
DS00350¢0
CsS0035190
DSC03522
DS003530
DS203540

*,0S003550

£S00356¢C
DS003570
0s00358¢0
£S003590
DS003600




WRITE(6+€02) £S003610

697 IF(JCONC.NE.1) GO TO €S8 £S003620
WRITE(E.621) ‘ DS003630

621 FORMATI(?® %9 ,45(%,) ,*CONCENTRATED FCRCES CN SINGLE EBEAM',48(*,.'),*'DS003649
Ex1) , DS003650
WRITE(E.664) (FCCNC{I)sI=1,10) DS00366C

664 FORMAT(' *LOAD(KIPS) * L 1OFGe1,23X,%%°) ~ D5003570
WRITE(6.665)(DCCNC(1)s1=1,10) DS003680

665 FORMAT{®* *CISTANCE FROM®,114X,%%%,/,* XLEFT SUPPORT(FT) *,F5,1,SFDS003690
£9el1e23X,"%0) DS003700
WRITE(6.603) ' DS003710

608 IF{ULSB.EGe0D) GC TC 699 DS002720
WRITE(6,666)ULSB _ DS003730

666 FORMAT (¢ XUNIFCRM LOAD ON SINGLE BEAM = ',FS.2,*(K/FT)*,86X,***) DS003740
699 CONTINUE o ‘ DS003750
WRITE(6+602) DS002760

C **#*t***#*****t***#**t*##*******#*#*******t***************t**#*****t***DSOOB'??O
~ Ck*x%x% COMPUTE CESICGN MOMENTS AND SHEARS : DS0037890
:‘, C *********************#*****t* kR dok Rk ok kR Rk k kkkokkkkkkkkkkkkkkkkXx%kDS003790
DO 8104 J1=1,9 DS003800
DLMOM( J1)=C. DS003810
DLSHR{J1)=0. DS003820
ZX=(J1=1)%ZL/10 . DS003830
IF(J1eEGe3) ZX=5.%ZL/80. DS003840
IF(J1.EQe8) ZX=2.%ZL /10, . pS003859
IF(J1 «EGe5) ZX=2L/4 ' DS0038690
IF{J1eGEe6) ZX=(J1=3)%ZL /10, DS003870
IF(J1l eEQeQ) ZX=ALPHAXZL DS003880

ZMDL ={ ACONCK®XUWC/146¢)%ZX/2 +%(ZL=ZX) DS003890
IF(J1.EQe8) ZMBW=ZMDL , DS003909
Z2SDL=( ACONCK*UWC/ 1844 ) *(ZL/2e=Z X) : DS003917
IF(JCONC.NE.1) GO TC 14 : DS0032920
SUMM=0 o DS003930
SUMV=0 . } ‘ - DS003940

DO 12 J2=1,10 : DS003950
IF(DCONC(J2)+EQe0.) GO TO 14 : ‘ ' DS5003960
R=FCONC(J2)*{ZL=DCONC(J2})/2ZL : DS003970
SUMM=SUMM+ R* 7 X ' ‘ DS0 03980
SUMV=R DS003990

IF(DCONC(J2)eGT eZX+1) GO TO 10 ‘ DS004000
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SUMM=SUMM=FCONC{J2) *(Z x=DCONC( J2))
SUMV=SUNVeFCONC{J2)

DLMOM{ J1)=DLMCON(J1)+SUMM
DLSHR{J1)=CLSHR{J1) +SUMY

CONTINUE

DLMOM( J1)=DLMOM{ J1)4ULSB*ZX/2+ % {ZL=ZX)
DLSHR( J1 )=CLSHR{J1)I4ULSB*{ZL /2 ewZX)

ZMOML=0.

ZMOMT=0,

ZSHRL =0,

ZSHRT=C.

ZMOMAX=0 ,

ZSHRAX=0,

ZIMP=1.+S0,/{125++ZL)

IF(ZIMP.GTe1,30) ZIMP=1,30

IF{I AASHO.EQ.0) GO TO 16

ZMOML=DISTF*Z IMP*ULOADXZ X/2 4% { ZL=ZX)
ZSHRL=DISTF*Z IMPAUL CAD*{ZL /2 s=ZX)
R=CMLOADX (2L =ZX)/ZL

ZMOML= ZMOML $R*ZX*D1 STF*Z I MP
ZSHRL=ZSHRL+R*DISTF*Z IMP

CALL MOMSHR({ZL sZNWHL sNAXLE, zx.ZAXLs,znonT.ZSHRTa
ZMOMT=ZMOMT%D ISTF*Z IMP
ZSHRT=ZSHRTXDISTF*Z IMP

IF(JLOAD.EQ.N) GO TO 18

CALL MOMSHER(ZL +NWHL s NWFEEL + ZX+PAXL E, zuonAx,z<HRAx)
ZMOMAX=ZMOMAXXDISTF

ZSHRAX=ZSHRAX*DISTF

BMMAX { J1)=AMAX1 {ZMOML , ZMOMT  ZMOMAX )

BVMAX({ J1)=AMAX] (ZSHRL » ZSKHRT ,ZSHRAX)
CONTINUF ’

CZMAX =0 4,0

DO S106 J1=1.,6

IF(BMMAX{J1) «GT ¢ZMAX ) ZMAX =BMMAX(J1)
CONTINUE
ZMNC=ABS{ACONCK=ACONC ) *UNC*ZL*X*2/{ 144 ,%8,)
ZMC=DLMCM{ 8)

ULTMRQO=1 3% {ZMBW+LLNOM(8)+(5./3. ) ¥ZMAX )

G NS B SE A N S &Bn'SE BE UE Bh D R T Gh-EE e

DS00401C
DS0040290
£S004030
DS0D40490
DS004050
DSN04060
DS004070
DS004080
DS004090 -
DS00410D
DS0041190
05004120
DS004130
£CSG04149
DS0041590
DS0C4160

‘DS004170

DS004180
DS004190
0S004200
DS004210
DS004220
DSD04230
DS00&240
£S004250

50064260
DS004279)
DS004280
DS004290
£S004300
DS00431C
DS004320
£CS004339
NDSN04340
0S004350
DS004350
DS004379
DS004380

C 3k 3k o A ok ok o ok sk ook o o o ok o o ok o ok ok o e o R K R R R sk ok KRR R KRR KR Rk Rk Rk KRR RXDSO04390
Cxx%kkx GENERATE QOEJECTIVE FUNCTION ANC INITIAL CONSTRAINT SET DS00440¢C




C*t**t*#***t****t*#ttit*******#**************t**t#*****tt*t***#*********05004410
ASSCLR=0 05 DS004420
ASSPLS=0.1 DS00C4430
FLASC=1,04355%( 1000 %UWC ) %¥%1 .5 DS004440
IF(JOPT.EQ.0) GC TO 110 DS004450

N=48+ 7&NR
M=124+2 XNR
GO TO 112
N=29+7 %2NR
M=342 kNR
KK=M+N=1

05004460
DS004470
DS004480C
DS004490
DS 004500
DS004510

K=N+Ma-i 0DS004520
IF(JOPT.EC.1) GC TG 108 © DS004530

‘ DS004540

DEFINE COSY CCEFFICIENTS FCR CESIGN OPTICGN DS004550

‘ DS004560

COSTFYT=100., DS004570
G(1)=1944,%COSTFT/(4.0%ACONC) DS004580

108 CALL EQGEN DS00459%
C***ttt****tt******#***t*#i****#*********t*#*##***t*#****t***t**#******#ﬂSGOﬁéOO
C CALL LPCODE FOR INITIAL SCLUTICN DS004610
€ ¢ ok e ke s ok ko o oK A o 3 ok o o ik ok R ok o e e ok o ke ok ok ok e ook ok koK B Rk ok RO KRR Rk Rk Rk kk Rk Rk k kkk Rk kkDS004620
KODE=0 . DS004630
NFRCE=0 DS0045640
NEQS=0 DS004650
INDX=0 : DS004660

CALL LPCODE (NFRCE ,NEQSsIKDX,KODE) : DS004670
DS004680

ROUND LP SCLUTIECN FER INTRODUCTIEN TC INTEGER ROUT INE ' DS0046S0

‘ 05004700

IF{JOPTECe0) JRzMm] DS004T710
IF(JOPT.NE.O) JR=M - ps004a720

DO 402 J1=14JR ; . £S004730
S1=X{1=J0PT+J1) ' o , DS004740
S2=AINT(S1) ' DS004&750
[F(S1®mS2,GEeCe5) X(1=mJOPT+J1)=52+1 DS0047690
IF{S1I=™S2,LT.0e5) X{1=JOPT+J1) =52 ‘ DS004770

402 CONTINUE . ‘ DS004780
C*****#***t*****#t*****#*#*t####**##*#***#*********####*****************05004790
C SET UP FOR CALL TC INTEGER ROUTINE DS0048CO
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Chekxkxkkkkkkhkkkrkk ok kkpdokkkkk ko dkkok ko hk ke kkk ok ko kR kxk kkkkkdk DSCN4E810
DXMAX=SC. ) DS0C4820
1S=0 DS0 04830
IF{JOPT EQ.0) GC TO 113 DSOR4840

NCON=37+6%NR DS0 048590
N1=0 £S00486¢C

N2=NR+2 , } DSC04870
N3=NR+1C _ ' ; ‘ DS004880
GO TO 114 : DS004890
NCON=28+6%NR DSC04900
N1=1 £S004910
N2=NR+2 : ‘ ' DsS0Ca920
N3=NR DS004930
NRA=NCON+1 ‘ ' DS004940
NCA=N14+N24N3+1 ‘ DS 004950
CALL SGQUASH DS004960

¥RITE(3) BB DS004970
REWIND 3 ‘ DS00C4980

c***************#t*t**t******************#*****t***:**************t*****osooaggo
c ITERATE ON PRESTRESS LOSS : DS005000
T % & % ok Kok ok ok e ok s ok 3ok ok ok ok ok Kk ok ******#********##**#*******#**#t***********t*******osooﬁo1 0
ZSSCLR=ASSCLR DS005020
ZSSPLS=ASSPLS ' DS005030
CONTINUE ~ DS00S040

CALL INTPRG(KBCMS8) S , : DS00S250

DO 192 J1=1.NC . DS0CS060
X{J1)=XX{J1) — , - 'DS0CS0790

DO S130 J1=1,NR : ‘ CS 005080
IFINSTRMX{ J1)/2%2 .NEJNSTRMX{J1)) GO TO 5130 ' DS005090
X{1=JOPT+J1) =X (1= JOPT+41) %2, : CSON5100

CONT INUE : £S005110
DSC05120

COMPUTE NEW PRESTRESS LOSSES : DS0051 30
DS00S5140

IF{JOPT.NE.0) GC TO 708 ‘ o , DS005150
FPCR=X{1) DS005160
GO TO 712 ' : DS005170
FPCR=4,.0 : DS005180
DO 710 Jl=1,12 £CS0NS5190
FPCR=FPCR#+0.5*X{2*NR+2+J1) : DS005200




712 AMOM=0,."

ASUM=C .0

DO 706 Jl1=1,ANR

ASUM=ASUME+ASEX({ 1=JjOPT+J1)}
AMOM=AMCM=2SkX{1=J0PT+J1)%D(J1)
DCG=DBOT=AMOM/ASUN

CALL PLOSS(FPCR.ZMB';ZMC.ZMNC.FPS.ASUH.ACCNC.EINERTgEINERK;DBOT.

1DBOVTK s DCGoHUMG ZL 4 ZL CSS, ZINLOSHUNWC)

TERMINATE ITERATIONS IF COMPUTED LONG TERM LOSS DOES
NOYT EXCEED ASSUMED LCSS B8Y MORE THAN 3 PERCENT

IF{KBOMB.NE«O) GC TO 740
IF(ZLOSSeLE1,03%2ZSSPLS) GC. TGO 740

UPDATE CONSTRAINTS TO REFLECT NEw PRESTRESS LCSSES

READ(3) BB
REWIND 3 ,
FACTI=(1e=ZINLOS)/(1.=ZSSCLR)
FACT2=(1.,=ZLOSS)/{1.mZSSPLS)
J11=0 .
IF(JOPTECeD) NR2=NR*243
[F{JOPT,NE +0) NR2=NR*%2+2+10

DO 9300 J1=1,NR2
IF(J1.EQe1=JOPT+NR+1) GO TO 9300
1A=COL (J1) : .
18=COL(J1+1)=}

DO 9320 J2=IA.l18

IF{J1 ¢ CEL1=JOPT+23NR+3) GO TO 9C13

IF(J1 eGE.1=JOPT+NR+3) GO TO 9310
RELEASE STRESSES
xs(éou(Jzi.LE.s) Y{J2)=Y (J2)%FACTL
SERVICE STRESSES

IF{RO'(J?)-GT.B-ANﬁ.ROﬁ(JZ)-LF.ZZ)

Y(J2)=Y(J2)I*FACT2

DS005210
DS00S5220
DS005230
DS005240
DS005250
DS005260
£sS005270
DS005280
0S005290
DS005300
DS00S310
£5005320
DS005321
05005330
05005340
£S005350
DS005360
DS005370
DS005380
DS005390
DS 005400
DS005410
DS005a20
DS005S430
DS005440
DS005450
£S005460
DS005470
£S005480
DS005490
DS 005500
DS005510
D5005520
0S005530
DS005540
DS005550
DS005560
DS005570
DS005580
DS005590
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720

722 ZNE(J4)-(PECRK!J4o12)-PECRK(J4aIl))*ZLCSS/O.!-(PECQK(J4.IZ)*Si

724

CRACK ING MOMENT CAPACITY

JR=26+6%NR .
IF(JOPT.EQel1) JR=3IS+6%NR

IF(J11.NE.O) GC YC 724

J11=J11+1

IF(ZLOSSeLELO.2) T1=1
IF(ZLOSS+LELD2) 12=2
IF(0e2eLToeZLOSSeAND e ZLOSSeLEeDe3) [1=2
IF(042 el ToZLOSS sAND e ZLOSSsLE o0 0 3)12=3
IF(Z2L0SSeGTe0e3) I1=3
IF{ZLOSSeGTe04.3) 12=4

S1=11/10.

S2=12/10.

IF{JOPTNE.D) GO TO 720

BB(26+6*NR)‘-{(PECRK(I'IZ)-PECRK(lollil*ZLOSS/O.I‘(PECQK{leZJ*Sl

1=PECRK(1,11)%582)/0.1)
GO 7o 726
DO 722 J4=1,11

1=PECRK{1,11)%S2)/0.1
BB8{35+6*%NR)=w2NE(1)
IF(ROW(J2) +.NE.JR) GC TO 726

IF{J1 LT 1=JOPT+24NR+3) Y{J2)=Y(J2)%FACT2

IF(J!.LT.I-JOFT*Z*NR+3) GC TO 726
IF(JOPT.EQ.0) GO TO 726

Y{J2)= 2.*(ZNE(J1-2*NR*2+X)-ZNE{JI'E*NR+2))

CONTINUE ‘
IF{J1.GE.1=J0PT+24NR+3) GC TO $3220

CAMBER CCNSTRAINTS

JR=J24+6%NR ’
IF(JOPTLEQ.0) JR=23+6%NR

IF(ROW( J2) +EQedROR ROW( J2) «EQsJR+1) ¥{( J2)=Y(J2)%FACT1

CONTINUE

CONT INUE
ZSSPLS=2L 0SS
ZSSCLR=ZINLCS
DO 5140 Ji1=1,NR

0S005600
DS005610
DS005620
DS005630
DS005640
DS005650
£S005660
DS005670
DS005680
DS005690
DS005700
£SN0S710
DS005720
DS005730

DS005740

DS005750

DS0C5760

BS005770
DS005780

' DS00S790

CS005800
DS00S810
£S00S820
DS005830
DSN0S5840
DS005850
DS005860
DS00S870
DS005880
DS005890
DS 05900

- DS005910

DS005920
CS005930
DS005940
DS005950
DS005960
DS005979
NS005980
0S0 05990




IF(NSTRMX(J1)/72%2 JNE.NSTRMX({J1)}) GC TC S140
X(1=mJOPT+J1)=CeSkX( 1u=jOPT+J1)

5140 CONT INUE

G0 1O 7060

740 CONTINUE

DS006G00
DS006010
DS006020

DS006030

05006040

Ct*t***********t*****#t#*#*#**************t*****#****t******#*##********DSOOGOSO

C

COMPUTE DESIGN RESULTS

DS006060

C***#******t*****#*******###*#**##**##**##*#*#**#*****************#*t#**DSOOéOTO

C
C
C

ECCENTRICITIES

SUM1 =0+ 0

SUM2=OOQ

ISUMI =0

XMGM!—‘-0.0

XMOM2=0,0 ,

DO 9156 J1=1,NR
IFIX{NR+3=JOPT+J1)+EQel,s) ISUMI=ISUMI+1
SUMI=SUMLI+X{1=J0OPT+J1) '
SUM2=SUM2 +NWxX{1=JOPT+NR42+J1)
XMOM]1=XMOM l=X{ 1mJCPT+J1) *D{J1)

XMOM2 =X NOM2=NWw*X{1=JOPT+NR+2+J1 )%D(J1 )
EN=X{NR+2=JOPT)

ENIZEN/ ISUMI+0.5

DRAPL=AINT(ENI)*GSP
XMOM3=mNW*GSP #X{ 1 =JOPT+NR+2)
IF(XMOM3.EQ.0 «0) XMOM2=040

IF( XMOMSOEG.OOO’ SUNZ'-'OQO
ECCL=XMOM1/SUM1 ‘
ENDECC={XMOM]1 +XMOM3 ) /SUM1

SS1=DBOT=( XMOMleXMOM2) 7{ SUML =S5UN2)
IF{SUMZ NE w0 e0) DS1=DBOT=XMOM2/SUM2
IF(SUM2 eNE.0.0) CS2=DBOT={XMOM24XMOM3)/SUM2

IF{SUM2 +EQ+0s0) DS1=551

IF{SUM2.,EQ.0.0) DS2=SS1
NSUML =SUM]L
NSUM2=SuUM2

28=DAY CONCRETE STRENGTH

;M E N B BN T N E - s

DS006080
£S006090
DS00610C0
DSOO0E110
DS006120

‘DS006130

DS006140
DS006150
DS006160
DS0061 70
DS006180
DS006190
0S006200
DS006210
0S006220
DS006230
DS006240
05006250
DS006260
DS0062790
DS 006280
DS006290
DS006300
£S006310
DS006320

 DS006330

DS006340
DS006350
DS006360
DS006370
DS006380
DS006390

B O BN = I e S
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2444
2445

9185

‘-

IF{JOPT.ECC) GC TO €48

F28=F({1)

DO 642 J3=2.11
F28=F28+(FLJ3)=F{ J3=1) )*X{(2%NR+2+J3=1)

CONTINUE v
DEFLECTION CALCULATIONS

ECR=ELASC*SCRT{FPCR)

CBRI=(m22,ShkWkZL* ¥4 +{ 1 .=ZINLOS)*FOXZLXk%k2%(XMON1 /B, +ALPHAXX2/6.% -

1XMOM3) %144 ,)/ECR/BINERT

DEFBUK={-22.S*UE*ZL#*4+(1o‘ZLCSS)*FG*ZL**E*(X&OMI/Ba+ALPHA**2/6.*

1XMOM3)%144,.) /5000, /BINERT
DEFCF=0.

IF(JCONC.NE.1) GG TO 2445

DO 2444 JUN=1,10"

ZBX1=ZL=DCCNC(JIN)

ZBX2=DCCNC (JN)

ZBX=AMINI{ZBX1,2ZBX2)%*12,
DEFCF=DEFCF4FCONC(JIN)*ZBX ¥ (3o ¥ZL *¥2%1 448 omb . 7 BX%%2) /48,
CONTINUE
DEFBWU={m22,S*{WBH+ULSBIRZL *¥%x4+( 1e=ZLOSSI*FO*ZL¥%x2%x{ XMOM1 /8, +
1ALPHAX X2 /6 4 XXMONM3 }%144 (=DEFCF)/S000./BINEFRK

LONG TERM CAMBER

EC=ELASC*SQRT(F28)/1.,E+03

ES=239,. ‘ '

FP=FO*1000.,

UNB=UWC*1000.,

CALL CAMBER(ES,ECsASsSUMI JUWB 2 ACONC+2ZL, ECCL +B INERT,FP 4 ENDECC,
1PRLMAX, CBRMAX,HDPT)

ULTIMATE AND CRACKING MOMENT CALCULATICNS

DO=DTOP+ECCL

AREA=SUM1I%®AS

CALL ULTMP(AREAF28,FPSs APRIME FPLsDD+sDDIM+sFSY+DCR,
1YL oY2eY39VY8 32721072223 9724 28UL ) '
SUMB8=0.C .

DO 9155 Ji1=1sNR

SUMB=SUMBH+ (1. 7ACCNC=D{ Ul }/ZB) XX (1=00PT+J41)

il & & B En aGacEE ae

DS006400
DS00641D
DSC0€420
DS006439
CS0N6440

‘DS00€4AS0

DS006460
£SO 0647TD
DS006480
DSN06490

‘DSC06500
DSC06510

DS006520
DS006530
DS006540
CS006550
DS006560
DS006579
£S006580
DS006590
DS006600
£S006610
DS006620
DS006630
DS006640
DS006650
£S006660
DS006670
DS006680
CS 006590
DS006700
DSO00€710
0S006720
DS006730
DS006740
DS006750
DS006760
DS006770
DS006780
DS006790




68¢

OO0

8103

43a
435

9183

ZCRACK=((1 «=ZLOSS )*ZBK *FO*SUMB+7, 5*28K¢0-9’1623*SQRT(F28)
l'ﬁ*ZL**Z/So*lZo*ZEK/ZB)/IZ.

STIRRUP SPACING

WEB=2 4 *WDD IM

IF{SUM2 ¢EQeN e ) PFORCE=0.0 v
IF{SUM2.NE+0s0) PFORCE==XMOM3/SUM2/(ALPHAXZL*12,)%FO%(1+=ZL0SS)
DO 8103 J1=1,6

ZX=(J1=1)*2L/10.

IF(JI.EQ.S) IX=B %2 /40,

IF{J]1 eEQe8) ZX=2.*ZL /10,

IF(J1EGCeS) ZX=ZL/4,

IF(Jl «GEe€) ZX={ J1m3)*ZL /10,

IF(J1 eEQe9) ZX=ALPHAXZL

VU(J1)=1.444%(WBX(ZL /2 .=ZX)+DLSHR{J1 145,73, *BVMAX(JII)-PFORCE
TAU= (ALPHA®ZX/ZL) FALPHA

IF{TAU LT e0s0) TAU=0.0 .
DISTCG=DTOP+{ XMOM1+ TAUXX NCM3 )}/ SUMI1

CALL SHEAR(WEB,DDIM,DISTCG,F28,FSY,ASTIRP,VU(J1)+SPACE)
STRSP{ J1)=SPACE

CONTINUE

COST AND MATERIAL REQUIREMENYS OF BEAM

IF(JOPY .EQe0) GO TO 9183
CONCV=ACONC/ 144 %2 /27 »
STRFT=SUMI *ZL

CasTC=64(1)

DO 4348 J1x1,10

COSTCCOSTC+H+(GU UL +#1 )G { Ul ))xX(1=JOFT4+2XNR+2+J1)
CONT INUE

CSTCON=COSTC*¥CONCYV
CSTSTR=STRFT*COSTFT
CSTTOT=CSTCON4CSTSTR
CPRCST=CSTCUN/CSTTOT*100 «
SPRCST=CSTSTR/CSTTOT*100.
CSTPFT=CSTTQY/ZZL

CONTINUE

DS006800

DS006810
DS006820
DS0C6830
DS006840
0S006850
DS006860
DS006870
DS006880
DS006890
DS006900
DS006910
DS006920
DS006930
DS 006940
DS006950
DS006960
DS006970
DS006980
DS006990
DSNOT7000
DS007010
DS007020
DS007030
DS007040
DS007050
DS007060
DS007070
DS007080
DS007090
DS007100
DS007110
DS007120
DS0071 30
DS007140
DS007150
DS007160
DS0C7170
DS007180

€ koo o o K o ok ok ok ok ok ko ok KoK ok ok ok Kk ke ok R ok ok kKK K ok ok ook Kk ok Rk ok Rk kK kR XKk %%k TS007190
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Cx*xx% PRINT CUT RESLLTS £S007200
C**t*******t*#**#*##****************#****#******##***#*#***************305007210
WRITE{(6,600) DS007211
IF(KBOMB.NE.O) WRITEL(6,70) DS007212
70 FORMAT(SOX,32{**%), /450X +**SORRY, THIS BEAM WILL NOT WORK*? 4/,50X,0S007213
x32(9%1)) , DS007214
IF(JOPT.EQ.0) WRITE(6,622) ‘ o DS007220
622 FORMAT( / o' *,47X,°*THE COMMAND IS TO SELECT STRANDS® 48X,* *) DS00 7230
IF{JOPT.EQel) WRITE(6,623) DS007240
623 FORMAT( / +* *,50X,*THE COMMAND IS TO OPTIMIZE? 4S1X,? ) £S007259
WRITE{6+601) DS007260
WRITE(E,624) ' ‘ . DS007270
FORMAT(? **,54X,*CESIGN PROPERTIES?® 56X, 1 %") - . DS007280
WRITE(6.602) DS0072990
WRITE(6,602) : . £S007300
ZLS=ZLOSS*100, ‘ : DS007310
ZINL=ZINLOS%100, DS007320
WRITE(€,625) FPCR+ECRSsZINL sF28,2ZLS DS0073320
625 FORMAT (' #*%,4X,'RELEASE STRENGTK = *,F5,2,7 (KSI)',4Xs'CONCRETE MDS007340
10DULUS(RELEASE) = * 4F741," (KSI)*+4X,*INITIAL PRESTRESS LOSS = ',DS007350
2FS5e25 " PERCENT?,4X, "4 9/3% %0,8X,228mDAY STRENGTH = # ,F5,2,¢ (KS1)0S007360
3% 50X, *TOTAL PRESTRESS LOSS = *,FS5.2,% PERCENT®,4X, %) DS007370
WRITE(6,602) : ' 0S007380
WRITE(6,601) ‘ ‘ DS007390
WRITE(6,62¢) o DS007400
FORMAT(® %*,SEX.*DESIGN RESULTS? ,S7X,9%¢) DS007410
WRITE(6.602) ' . DS007420
WRITE(6,603) ' ' DS007430
WRITE{ 6,62%) DS007440
FORMAT (' %° ,56(%,*),*STRAND LAYOUT*,S8(*.%), v%*) 0SC07450
WRITE{(6,6032) : DS007460
WRITE{(6,9157) DS2+45S1sDS512SS14sNSUM1,NSUM2 DS007470
9157 FORMAT(1Xs"%?,S51Xs2(*DISTANCE FRCM®,12X)326Xs "%9/1X, 9% 0 ,34X,  DS0074890
1°LOCATION® sSX+2(*BOTTCM OF BEAM TO CoGa® 33X ) 230X, " %2 /1X, *%¢,49X, £S007490
2°0F DRAPEC STRANDS' 47X, *0F STRAIGHT STRANDS? s 35X, 0%k /1X 0 %9 4127 X o DSCO07500
39K /1Xe%%? q3IXSTEND COF BEAM? 10X +2(F6 e2+20X) 221Xy 1%1/ DS007510
31Xe?%? 4 33X, "CENTERLINE "9 10X02(F602+2CX) 221 Xe ke /1X, %7 127X, DS007520
A% /71X 47 %® ,ASX 4 *TCTAL NUMBER OF STRANDS®s7Xe'= *,13,47X, t%/ . DS0C7530
SIXs?"%k" 45X, *NUNMBER CF CRAFED STRANDS? o6X %= * ,[3,47X,"%?) DSC07540
DO 9159 J1=1,NR CSD07550




C

J2=NR+1 =1

INTX=X{ 1=JOPT+NR+1=J1)

WRITE(6+9160) J2.INTX

FORMAT(1X,%%® ,45X,* NUMBER OF STRANDS IN RCW?,[3,¢

NB=X{1=JOPT+NR+1)

WRITE(6,603)

WRITE(€,G1€1) NB+NW,DRAP]

9161 FORMAT (1X,%%%,2X, AT THE END OF THE BEAM,
113,%, RAISEY +13,* STRANDS IN EACH ROW*,F6al,?
2HT STRANDS IN THAT ROW® ,2X,%%7)

WRITE(6 +603)
WRITE(6+49227) CERI,CBRNMAX{1),DEFBWK .CEBRMAX(2) DEFBWU,CBRMAX(2),
1CBRMAX(4)

9227 FORMAT (1X,9%7,53(%.*),"COMPUTED DEFRLECTION®:5S(%e®)s ' %%/1X,9%¢,
1127Xs " %9 /1Xe %% ¢ ,15X o* SHORT TERM DEFLECTICN (INe)? 431X,*LONG TERM
2EFLECTION (INo)? 328X, *% 0/ 1 X 0%8 4 127Xo "%/ 1Xs %% ,12Xy
2'BEAM WEIGHTY (RELEASE)'s14X,

9159
9160

BEGINNING WITH ROW®*, -

DS007560
DS007570
DS007580

=4 [84,47Xs **1)DS007590

DS007500
DS007610
DS007620
DS007630

INCHES ABOVE STRAIGDS007640

DS007650
DS007660
DS007670
DS007680
DS007690

DOS007700 -

0S007710
DS007720

3%= 9,F6.2411X+*BASED ON DALLAS CONCRETE PROPERTIES® +7Xs'= % ,F6.2, DS007730
G1IXs X% /1X +"%7412X, *BMWT + SHEAR KEY (E=5000¢)"+9Xs*= *4F6e2,11X, DS007740

S*BASED ON CDESSA C(ONCRETE PROPERTIES® s7X'=
612X+ *BMWT + KEY + DEAD LOADS {E=5000.) =
7 ANTONIC CCNCRETE PROPERTIES =
8N LUFKIN CONCRETE PROPERTIES® s7Xs?= * ,F6s2411Xs"%*)

IF(CREEP] sNEGe0) WRITE(6,9045) CBRMAX(S)

9049 FORMAT(1IXe%%" 466X +* BASED CN GIVEN CONCRETE PRCPERTIES's8Xs*'= *,

1F6e2e 11 Xs *%%)

STIRRUP SPACINE CQUTPUTY

WRITE{(6,603) :

WRITE{6,9077) ASTIRPL(STRSP({J4) +J4=1,G)

Q077 FORMAT{(* %¢,35(*4%),.?

1 = *3F 8420 IN2 4380 o ) e kT /1 Xo¥%t 127X, %0/
11X ? %0y Xy *SECTION?® 39X et %0 34Xs 10710V 23X e % *,4X%1/710% 3X%%%,4X,
2957400 93X kT JAX '2/10% 23X 'K 34X 1/ A% 38X k2484 Xe* 3710 33X %0,
34X %4/ 10 33X s %% 34X e*S5/10% 33Xk 34X+ "HDPT® 43X % /1 X, * %, 3X,
A4SPACING (INe)}? 43X,y %9 ,9{(2X+F6e2¢3Xs*%%)) '

COST DATA PRINTCUT

IF{JOPT.EQ.C) WRITE(6.,.€03)

IF{JOPT .EQ.D0) GC TO 9020

WRITE(€,6C2)

WRITE(E+.670)

"o F8e2+11Xs ?%20/1X%%¢,DS007750
' ,F6e2:11Xs'BASED ON SANDSO077690
P.F542911Xs 7 %2/1X0%?,E66X,*BASED ODSO07770

DS0077890
DSQ 077990
05007800
DS007810
0s007820
DS007830
0s007840

STIRRUP SPACING = AASHTO 1973 = STIRRUP AREADS007850

DS007860
0S007870
DsS007880
0S007890
DS007900
DS007910
DS007920
DS007930
DS007940
DS007950
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67C FORMAT( 1Xe"k? 444(%,),*C0OST ANC MATERIAL REGUIREMENTS OF BEAM®,4DS0079690
*¥5(0,0), 0% ) £S007970
WRITE{6.,602) C - DS007980
WRITE{6,671) £S007990

671 FDRMAT(!X;'*'98X9'ITE&’,lﬁXv'AMGUNT’Qlzx,'CGST"BX"PEQCENTAGE CF ©S008000
I1TOTAL COST®,6X 9% * ,39X,*%7) DS008010
WRITE{(6,672) CSTTOT DS008020

672 FURHAT(IX.'*'.87x"*'97x;'TOTAL COST OF BEAM S ToFBe292Xe? %) DS008030
WRITE{6+673) CONCV,CSTCON,CPRCST DS008040

673 FORMAT(1IX s "%® ;6 Xe "CONCRETEXY g GX3F 724 YDX*3? 4SX3235° 3FB8424314X,FS5.2DS008050 -
1% X* 515X ,%7%% ,39X,*%?) DS0C080560
WRITE(6+674) STRFT,CSTSTR+sSPRCSTLCSTPFT ) D50080790

678 FORMAT (1Xe *%? 47Xy *STRANDS? 3 10X sF 702" FT 38X '8, FB8.2,14X,F5.2+% %DSO08080
17 +15X+* %% ,7X,*CCST PER FQOT $ "4FBe292X, %0 D50080960
WRITE{ €,67€) DS008100

676 FOR“AT(!X"*'9127Xs'*'/lx"*'ssx"*DOES NOT INCLUDE END SECTION® ,9DS008110
XIX P %) D5008120
9C20 WRITE(6,€02) £s0081 30
C*******#*********#********************************#********************DSOOBI40
C COMPUTE AND PRINTCUT CRITICAL CESIGN FACTORS £so08150
C******#********#*******************************************************05008160
WRITE(6+,600) DS008B170

DO 800 J1=1,9 £sS008180

DO 800 J2=1,°% DS0¢C8190
KSYM{J1 ,J02)=EX{1) _ DS008200
WRITE(E,€C2) ) ‘DS008210
WRITE{6+810) ‘ ' ~ DS00822¢0
FORMAT (1X9%%? ,52X,* CRITICAL CESIGN FACTDQS.,52XO'*‘) DS008230
WRITE(6,602) £sS008240
WRITE{(6,602) : Ds008250
WRITE(€6,811) DS008260

811 FORMAT (* %0,22{*,?),sRELEASE STRESSES*+24( %, %) ,%% ¢ ,2]1(*,7) ,*SERVICDS5008270
1E LOAD STRESSES?+21{%e®)s2%k%/% %9,12X,"{SYMBOL X DENOTES STRESS ATDS008280

2 ALLOWABLE )" s 13Xe?%2 413X,?(SYMBCL X DENOTES STRESS AT ALLOWABLE)®*,0S0082990
312Xs Pk /0 %0, E3X 9%k ,63X,0%2) DS0083090
WRITE(6,812) DS008310

812 FORMAT{* *9,2X,?SFCTICN 0, 7Xs *STRESS TOP®* 38X %? ,6X,*STRESS BOTTLS008320
10OM? ,6X o%%? 32X o *SECT ION X9 37Xy *STRESS TOP ',8X+"%? ,6X,?*STRESS BOTTODS008330

2M? L E6Xg t Rk /0 *',llx.'*’vGXQ'(KSI)’OIXX"*'QIOX¢'(KSI)'QIOXQ'*"11X305008343

Bk ,9Xy *{KST) P, 11X 9%0 1 0OXe?{KSI)?* 10X, 9% /0 *2,11Xe"%? 25X, %? ,2505008350
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GX o R g 11X g PHT 26X o8 KV G25X 40 %0 )
DO 8101 J1=1,6
ZX={J1=1)%x2L/10,

IF{J1.EQe3) ZX=S5.%20L/40.
IF(J1+€EQel) ZX=2,%ZL /10,
IF(J1 +EQeB5) ZX=ZL /4 &
IF{J1eGEW€E) ZX={J1=3)%ZL/10.
IF{J1 ¢EGe9) ZX=ALPHAXZL
ZMI=WEZX/2 ok (ZLmZX) %124
ZMIB=WBXRZX/2.%{ ZL=Z X) %12,
ZMJBK=DLMCNM{J1 ) ¥12. +BMMAX(J1) %12,
TAU=({ ALPHA=ZX/ZL )/ ALPHA
IF(TAU L T+Ce0) TAU=0,0
SUM10=0e0.

SUM20=0 .0

" DO 804 J3=1,NR

804

SUML10=SUMI04+( 1./7ACONCHD(JIV/2ZT )%k X(JI3+1=JOPT)
SUM20=SUM20+{1 «/ACONC=D(J3)/ZB)I*X{J3+1=JOPT)
TERMI=SUMI C+NWXTAU/ 2T CSP*X{3= JOPT+NR)
TERM2=SUM20=NW*TAU/ZB*GSP xX{ 3= JOPT+NR)

STRESS(J1 31 )=(=(1 4= ZINLOS)*FOXTERMI=ZMI/ZT)*(=14)
STRESS(J1+2)=(=(1=ZINLOS)*FOXTERM2+ZNI/ ZB)*(=14)
STRESS{J1+3)=(={]1 e=ZL OSS ) *FOXTERMI=ZMJ/ZTwZM JBK/ZTK }%{(=1.)
STRESS(J1 98)=(= {1 (=2LCSS)¥FCXTERM2+ZMI/ ZB+ZMIEK/ZBK J*(m1l,)
STR=CTR1

SCR=CBR1

STS=CTS1

SCS=CBS1

IF( ZX .LE.ZL/]O e 40 o1 ) STR=CTR2

IF{ZXsLEsZL/1C#+0e1) SCR=CBR2

TF(ZXsLECZL/104+001) STS=CTS2

IF(ZXeLEeZL/10+40¢1) SCS=CBS2

IF STRESS WITHIN 1| PERCENT OF ALLOWABLE, CALL IT CRITICAL.

IF(STRESS(J1+1)«LEem=e000S9*STRASGRT(FPCR*1000¢)) KSYM(J1,41)=EX(2)

IF(STRESS{J1+2)+GEe «9S*¥SCRAFPCR) KSYM(J142)=EXL2)
IF(STRESS({J1 93)+sGEs +99%SCS*kF28) KSYM{Jl.3)=EX(2)

IF(STRESS(J1+4) eLE.ms00099%STSkSART(F28%10C0+)) KSYM(Jl +4)=EX{2)

IF(J1l «NEsl) GO TC 9053

DS008360
£S008370
DS008380
£0S008390
£S008400
DS008410
£0S008420
DS0084 30
DS008440
05008450
DS008460
DS0084790
DS008480
0SN08490
DS008500
DS008510
pS008520
DS008539
£S008540
£0S008550
DS008560
DS008570
DS0 08580
DS008590
DS008600
DS008610
DS008620
0SN08630
DS008640
D5008650
0S008660
DS008670
DS008680
DS008690
DS008700
DS008710
DS008720
DS008730
0S008740
DS008750
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IF(STRESS(143)LE em,00099%STS*SQRT(F28%x1000.)) KSYM(1,3)=EX(2) DS008760

- IF{STRESS(1+4)«CE++99%SCS*F28) KSYM{1,4)=Ex{2) DS008770
9053 CONTINUE DS008780
IF{BB{NCON=J141)eLE+020) KSYM{J1,S)I=EX(2) CS008790
JS=(ZX%X10.4+0.001)/ZL DS008800
IF(J1+EQe3) WRITEL6+9110) STRESS(J1 +1)sKSYN{J1,41)+STRESS(J1,+2)» DS008810
IKSYM{J1:2) s STRESS{J153)>KSYM(JI1+3)+STRESS(J14+4)+KSYM(J1,4) - ‘DS008820
IF(J1eECeS) WRITEL(6 +9113) STRESS{J1+1):KSYMIJI151)+sSTRESS(J1+2)> D5008830
IKSYM(J132)sSTRESS(J1+3)+sKSYM{J193) sSTRESS(J1 +4) s KSYNM{ J1 ,4) £DS008840
IF(J1+ECeS) WRITE(6,9111) STRESS{JI1+1)+KSYM{JI1,1)+sSTRESS(J1,2), DS008850
IKSYM{J142) sSTRESS{J1+2) +sKSYM{ U1 3)sSTRESS{J14):KSYN(J1,4) DS008860
IF{J] oNEe32AND +sJ1 sNEsSeANDesJ1eNE2G) WRITE{6+9112) JUS+STRESS{J1+,1),D5008870
1KSYM{J1 1) sSTRESS{I1+2)sKSYM(J1:2)3J5sSTRESS{J1+3)sKSYM{J1,:3)» DS008880
2STRESS(J1:8) s KSYM{J1+4) £S008890
8101 CONTINUE DS008900
9110 FORMAT(1X+7%® ;84X 25/80% 43X 97 %%32(6EXsE11e493XeA18Xs ?%%),4X, DS008910
1°5/40% 33X % ? 4 2(EXsE110823X A1 44Xs%%8)) £S008920
G111 FORMAT{1Xe7%? 44X s *HOPT 933X 4?3 2{6XeE11e8s3XsA14Xs7%7) 34X, DS008930
19HDP T 33X %% % g2(6XsE11e4+3X,A1 34X,%%2)) : DS008940
9113 FORMAT(1Xe Pk?,4X,%91/4 933X %% ,2{CEXsE11s803XsA18Xs7%"%) 34X, DS0 08950
17178 ¢ ,3X %% 4 2(6Xs E11e493XsA144X,?%%)) DS008960
9112 FORMAT(1Xe 9%k ? 48X, 71497107 a3Xa?%® q2({6XsE110433XsA134Xs"%%),4X, 0S008970
11106%°/710%,3Xs " %9 ,2{6XeE1108,3XsA154Xs%%%)) DS008980
WRITE(6.+814) DS008990

B14 FORMAT(® X9,11X0%? ;25X 9% ;25X o0k 11Xs?%k? 325X a?%? 325X,?%? /% %x¢, DS009000
11100 e0 ) a®k® ,25(0 ,9) q2%9,25(049),3%k0,11(%,%),%%%,25(%,7%),9%?,25(*,*DS009010
2)et%1) ' , ' DpS009020
WRITE(64,603) DS009030
WRITE(6,822) DS009040

822 FORMAT (1X %% ,50(%,9),° IST OF DESIGN CCNSTRAINTS? 451 (*+"),?%*/1X,D5009050
19 %% ,37X, *{SYMBOL X INCICATES CONSTRAINT CONTROLS FINAL DESIGN)*, DS009060
237Xt %) DS009070
WRITE(£,603) ; DS009080
IF{CBRI «GE ALCEF=0,05) KSYM(6E,S)=EX(2) ‘ DS 009081
IF{CBRISLEDEFMINFO «05) KSYM(S,5)=EX(2) DS009082
WRITE{6+805) KSYM{245)sKSYM(4,5) sKSYM{5,55)sKSYM(1+5) 4KSYM(3,5), DS009090
AXKSYM(6 +5) _ DS0091 00

805 FORMAT (1Xe 9% ,1EX,S MINIMUM CONCRETE STRENGTH® +3XsAl,+11X+*ULTIMATE DS00G110
IMOMENT 9, 3Xs A1, 11X, *MINIMUM INITIAL CAMBER® 3X,A1+15X,2%2/1X.?%%, [£S009120
216X " MAXIMUM CONCRETE STRENGTH®,3XsA14+11X, *CRACKING MOMENT®, 3XsA1,0S009130




3 11 X" MAXIMUM INITIAL CAMBER® ¢3X,A1415X, %) ' DS00S5140
WRITE(6,602) , ‘ , ‘ DS009150
WRITE(6.:602) DS009160

C %k ok ek ok 3k Kk 3K %k ok Ak 1k ke ok 3k ok sk ko ok ok ok 3k ek ok ok e Xk ek 3k ok ok ko kok ok ok Skl dk ok ko ok R kR k ok ok kR Rk Xk kA kk k%% DS0091 70
C RECALCULATE AND PRINTOUT DESIGN SHEARS AND MONENTS DS 009180
€ ok o 3 ok ko o ok o oo o ok ok o o o ok oK o ok o o o o ok ok o ok o ok ok o ok ok Kk ok ok ok ook ko R oK ok Rk Rk ok Rk X k% DS 0 091 90
WRITE( €,+5045) : - DS009200

9045 FORMAT (/) £S009210
WRITE(6,602) : DS009220
WRITE(€6,90481) ' ' " £S009230
FORMAT (11X, '%*9,51X, * MOMENT AND SHEAR SUMMARY® ;S52X,%%1) DS009240
WRITE(6,602) DS009250
WRITE(E,603) DS009260
WRITE(6,9042) . ‘ DS009270

9042 FORMAT(1Xs "%% 42X, *DISTANCE FROM? ,2Xo%%?,* BEM, WT+ + SHEAR KEY *, DS009280

19 %2 36X 'OTHER Dol o? 95X o® %1 30X 3 'L ol o ? 38X %7 38X * TOTAL® 38X * % ,7X, DS009290

2VULTIMATES® 46X " %7 /1 X 3?9 %9 33X 4*END COF BEAM 43X, "%, 4(7X, "MOMENTS*, DS009300

B7Xe 'K ) g BXe "SHEAR Yo BXe "Rk 1/ 1X 0k ? 36XV (FT)? 47X 7% 4 (7TX,*{KIP=FT)?*,DS009310

BEX 7% ) 48X o P {KIPS)® g7Xe "% /1Xs V%0, 17X 0%k?,5(21Xs"%7)) DS009320
DO 8102 J1=1,9 DS00S330
ZX=(J1m1)%ZL /10 DS 009340
IF(J1eEGe3) ZX=S¢%ZL/40. DS009350
IF{J1.EQed) ZX=2.%ZL /10, £S009369
IF{J1 +EQeS) ZX=2L /4, DS009370
IF(J1 eGEL6) ZX=(J1=3)%ZL /10, DS009380
IF(J1<EQeS) ZX=ALPHAXZL DS009390
ZMJIB=WBXZX/2 o *¥(ZL=ZX) DS 009400
ZMJIT=ZMIB+DLMCNM(J1) +BMMAX(J1) DS009410
VU(J1)=1e488%(WB*(ZL/2.=ZX)+DLSHR(J1DI+5./3%BVYMAX(J1)) DS009420
IF(J1 e NEo9) WRITE(6+9043) ZXeZMIB,DLMOM(J1)+sBMMAX{J1)+ZMIT4VU(J1) DSO009430
IF(J1eEQeT) WRITE(6,3047) ZMIBDLMOM(J1 ) 4BMMAX(J1) e ZMIT,,VU(JIL1) D5S009440

8102 CONT INUE , DS009450
9043 FORMAT(1Xs "% ;6XsF5e226Xs"*%? 3 S(4X+EL12e5+5X, *%?)) DS005460
9047 FORMAT(1Xe "% 46Xy THDPT® 47Xt %% 5(AXsE12e5+5X,7%%)) , DS009470
WRITE(6,603) DS009480
WRITE(6+9044) ULTMRC»ZMUL »ZCRACK DS009490
9044 FORMAT(1X, %% ,42X4*ULTIMATE MOMENT REGUIRED = *,E12.5+' KIP=FT*,39DS009500

I1Xs9%9/1Xo?%® 42X "ULTIMATE MOMENT CAPACITY = *,E12.5+" KIP=FT*,36XDS009510

23KV /1Xs9%k? 42X, YCRACKING MOMENT CAPACITY = ¢ ,E12.5,' KIP=FT*,39X,D5009520

30 %e) ’ £S009530
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WRITE(6,603) DS005540
WRITE{6+,602) : DS009550
WRITE(6+641) DS00G560
FORMAT (1H1) DS009570
NCOUNT=NCOUNT +1 0S009580
GO TO 3007 DS009590

CONTINUE 05009600
STOP DS009610

END DS009620




SUBROUT INE EQGEN DSC0GH630
COMMON/BLK1/ADINV,BDIN,COINIDDIMSEDIMsFDIN+CODINSHDIMs TOIMeWDDIM, :D5C009640
IWHD IMy XCIMy, YOI Ms ACONCoBINERT +DTOP 4DB0Ts ZT,Z8B,4 ACONCK,BINERK,DTOPK, £S009650

2DB0TKs ZTK s ZBK ¢ ZL s F28,4, JOPT, ASSCLR,ASSPLS, APRIME,CBOT, COSTFT, DS009660
3DEFMIN s ALDEF 4 NRAV o NWHEEL ¢ DISTF ,FFCMAX +FPCNIN,ELASC,ULT¥RQ.CTGP, CS009670

AW WBs FO,DCReNRHOPT o NW s ALPHA DS009680
COMMON/BLK2/PAXLE(18) yNWHL(18),STRMAX (26),FCONC(10),DCONC(10), 0SC09690
1G(11)4F(11):0(10)+BMMAX(S) ,BVMAX(9),CBRMAX(5)+PRLMAX(5),DLMOM(9), DS009700
2DLSHR(9)+PECRK(11+4),2L0S(4) DS009710

C OMMON/DEF INE/ UWCsHUMAS,FPS,CTR1 +CTR2,CER1 sCER2,CTS1+CTS2, £5009720
1CBS1,CBS2s CREEP 1, CREEP2, SHRK1 ¢ SHRK2,RATNOD s FPL +FSY,ASTIRP,GSP £S009730
COMMON/YZ/21+22+23+245Y1+Y2,Y3,Y4 DS009740
COMMON/D318/NsM30BJ sKP1 s KsNCONSNCoNRASNCASNT s N2,N33DXMAX, ISs TV, TRe DS009750
ISUM.IGNDR'IT(Q),JCONT.X(lSO).ARRAY(llB.lSO)-B(lSO).XD(lSO) DS009760
 COMMON/CUMP/ TITLE(3,54),YJ(11).FROW(26), DS0C9770

1PEF (504 2),ZNE(11) +KKODE(4) 5 ZMCR(4) DS009780

FO=0 .7 *AS*FPS DS009790
WSUWC*ACONC/ 144, DS 009800

N WB=UWC *ACONCK/ 144, £5009810
w JRR=GB +7*NR DS009820
JCC=1242%NFR : DS0C9830
IF(JOPTWNE 1) JRR=2G+7#NR : £S009840
IF(JOPT.NE.1) JCC=3+42#NR DS009850

DO 2 J1=1,JRR DS009860

ARRAY {J1,K+1)=0,0 0S009870

DO 2 J2=1,J4CC DS005880

2 ARRAY{J1+J2)=0.0 DS009890

£ 3% o ok ok 3k & s ofcok ik sk ok s ok ok ok ok oK K3k ok K Kook 3 ok ok koo 3k dkokok ok 2K o koK dkokok ko ek ak ok ok ok Rk Rk ok Kok kR kR Kk Rk Xk kDS 009900
C OBJECTIVE FUNCTION DS009910
C 3k ok ook sk ok 3ok ok 3 ok ok sk ok ook ok ok ko ok ok ok 3 ak ok ok ok ok ok dk ek kR ok kok ¥Rk kR kR k kkkok k kokkkk kkk Kk k kkk kkk£S009920
IF(JOPT.EQe1) GC TO 3 DS009930
ARRAY(151)=G(1)*ACONC*ZL /1944, ; £S009940

ARRAY {1, 14NR+2)=0.1%G{ 1) *ACONC*ZL /1944, 0S009950

DO 5 J1=1,NR DS009960

S ARRAY(1+,J141)=CCSTFT*ZL DS009970

GO TO 8 DS009980

3 00 4 J1=1,NF ; DS009990

4 ARRAY{1,41)=COSTFT*ZL 0S010700

C ' DS010010
C PUT IN TOKEN COST FCR DRAPING. DS010020
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DS0 10030

ARRAY{1 sNR#+2) = (CCSTFT*ZL/(NR*NRAV)}*Qol DS0 10040
DO 6 J1=1,10 £S0100S0

6 ARRAY{1:+2%NR4+2+J1)= ACGNC*ZL/I944.*(G(J1*1)-G(Jl)) DS010060

8 CONTINUE £SC10070
DO 1 Jl=1.M oo _ £sSC10080

1 ARRAY{1 2J1 )==ARRAY(1,01) . i DS0C10090
C 0 ok ko K Kok oK o ok ok ok ok A KRk ok Kok ok KK ok ok Rk ok ok R ok ok Rk ok Rk kokokk Rk X kk X %% DS0101 00

C RELEASE STRESSES = CONSTRAINTS 1 THRU 8 - DSO10110

DO 10 J1=2+G,2

IF(J1+ECe2) ZX=ALPHAXZL

IF(J1+EGCed) ZX=S5.%ZL/40.

IF(J1.EQe6) ZX=ZL /10,

IF{J]l «EGe8) ZX=0.0

IF(J1.EQe2) TAU=O.

IF(J1 cECGed) TAU={ALPHA=0.125)/ALPHA

IF{J1eECe6) TAU={ALPHA=D .10 )/ ALPHA

IF(J1+EQe8) TAU=1.0

IF{TAULT.0.0) TAU=0,0

ST=CTR1

SC=CBR1

IF(ZXeLEsZL/10+40+1) ST=CTR2

IF(ZXeLELZL /10401 ) SC=CBR2

DO 12 J2=1,NR
ARRAY(J1+1=J0PT4+J2)==(1.=ASSCLR)I*FO*{1e/ACONC4D{J2)/ZT)
ARRAY({ J14+141=J0FT#+#J2)= (1 +=ASSCLR)I*FC*{1+/ACONC=D(J42)/28)
ARRAY(J1s 1=JOPT4NR+2)==( 1 ,~ASSCLR)IKFOXNW/Z T*TAUXGSP
ARRAY (J141,1=JOPT+NR+2)=w={1 +~ASSCLR)I*XFOXNW/ZB*TAUXGSP
IF(JOPTEG+0) GC TO 9

DO 14 J2=1,10

ARRAY (J1,2#NR+#2+4J2)==0.,003727%ST

ARRAY( J141 +2*NR42+J2)==0 «S0*SC
ARRAY(J1,K+1)=0eSCORWRZXK{ZL=»ZX)%124/2ZT+0.063366%ST
ARRAY{ J141 +K#1)=0 SCRWRZXK(ZL=ZX)*12e/ZB+4+0#SC

GO TO 1C

ARRAY (J1s1)==C,0074535%ST

ARRAY( J141,]1)==SC
ARRAY{ J1+K+11=CoSCx R Z Xk (2L mZX)*12/2T40s033552%57

ARRAY{ J1 41 +K+1 )=0,50%WxZX*(Z| =ZX)*x12.,/28B

€ % % 2k ok 3k kK sk 3 3k 3k 3% ok o ok ok ok 3 ok ok ok ok ik 3k % sk ok % el sk ok ok kol e kool sk ok ek bk ok kR ok kkok ok ki adkokok Kok k k¥ kk Rk ¥%kDS010120

D50101390
DSC10140
DS010150
DS0 10160
DS010170
£S010180
0S0101990
DS0102900
£SD10210
DsS0106220
DS010230
pDsS010240
DS010250
DS010260
£so10270
DS010280
0S010290
£CSC10300
DS010310
DsS0O1C320
0501C330
£0S010340
D5010350
0S010360
DS01037¢C
DSC10380
CS010390
DS0104900
CS010419
DS010420




10

CONTINUE

DS0104 390

C*********iﬁ**************##*********************************************DSO10440

C

SERVICE LOAD STRESSES = CCONSTRAINTS 9 THRU 22

DS010450

C sk ok ok 8 ook ok 3k ok ok ok ok 3k ok ok ok 3k ok ok ok ok ok ok ook oK ok ok ok ok ok sk kol KRk e ok ok KK ok Kk KKk Kk kK Kk Kk Rk kkk X k%xDS0 10460

C
n
W
(]
20
22
21
18
C

24

I N EE AN By BN Bl N AR BN BN B B O BN B Em B e

POINTS 142+3.4, AND SL/40

DO 18 J1=1,+6

JR=84+2*J1

TAU= (ALPHA-JI/!O.)/ALPFA

IF(J1+EGe6) TAUZ{ALPHA=0.125)/ALPHA

IF(TAU L T+0.0) TAU=0,.0

ZIX=J1/10e%2L '

IF{J1.EQe€) ZX=S.%Z1 /40,

ZMJ=0,SOXWEXZX*x(ZL=ZX) %12,

ZMJIB=BMNAX(J1+2)%12 +CLMONM(I1+2)%12,

IF(J1eEQel) ZMJIB=BMMAX(2)%12.+DLMOM(2)%12,

IF(J1 oEGe2) ZMJB=BMMAX{3)%12,+DLMOM(3)*12.,

ST=CTS1

SC=CBS1

IF{ZX e LEeZL/1040+1) ST=CTS2

IF(ZXeLELZL/10.+40.1) SC=CBS2

DO 20 J2=1,NR

ARRAY( JRs 1 =JOPT4J2)1=(1 +=ASSPLS ) *FO%*(1./ACONC+C(J2)/2ZT)
ARRAY{JR+1+1=J0PT+J2)==(]1 +=ASSPLS)XFO*(1+/ACCNC=D(J2)/ZB)
ARRAY (JRy 1= JOPT +NR+2)={1 +=ASSPLS)*FO*NW/Z T*TAUXGSP
ARRAY{ JR+1 5,1 =JOPT+NR+2)=(1+¢=ASSFLS )*FCXNW/ ZB*TAU*GSP
IF(JOPT.EQ.D) GO TO 21

DO 22 J2=1,10

ARRAY ( JR, 2XNR+2+4 32) ==SC*x (F(J2+1)=F(J2))

ARRAY{ JR+1,24%NR+24+J2)=m0,0074S35%xSTR{F(J2+¢1)=F(J2))
ARRAY (JURs K41 )==ZMJ/ ZTmZMJB/ZTK +SCXF( 1)

AND S TENTHS 3

: ARRAY(JR+!¢K+l)=-ZMJ/ZB§ZMJB/ZBK+9.0074535*ST*F(1)+0o033552*ST

GO TO 18

ARRAY(JRK+1)==ZMJ/2T=ZMJB/ZTK+SC*F28

ARRAY{ JR+1 K+1)=mZMJ/ZB=ZMJIB/ZBK+0.0316234%ST*SQRT(F28)
CONTINUE

ENDS OF THE BEAM

DO 24 J2=14.NR

ARRAY{22,1=J0PT+J2)==(1.=ASSPLS)*FO*( 1./7ACONC+D(J2)/ZT)
ARRAY(23,1=J0PT4+J2)= (1=ASSPLS)I*FC*{1./ACONC=D{J2)/2E)
ARRAY (22, 1=JOPT4NR+2)=={1.=ASSPLS)*FOINW/ZT*GSP

DS010470
DS010480
DS0104990"
DS010500
£S010510
DS010520
DS010530
£S010540
DS010550
DS010560
pPS010570
DS010580
DS010590
0S010600
DS010610
0S010620
DS010630
DS010640
DS010650
DS010660
DS010670
DS010680
DS010690
DS010700
£s010710
DS010720
DsS0107 30
DS010740
DS010750
DS010760
DS010770
DS010780
0S010790
DS010800
DS010810
05010820
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25

27

ARRAY{ 23, 1=JOPT+NR+2) == (] ,=ASSPLS)*FO¥NW/ ZE*GSP
IF(JOPT.EG.0) GO TO 25

DO 23 J2=1,10 '

ARRAY{ 22,2%NR+2)==0,0074535%CTS2%(F(Jy2+1)I=F{J2))
ARRAY{23,2%NR42)==CEBS2*({F{J2+1)=F(J2))
ARRAY(22,K+1)=0.,0074535%CTS2%F (1) +0.033552%CTS2
ARRAY{23,K+1)=CBS2%F (1)

GO TO 27

ARRAY{22:K41)=0.,031€623%CTS2%SQRT(F28)
ARRAY(23,K+1)=CBS2%F28

CONTINUE

£sS010830
DS010840
0DS010850
£S010860

- Ds010870

05010880

050108990

DS010900
DS010910
£S010920
DS010930

€ %k A0k 3k 3K 3k 3K ok ok ok 3 ok ok sk o akeak ok ok o ok ok ok ok ok ok e e e 3 3 3k e e ok ke ok ok ok R ok ok kR ok kR ke ke bk ok kkk R kk k¥ %kDSO 10940

C
C

SUFF ICIENT NUMBER OF STRANDS IN ROW FOR DRAPING
CONSTRAINTS 23 THRU 22 + NR

DS010950
DS010960

C % 3k 3 3 ok gk a3k ok ok ok K ok ok ok ok R okl koK ok dk ok b ok ok ARk ok ok Rk kek Rk ok ok kR Rk R kok ok ok kol ok kok Rk k kR kR kxR k%kDS010970

26

DO 26 J1 = 1, NER
ARRAY{234+J1,1=J0PT+Jl)==1,
ARRAY (234 J1+1=JCPT+2+NR+J1 )=NW

DS0109890
£5610990
DS011000

C#****************#***********#*********#*******#*****************Q*****DSO11010

C
C

CONT I1GUQUS DRAPED STRANDS
CONSTRAINTS 23 + NR THRU 21 + 2*%NR

bsc11029
BS011030

€ 2 3k ok ok e e ok ok ok ok ok v ok skl ok ok ok sk sk ke sk ok 3K ok ofesk ek ok sk ok sk ok ok ok 3k ok ok ok ek K ko kR kK kkok ok k ko k kokok ok k k¥ k%% %LCS011040

28

DO 28 41 = 24NR
ARRAY(234NFR+J1=1,1=JCPT+NR+42+J1)=J1l=1.
ARRAY(23+NR+J1le=1, 1=JOPTH+NR+2+Jl=]l) =m(Jjlm=l,)
ARRAY{234+NR+J1=1,1=J0PT+NR+1)==1,

DS0119S50
DS011060
DSO11070
DSN11080

C#******#******#***#*t#*********************#****#*#*****#**************DSO11090

C
C

UPPER BOUNC ON EN
CONSTRAINTS 22 + 2%NR THRU 21 + 3%NR

D0S011100
DSO11110

C 3 % ok o vk ok A sk ok ok ok ok 3 ok ole ofe ool o K ok ok ook sk ok ok ok Rk ok ok Rk Rk R Rk Kk kokkok ok kR kk ok ke kkkkkkkkkkAx%x%kDS011129

30 ARRAY{22423NR+J1,1=J0PTH+NR+2+4J2) == (NRAV=2 %k {Jlml,)=],)

DO 30 J1 = 14 NR
ARRAY{(22+42%NR+J1,1=JOPT+NR+2) = 1.

ARRAY( 22+ 2%kNR+J1+1=JCPT+NR+1) = J1

ARRAY {22423NR4J 1, K+1)=(J1=1)%%2+42.%(J1=1)+1.

DO 30 J2 = 1sNR

£sS011130
DS011140
£S0111590
DS011160
DS011170
DS011180

€ e 3 ok ok ok ok e ok o ol ok ok ok o ok B Rk R ok ok kK koK kol Rk ok Rk sk ok ok Rk Rk kR kR Rk kR Rk Rk Rk kR k Kk k xRk %k %k%kDS0T11190

C
C

UPPER AND LCWER BCUNCS ON NB
CONSTRAINTS 22+ 3%NR AND 23+ 3%NR

D5S011200
£s0112190

€ ok ik ok ok ok ko ke ok ok e ek ok K K R KRR R R ROR A KK R BOR R R KR B KR kKRR R kKR kK kKK XXk DS011220




ARRAY (23+43%NRs 1=JOPT+NR+1) =1, ’ ' DS011230

ARRAY (2343%XNRsK+1) = NR DS011240
ARRAY{ 26+ 3%NR, 1=JCPT+NR+1 ) ==1, DSC11250

ARRAY (24 + 3%NR, K+1) = =1, 0S011260
C#***************************t*******t***#******t*t********#**********#*DSOl1279
C CONSTRAINTS TO INSURE THAT IF (NBeGE.I+1) THEN II = O DS0112890
C CONSTRAINTS 24 + 3%NR THRU 22 + 4%NR DS011290
€ Aok o ok AR R R ok ok K R kR KK kA R ok R ok Rk R R Ok KR Rk kK kKRR ARk ¥ %%DS011300
DO 32 J1 = 2.NR DS011310

ARRAY (24 + 3*%NR + J1=1,1=JOPT+NR+1) = 1 DSC11320

ARRAY (24 ¢ 3%¥NR+J1=1,1=J0PT+NR+2+J1=1) NR . DS011330

32 ARRAY{24+3#NR+J1m1,K+1)=NR+J1=1, £5S011340
C***********#*************#*#*****#*********#*****#*********************DSO11350
C CCNSTRAINTS TO INSURE THAT IF (NBeEQeI) THEN II = 1 £S011360
c CONSTRAINTS 23 ¢+ 4 % NR THRU 22 + S*NR DS011370
C*#t*********t***tt**#t**t******t***#****#******t********#**#****t******DSOl1380
DO 34 J1=1.NR DS011390

ARRAY (23 + 4%NR # J1l,1=JOPT+NR+1) = =1, 0S011400
ARRAY(23 + 4%NR+J1,1=JOPT+NR+2+J1) = =1, DS011410
ARRAY({ 22 4+ 4%NR+J1,K+1) = =(J1+1,) .~ DS011420
IF(J1«ECel) GO TO 34 ; ' 0S011430

DO 36 Jz2 = 2,41 _ DS011440

36 ARRAY(2344#NR+J1, 1mJOP T+NR+2+4J2=1) = ={J1+1.) DS011450

34 CONTINUE DS011460
C********************************t**#*******#*************t*#***********DSOl1470
C MAX IMUM NUMBER OF STRANDS PER ROW DS011480
C  CCNSTRAINTS 23 + Sk*NR THRU 22 + 6%NR DS011490
C************#**#********#**********************************************DSOl1500
DO 38 J1 = 1.NR DSO11510
ARRAY(23+SXNR+J1+1=JCPT+JL) = 1. DS011520

38 ARRAY(23454NR+J1.K+1)=STRMAX(J1) DS011530
Cokkdekk fkokok ok A ok ko skokok ek e ok ok ko ok ok ok sk kokok kK ok kR kR B okok Rk kK Rk kk kR kkkk%kXkDS011540
C CONSTRAINTS TO INSURE PROPER RELEASE STRENGTH REPRESENTAT ION D5011550
c JOPT = 1, CONSTRAINTS 23 + 6%NR THRU 31 + 6%NR £S011560
C*******tt*t***t********#*************#*******#****#***#t*#*******#****#DSO11570

IF(JOPT.EQ.0) GO TO 39 DS0115890
DO 40 J1 = 1.9 DS011590

ARRAY(23+6*NR+J1 s2%NR#2+J1) = =1, DS011600
40 ARRAY{23+E#NR+J1+2¥NR+2+4J1+1) = 1. DS011610
C************#***#***#t****##*t#t#***#*tt*#*****t*t*t*******************oso11620

I R E AN Iy BN B W AN SE S T S IR B B B ..
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C BOUNDS ON RELEASE CAMBER . DS011630
C JOPT = 0, CCNSTRAINTS 23 + E%XNR THRU 24 + €E%*NR : DS011640
C JOPT=1s CONSTRAINTS 32+6%NR THRL 33+6%NR DS011650
C % % ok e okok ko ok e 0k oK ok ok ok ok ok o o koK ok ok ok ok KK K KK KKK K ek ke ok ok ok ok R Kk ok kK K ok Kk R KOk K K Xk DSO 11660
39 IF{JOPT.EGC.0) JR=24 +6%NR DS011670
IF(JOPT.NE«0) JR=3II+6%NR 05011680

DO 42 J1=1,NR ’ : DS011690
ARRAY(JR’I-JGPT*JI9‘-(ZL*12.)**2/89*(lo-ASSCLR)*FO*D(Jl) DS011700
ARRAY( UR#+1 . 1= JOPTH+ 1) =(ZL %124 ) *%2/8,%{1 . mASSCLR)*FO%XD{J1) DS011710
ARRAY{ JRs 1= JOPT4NR+2)=m{({ ALPHAXZL %12 )**2/6.*(lo-ASSCLR)*FO*Nh*GSP DsSO11720
ARRAY{ UR+ 1 ;1= JOFTHNR+2)={ ALPHAXZL %12, )**2/6 ¥{1.=~ASSCLR)XFUXNWXGSPDS0117390
IF(JOPTEQ.Q) GO TO 41 S : 0S0117490

DO 44 J1=1,10 DS011750
ARRAY(JRs 2%XNR+24J1) =m0 ,117634*%BINERTXELASCXALCEF DS011760
ARRAY{JUR#]1 42*¥NR+2+J1)=C.117634*%BINERTR®ELASCXDEFMIN psS011770
ARRAY{JR»K+1)=2 40 YELASCHBINERTXALDEF+22 ¢ SkWkZL k%4 ' Ds011780
ARRAY{ JR+1,K+1)==2,0 *EL ASCRXBINERTXDEFNIN=22,5%WkZL %4 DS011790

GC TO 43 . Ds0118090
ARRAY(JQ:I)=-0-2352523*ELASC*8INEFT*ALDEF - DSO11810
ARRAY{ JR# 151 )=0,23528234%ELASC*BINERTXDEFMIN : £s011820
ARRAY{ URWK+1 )=1 4058G91 *EL ASCXEINERTXALDEF#22, S*W*xZL%x%x4 ' £sS0118390
ARRAY{ JR+1 4K+ 1)=m]1,058G91 *ELASCABINERT*DEFNIN=22,5%W X7 x%§ 05011840
ARRAY{ JRsK+1 )= ARRAY{ JUR K+1)/1 .E4+04 ps011850
ARRAY{ JR+1 oK+1 ITARRAY{JR+1+:K+1)/1.E4+04 - DS0118860

DO 46 Jl=1.M v DS011870
ARRAY(JR.Jl)-ARRAY(JRoJl)/X.E+O4 : DS011880

46 ARRAY( JR+1 +J1 )=ARRAY{JR+1,J11/1 .E+04 ‘ » DS011890
otk ok ok ok AOR ok R Ak R Rk ok KRRk kK Rk Ak ok ok Aok Kok Rk R R R R Rk kR R Rk Rk Rk kR Rk Rk k Xk %k k%X 3S011900
C ADEQUATE ULTINMATE MCMENT CAPACITY DS011910
C ULTIMATE NMOMENT CAPACITY MU oGEe 142 * CRACKING MOMENT D5011920
C JOPT=0s CCNSTRAINTS 2S+6*NR AND 26+6%NR DS011930
C JOPT=14o CONSTRAINTS 34+6%NKR AND 35+6%NR DS0119490
€ 2 ok ok oK ok ok ok ok koK ok oK ok ok Rk ek ke Rk R ok ok kK kKK Rk kR kK Rk Rk Rk Rk kR KRk KKk R kKX X¥X0S011950
C 0S011960
c SET UP NC. STRANCS AND STRAND ECCENTRICITY ARRAY ‘ DS011970
C DS011980
DO 62 J1=1.NR DS011990

62 FROW(J1)=0. DS012000
SUM=0,40 bSo12010

KNT=0 DS012020




PF=0.,
DO 64 J1=1,NR

67 IF{(FROW(J1).EQ.STRMAX(J1)}) GO TG 64
IADD=2
IF(STRMAX(J1)=FROW{J1).,LE.1) TADD=1
FROW(J1)=FROW(J1)+IADD
PF=PF +IADD*(=D( J1))
SUM=SUM+IACD
KNT=KNT+1
PEF(KNT,1)=SUM
PEF(KNT 2 )=PF
PEF(KNT,3)=PF/7SUM
GO TO 67

€4 CONTINUE

C SET UP FOR CALLS TO ULTMP

ZMDL=W*ZL %x%2/8.
DO 63 J1=1,4

63 ZL0S{J1)=0.1%J1

- DO 65 J1=1,.11

ZNE(J1)=0.0
DO 65 J2=1.4

65 PECRK(J1¢J2)=0.

662

JSTOP=11

IF(JOPT.NELO) GO TO 66

F(1)=F28

JSTOP=1
C GENERATE TOTAL FORCE ECCENTRICITIES FOR ULTIMATE MOMENT AND
C CRACKING NMCMENT CCNSTRAINTS

66 FPCMIN=4.C
DO 84 J1=1,JSTOP
IF(J1eEQel) GO TO 69
IF(F(J1)NE.F(J1=1)) GO TO €9
ZNE{J1 )=ZNE(J1=1)
DO 68 J2=1,4

68 PECRK(J1,J2)=PECRK(J1=1,J2)
GO TO 84 , '

69 FPCBM=F(J1)
DO 79 J2=1,.4

70 KKODE(J2)=0
KODEMU=0

A AN EE AN I i R BN N EE B BE BN B B B I B ..

DS0129 30
DS012049
DS012050
0S012060
DS012070C
DS012080
DS012090
DS012100
DS012110
05012120
DS012130
DS0 12140
DS012150
DS012160
05012170
DS012180
DS012190
£S012200
0S012210
05012220
DS012230
DS012240
DS012259
£S012260
DS012279
DS012280
£S012290
DS012300
DS012310
DS012326
0S012330
DS012340
0S012350

0S012360 .

Ds012370
0S012380
£Cs012390
DS012400
DS012410
0S012420
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ZMOLD=0. DS012430
DO 82 J2=1,KNT DSC12440
ASTL=AS*PEF{J2,1) ; DSC12450
DD=DTOF+PEF (J2,3) £S012460
CALL ULTMP(ASTL ,FPCBM,FPS, APR INE, FPL.oo.ooxn.Fsv.ocn. £s012470
XY 1oV¥23Y33Y89Z143224Z23e244ZMUL ) o DS0124890
DO 72 J3=1,4 : ' - DS012490
ZMCR{J3)= (lo-ZLDS(JBQ)*ZBK*FO*(PEF(JZ 1)/Aanc+pEF(J2,23/za) DS012500
1+ 7e5%ZBK¥ ,031623%SORT{FPCEM)=ZEKk2ZMDL %12,/ 28 DS012510
72 ZMCR(J3I=ZNCR(JI2V%1.2/12, DS012520
DO 73 J43=1s4 DS012530
IF(KKODE{J3).EQel) GC TO 73 05012540
IF(ZMUL LT .ZMCR{J3)) GO TO 73 DS012550
PECRK(J13J3)=PEF(J2,2) DS012560
KKODE{J3)=1 : DS012570
CONT INUE ; DS012580
IF{KODEMU.EQes1) GO TQ 78 : ‘ DS012590
IF(ZMUL «GE JULTMRQ) GO TO 76 : DS012600
£1=ZMOLE - DS012610
IF(E1.LTeZMUL) ZMOLD=ZMUL ‘ £S012620
"IF(E1+LT4ZMUL) GO TO 82 , £S012630
FPCMINZ=4.0+4(Jl=1)%0,5 ' DS012640
GO TO 8a : £S012659
ZNE(JYI=PEF(42,2) DS012660
KODEMU=1 , DS012670
DD 80 J3=1.,4 : ‘ : ‘ DS012680
. IF(KKODE{(J3).EQ, 0) GO TO 82 DS012690
CONTINUE , ' , £sS012700
IF(KODEMU.EQ.1) GO TOD 84 - : - ‘ pDso12710
CONTINUE : : DS012720

CONTINUE ‘ DS012730
v DS012740

FORM ULTIMATE MOMENT AND CRACK ING MOMENT CONSTRAINTS DS0127590

' ' DS0127690
IF(JOPT.EQeD) JUR=26+6%NR £S012770
IF(JOPTNELD) JR=35+46*NR o DS012780
DO 100 J1=1,NR ; DS012790
ARRAY( JR+1=JCPT+J1)=D(J1) DsS012800
ARRAY{ JR+1 ,1=J0PT+J1)=D(J1) DS012810
IF(JOPT.EQ.N) GO TQO 101 0so012820




DO 102 J1=1,10 DS012830
ARRAY(JR'2*NR+2+J!)—ZNE(J1+1)-ZNE(JI) DS012840

102 ARRAY(JR4+1,2%NF+2+4J1)=PECRK(J1+1, 1 )=PECRK{J1,51) DS012850
101 ARRAY( JR,K+1)==ZNE(1) DS012860
ARRAY (JR4+1,K+1)==PECRK(1,1) £s012870

C %k ok ok 3k ok ke 2 ok k3 ook sk 3k ok 3k sk K 3 3 sk 3k 3k ok ok ok ok o 3k ok ok ok ok ok o ok ke ko e ok ok ok ok koK ok 3k kKo ok ok sk akok ook ok ok skok ok **DS012880
C LOWER AND UPPER BCOUNDS ON CONCRETE STRENGTH DS012890
C JOPT=0, CONSTRAINTS 27+6%NR AND 28+6%*NR DS012900
C JOPT=1, CCASTRAINTS 36+6%NR ANL 37+6%NR DS012910
C 3 s e e ok o o ok ok k3 sl ok ok R 2k K 3ok o ok o ok 3k 3K ok ko ok 3k 3k ok ok ok ek sk 3k ok ok ok K ok ok ok 3Kk ok ok ok ok ok ok ok ko kxkkk%k%kDS0 12920
IF(JOPTEQ.0) GC TO 103 DS012930

DO 104 Jl=1,10 : DS012940
ARRAY ( 37#63NR, 2*NR+2+J1)==0,5 £S012950
ARRAY ( 384+6%XNR 2*¥NR+24J1)=0.5 ; ‘ ' DS012960
ARRAY( 374+ 6%NR yK+1)=4 ,0=FPCMIN , £S012970
ARRAY{3e+e*NR.K+1)-chqu-4.o £S012980

GO TO 10S : DS012990
ARRAY{( 28+6%*NR,1)==1, DS013000

ARRAY (2946%NRs1)=1, , DS013010
ARRAY{2846%NR yK+1)==4,0 DS013020
ARRAY{ 2C+6%XNRsK+1)=F28 DS013930

105 CONTINUF DS013040

C % 2k 3k 3 vk 3k kak 2K K 3k 3 ok ok ko sk K ok 3k Ok ok ****#****#*****#***#***********t*#****** *kk%k%k%k%kDS0 13050
C IF NSMAX IS OCD, NSI=NOe. OF STRANDS £S013060
C IF NSMAX IS EVEN, NSI=1/2 NOe. OF STRANDS DS013070
C %k **************t***#******t***#**********t*****t**#*******************DSO 13080
IF(JOPT EQe0) JA4=29+6*NR DS013090
IF(JOPT,EQel) JA=38+6%NR PS013100

DO 120 JI1=1,NR ' DS013110
NSMAX=STRMAX(J1) ’ DS013120
IF(NSMAX/2%2,NE«NSMAX) GO TO 120 DS013130

DO 121 J2=1,J4 - DS013140

121 ARRAY{(J2,1=J0PT+J1)=2, *ARRAY(J2, 1=J0PT+J1) DS013150
120 CONTINUE : DS0 13160
C*t*****#t*******#***#*#****#********t****#*****t***********#t*********#DSO13170

C WRITE ARRAY CN UNIT (3) DS013180
C**i***********##t********#*************************************#*tt****ﬂso13190
DO 111 J2=1,M DS013200

111 WRITE{3) (ARRAY(J3,J2) +J3=24J4) 4 ARRAY(1,42) DS013210
WRITE(3) (ARRAY(J3:,K+1)903=2,J4) JARRAY{1+K+1) pDsS013220
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REWIND 3 : DS013230
€ ok bk e ok ok oK ok ok ok 3k 3k ok e %k ok 3k ok 3Kk sk sk ok ko ek ok ok ok ke ke ok K ok e K ok ok K 3k Ak ok ko ok kK kR sk K Ok ok ki kok Kok ok k ok ok kDS O 1 3240
c CONSTRAINTS TO APPROX IMATE BINARY VARIABLES IN LP SOLUTION DS013250
C JOPT=0, CONSTRAINTS 2G+6%NR THRU 2847 *NR 0S013260
c JOPT=1, CONSTRAINTS 3846*%NR THRU 47+T7*NR 0S013270
C %k okl sk ok ek s ok o e o 3 ok K ok 3 ol sk ok 3k 3k Ak ok ok 3k 2k Kk kok Rk dokokokkk ok kkkokkkkokkkkkokkkkkkkkkkkkkkkDS013280
JR=394+6%NR 0S013290
IF(JOPT .EQe0) JR=30+6*NR : DS013300
DO 106 J1=1,NR . DS013310
ARRAY( JR+J1=1,1=J0PT+NR+2¢J1) =1, : DS01 3320
ARRAY { JR4+J1=1,K+1)=1. DSO13330
IF(JOPT.EQ.C) GO TO 107 DS013340
DO 108 J1=1,10 0S013350
ARRAY ( JR+NR+J1 =l ,2%NR+24+J1)=1. : ‘DS013360
ARRAY(JRENR+J1=1,K+1)=1. , : DS013370
CONT INUE DS013380
RETURN
END

DS013390
DS013400




SUBROUTINE ULTMP(ASTAR,FPCBM.FPS.AspRM.FpL,D.DPTH,Fsv, DCRy DS013410

XY 1sY2eY¥3,Y4,21,22,23424,2ZMUL) 0s013420
CLONG=0 .2 DS013430
ESINISCe7*FPSk{1 +=CLONG)/ 28 ,E+03 DS013440
CON1={FPL/280C00.) *{ 1. +{FPSaFPL ) /(FPSw2,%FFL)) DS013450
CON2==(FPL/28000 . ) XFPL*{ FPS=FPL ) %%x2/(FPS=2 . *FPL) DS013460
BEFF=2+%{Y14+Y2+Y3) ’ DS013470
THK=Z1 0S013480
Z4MZ23=24=23 DS013490
IF(ABS(Z4=Z3) s LE«1.E=06) Z4MZ3=1 ,E=06 DS013500
Z2MZ1=22=21 DS013510
IF(ABS(Z2=Z1 ) oL Eel «E=06) Z2MZ1=1.E=06 DS013520

€ % ok ook ok ok ok 3 K ok 8 e KOk sk Aok 3 ok K Aok ok ok oo XK o oKk kol Rk ko Rk ok ok ok ok koo ok ok kok ok ok ok ok ok ok Rk k %%k DSO 1 3530
Cxxkxk POSITIVE MOMENT CAPACITY = NJ.A., IN SLAB DS013540
(€ % s 3 ke ke 3k 3 ok 3 3 ok ok ok ok ok ok ok K ok sk sk ke sk ok ok 3 3 KK Kk ok ok kol o ok ok ke ok ok ok kakk ok kol okokok ok Rk ok Rk ok k%« DS0 13550
c , 0S013569
C CHECK TO SEE IF N.A, IN SLAB DsS013570
e DS013580
® PSTAR=ASTAR/(BEFF*D) 05013590
w FSUSTR=FPS%X{1 ¢=0 s S5*PSTARFPS/FPCBM) DS013600
T=ASTARXFSUSTR DS013610
CC=eB33I%XFPCEM*BEFF%®THK DS013620
"IF(CCeLTe¥) GG TO 10 ‘DS01363¢C

C DS013640
C NeAs IN SLAB DS013650
C DS013660
ZMUL =ASTARXF SUSTRAD* {1 . =0, 6%xPSTARXFSUSTR/FPCEM )/712DS013670
RI=PSTARXFSUSTR/FPCBM DS0 13680
IF{RI+GTe0+3)ZNMUL =0 +25*FPCBM *BEFFXD%X%X2/12 DS013690
RETURN DS013700

€ % ok o 3 oK ok ok o 3 ok ok o e ok akeok sk sk ok ok Kk ok ko d ok dkokok R Rk R Rk ok Rk Kok R dokk Kok kkok ok kk kR k kR kkkDS013710
Cx%x*%% POSITIVE MOMENY CAPACITY = N.A, BELOW SLAB £6013720
€ 3 3k ok ok 3 ok 2 o ok sk 3k ok 3 ok 2k 3 v ok e ok ok ok ak ok sk ook ok ok ok ok ok ok ok ok ok Kk kok Kok ok kk ok ok koo kok Rk ok Rk kR kkkkkk SO013730
10 CONTINUE DS013740

C 0S013750
C BEGIN ITERATION TO LOCATE NsA. DS013760
C DS013770
JCNT=0 £5013780

X=0 e DS013790

12 X=X4¢0,.,25 0SC13800

E N EE A By BN B BN AN EE BN AN B BN A B BB e
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13 JCNT=JCNT+1 DS013810
[F{X«GT«DPTH) ZMUL=C. 0S013820
IF(XeGT<DPTH) RETURN DS013830

: DS013840
COMPUTE STRAND STRAIN ANC FORCE IN DECK STEEL DSO01 2850
DS013860
ES=e003%(D=X)/X+ESINI DS013870
ESP=.003%( X=DCR ) /X DS013880
CS=29.E+03*ABS{ESP) : DS013890
IF(CSeGToFSY) CS=FSY DS013900
IF(ESP +LE+0) CS==CS DS013910
CS=CS*ASPRM DS013920
, : : : DS013930
COMPUTE RESULTANT COMPRESSIVE FORCE ON CONCRETE AND ITS LOCATION £S013940
DS013950
KODE=1 £S013960
GG TO 1000 DS013970
DBAR=D=YC DS013980
CC=C*,833%FPCBM DS013990
CTOT=CS+CC DS014000
GO TO 2000 DS014010
‘ 0S014020
COMPUTE STRANC STRESS AND STRAND FORCE DS014030
: DS014040
T=ASTAR*FS £5014050
SUMFOR=T=CTOT , ~ 0S014060
IF{SUMFOR.LT.0.) GO TC 18 ‘ DS014070
IF(JCNT.EQ.2) GO YO 17 pS014080
SAVEF 1 =SUMFOR DS014090
SAVEX1=X DS014100
GO TO 12 ‘ 0S014110
SAVEF2=SUMFOR v DS014120 .
SAVEX2=X v . . DS014130
X=SAVEX1+{SAVEX2=SAVEX1)*SAVEF 1/( SAVEF1=SAVEF 2) DS014140

IF{X=SAVEX]1+¢LTse25) X=SAVEX1+.25 : DS014150
JCNT=0 DS014160

GO TO 13 ' \ DS014170

18 ZMUL={CC*xDBAR+CS* {D=DCR)) /12, £S014180
GO TOo 28 ' DS0141990

€ ok ok ok K 3K Kok ok A R Al KR AR KR KR K K R Rk R Rk ok ok Kok Rk kKRR Rk Kk Kk k%% DS 014200




CxxxxkxTHIS SECTICN COMPUTES CONCRETE COMPRESSION AREA AND ITS CeGe 0S014210
C %k ok o e 3k ok A 3 9K 2k ok 3 ok o 3k 3 3k ok ok ok ok ok 3k ok ok 3k ok K e ok Ok s ok 3 3k i ok kol ok kool ok ok dkokok ok ke kokok ok kok ok ok k ok kkk Rk kR DS014220
1000 C ={Y1%BRACK{(CoesXsZ1D+Y2AX+YIXBRACKI(D o9X+Z3)+ERACK(Z1+Xs22)%Y4 £S014230
X w0 SHY4IBRACK(Z] s XeZ2)¥%2/Z2MZ1+BRACK(Z 35 XsZ4) XY3m0,45%Y3% £S014240

* BRACK(Z3+X+24)%%2/24MZ3) %2, DS0142S0
YC=(0eSkY1*BRACK( OO0 sXsZ1) %%k240,5SkY2%kX%k%X2+0, s*vs*BRAcxxo.,x.zsa**z DS014260

+Y4 % Z1 ¥BRACK(Z19X+Z2) 40 5%kYA*BRACK(Z 19X +Z2) k%k2=0 ,5%2]1 XY4% DS014270
BRACK(2Z14X,22)%%2/22MZ1=.33333%Y4%BRACK{Z14X,22)%%3/22MZ1 DS014280
+Y3%Z3%BRACK(Z 34 XeZ4)+0s 5% Y3kBRACKI{Z34XsZ4)%%2 0S014290
=0sS*kZIKYIXBRACK (Z2+X 24 )%%2/Z4MZ3m,33333%Y3 'DS014300
XBRACK(Z3,XeZA)%%X3/24M23)%2 4/C : "~ D£S014310

GO TO 14 £S014320

C A% 2k o ok Aok ok ek kK ok koK ********************************************************DSO 14330
Cxx%xkx THIS SECTION COMPUTES STRAND STRESS £S014340
€ %k Ak 0K o ok 3 o 3k ok ok ok 3 ok ok ok ok Ak o ok ok ok 3 o ok sk sk ok koK ok ok 3k kol ek ok o ok e o ok ok ok ke ok sk ok kok ke ok foROk R R KOk ¥ kXK k%X kDS0 14350
2000 FS=ES*2800C : £S014360
IF(FS+GTFPL) GC TO 2002 ' .~ DS014370

2002 FS=.5%FPS+5%SORT(FPSk%2m4 . kCON2/ (ES=CON1 ) ) oo DS014380
GO TO 16 £S014390

28 RETURN S : DS014400
END 0S014410
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FUNCTION BRACK(ZL+X»ZU) ) DSCl14420D
IF(XeLE+ZL) BRACK=0. o £S014430
IF(ZL sLToeX eANDeXelE sZU) BRACK=X=mZ[ . DS 014440
IF(XeGTeZU) BRACK=ZU=ZL ' ‘ DS0144590
RETURN DS014460
END , ' 0S014470




SUBROUTINE CEFIN . DsC 14480

COMMON /DEF INE/ UWC,HUMAS sFPS,CTRI ¢CTR23CBR1 2+ CBR2.CTS1.,CTS2, £S0144.90
1CBS1 +CBS2+ CREEP1» CREEP 25 SHRK1 4 SHRK2,RATNODFPLsFSY,ASTIRP GSP DS014500
UWC=.150 ' DS5014510
HUM=50 . 0$014520
AS=0.153 DS014530
FPS=270. DS014540
FPL=0.63%FPS DS014550
CTR1I=7.5 DS014560
CTR2=7+% 0S014570
CBR1=0.6 DS014580
CBR2=0.6 DS014590
CTS1=6.0 DS014600
CTS2=640 DS014610
CBS1=0.4 DS0146290
CBS2=0 .4 DS014630
CREEP1=0, DS014640
CREEP2=0., DS01465S0

W SHRK1=0., DS014660
~ SHRK2=0, DS014670

RATNOD=6.0 DS014680
FSY=60. DS014690
GSP=2.00 DS014700
ASTIRP=0.11 DS014710
RETURN . DS014720
END 0S014730
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SUBROUT INE PROPTY DS014740
REAL%*4 [1+12+:13414,15,16,17,18,19,4I1C,111,112 ,1I13»,114,115  DS014750
COMMON/BLK 17/ADIM:BDIMyCOIMsDDIMIEDIM,FDIMGDIM,HDIM, TDIM, wDDIM, DS014760
1WHDIMyXDIM,YDIN,ACONCo,BINERT+DTOP+DBOT+ 27,28+ ACONCKsBINERKDTOPK,s DS014770

2DBOTKsZTK+ 2BK s ZL +F28,4 JOPT 4 ASSCLR+ASSPLS +APRIME,.CBOT s COSTFT, Dsot14780
3DEFMIN, ALDEF s NRAV NWHEEL s DISTFsFPCMAX FPCMINLZELASCL»ULTMRGCTOP, £S014790
49 WBs FOSDCRINRHDPT 4 NW,L,ALPHA DS014800 P
COMMON /DEF INE/ UWC+HUM,AS.FPS,CTR1,CTR2,CER1 »CBR2,CTS1,CTS2, 0S014810
1CES1,CRS2+CREEP1,CREEP2+SHRK1 s SHRK2+sRATNOD+FPL +FSYS,ASTIRP,,GSP DS014820
EQUIVALENCE (AREAJACONC) s(YB,DBCT)»{(YT+DTOP )+ (YBK,DBOTK)» DS014830

X{YTKDTOPK )s { AREAKs ACONCK) s (A+ADIM) , (BosBDINV) 4 (CoCDIN)4{D,DDIM), 0S014840
K{EJEDIM) s (FsFDIM), (GoGDIM), (T, TD!M’»(“D’WDD[M),( WH'ﬂHDIN’s(H’HDI M) DS014850

CTOP=DCR : _ : PS014860
Cl = (A={(WF+2+%WD))/2. o £S014870
C2 = (Bu{WK +2.%WD))/2. 05014880
Al = WDxD DS014890
A2 = C1l*H ¥ pS014900
A3 = C1%G/2. o DS014910
AG = E*C2/2. DS014920
AS = C*C2 ‘ DS014930
A6 = WHxXT ‘ ' ' DS014940
A7 = WH*F . DS014950
A8 = (C2=C1)*H DS014960
A9 = (C2=C1)*G - : DS014970
Al0 = A3 ‘ : DS014980
All = C2%{(C=H=G=E=C) . DS014990
Al2 = A4 ‘ ‘ ‘ ' pPS015000
IF{A.LT.B) GO TO 80 ‘ , DS015010
A8=0. , DS015020
A9=0. DS0150 30
A10=0. 0S015040
A11=0. , : , DS015050
A12=0. ' o ‘ ‘ , DS015060
80 CONTINUE 3 ' : ‘ DS015070
A14={ XDIM%%x2}) /2, DS015080
ALS=(YDIM%*2)/2, : DS015090
AREA = A1%2, +A2%2, + A3%2, + A4%2, + AS¥2, + ADB + A7 DS015100
X+ 2.x(RATNOD=1,) *APRIME=,5625 DSO015110
AREAL= Al1%2, +A2%2, + A3%2, + AG%2, + AS*2, + A6 + A7 0S015120

x4+ {RATNOD=1 4 ) APRIME=,5625 ' DS015130




AREAK= AREAL+ 2,0%A8 + 2.0%A9+2.,0*%A10+2,0%A11+2.0%A12
Y1 D/2. ‘
YZ2 D=H/2.

Y3 = D={(H+G/3,)

Y& = C + E/3,

YS = C/2.

Y6 D=T/2.

Y7 = F/2.

Y8 = D=(H/2.0)

Y9 D=(H+ G/240)
- ¥10= Dwm(H* 2.0%G/3,0)
Y11 = (CwH=G+E+C) /2.0
Y12 = C + 2.0%E/3.0
Y14=D=T=XDIM/34
Y15=F+YDIM/3,

L]

nnonon g

YB = {Y1%A1%2, + Y2*%A2%2, + VY3%A3%2, + Y&4%kA4X2, + YS5kASx2.

& # Y7XA7 + (D=CTOP)%*2.%{RATNOD=1,)*APRIME)/AREA
YT = D=Y8

YBl= {Y1%A1%x2, &+ Y2%A2%2, + Y3%A3%2, + Y4kA4%Xk2, + YSXASK2,
£ 4+ Y7%A7 + {(D=CTOP) *(RATNCD=1.)*APRIME)/AREA
. YBK={YBIl*AREA1+YBS*ABK2,+YGKAO* 2,4 Y10%A10%x2, +Y11%A11%2,
22 .0 )/ AREAK

Y TK=D=YBK

DO 10 J1=1,2
 JVKEY=Jl=]

DY=YB

IF(JVKEY.EQa1) DY = YBK :

It WD*{D*%3)/12. ALX((Y1lmDY )%%2)

12 = C1*(H¥x%x3)/12. A2% ( { Y2=DY)%x%2)

13 Cl1%*(G*%x3)/36, AZX((Y3=DY)*%x%x2)

14 C2%(E*%3)/36, AGk ((YamDY ) %%2)

15 = C2*{C*%3)/12, AS*({ YS=DY)%x%2)

16 WHX(T*%3)/12, AGX ((Y6=DY ) %x%2)

17 WHX{Fx%x3) /12, + A7Xx{{Y7=DY)**2)
113=2.%{RATNOC=1, )% APRIME*{{D=CTOP=DY ) *%2)
1131= (RATNOC=1.)%XAPRIME*({(D=CTOP=DY )**2)
[14=(XDIME%4) /3€e+A14%{(Y14uDY ) *%2)
[1S=(YDIMR%*4)/3E+A1SK({Y15=DY ) %k*2)

o

0S015140
DS015150
DS015160
DSO0151 79
DPDsS015189
"'DS0 15190
DS015200
0S015210
0s015220
-DSQ15230
"DS015240
DSN15259
DS015260
DS015270
D5015280
+ Y6%A6CS015290
DS0D15300
£5015310
+ Y6XA6D5015320
DS015330

+Y12%A12% D5015349

DS015350
DS015360
0S015370
' DS015389
‘DS015390
DS0154C)
DS015410
DS015420
DS015430
DS015440
0S015450
DS015460
0S015470
£S015480
DS015490
CS015500
DS015519

XINERT = [1%2, 4+ 12%2, + I3%2. + [a%2, + I5%2., + 16 + 17 + 113+114DS015520

k2. +]115%2,

S RN A B BN B BE Sl O B D B BN B - EE =s
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IF(JVKEY+EGeC) GO TO S

IF(AGE«B) XINERK=XINERT+I131=«113
IF{A.GE.B) GO TO 5

18 = (C2=C1)*{H%x%x3) /12, + A8%((Y8=DY )*%k%x2)
19 = (C2=C1)*(G*%k3) /12, + ASX({YG=DY )}%x%2)
110 Cl%x{G*x%2)/3¢€. + ALO*{{Y10=DY )*x%2)

I11 = C2%{{(D=HaCuE=C)%x%3)/12¢ + ALl %((Y]11=wDY )%%2)

112 = C2%(E*%k2)/3€e + A12%{{(VY12=DY )*%%2)
IF(JVKEYsEGel) XINERK =

EXINERT+1131=[13 4+ [8%2.,0 + 19%2,0 + [1C%2,0 + [11%2,9 + 112%2,0
5 CONT INUE

IF(JVKEY.EGs1) GC TC 8
ZT=XINERT/YT
ZB=XINERT/YB
B INERT=XINERTY

BINERT= BINEFT-O.?S**A/IS.-20*(.28125*(YB~.50)**2)

GO TO 10

ZTK=XINERK/YTK
ZBK=XI NERK/YEK
B INERK=XINERK

BINERK-EINERK-O.75**4/18.-2.*(.28325*(YBK-0.50)**2)

CONTINUE
RETURN
END

R E N I E O EE aa

DS015549
DS0 15550
DS015560
DS015570
0S015580
DS015590
DS015600
£S015610
DS0156290
05015630
DS015640
DS015650
DS015660
DS015670
DS015680
DS015690
DS015700
DS015710
DS015720
£S015730
DS015740
DS015750
DS015760
DS015770
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SUBROUT INE MOMSHR (DL s NWHL ¢ NWHEEL s XSEC;PAXLE + MAXMOM , MAXSHR )
REAL*4 MAXNMOM, MAXSHR,NWHL s MOMENT

COMMON/ZDUMP/ MOMENT(12),SHEAR{12),1PL(20),IPR(20) 4REACT(20)
DIMENS ION NWHL{18),PAXLE{18)

NST=NWHEEL =1 :

DO 11 II = 1,2

IF{11+€EQe2) XSEC = DL = XSEC

XSECR= DL=XSEC

DO 3 NS = 1,NST

IL = NS

CALL L OCATE(DL s XSEC o NSToNSsNWHL)

N1l = IPL{IL)

N2 = IPR{IL)

IF{N]1 +sEQs0,ANDN2,EQe0) PROD = PAXLE{IL+1)%XXSECR
IF(N1sEQeD sANDeN2,ECs0) GO TO 33

IF{N1.EQe0) N1 = IL+1

IFI{N2.EQeO) N2 = IL+1

OBTAIN THE LEFT REACTION FOR ANY SHIFT

PROD = Do

DO 4 1 = N1,N2

IF(I eEQel) D2 = CL={XSEC=NWHL{IL))

IF{] .EQ.1) GO TO 36

IF{l +EQe(IL+1).ANDLIPLIIL).EQ.0) D2 = XSECR

IF(] +EQa(IL#+1)ANDLIPL{IL)EGeQ) GO TO 36
IF(TILELIL) D2 = DLw{XSEC={NWHL(IL J=NWHL(I=1)))
IF{I.LE.IL) GG YO 36 .

IF(I1«GTHIL) D2 = XSECR={NwHL(I=])=NwHL{IL))

CONT INUE ‘
DELT = PAXLE(I)*D2
PROD = PROD+DELT
CONT INUE

REACT(IL) = PRCO/DL
SUMVY = 0.,

SUMM = 0.,

IF(IPL(IL)EQ.0) SHEAR{IL) = REACT{IL)
IFCIPLCIL) «EQeD) MOMENT(IL) = REACT(IL) *XSEC
IFCIPL(IL).EQ.D) GO TO 3

DO s I = N1,IL

[F(I +FEQel) DM = NWHL(IL)

IF(I +EG.1) GC YO 34

DS015780
DS015790

- £S015800

DS015810
DS0 15820
DS015830
DS015840
DS015850
DS015860
DS015870
DS015880
DS015890
DS015900
£S015919
DS015920
DS015930
0S015940
DS015950
£S015960
DS015970
DS015980
DS015990
DS016000
0S016010
DS016020
DS016030
£50160490
DS016050
DS016060
DS016070
DS016080
DS01€090
DS016100
DSC16110
DS016129
DS016130
DS016140
DS01€150
DS016160
DS016170
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DM = NWHL(IL )=NWHL(I=1) DS016180
DELTM = PAXLE(I)%DOM DS016190
DELTV = PAXLE(I) : DS016200
SUMM = SUMM4+DELTM o £S016210
SUMV = SUMV+DELTV o DS016220
CONTINUE . DS01€230
SHEAR(IL) = REACT{IL )=SUMV : . DS016240
MOMENT(IL) = REACT(IL)*XSECmSUMM DS016250
CONT INUE ‘ DS0 16260
NA = 0 : DS016270
IF(I1eEQel ) MAXMOM = MOMENT (1) : 0S016280
IF(11+EQel) MAXSHR = SHEAR(1) ‘ DS016290
NSTA = NST = 1 : : : _ DS016300
IFI(NSTA.EQeN) GO TO 16 ; ‘ DS016310
‘DO 13 LL = 14NSTA - : ~ : . DS016320
NA = NA + 1 DS016330
NB = LL + 1 DS016340

AAA = MCMENT(NA) ' o ‘ DS016350
B8BB = SHEAR(NA) DS016360
IF(II.EQ.2) AAA MA XMOM DS016379
IF{ITI.EQ.2) BBB = MAXSHR , DS016380
IF{MOMENTI{NB)sGTsAAA) MAXMOM = MOMENT(NB) DS01€3990
IF(ABS(SHEAR(NB)) «GT.BBB) MAXSHR = ABS{SHEAR(NB)) DS 016400

IF(MOMENT{(NB).CTAAA) GO TO 15 : DS016410
NA = NA = | , DS016420

GO 7O 12 DS016430
NA = NB = 1| D5016440

CONTINUE DS016459
CONT INUE ; ‘ : DS016460
CONTINUE DS016470

XSEC=DL=XSEC : ) DS016480
RETURN . D5016490

END - , » - DS01€6500




SUBROUTINE LOCATE(DL 9 XSEC+NST s NS sNWHL ) : DS016519
REAL*4 NWHL , MOMENT ; , DS016520
COMMON/DUMP/ MOMENT (12), SHEAR{ 12)s IPL{20)+1PR(20) sREACT{20) DS016530
DIMENSICN NWHL(18) DS016540
XSECR = DL=XSEC DS016550
DTERM = 0. ~ _ DS016560
DO 1 I = 1,NST DS016570
DLE = NWHL{NS)=DTERM : DS016580
IF(DLE+LE.XSEC) IPLANS) = DS016590
IF{DLE+LE«XSEC) GO TO 2 : , ' DS016600
IF(I.EQsNS) IPLINS) = O : ; ‘ DS016610
IF{I1.EQ.NS) GC TO 2 : DS016620

DTERM = NWHL(I)

CONT INUE
CONTINUE

DS016630
DS016640

DS016650

DO 4 IC= 1,NST — o DS016660
NSC = NS+1IC : DS016670
IF(INS+1) sEQes{NST+#1)) IPRI(NS) = : DS016680
IF(NSC «GT oNST ) GO TO S 0S016690
DELTR = NWHL{NS+IC)=NWHL {NS) DS016700
IF(DEL TReGToe XSECR.AND. ICeECe1) IPRINS) = ' DS016710
IF(DELTR.GT+XSECR) GO TO 5§ R DS016720
IPRINS) = NS+IC+1 : : DS016730
CONTINUE v 0S016740
'CONT INUE , DS016750
RETURN ' , ' DS016760
END o , DS016770
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SUBROUTINE LPCCDE (NFRCE,NEGS, INDX,KOCE) , DSO01€780
LINEAR PROGRAMMING ALGORI THM ' DS016790
DS018800

COMMON/D 31478,V +CBJ +KP1 s K,NR+NCo hRA.NCA.Nl.Nz.ua.oqux.xs.Tv,rR. £S01€810
1suu.xc~op,IT{a;.JcoNT.x(|=oa.A(113,150).8(150>.x041so> DS016820
) , DS016830

SET UP MATRIX DS016840

’ : v v v ' DS016850

KBOMB=0 : DS016860
KP1=N+M ' ’ : , DS016870
K=N+M=1 : DS016880
KK=Km=1 : ' ‘ DS016890
IF(KODE.NE«0) GO TO 200 : DS 016900
DO 1 I=1,N DS016910
DO 1 J=M,KK v 0S016920
A{l,0+1) =0.0 _ : DS016930
DO 2 I=2,N : DS016940
IPM=I+M=1 ‘ DS01£950
A(I,IPM)=1,0 , DS016960
' ‘ : DS016970
FLAG BASIS ‘ DS016980

' DS0169990

DO 5 I=1,K : DS017000
XD{I)=0.0 DS017010
X{1)=0.0 , : DS017020
DO 6 I=1,N : : DS017030
IPM=14+M ; : £S017040
6 X(IPM)=1.0 ; ' DS017050
DO.7 I=1.N ' : . DS017060
7 B(I)=0.0 , £S017070

10 CONTINUE ‘ DS017080
C***t**********#**********************#*#**#*********t*****#************DSO17090

Cxxxx FEASIBILITY SECTION : £s017100
C % & ¥k k¥ ok dkak 3 2K ok ok ok ¥ 3k ak 3k ok ok ok 3k 3k 3k 3k ok 3k ko dk sk ok ke ok ook okok Rk ok kol Rk ok kk kkkokkkkkkkkkkkkDS017110
INEG=2 DS017120

11 DO 14 I=2,N ‘ CSO017139
IF (B(I)) 12,12,14 DS017140
12 CONTINUE : £S0171S0
IF (ACI.KP1)=A( INEG.KP1)) 13,14,14 DS017160
13 INEG=I DS017170




21

22

CONT INUE

IF CA{INEG+KP1)) 15+23,23
IF (B{INEG)) 16,1€,23
JSM=1

DO 19 J=2.K

IF (XD{J}) 17+17,19
CGNTINUE

- IF (A(INEGQJ’-A‘INEGOJSM,’ 18,+19,19

JSM=J

CONT INUE

IF (XD(JSM)) 20.20.23

IF (ALINEG,JISM)) 22,21,21

NO FEASIBLE SOLUTION

KBoMB=51

GO TO 38

CALL PIVOTY (INEGsJSM)
GO TO 10

£S017180
DS017190
€S017200
DS017210
DS017220
DS017230
DS017240
DS017250
£S017260
DS017270
DS017280
DS017290
DSC17300
DS017310
DS017320
DS017330
0S017340
DS017350
DS017360

C************ﬁ***#*#*##****#********************#**************#*#******ESOl7370

Cx&kk OPTIMALITY SECTION
C etk ok A o A KKK o K ko o ko XK Rk ok K K oK Rk R Aok KRk kR Rk kR kR Rk X %X LS 017390

23 JBGST=1

C
C
C

SELECT. INCOMING VECTOR

DD 26 J=1,K

IF (XD{J)) 24,24,26

CONT INUE

IF €A{1:+4)=A(1,UBGST)) 260260‘25
JBGST=J-

CONTINUE . :

IF (A{1,JBGS5T)) 38,38,27

CHECK FCR UNBCUNCED SOLUTION

DO 29 1I=2.N
IsSPOT=1

IF (B(1)) 28,28,26
CONT INUE

- 2l Bl N EE B A B

DS017380

DS017400
DS017410
DS017420 .
DS017430
DS017440
DS017450
DS017460
DS017470
£CS017480
DS017490
DS017500
PS017510
DS017520
DS017530
DS017540
DS017550
0S017560
DS017570
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29
30
31
C
C
C
32

33
34
35
36

37

IF {A(1,JBCST)) 29,29,30
CONT INUE

CONTINUE

IF (A{ISPOT,JuBGST)Y) 31,31,32
KBOMB=50

GO0 TO 28

SELECT CUTGOING VECTOR

KK=1SPOT

DO 36 I=KKsN

IF (B(1I)) 23,233,3¢

CONT INUE

IF(A{1,JBGST)) 36,36,34

IF (ALT,K+1)/7A(1,UBGST)=A(ISPOT K+1)/A(ISPOT,JBGST)) 35,36,36

1sPOT=1

CONTINUE

IF (B{ISPOT)) 37,37,31
CALL PIVCT (ISFOT.JBCST)
GO 70O 23

£S017580
DS0175990
DS017600
DS017610
DS017620 .
DS017630

0S017640

DS017650
DS017660
DS017670
DS017680
£S017690
DS017700
05017710
DS017720
DS017730
DS017740
£CS017750
DS017760
DS017770

C**************************#***********#***#***t************************05017760

CRkkk

QUTPUT SECTION

DS017790

C*##t****ttt***#***t***t*********************#**#******#*#*******#******DSO17800

38
39
40
41
42
43
44
45

46

.47

0BJ==A(1,KF1)

IF (INDX=1) 40,36,40
0BJ==08J ‘
DO 45 1=1,K

IF (X{1)) 44,464,411
DO 42 J=2,N

IF (A(Js1)) 842,42,43
CONTINUE ‘
XCI)=A(JsKP1)

GO TO &5

X{I)=0.,

CONY INUE

DO 49 J=1,K

1F (J=N+1) 46,46,47
JI=J+M '

GO TO 48

JI=J=mN+1

DS017810
DS017820
0S017830

' DS017840

£S017850
£5017860
DS017870
bDsS017880
0DS017890
DS017900
CsSo17910
DS017920
DS017930
DS017940
DS017950
DS017960
DS017970



48 XD{J)==A(1.4J) ' DS017980

49 CONTINUE : 0S0179990
IF{KBOME.EC.S50) WRITE(6,5C) : DS018000
50 FORMAT (/1CHOUNBCUNDED) ‘ DS018010
RETURN : £S018050
END DS018070

LLE
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SUBROUTINE PIVOT (1.J)

CDMMON/DSI4/N.M:OBJaKPlstNRoNC'NRAcNCAgNl.NZ.NB,DXMAX.ISgTVoTR,
1SUM, IGNOR, IT{(4),JCONT, X150 '

DO 2 JJ=1,sK

IF (X{JdJ)) 2+241
IF {A{ I+J4)) 24243
CONTINUE
X{JJ)=D0.0
NM]1=N=1

R=A(I,J4)

DO 4 L=1,KP1}
ALIsLI=A{I.LI/R
DO 5 L=2,1
F=A(L=1,J)

DO S5 M=1,KPt

A(L=]1 M)=A(L=1 M)=A(] ,M)%F

IF (I=N) 6,8,8
DO 7 L=1sNM1

F=A{L+1,3)

DO 7 M=1,KP1
A(L+1sMIZA(L+1,M)mA(],M)*F
CONT INUE

X{J)=1.0

M=KP]lmN

RETURN

END

J+A({118,15C),B(150)+XD(1590)

m B B B . 3N I AN CEE N En B BN B B R EE =

DS018080
0S0 18090
DS018100
DS018110
DS018120
DS018130
DS018140
DS018150
DS018160
DS018170
DS 018180
DS018190
DS018200
DS018210
DS018220
DS018230
DS018240
DS018250
DS018260
DS018270
DS018280
DS0 18290

DS018300

DsSo18310
psoi18320
DS018330




SUBROUTINE CAMBER(ES,EC,ASTRN,STRNS UWBsAREA3SPANL+ECCL+IB.FO,ENDEDSO18340
1CCH»PRLMAX, CBRMAX s HDPT) DS018350
COMMON/DEF INE/ UWCsHUM,AS ,FPS,CTR1+CTR24CER1 4CER2,CTS1,CTS2, DS018360
1CBS1+CBS2+ CREEP 14 CREEP 2, SHRK1 s SHRK2sRATNOD ,FPL 4FSY,ASTIRP,GSP £S0183790

DIMENSICON CNST(44+45) sPRLMAX(5), CBRMAX{S)

Ds0183890

DATA CNST/2150+20044600+606 452509100 9675098400+3804325024000250492905018390

%0 09259460 ¢3500¢0090e90e30e/
REAL 1IB

CAMBER ANC STRESS LOSS CALCULATICNS

DS018400
DSO018410
DSo018420
DS018430
DsS018440

MIDSPAN CAMBER AND STRESS LOSS DUE TC INTITIAL PRESTRESS AND BEAMES018450

IF(CREEP]1 +EQs Qo) Jl=4
IF(CREEP1.,EQ+0.) GO YO 2

CNST (1 +5) =SHRK1

CNST(2+5) =SHRK2

CNST(3,5)=CREEP1

CNST (4 ,S)=CREEP2

J1=5

DO 1 N=1,J1

ASH=04 000001 *CNST (1 sN)

BSH=CNST(2,N)

ACRR=0 ¢00000 1 *CNST{34N)

BCR=CNST(4 4N)

ACR = ACRR#*0,001

RN = ES/EC

AST = ASTRN*STRNS

W = UWB*AREA/144,

DLM = (WESFANL*SPANL/8.)%12,

TEMP = 1.+ (RNXAST/AREA )+(RN®AST*ECCL*ECCL/IE)
FR = FO/TEMP +{ DLM*ECCL*RN*AST/( IB*TEMP) )
PLI = ((FQ=FR)/FO)*100. -

CONST = (1+/AREA)+(ECCL*ECCL/IB)

FCSO = FR*CONST=(DLM*ECCL/IB)

STRN1 = ACR*FCSO+ASH

STRN2 = STRN1=STRN1*(RN*AST*CCNST)

DFCS = STRN2XES#AST*CONST * 1C.0 ** 6

STRNG = ACR%(FCSO=DFCS/2.)+ASH

STRNS = STRNA=STRN4*RN*AST*CONST

DS018460
DS018470
DS018480 °
DS018490
DS018500
0S018510
05018520
£S018530
DS018540
DS018550
DS018560
DS018570
DS018580
0S018590
DS018600
DS018619
DS018620
DS018630
£S018640
£S018650
DS018660
DS018670
DS018680
DS018690
DS018700
DS018710
DS018720
£S018730
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DFCS1 STRNS*ES*k AST*CCNST * 10.0 %% 5 ‘ ‘ DSC18740
STRNG6 ACR*¥(FCSO=DFCS1/2+)+ASH ‘ DsS018750
STRN7 STRN6=STRNG6 *RN*AST*LCONST ‘ ‘ ' 05018760
PLINF (STRN7*ES*AST®10.0%%6/FC)*100. - DSQC18770
PLMAX PL INF+PL1 £s018780
PRLMAX{N)=PLMAX" ‘ ; DS018790
CCONST = 1o/ (EC*IBX10.,%%6) ‘ £s018800
HSPAN = SPANL/2. ' Dso18810
Cll = CCONST*{FR*ENDECC *HSPANXC, 5*kHSPAN*144,) DS018820
ciz = CCGNST#(FR*(ECCL-ENCECC }*(HSPAN=HDPT) %0 s S%0, 67k {HSPANDS018830
1=HDPT) *144,0) v DS0188490
CI3 = CCONST*(FRx(ECCL=ENDECC ) *HDP T {HSPAN=HDPT/2.)%144,) [DS018850
Cl4 = CCONST*((5./384.J*!W*SPANL*SPANL*SPANL*SPANL*12.*12-*12o)) 05018860
Cl = CI1 +CI2 +CI2 =C1l4 £so18870
STRAIN= FCSO/(EC*10C . %%6) DS018880
CMAX = Cl*((ACR*(FCSO-(DFCS/Z.))+STRAIN)/$TRPIN)*(lo‘(PLINF/lOO.))05018890'
CBRMAX{N)=CMAX £S018900

CCNT INUE . R DS0C18910
RE TURN ' ‘ DS018920

END , : DS018930




SUBROUTINE SHEAR{E,DEPTHsDsFPCsFSY s AREAsVUsSPACE) : DS018940

AV=2 . % AREA : DS018950
S1={AV*FSY )/ (0 +100%B) ‘ ‘ DS018960
SMAX=0+7S%DEPTH : :  DS018970
IF{S1.LT+SMAX) SMAX=S1 ' DS018980
RJ=0.90 ,  DS018990
VCMAX=0,180%B*RI%*D ' DS019000
VC=0 06%F PCxB*RJY%*D DS019010
IF{VC+GToVCMAX) VC=VCMAX . DS019020
SPACE= (2. *AVXFSYXRRJUXD) /{ABS{VU)=Vy(C) DS019030
IF(SPACEWLT 40 0 sORsSPACE«GT«SMAX) SPACE=SMAX DS019040
RETURN DS019050

END DS019060

Le€
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SUBROUT INE INTPRG(KECMB) ‘ DS019070
HEURISTIC MIXED INTEGER L INEAR PROGRAMMING DS019080
MAX WITH LE CONSTRAINTS : DS019090
PACKED DATA ‘ DS019100
INTEGER%2 ROW,COL ; DS019110
COMMON/ D31 4/NeM0BJ sKP1sKeNRSNC3sNRASNCA,N1sN2s N3 DXMAXs IS+ TV,TR, DS019120
1SUMs IGNCRsIT(8) s JCONT +X{150)+Y(3136)ROW{(3136),COL{150),BB{150), DSO015130
2C(150)+B(150), XX{150) , : _ ' ' CS019140
TR = RCW TOLERANCE DS019150
TR=0,.1 , DS019160
TV = VARIABLE TOLERANCE ﬂ , o £S019170
TV=1.E=2 ' : : : ' DS019180
TITLE =« TITLE INFORMATION o DS019190
NR = NUMBER OF CONSTRAINTS. N1 = NUMBER OF CCNTINUOUS VARIABLES DS019200
N2 = NUMBER DF INTEGER VARIABLES, N3 = NUMBER OF BINARY VARIABLES DS015210
IS = O#INITIAL SOLUTICN TO BE PROVIDED ‘ DS019220
IS = 1 OR 2#NO INITIAL SOLUTION TO BE PROVIDED , DS015230
1S = 0 CR 1#PHASE 4 USED IF NC FEASIBLE SCLUTION IS DS019240
LOCATED. DXMAX = MAXIMUM INCREMENT OF ANY X%J< £S019250
INPUT ORDER , DS019260
CONT VAR, INTEGER, D=} ‘ ’ DS01S270
0BJ4 FUNC IS ROW NR + 1 , ~ DS019280
RHS IS IN NCA=N1 + N2 + N3 + 1 : DS019290
BLANK CARD ENDS DATA ~ - DS019300
NRA=NR+1 ; : DS019310
NTWO=N2+N1 : ' DS019320
NC=NTWO+N3 : .- : 0S019330
NCA=NC +1 DS019340
CONTINUCOUS VARIABLES MUST BE ENTERED FIRST : DS019350
MCOL=0 DS019360
KKK=0 - : DS019370
COLUMN ENTRIES ALL TOCGETHER . : DS016380
I1C=0 , : £S019390
IGNOR=0 ‘ DS019400
JJI=0 . o : _ DS015410
OPT==1,E3C CS019420
DO 3 I=1,4 ‘ ' : : DS019430
IT(1)=0 , DS019440
. DO 8 J=1,NC : £S019450
4 XX(J) = 0. : ‘ DS01%460

C
C
C
C
C
C
C
Cc
c
C
C
C




IF{IS«GT«0) GO TQ 10

INITIAL SOLUTICN (REQUIRED 1IF IS

DG 7 J=14sNC
IF{X(J).EQe0s} GO TO 7
XX{J4)=x€¢J)

CANCA) =CINCA) +X(J)%C{(J)
I1A=COL (J)

I18=COL(J+1 )=}

DO 6 [=1A,18

BE(ROW(I) )=BE(ROW (L) )=X¢J)*Y (1)

CONTINUE
CONT INUE
sSUM=0.,

DO 15 I=1,AR

IF(ABSC(EB(1}).LT«TR) BB(I)=0,

-BL1)=88B(1)

IF(B(I) el To04) SUM=SUM=B(I)

SMIN=SUM

TOPT=C(NCA)}
IF{SUM.EQ.0.) GO TQ 24
CALL PHASE!

IF{SUMGTeCe) IFLIC) 40+:33,40

CALL PHASE?Z

IFECENCA) JLECPT) IF(IC) 46436446

DO 30 J=1.NC

XX(JII=X ()

PO 32 I=1,NR

B(1)=BB(1)
IF(OPT.EQ'(-IQE30” JJ=0
OPT=C(NCA)}

GO TOo 3¢

IF{SUM.GE.SMIN) GO TO 36
DO 34 J=1,NC

XX(I)I=X{J)

DO 35 I=1sNR

8(1)=BB(I1)

SMIN=SUM

TOPT=C(NCA)

CALL PHASEZ
IF{IGNOREG.0)CO TO 40

DS019470
DS019480
DS019490
LS 019500
DsS01S510

-DS019520

DS019530
DS015540
DS019550
DS019560
DS019570
DS019580
DS019590
DSC15600
5019610
DS019620
0S019630
DS0 19640
DS019650
DS019660
DS016670
DS01S680
£CS019690
DSC16700
DS019710
DS019720
DS019730
£0S019740
DS019750

- DS019760

0S019770
DS016780
DS019790
DS 019809
DS01$810
£5019820
£S019830
DS016840
0S019859
£0S0198690




vee

40

42

44
46

48

§0
S2

53

54

IC=1

GO YO 22
IF(OPT.GT.(-I.E30’) GO TO as6
IF{SUM.GE ., SMIN) GC TO as
DO 42 J4=1,NC

XX{JI=X0(J)

DO 44 I=1,NR .

B(1)=88{1)

SMIN=SUM

TOPT=C{NCA)}

GO 7O 54

IF(1IS.LT.2) GO 7O 56
CINCA)Y=CPT )

SUM=0.

GO TO S0

CINCA)Y=TOPT

SUM=SMIN

DO 52 J=1,NC

X{J)=XX(J)

DO 53 I=1.NR

BB{I)=8B(1)
PHASE 4 = PERTURE THE CURRENT SOLUTION
IF(JJ+EQ.NC) GC TO 56

JI=JI+1

IFIX(JJI)elLTTV) GO TO 5S4

XS=X(JJ)

X(JJ)—ANAXI(Oo,XS-3.*DXMAX)
DX=X{JJ)=XS

TA=COL{(J9)

IB=COL{JJ+1 )=}

- DO S5 I1=1A,IB

55

155

BB(ROW{ 1) )=BB{(RCW(I))=DX%Y(])
IF(ABS(BB(RGN(I)))-LT.TR) BB(ROW(I1))=0.
SUM=0,

DO 155 I=1,NR

IF(BB{I)elLTe0os) SUM=SUM=BB(])
CI{NCA)=C{NCA)I+DCX%C{ JJ)

1C=0

IGNOR=J3J

IT(a)=1T(4)+1

0S016870
£S019880
DS01989¢C
DS019900
DS019910
DS019920
DS019930
DS 019940
DS019950
DS019960
DS019970
DS015980
DS019990
DS020000
DS020010
DS020020
DS0200320
DS020040
DS020050
DS020060
D5020070
DS020080
DS020090
0S020100
DS020110
DS020120
DS020130
DS0201490
DS0 20150
DS020169
DS020170
DS0201 80
0S020190
DS 020200
£sS020210
DS020220
£5020230
£S020240
DsS02C250
£S020260




GO YO 20 DSG20270

56 IF(OPT.EQe.(=1.E30)) GO. TO 60 : . : , : £s020280

c OUTPUT FINAL FEASIBLE SOLUTION : ' DS020299
KBOMB=0 , DS020291
RETURN ' DS020300

C OUTPUT FINAL INFEASIBLE SCLUTION DS020310
60 DO 57 1=14NC ; DS020311

S7 XX(I)=%X(1) , ; : DS020312
DO S8 1=1,NR DS020313

58 B(I1)=BB(I) DSC20314
KB80MB=1 ' , 0S020315

END - DS020360

62¢



SUBROUT INE PHASE! ‘ £S020370
ATTEMPY TO REDUCE THE SUM OF INFEASIBILITIES : : v 0S020380
INTEGER*2 RCw,CCL o DS020390
CGMMON/DBI4/N.MQQBJ.KPI,K.NR.NC,NRAoNCA-NloN2.N3oDXﬁAXpIS;TV:TRQ £s020400
ISUM.IGNOF;IT(Q):JCONT'X(ISG}:Y(3136).QOH(313630C0L(1503988(15019 DS020410

2C{1S0)+B(1EC) 4 XX{150C) £s0 20420

NTWO=N24#N1

Q=wm] ,E38

==m] ,E38 .

DO 140 J=1,NC
IF{JeNELIGNOR) GO TC 15
IGNOR=0 )

-GG TO 140

R=m] ,E38

IF{X{J)+EQeC.) GO TO 18
5=1.,E38

IF (JeGTeNTWO) R = Qo
GC TO 20

S = 0.0

1A=COL ( J)

IB=COL(J+1 )=}

DO 60 I=1A,18B

IF(BB{ROW(T)).GE.0.) GO TO 60

=BB(ROW(I))I/Y (1)

IF(ABS{V)«LTTV) GO TO 60

{F{VeLTe0,) GO TO 30
IF (R.EG.0e0) GC TO 60

IF{(JeGTeN1) V=AINT(V+.999)

IF (JeGTNTWO) V = 1,0
IF(V.GT«R) R=V

GO TQ 60

IF(S.EQ.0+) GO TO 60

IF(JeGTeNl) V=AINT{V=,999)

IF(V.GEW+S) GO TO 60
IF{VelTel(=X{J))) V=aux(y)
S=v '

CONT INUE -

IF(R.EQe =1.E38 +0ReR<EQe0e0) GO TO 90

T“—’o-
K=I1A

0S020430
DS020440
DS0204S0
DS020460
DS020470
DS020480
05020490
DS020500
£S020510
DS020520
DS020530
DS020540
DS020550
DS020560
£sS020570
DS020580
DS0 20590
DS5020600
DSC20610
£S020620
DS020630
DS020640
£sS020650
DS020660
CS020670
DS020680
DS020690
0S020700
DS020710
£S020720
D5S020730
DS020740
DS020750
£S020760




DO 70 I=1,.AR

IF{I.EQ.ROW(K}) GO TO 64
IF(BB(I)eGCEeOs) GC TO 7C

T=T=88(1)
GO TO 66

F=8B(I )=R*Y{(K)
IF(ABS(F)+LTeTR) F=0,

K=K+1

IF(KeGTIB) K=

18

IF(F +GE+0.) GO TO 70

T=TwF

IF(T.GE+SUN) GC TC G0

CONT INUE

IF(T«EQe0e) GC TO 110 -

wW=R*xC(J)

IF(WeLE«G) GC TC SO

Q=w

DX=AMINI {RsCXMAX)

KK=J

IF(SeECel «E3840R«S«EQeC.) GO TO 140

T=0e
K=1A

DO 100 I=14NR

IF{1.EQ.ROW{K)) GC TO 94
IF{BB(1)eGELO.) GO TO 100

T=T=8B{ 1)
GO TO g€

F=88(1)1=S*xY{(K)
IF(ABS(F)+LT+TR) F=0,

K=K+1

IF{KeGT.IB) K=1IB

IF{(F +.GE«0e) GO TO

T=TwF

100

IF(T.GE.SUM) GO TC 140

CONT INUE

IF(T.EQe0.) GO TO 120

w=S*xC{J)

IF{w.LE.Q) GO TO 140

Q=w

DX=AMAX1( SemDXMAX)

£S020770
£S020780
DS02G790
DS020800
DS020810
DS020820
DS0208 30
0S020840
DS020850
£S020860
DS020870
05020880
DS020890
DS020900
0S020910
DS020920
0S020930
DS020940
0S020950
DS020960
05020970
DS020980
DS020990
05021000
DS021010
DS021020
DS021030
0S021040
0DS021050
0S021060
DS021070
DS021080
DS021090
DS021100
0S021110
pDS021120
DS021130

. DS021140

DS0211S0
DS021160




KK=)

GO TO 1490

TEMP=R*C{J)
IF{TEMPLE.P) GC T0O 99
P=TEMP

Q=1.E38

GC TO 8¢

TEMP=S*C{J)

IF(TEMP .LELF) GC TO 140
P=TEMP

Q=1.E38

G0 TO 105

CONTINUE

IF(Q.EQs({=1.E38)) RETURN

X (KK)=X {KK)+DX
I A=COL {KK)

IB=COL (KK +1)=1
DO 150 I=IA,IB

BBIROW(TI) )=BBI(ROW(I ) I=DX%kY(I)
IF{ABS(BB{ROW{I)))LT.TR) BBIROW(I))I=0,

SUM=0.
DO 155 1I=1,4,NR

IF(BB(I)elLToe0 o) SUM=SUM=BB(I)

CINCA)=C(NCAY+DXXC{KK)
IT(1)=1IT(1)+1
IF(SUMsEQels) RETURN
GO TO 10

END

MR N EE BB S SN BN NS BN NN TH BN SR BN SR WS mE PR mm

DS021170
DS021180
DS021190
DS021200
psS021210
pso21220
DsS021230
£S021240
DS021250
DS0212690
DS021270
DS0212890
DS021290
DS021300
DS021310
DS021320
0S021330
DS021340
DS0 21359
DS021360
DS021370
05021380
DS021390
£S021400
£S021410
DS0214290
DS021430
£S021440




SUBROUT INE PHASEZ2 DS0214590

C ATTEMPT TO IMPROVE THE VALUE OF THE QBJECTIVE FUNCTION : £5021460
INTEGER*2 ROW,COL DSD21470
COMMON/D314/NeMo0BJ ¢KP1L 9K NRyNCyNRAJNCASNIsN2s N3, DXMAX, ISeTV, TR, 05021480

1SUMs IGNORSIT(4) ,JCONT»X{150),Y¥(3136) .ROW(3136),C0L{(150),8B8(150), [S021490

2C(150) +BL150) +XX{150) DS021500
NTWO=N2+N1 DS021510

10 ZZ=w1, DS021520
DO 30 J=14NC DS021530
IF(J«NE.IGNCR) GO TC 12 DS021540
IGNOR=0Q £S021550

- GO TO 30 DS021560
12 IF(C(J)eGE«Oa) GO TO 18 DS021570
IF(X{J)}+EQe0+) GO TO 30 DS021580
R=w] ,E38 : DS021590
1A=COL (J4) 0S021600
18=COL (J+1)=1 DS021610
DO 15 I=1A,IB 0S021620

o IF(BB(ROWCI))aEGeCa) IFCY(I)) 30,320,113 DS021630
o v=BB(ROWI(I)) Y (1) DS021640
IF{VeGTe0s) GC YO 1S £S021650
IF(V.GT=TV) GO YO 30 £S021660
IF(JeGT oeNl «ANDVGT e™=1 o) GO TO 30 DS021670
IF(V.GE+(mX(J4))) GO TO 14& DS021680

13 v=ex(J) DS021690
14 IF(VeGFaR) R=V DS021700
15 CONT INUE 0S021710
60 TQ 21 DS021720

18 IF (JoGT.NTUOIIFIX(JI)) 19:19,.30 DS021730
19 R = 14QE38 0SG2174640
1A=COLCA) DS021750
IB=COL {J+1 )=l DS021T760
DO 20 I=IA,IB DS021770
IF(BBIROWL 1)) eEQe0e) IFEY(I}) 20.30,30 DS021780
v=BB(ROW(I)I}/AY{I) DS02179¢
IF(VeLTa0e) GO TO 20 0S021800
IF{Vv.LT.TV) GO TO 30 pso21810
IF(JeGToN1oANDe Vat.Fele} GO TO 30 DS021820

FF {(JoGToNTRD ) V = 160 psSo21830
IF(V.LTeR)} R=V DS021840
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20
21

25
3¢

‘40

CONT INUE _
IF{ABS{R).EQs1 «E38) GO TO 30
IF{C{J)eEQesDOs) R=AMIN1{1.+R)
Q=R*C{ J)

IF(QelEeZ2Z) GC TO 30

Z2Z=Q ' '

KK=J

IF{JsGTeN1) R=AINT(R)

IF{RLTW0.) GO TO 25
DX=AMIN1C(R,CXNAX)

GO0 TO 30

DX=AMAX1{(R,=DXMAX)

CONT INUE

IF(ZZ+EQGe(=1e)) RETURN
X{KK)=X(KK)+DX

1 A=COL{KK)

IB=COL (KK+1)=1

DO 40 I=14A.18
BB(ROWC(I))=EB(RCWI{I))=DX*Y{1)
IF(ABS{BB(ROW(I1)).LT.TR) BB(ROW(I))=0.
CONT INUE : e

CENCA)=CINCA)4+DX*C(KK)

IT(2)=1T(2)+1
GC TO 10

END

DS021850
DS021860
DS021870
0S021880
DS021890
£S021900
DS021910

DsS021920 -
DS021930

DS021940
DS021950
0S021960
DS021970
DS021980
0S021990
DS022000
DS022010
DS022020
DS022030
DS022040
0S022050
DS022060
DS022070
DS022080
0S022090



SUBROUTINE PHASE3
PERTURB THE CURRENT SCLUTION
INTEGER#*2 ROW, COL

COMMON/D314/Ns M s0BI 2o KFL s Ko NRyNCoaNRAGJNCA,NL N2y N3, DXMAX, IS,TV,TR,
1SUM, IGNORSIT(4) s JCONTL X{(150),Y{3136) ROW(3136),COLI150),8B(150}),

2C(1S5S0)3B(C150) 4 XX{150)

NTWO=NZ2+N1

ZZ=wl,

JI=0

DO 10 J=14NC .
IF’(X(J).L?.TV;AND-C(J);LT.O.) GO TQ !O
IF(X(J)sGE 4l s eOReC{JSIGEO) GO TO 2
TEMP==C(J)%X(J)

IFCTEMP LT +22Z) GO TO 10

DXEmX{ S)

GO TO &

TEMP=ABS(C(J))

IF(TEMP,LT:2Z) GO TO 190

DX=1. k

IF(C{J) s T o0 s) DX=zwm],

IF (JeGTeNTWO) IF (X(JIXDX) 4,4,410
22Z=TEMP

Jd=d '

CONTINUE

IF(JJ+EQe0)CO YO 35

X{JIr=x(JII&DOX

1A=COL (J4)

18=COL{JIJ+1)=1

DO 20 1=1A,IB
BBIROW(I))=BEB(ROWII ) )=DX%VY{(I)
IF(ABS{BBIRCW (1) ))elLT TR} BBL(ROW(I))I=C.
sSUM=0,

DO 30 [=1,4NR

IF(BB{I)sLTe0 ) SUM=SUM=RB(I)
C{NCA)=CINCA)+ZZ

IGNDR=JJ

IT(3)=1T{3)+1

RETURN

END
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DS022100
£S022110
DS022120
DS0221 30
£s0 22140
DS022150
05022160
05022170

.Ds022180

05022190
£5022200
DS022210
0s022220
DS022230
DS022240
0S022250
DS022260
DS022270
05022280
05022299
DS022300
05022310
D5022320
0DsS022330
DS022340
DS022350
DS022360
DS022370
DS022380
£S022390
DS022400
DS022410
0S022420
DS022430
DS022440
£S022459
DS0224690
DS022470
0s022480
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SUBROUTINE SCQUASH , DS022490
INTEGER%*2 ROW,COL ‘ £S022500
COMMON/D314/NeMoOBI +sKP 1 KsNRsNCsNRASNCASNLsN2sN3sDXMAX,ISsTV,TR, DS022510
1SUMs IGNORS IT{4) 4 JCONT4X{150),Y(3136),ROW{3136),COL(150),B8(150), 'DS022520
2C(150)+B{150),XX{150) £0S022530

CIMENSICN STRCOL{150) . _ _ v DS022540
JCONT=0 ' . DS022550

J1=0 “ . DS022560
DO 2 J=1.NCA , L DS022570
K1=0 ps022580
READ{3) (STRCOL{J2),J2=1,NRA) . 05022590
ClJI=STRCOLINRA) , . 0S022600
DO 3 I=1sNR : S 'DS022610
IF{J.EQ.NCA) GO TO 6 ' DS022620
IF(STRCOL{I).EQ.0.0) GO TO 3 . DS022630
J1=J1+1 DS0622640
K1=K1+1 : , DS022650
IF{J<EQ.NCA) GO YD SC : DS022660
Y(J1)=STRCCLAL) ' DS0226790

JCONT=JCONT+1 . £5022680
CROW(J1 =1 . DS022690

CONTINUE ~ ' » DS022700
IF(K1.GTe1) GO TO 3 : £S022710
coL(JI=I : ‘ DS022720
CONTINUE . ' . DS022730
CONT INUE ' . ' . DS022740
DO 10 J3=1,NR o - , 'DS022750
BB(J3)=STRCOL(J3) : ; 0S022760
REWIND 3 DS022770
RETURN : o o Ds022780
END ‘ ; DS022790
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‘SUBROUT INE PLOSS(FPCR+ZMBY ¢ ZMC s ZMNC s FSUsASsABSZI 4ZIC,YBy YBCWECS
XHUM, SPAN, ZLOSSSsZINLOS,UWC)

THIS SUBROUTINE COMPUTES PRESTRESS LOSS BY 1975 AASHTO
INTERIM SPEC,

FPCR = CONCRETE RELEASE STRENGTH (KSI)

ZMBW=DelLe NOMENT DUE TO BEAM WEIGHT AT MIDSPAN(K=FT)

ZMC = TOTAL DeLes MOMENT (EXCEPT BEAM WEIGHT) AT MIDSPAN
ACTING GN COMPOSITE SECT ION{K=FT)

ZMNC = TOTAL DeLe MOMENT (EXCEPY BEAM WEIGHT) AT MIDSPAN
ACT ING ON NONCOMPOSITE SECTION (K=FT)

FSU = ULTIMATE STRENGTH OF STRANC (st)

AS = TOTAL STRAND AREA (IN**2)
" AB = CROSS SECT IONAL AREA OF BEAM (IN**2)
Z1 = M, OF le CF NONCOMPOSITE EBEAM { IN*%4)

ZIC = Mo OF 1+ OF COMPOSITE BEAM (IN%%4)

yYe DISTANCE FRCM CeGs OF BEAM TO BOTTOM FIBER (IN)

¥YBC = DISTANCE FRCM C.Ge CF CCMPCSITE BEAM TO BOTTOM FIBER (IN)
EC = DISTANCE FROM BOTTOM OF BEAM TO CeGe GCF STRANDS (1IN)

HUM = RELATIVE HUMIDITY (PERCENT)

SPAN = SPAN LENGTH (FT) -

ZINLOS=FRACTION OF INITIAL STRESS(.7*FSU) LOST (RELEASE)

ZLOSS = FRACTION CF INITIAL STRESS («7%FSU) LOST {(SERVICE)

]

(COMPRESSICN STRESS IS POSITIVE )
SHRINKAGE LOSS
SH=(17000.=150%HUM) /1000,

ELASTIC SHORTENING

A 10 PERCENT LOSS IN STRAND FORCE DUE TO RELAXATION AND ELASTIC
SHORTENING PRICR TO RELEASE IS ASSUMED AT T IME OF RELEASE

FEFF=0 «9%0 o 7T*FSU%*AS
FCIR=FEFF/AB+FEFF*{ YB=EC)*ABS({YB=EC)/ZI=12.,*%ZMBWx(YB=EC)/ZI

CECIS{UWC*1000,)%%1,5%33,%SART{( 1000 +*%FPCR)

£S022800
Ds022810
0S022820
0s022830
DS022840
0S0 22850
DS022860
DS022870
£s022880
DS022890
£s022900
DS022910
0S022920
05022930
DS022940
DS022950
£S022960
DS022970
0S0229890
£S022990
DS023000
£S023010
DS023020
DS023030
DS023040
DS023050
0S023060
£S023070
DS023080
£S023090
0S023100
DsSo023110

-0s023120

DS023130
DS023140
DS023150
DS0231690
05023170
£s0231890
DsS023190
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ES={2BE+06*FCIR/ECI) ' £S023200

d ' : : DS023210

c CREEP LOSS : DS023220

C : _ . DS023230

FCDS=12 % ZMNC*({YB=EC)/Z1+12.%ZMC*{ YBC=EC)/ZIC : DS023240

CRC=12 ¢*FCIR=7 ,%FCDS : ~ DS023250

c : ' DS023260

c STRAND RELAXATICN LCSS ' o } DS023270

C : : : : o ' DS0 23280

CRS=20 +=0 ¢4 *ES™0 ¢ 2% (SH+CRC) ‘ , . DS0232990

C , ; - DS023300

, c TOTAL LOSS R : £S023310
C , ‘ Coe DS0233290
DELTFS=SH+ES+CRC4+CRS o ' DS023330
DELFSI=ES+0.5#%CRS ; DS023340

C ; o , DS023350

C L 0SS FACTOR : DS023360

o . _ DS0233790

w ZLOSS=DEL TFS/{ « 7T*FSU) - . £S023380
> ZINLOS=CELFSI/( +7*FSU) : DS023390
; RETURN : - ' ) " DS023400

END ' , , 0S023410




COMMON/BLK 1/ HEAD(15)+ZMI(20)+YMI(20),BMA{20), AMC00010

*xZSA{20 ), YSA(20),BMI{20) s YH(10+,2),ZH{10+2)NTY(30), AM000020 . .
®LC{ S00),NLB( S00)+LM{8)+P( S00)sXL{ S560).PL( SO0}, AM000030
AECC( 5000,F11(1Ce4+4)+F12(10+8+4)F22(10+,844),5F{164,8), AMO 00040
AENPOS{ SC0 ) XPOSL9+9)sHF( 1S538)sJTY(20)+sYSTRIG9+4)+:ZSTR{(G24) AMOOO00S50
ANOUT(9) +yYSSS(F 94) 42555 (9:4)+X{(8) AMOOQD 60
COMMON/BLK 2/ NHARMS,SPAN,NBEAMSE+GsNTYFES,NEQ, AMO 00070
XALPHA s NLCASE s NLCARD 4 NX AMO00080
COMMON/BLK 2/ XZERO(164) , YMAMPL (20), ZVAMPL (20 ), AM0 00090
XFAMPL(20) . SFAMPLL{20), TAMPL(20) ,DAMPL(20), YMOLT( 200,20,9), AM000100
XZMOUT (9920 99) s FCUT(992059)sSFOUT( 9420 +9)sTCUT{9920+9) > AM0OO00110
*¥DOUT(9e20»9) s XCLT(9,76,9) s XS{A) s XA(4) AMO000120
c - AM0091 30
- C MULTI=BEAM BRICGE ANALYS IS, AMOO0140
c AM000 150
NHARMS =30 AMO0O0160
-~ CALL REREAD AMO00170
1 READ{ S, 211,END=1900) xHEAotdii,Jx-x.a=a.xeo£ AMO00180
3 211 FORMATI15A84,1X,11) AMO00190

o C : AMDO0200

c LOAD INPUT DATA ' - AMODO210
c : AMO 00220
IFIKODE SEQeQICALL INPTT : AMO 00230
IF(KODE JNE o0 )CALL INPUT : AMO0 0240
C ' ' AM0002590
c ZERDO DUTPUT STORAGE AREA o . AM000260
C : AMO0O270
NX = & * NBEAMS = & AMODO0280
PO 220 1 = 1, NLCASE AMOO0299
NP = NPOSI(1) AMQ00300
DO 219 K= 1, NP AMODO310
DG 210 4 = 1y NEEAMS AM0O0 0320
YMOUT{(TI s JsK) = 0.0 AMO00330
IF(KODE «NE +0) GO TO 210 AM0O00340
ZMOUT (14 J3K) = 040 ‘ AM000350
SFOUT(I4JsK) = 0,0 AM000360
FOUT(IsdsK) = 0.0 AMO 00370
TOUTL I s JsK) = 0.0 AMO0Q380
DOUT(I1+dsKI=Ce? AMO 00390
AMD 00400

210 CONTINUE
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217
219
220

- IF{KODE«NE#0Q) GC TO 219

DO 217 J=1,NX
XOUT(IwJdeK) = 0o
CONTINUE
CONT INUE

FORM STRUCTURE FLEXIBILITY MATRIX FOR EACH HARMONIC

DO 900 NH = 1+ NHARMS

510

515

HARM = NH
ALPHA = HARM%3,14159265/SPAN

‘CALL FLEX

REDUCE FLEXIBILITY MATRIX
CALL SYMSOL (SFs, XZEROC, NEQ’ 8, 1)
SET UP XZERQO FOR EACH CASE

DO 800 K 1s NLCASE

DO 510 J = 1+ NEQ

0.0

1]

XZERO( J)

ZERD DAMPL, TAMPL, SFAMPL, FAMPL s YMAMPL, ZMAMPL

DO 515 NB = 1, NBEAMS
DAMPL(NB) = 0,0 :
TAMPLINB) = 0.0
SFAMPL{NB) = 0,0
FAMPLINB) = 0.0
YMAMPL(NB) = 0.0
ZMAMPLINB) = 0.0

FORM LOAD VECTOR FOR EACH LOAD CASE

DO 520 N = 1, NLCARD
KK = LC(N)
IF(KKeNEoK) GC TO 520
NB = NLB(N) '
NT = NTY(NE)

AMOO0O0410
AMO 00420
AM0OC0430
AMO00440
AM0 00450
AMO 00460
AMO00A 70
AM0004 80
AM0O 00490
AMO00500
AMQOOS10
AMO 00520
AM0O0O0530
AMO000540
AM00 0550
AMO00S60
AM000570
AM000580
AMO00590
AMO 00600
AMOO 05610
AM0 00620
AMO006390
AMO00640
AMO 00650
AM0 00660
AMOO0O670
AMO 00680
AMO0 0690
AMO00700
AMO0OO710
AMO00720
AMO 007 30

- AM0 00740

AMO00750
AM0O00760
AM0O0O0770
AMO00780
AMOO 0790
AMO000800



PP= P(NY)Y / PL(N) '
PN = 4+%PP2SIN(ALPHAXXL{N))I*S IN{ALPHAYPL{N)I/2)/7(3,14159265%HARN)

NR = 4 % NB = 2
Gl PN/ {ALPHAXX3XYMI(NT ) )

G2 ECC{N)%XPN/(ALPHAXX2%XBMJ(NT)})
G3 = Gl1/ALPHA ‘

XZERO(NR)
NR = NR +
XZEROI(NR)

" NR = NR +

XZERQ(NR)
NR = NR +
XZERO(NR)
NR = NR +
XZERO (NR)
NR = NR +
X ZERO{NR)
NR = NR &+
X ZERO (NR)
NR = NR +

XZERC(NR)

XZERO(NR)

XZERO(NR)

XZERQO(NR)

XZERQ (NR)

X ZERQ (NR)

XZERQO(NR)

+ ZE-{NT,1)*G1

= ZH{NTs+ 1)%G2
G3 + YH(NT,1)%G2
G2
ZE(NT.Z)*GI

+ ZH{NT,2)*G2

+G3 = YH(NT,2)%G2

AMO00B190
AMO0 00820
AMO 00830
AM0 00840
AMO 00850
AM0O 00860
AMC 008790
AM0 00880
AMO 00890
AM0O0D0900
AM0 00910
AM000920
AMO009390
AM0 00940
AM0O 00950
AMO 00960
AMOO 0970
AMCC0980
AMO00399
AMO01000
AMD01010

AM0 01020
AM0010 30
STORE AMPLITUDES CF DISPL, MOMENT, SHEAR, AND TORSICN DUE TO LOADSAMO01040
AM001059
AM001060
AM0013 79
AM001080

W v ome o | e e e g

XZEROD (NR) XZERC(NR) = G2

DAMPL{NEB) = DAMFL(NB) + G3
YMAMPL (NB) = YMAMPLINB) = PN/ALPEA*%2
SFAMPL{NB) = SFAMPL(NB) + PN/ALPHA
TAMPLI{NE) = TAMPL(NB) = ECC{(N)I*PN/ALPHA AM001090
CONTINUE ‘ ‘ AMOO11CO
DO S30 N = 1, 4 AMOO1119
XZERO(N) 0.0 - : AM0011290
NF = NEQ = 3 AMOO1130
DO 535 N = NF, NEGC AM0OO1140

XZERO(N) = N,.0 AM0O01159
) AMDO 1160

AMGCC1170
AMGO11 30
AMO01190
AMQQ1200

REDUCE ReFeSe VECTOR AND BACK=SUBSTITUTE YO SOLVE FOR XwAMPL

CALL S¥YMSOL ( SF, XZEROs. NEQ, 8, 2)
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TRANSFORM REDUNDANTS TO BEAM CENTER=LINE

DO 550 NB = 1,NEEAMS
NT = NTY(NBE)

DC 546 1 = 1, 8

NN = 4 * NB = 4 + 1
x{1) XZEROC (NN )

AM001210

AM001220
AMQ01230
AMD01240
AM00125¢0
AMQ01260
AMO01270

X{a) X{(4) 4+ YH{NT 41 )%X{(3) = ZH(NT-I)*X(Z) - X(Si = YH{NT,2)*X{7)AM001280

+ ZHINT,2)*X{6)
X(3) X(3) = ALPHFA®ZHNT» 1)%X(1) = X(7) + ALPHA*ZH{NT+2)%X(5).
x{2) X{2) = ALPHA®*YH{NT,1)%X{1) = X{(6) + ALPHAXYH(NT+2)*X(5)

X{1) = %X(1) = X{S5)

STORE AMPL. CF DISPL+sMCMENTS,SHEARs AXIAL FURCE AND TORSIONAL

MOMENT DUE TO REDUNDANTS

DANPLI{NB) = DAMPL (NB) + X{(3)/7(YNI{NT)®ALPHA*%4)
YMAMPL (NB) = YMAMPL {NB) = X{3)/ALPHAX*2

ZMAMPL {NB) = ZMAMPLINB) = X{2)/ALPHAX%2
FAMPL(NB) = FAMPL(NB) + X{1)/ALPHA

SFAMPL {NB) = SFANPL{NB) + X{3)/ALPHA

TAMPL({NB) = TANPL(NB) + X{4)/ALPKA

COMPUTE BM, SFy TCRSe. MOM., ANC CISPL. FOR REQUIRED POSITIONS

NP = NPOS{K)

DO 700 ¥ = 1, NP

ARG=ALPHAXSPAN/2.

IF{KODE «EQ 0} ARG=ALPHAXXPOSI{Ke+M)

SS=SIN{(ARG) '

CC=COS{ARG)

DO 600 NB = 1, NBEAMS

YMOUT(K sNBeN) = YNOUT(KosNEJM) + YMAMPL(NB)*SS
IF{KOOE «NE+0) GO TO 600

DOUT (K osNBoM) = CCUT(KNB,N) + DAMPL {NB)*SS
ZMOUT{K ,NBeN) = ZNGUT(K,NE,M) + ZMANPL{NB)*SS
FOUT(KsNBsM) = FOUT{K,NB,N) + FAMPL{NB)*SS
SFOUT{K,NBsN) = SFOUT(KsAB.N) + SFAMPL{NE)*CC
TOUT(K +NBsM) = TOLT(KsNB.N) + TANPL{NE)*CC

600 CONT INUE

AMO01290

AMOO 1300
AMO0O1310
AM001320
AM001330
AM001340
AM001350
AM001360
AMDO01370
AM001380
AM001390
AM0 01400
AMOO1410
AM001420
AM001430
AM0O01440
AM001450
AM0 01460
AMO001470
AM001480
AM0O 01490
AMO01500
AM001510
AM001520
AMO01530
AM001540
AM001550
AMD 01560
AMO01570
AM0 01589
AMO 01590
AM001600




AM0OO01610

c
d STORE AMPL ITUDE OF REDUNDANTS ST , AMD 01620
C ' ' - o : AM001630
IF(KODE .NE.O) GO TO 700 ‘ ' AMO01640
DO 630 NN = 1s+NXe.4 - ~ AM0O01650
NM = NN + & o AM001660
630 XOUT({K,NNoM) = XOUT(KsNNsM) + XZERO(NM)*CC AM001670
DO 640 NN = 3,NXs4 ' ‘ AM001680
NM = NN + & ' ' AM001690
640 XOUT(KsNNyM) = XOUT{(K,NNsM) + XZERO(NM)*SS , AM001700
DG 650 NN = 24 NX, 2 AMOO1710
NM = NN + 4 , ‘ AMO0 01720
650 XOUT(KsNNsM) = XOUT(KsNNeM) + XZEROLNM)*SS AMDO1730
700 CONTINUE , AMO01740
800 CONT INUE ‘ ' - AM0O01750
900 CONTINUE ~ AM001760
IF(KODELEQ.Q) CALL DUTPTT AMOO1770
IF(KODE «NE .0 )YCALL OUTPUT ‘ . AM001780
bt GO YO 1 SR AM0Q1790
© 1900 CONTINUE : AMO01800
sTOoP ' AMOO01810
END , AM001820
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SUBROUT INE INPTT AM001830

COMMON/BLK 1/ HEAC{15)+sZMI{20),YMI(20),BMA{20), AM001840

XZSA(20 )+ YSA(209sBMI(20)s YH{ 105215 ZH{ 10,20 ,ANTY{30) s : AMO0 01850

*LC{ S00)sNLE({ S00),LM(4),P{ S00).XL{ S00),PL{ 500), AM0D 1860

*ECC( SO00)+sF11(10,844) ,F12(10,84,4)43F22(10,4,4)+SF(164+8),s AMO0 1870

AKNPOS{ S00 )+ XPOS{949)+sHF{1948)2JTY{30) sYSTR{G9+4)+ZSTR{9s4), AMOO 1880

ANOUT{9) s YSSS(944)+2ZSSS{9+4),X(8) o ‘ : AM0 01890

COMMON/BLK 2/ NHARMS,SPAN,NBEAMS,EG+NTYPES,NEQ, AMO 01900

* ALPHA s NLCASE s NLCARD ¢« NX ‘ v ' AM001910

READ(99+1000) (HEAD{J1)sJ1=1,15) - : , : - AM0 01920

1000 FORMAT(15A4) AMO 01930

) READ 10105 SPANSE+GsNBEAMS NTYPES,JTYPES,NHARMS e AM001940
1010 FORMAT (3F10.0:415) AM001950
WRITE(6,2000) (HEAD{(J1)sJ1=1515) AM001960

2000 FORMAT(1H1 s9Xs* *k%kkxANALYSIS OF MULT I=BEAM antncs**t**'.//.xx.15AAM001970

14) AM0 01980

PRINT 2010+ SPANsEeGsNBEAMSyNTYPES s JTYPES. NHARMS _ AM001990

2010 FORMAT (10X,11HBRIDGE SPAN,29X,1H=,F12+3// : AM002000

w 1 10X, 2BHYOUNGS MODULUS OF ELASTICITY,12X,1H=,F12.0// AM002010
S 2 10X+ 14HPCISSONS RATIO, 26X s1H=,F12.3// "~ AM002020
) 3 10X+ 1SHNUMBER OF BEAMS 325X 91H=416// , _ AM0 02030
4 10Xy 20HNUMBER OF BEAM=TYPES, 20X s1H=o16// : AMO 02040

S 10Xs21 HNUMBER OF JOINT=TYPES, 19Xs1H=4 167/ e  AM002050

6 10X, 1GHNUMBER OF HARMONICS,21Xs1H=,16//) R AM0 02060

C , AM0 02070

G = E/(2.%(1s + G)) - AM0 02080

C : ' , ; ' AM0 02090

c READ IN BEAM PRCPERTIES FOR EACH TYPE - AM002100

C AM002110

PRINT 202¢C AM002120

2020 FORMAT (1H1,9X+26H *kx%X%xBEAM PRCPERTIESk*%%x%//// - AM0 02130

1 IXeBHTYPE s 7 X AHI®ZZ s 7 X o AHI =YY 37X s 4HAREA, : ' AMO02140

2 SX s 6 HTORS J.&X.:HZHL.SX,3HVHL,ex.3HzHR.ax.3Han/> AM002150

DO 150 N = 1, NTYPES AM0021 60

READ 1030, ZMI{N)oYNI(N) sEMAIN) sEMIIN)¢ZH{N»1 ) YHIN,1)4ZHI{Ns2), AM002170

1 YHIN,2) AM002180

1030 FORMAT (4F10.0/4F10.0) ~ ' AM0 02190

PRINT 2030, N.ZMI(N:.vmt(n).euA(N),BMJ<N).ZH(N.1). : AM002200

1 YHIN 1 1o ZHE{NS2)sYH(N,2) AM002210

2030 FORMAT (/1€,4F11e148F11.2) ' AM0O 2220



C
C
C

C
o
C

1050

2050

2060 FORMAT (////10X+30H

1070
160
206S

1

CONT INUE
ICENT IFY BEAMS BY TYPE

PRINT 2CAC B ’

FORMAT (///2Xs THBEAM. NO +SXs4HTYPE/)
READ 1050, (NTY{(N)s: N = 1, NBEANS)

FORMAT (2012) ' ‘

PRINT 20504+ (Ny NTY{(N)s N = 1, NBEAMS)

FORMAT {(21¢9)
READ IN HINGE FLEXIBILITIES

PRINT 2060

¥k XxkXHINGE FLEXIBILITIES*%XXx%%x//

AM002230
AM002240
AM0 02250
AM002269
AM0 02270
AM0 02280
AM0 02290
AM002300
AM002310
AM002320
AM002330
AM002340
AM002350
AM0 02360
AM002370

IXsAHTYPE ¢ 1SX e SHLONG s 914 X ¢6HHCRIZe 315X sSHVERT 2 416X +4 HROT o/ ) AMO02380

DO 160 J = 1, JTYPES

READ 1070s (HF(JsN) s N = 1,4}
FORMAT (4F10.0)

PRINT 20654+ Js (HF{JeN)s N = 1,4)
FORMAT (ISs1P4E20.5)

IDENT IFY JCINTS BY TYPE

NJ = NEBEAMS = 1
FORMAT €///9F JOINT NC+SX+4HTYPEZ)
PRINT 2070 '

READ 1075, (JTY(J)s J = 1, NJ)
FORMAT {2012)

PRINT 2050, (JsJTY(J)s J = 1, NJ)

READ IN LOAD DATA

READ 1080+ NLCASE,NLCARD
FORMAT (215)

" PRINT 2080

1
2

FORMAT (1H1 49X,29H %%k %x*%xLCADING CONDITIONS*k*x%%///
1 Xe9HLOAD CASE 1 X+ 7HBEAM NO9IX +4HLTCAD6EX s 7HX COORD. 7 X,

O6HLENGTHe EX 9 4HECC es /7))
DO 175 N = 14 NLCARD

AM002390
AMO002400
AM0DO02410
AM002420
AMO0O024 30
AM0 02440
AM002450
AM0024 60
AMO 02470
AM0OO 2480
AMO 02490
AM002500
AMD02510
AM002520
AM002530
AM002540
AM0 02550
AM002560
AM002570
AM002580
AMO 02590
AM002600
AM0 02610
AM002620
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C
C
C

C
C
C

2100
1
2
3

2120
1
2
3

‘NO

READ 1090, LC(N),NLB(N).P(N).XL(N?’PL(N3’ECC{N)
FORMAT (21S+,4F10.0)

PRINT 2090+ LCIN)JNLBIN) sPIN) s XLAND) 4PLIN),ECC(N)
ECCIN) = =ECCIN)

FORMAT (/21G,4F13.3)

READ IN DATA SPECIFYING X COORDS FOR RESULTS

PRINT 2100
FORMAT (///7710X+37F *xx**JOINT X=COORDS FOR RESULTS*#***//

22X+ SHNO OF/

99X 9HLOAL CASE.ZX.9kPGSlTIDNS.QX.ZHXI;7x.2Hx2.7x.2HX3.7X;

2HXG 37X 22HXS 97X 2 HXEGsTX s 2HXT7 27X 2HXBs 7 Xy 2HX9 )
DD 200 J = 1, NLCASE
READ 1110s LasNP, (XPOS{L N}y
FCRMAT (215,9F5.0)
NPOS{L) = NP :
PRINY 211Cs LosNP,s { XPCS({LeN), N
FORMAT (/118+17+sF15,1+8F9.1)

N = 1 NP)

1, NP)

READ IN CDORDINATES SPECIFIED FOR’STRESS ouTPUT

PRINT 2120

FORMAY (//7/7710Xe 49H

xkk//22 X+ SHNO OF/
 9X s SHBEAM TYPE, 2x,9H9051T10Ns,11x 2ZHY1 3 7Xe2HZ1 212X +2HY 2,
7x.2H22.12x,2Hv3.7x.2H23.12x.2rv4‘7x.2H24/)

DO 225 NT = 1, NTYPES

READ 1130, NDUT(NT) s {YSTRINTsN)sZSTR{NTsN} s N =

FORMATY (IS+8FS.0) ‘

NOUT(NT) '

PRINT 2130, NToNO,{YSTRINTNI+ZSTRINTN)» N = 1, NO)

FORMAT (118317 +8Xe2F94105Xs2F9e135X22F9¢1+5Xs2F09,1)

DO 300 NT = 1, NTYPES

DO 275 N = 1, & ,

YSSSINTsN) = YSTRI{NTSNI/ZMI{(NT)

ZSSSINTWN) = ZSTRINT.NI/YMI(NT)

ZMI(NT) E % ZMI(NT)

YMI{NT) E % YMI(NT)

BMJINT) = BMJINT) * G

1s 4)

=

E Gk N G W e e

AM0 02630
AM002640
AMO 026 50
AM00 2660
AM002670
AM0 02680
AM0C2690
AM002700
AM0 02710
AM002720
AM0 02730 -
AM002740
AM0 02750
AM002760
AM0 02770
AM002780

"AM0 02790

AM002800
AM002810
AM0 02820
AMO02830
AM002840
AMQ02850

*%xxx%CO0ORD INATES FOR QUTPUT OF AXIAL STRESS**AM002860

AM002870
AMD 02880
AM0 02890
AMO002900
AM0 02910
AMD 02920
AM0 02930
AM0 02940
AM0 02950
AM0Q 02960
AM002970
AM0C2980
AM0C 02990
AMG0 3000
AMQ003010
AM003020
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SUBROUTINE SYNSCL {A+BsNNysN¥M,KKK) AMO03090

DIMENS ION A{1€4,8),B{164) : o AMO0 3100
AM0OO03110

AMOO0 3120

COEFFICIENT MATRIX. : AMO03130
RIGHT FANC SIDE MATRIX. . . AMO0O03140
= NUMBER OF EQUATIONS (MAX 800 HERE). : _ o AMO0 3150
= HALF BAND WIDTH (MAX 20 HERE). ’ , - AMO03160

' : AMO032170

GO TO (100C,2000) KKK o ' : AMO 03180
AMG 03190

REDUCE COEFFICIENT MATRIX. , , AM003200
, AM003210
NL = NN = & ~ ' ~ ~ AM003220
DO 280 N = 5, NL ' , AM003230
DO 260 L=2,MM B ' : ‘ AM003240

C=A{NsL)/ZA{(N,1) : AM003250
1 = N+lLs=i : , AMO 03260

IF{NL=]) 260,240,240 . AM003270
J=0 : AM003280
DO 250 K=L MM ‘ AM0 03290
J=J+1 ' AM0OND 3300
A(I2J)=A(1 +J)=CkA{N,K) ' o AM003310
A{N,L)=C AMO03320
CONTINUE : S 4 AM0 03330
GO TO S00 ~ AM003340
; . ' , AMO003350

REDUCE RIGHT HAND SIDE MATRIX. . AM003360
v AM0OO03370

DO 290 N = S5, NL o , AM003380
DO 285 L=2.MM AM003390
I=N+L=1 : ~ AMDO03400
IF{NL=I)} 250,285,285 : AM0032410
B(II=B(I)=A(N.L)*BI{N) : AM00 3420
BIN)=B(N)/A(N,1) ' ‘ AMOO0 3430
: AMO 032440

CARRY OUT BACK SUBSTITUTION. , AM0 03450
AMO003460

AM003470

AM00 3480

NN OD

sl als!




IF(N=4) 35(C,500,350
DO 400 K=2,MM

L = N+K=}

IF{NL=L) 400,370,370

BIN) = BIN) = A(N.K) * B{L)
CONTINUE

GO TO 300

RETURN

END

AM003490
AM0O03500
AM003510
AMO0 03520
AM0 03530
AM003540
AM003550
AM0 03560
AM003570
AM003580
AM0 03590

S A N M) B AE Ay O A S W A a S B . as
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102
104

108
112

114

SUBROUT INE INPUT

INTEGER®2 TITLE sHH eSS sCIGITL oDIGIT23BKe Al A2 KEY, HINGTP,YES,NO,
*A3.,A4

COMMON/BLK 1/ HEAD{15).,ZMI(20),YMI(20),BMA{20),

*¥ZSA(20) , YSA{20) +BMJL(20) s YH{10+2)+ZH{10:2)sNTY(30),

A C{ SO0 )sNLE{ SO0C)LM(4)P{ SO0)XLU S00)+PLIL 500), .
*ECC( 500), Fll(1@;49“)0F12f[0:494)0F22(109494)93F(164t8)0
*NPOS{ SC0)+XPOS(9s9)sHF (196, 4)9JTY(3°):YSTR(9’43925TR{9 4),
ENOUT(9) 4 YSSS(9+4)+Z5SSS{9+4)+X(8)

COMMON/BLK 2/ NHAERMS, SPANgNBEAUSQEvGoNTYPES:NEG.
*ALPHAS NLCASE 4 NLCARD 4N X

COMMON/BLK 3/ XZERG(164) s YMAMPL {20),ZMAMPL{20),

*FAMPL{ 20) s SFANFL(20) « TAMPL{20) +CAMPL{20),YNMOUTYL 200 ,20s9),
*ZMDUT(QQZOOQ)’FOUT(9$ZOQG395FOUT(9!20’9)’TCUT‘9’2099).
*DOUT( 942095 )+ XOUT{(9,76+9) 4 XS{8) 4 XA{4)

COMMON/BLK A/ TITLE(3+54),HINGTP({19,48),PWHEEL({18),ZNWHL{18),
*DISTI18) s WHLWANM{18) s TIN{542) +KASAST(S5,42)sKASASLL{S5,2),
*KASAXT (SS9 2)s ZMASTI2C 4501+ ZMASL(204+5) s ZMAXT{204+5) 2ZMMAST{(20),
X ZMMASE {20C) 4 ZMNAXT{20),FOSAT(202510) +POSLN(204+10)+POSAX{(20+10) »
ANLLAST{20+5) s NLLALN{20+s5S) s NLLAXT(2035) +DISTAT(20)»
*DISTAL(20),DISTAX(20)

AMQC3600
AMOO03610C
AMOD35620

- AM003630

AMO 03640
AM0 03650
AM0 03660
AMDO035670
AM0 03680
AMO035690

"AMC 03700

AMOO3710
AMO037290

- AMO0O3730

AMOO 3740
AMOO3750
AMO 03760
AMOO3770
AM003780
AMOO0 3790
AMO03800

. COMMON/BLK S/ NWHLS sNWHEEL sAl s A2 s KAXT s FULMAT , FULMAL , FULMAX.PMAT;PMAMOO’BIO
XAXToNTRFL s NAXCL sNAXTSP ,NAXT . JTYPES,A35A4 3 ZPAN

.s'l Ili

DATA HH+SS+DIGIT1 DIGIT2,BK/'H ',
DATA YES NO/O'Y*,INV/
READ(99,108) (TITLE(14+J2)4+J2=1,54)
DO 102 J1=2,3 o ,
READ (54104 )(TITLE{J1+42)+J2=1+54)

FORMAT(S4A1)

21,0 3y

AM0O 03820
AMO 03830
AM0 03840
AMO 03850
AMC 03860
AM0(C3870
AM0 03380

READ(S5+106)ZPANSEsNBEAMS s NTRFLIALIsA2,A3,A4, KAXTINAXTSP NAXCL s NAXT AMO0O3890
106 FORMAT (484X sF a0l 28X 3F601 95X s 125X e 125X s2A191X92A155Xs 145X, 12+s5Xs11AMOO3900

*9S5X,s1I1)

SFAN=ZPAN%®12.,

NTYPES=0

READ(S5,112) KEY

FORMAT (3X, A1)

IF(KEY.EQ«BK) GO 70O 116 ‘

READ(99+,114) IBMN,YMI( IBMN),ZMI( IBMN) sBMA(IBMN) »BMJI(IBMN),
XYH{IBMN,1) ¢ ZH{IBVMN, 1 )3 YH{IBMN+2 ) ZH{IEMN, 2)

FORMATI3X s I1 47X eF Be1+4XsFB8e138XsFSel,4XsF8e1 +3X34(FS5e24,1X))

AM003910
AM0 03920
AMQ0 03930
AM0 03940
AMO 03950
AMC 03960
AM0 03970
AM003980
AM0 03990




116
118

122

124

126

128

LyE

132
134

136
138

140
142
150

OO0

' G 'EE W A T Ay N AN A On A My G B A .

YH(IBMN 1 )seYR{IBNN,1)

NTYPES=NTYPES+1

GO TO 108 ,

READ{995118) (NTY{J1),J1=1,NBEANS)
FORMAT(AaXs 20(12:1X))

JTYPES =0

READ(S,112) KEY

IF(KEY ¢eEQeBK) GO YO 126
READ(99+124) T JTN(HINGTPUIJTNsJl)sJl=1,4)
FORMAT (3Xs112aSXs4(A1,7X))
JTYPES=JTYPES +1

GG 70O 122

DO 132 J1=1,J4TYPES

DO 128 Jy2=1,4

HF{J1+J2)=1.E+08 ; v
IF{HINGTP(J1,1).EQ.YES) HF{J1+1)=0.
IF(HINGTP(J1 +2) «ECsYES) HF{J1:3)=0.
IF(HINGTP(J143)eEQ.YES) HF{(J1,2)=0,
IFCHINGTP{J14+4)+EQsYES) HF(JI1+4)=0,
CONTINUE

NJ=NBEAMS =1

READ(99,118) (JTY(J1),41=1,NJ)
READ(S+134) (TLN(J1+1)sTLN{J1,2),J1=1NTRFL)
FORMAT (84X, S5(F4.1:,4XsF8.154X))
IFI(KAXT.EQs0) GC TO 150

READ{S¢13€6) (PWHEEL(J1).J1=1,18)
READ(S+138) (ZNWHL(J1),J01=2,18)
FORMAT (4X,18{F3,1,1X))
FORMAT (8Xs 17(F3.0,1X))

NWHEEL =0

DO 140 Ji=1,18

IF{PWHEEL {J]) +EQeQe) GO TOD 142
NﬂHEﬁLcNWHEELf!

CONTINUE

NLCARD=0

NLCASE=0

IF{ALl sEQeBKAND sA2,EQG.BK) GO TO 514

AMOO04000
AM0040.10
AMO004020
AM004030
AM0O 04040
AM0 04050
AM0 04060
AM004070
AMO 04080
AM0 04090
AMO0D4100
AMOO4110
AMO 04120
AM004130
AMO 04140
AMO04150
AM004160
AM0041 70
AM0 04180

AMO04190

AM004200
AMO04210
AM00 4220
AM004230
AMOO4240
AMDO0A250
AM004260

 AMDO04270

AM0 04280
AM004290
AM004300
AM004310
AM004320
AM004330
AMO(C4340

AM0043590
AMD 04360

R AR AR ok ok A KRR AR KK OR AR R K R KRRk AR KKK KRRk KRRk dkok ok kk AMO 04370

SET UP INFLUENCE COEFFICIENY LOAC CASES=AASKHTC TRUCK

AMQ Q43890

Mo KR o Rk o R R OR R OR R R ROk % Ak okak R ok koK ok oKk ok oKk ok ok kKK ko R kK K kk AMO 04390
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Nw=2

[F(ALl sEQeHFoANDsA2,EQ.SS) NW=23
SCALE=0.5

IF(A3.EQeDIGIT]1) SCALE=0,375
WHLWNM{1)=SCALE#*8 .,

DO 156 J1=2,Nw

WHLWNM{ J1)=SCALE*32,

DIST{Jl)=(Jil=1) %14,

CALL MAXMOM{NW.WHLWNM,DIST, ZPAk’FULMAT3
FULMAT=FULMAT*2.%12, :

DO 506 J1=1,NTRFL

KASAST( J1,1)=NLCASE+1
CYDIST=TLN(J1,1)%12,=12,

YDIST=YDIST+12,
IF(YDISTeGT+12.%TLN(J1,2)) GO TC S06
NLCASE=NLCASE+1

CALL LGCATE{YDIST.NBM'ECCEN,NBEANS.YHgNTY)
DO 504 'J2=1,N%

NLCARD=NLCARD+1

LC{NLCARD)=NLCASE

NLB(NLCARD )=NBM

PINLCARD)=WHLWNM( J2)
XLINLCARD)I=DIST{J2) %12,

PLINLCARD)=12,

ECCANL CARC)=ECCEN

CONTINUE

GO YO 502

KASAST (J1,2)=NLCASE

% ek ok ok k ********#*******t*******t**##*********t***t**##******#*****
SET UP INFLUNCE COEFFICIENT LOAD CASESwAASHTC LANE
#*****#******#******t***##***t**#**#******#**#********** % o o 3 %k Kok ok ok
ww=0.48

CONF=13,5

IF(A3.EQeDIGIT2) WW=0.640

IF(A3.EQeDIGIT2) CONF=18.
FULMAL=(WW/12.)XSPANX%2/8.+CONFXSPAN/4 o

DO 512 J1=1,NTRFL

KASASL (J1 4,1 )=NLCASE+1

YOIST=TUN(Jls1)%12, =12,

508 YDIST=YDIST+12,.

- S S Ok W R

AMO04400
AM0044190
AMOC44290
AM0 04430
AM0 04440
AM0 04450
AMO0D4450
AMOO 4470
AM004480
AMO 04490
AM 004500
AM0 04510
AM0O 04520
AMO04530

- AM004540

AM0 04550
AM0 04560
AMOC4570
AM004580
AM004590
AM004600
AM0 04610
AM004620
AM004630
AM004640
AM0 04650
AM004660
AMC04670
AM0 04680
AM0 046990
AM004700
AM004710
AM004720
AM004730
AMO 04740
AM004750
AM0 04760
AMO04770
AM0O 04780
AM0O04790
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naon

IF(YDISTeGTe12%TLN(JLI,2)) GO TC S12

" NLCASE=NLCASE+1

512

514

530

516

CALL LGCATE(VDIST.N&M.ECCEN.NBEAMS.VH.NTV)
NLCARD=NLCARC+1

LC(NLCARD }=NLCASE
NLB(NLCARC)=NBM
PI(NLCARD)=(WW/10.)%xSPAN/12.
XL{NLCARD)=SPAN/2,
PLINLCARD)=SPAN

ECCI{NLCARD) =ECCEN
NLCARD=NLCARD+1
LC(NLCARD)=NLCASE
NLBINLCARD )=NBM
PINLCARCY=CONF/10 %
XL{NLCARD) 2SPAN/2,
PL{NLCARD =12, »
ECC(NLCARD)=ECCEN

GO TO 508
KASASL{J1,42)=NLCASE

AMGC 04800
AM004810
AM004820
AM0O 04830
AM0O04840
AM0 04850
AM0 04860
AM0 04870
AM004880
AM0 04890
AM004900
AM004910
AM0 04920
AMO 049130
AMD 04940
AMO 04950
AM0 04960
AM004970
AM0O 04980

e ok ok ok k3 Ak R ke e o ok K R R K ok R R ok ok sk o R R ok R R KRR K R ok R Rk ok R K kkAMO 04990

SET UP INFLUENCE COEFFICIENT LCAD CASES=AXLE TRAIN

AMD 05000

o e vk e ok ok ok sk % sk e 4 ok o o ot oleok ok ok ke ok o ok ok A o R o kol ok ok ok ok ol ok o ok ot ok e ok ok ke ok ok kokok Rk AMD OB 0 1 0

IFIKAXT.EQe0) GC TO 5286

NWHL=NWHEEL

WHLWNM( 1)=PWHEEL( 1)72.

DO 530 Ji=24Nw .
WHLWNM{ J 1 )=PWHEEL(J 1) /2.
DIST(J1)=ZNWHL (J1)

CALL MAXMON{NWHL WHLENM,D IST, ZPANFULVAX)
FULMAX=FULMAX %2 %12, ‘

DO 524%  J1 =1 NTRFL

KASAXT{J1+1)=NLCASE+]
YDIST=TLN(JLl 1) %12 ,=12,

YDIST=YD1ST+12,

IF(YDIST.GTL12.%TLN{J1,:2)) GO TO 824
NLCASE=NLCASE+1

CALL LDCATE(YO!ST.Nan.EccsN.Naears.vH,NTv)
DO 518 J2=1.NWHKL :
NLCARD=ALCARD#1

LCI{NLCARD )=NLCASE

Yo

AMD 05020
AMO 050 30
AMOO 5040
AMO 05050
AMOD 50560
AMGCO0S070
AMOD 5080
AMOG5090
AMO0S5100
AMOO0S5110

AM005120

AMOO0St 30
AMO 05140
AMO005150
AMO 05160

“AMOOS5170

AMOO05180°
AM0O 05190

- S AN AN A A BN ENCEE S O A S G B B .
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NLB{NL CARC)I=NEM
P{(NLCARD) =WHLWNM{ J2)
XLANLCARD)=DIST{JU2)*12,
PLANLCARD)=12,
ECCINLCARD )I=ECCEN

CONT INUE
GO TO §16
KASAXT(J1,
CONT INUE

2)=NLCASE

PRINT 0OUT INPUT

WRITE{6,11C0)

FORMAT {*1)

WRITE(6,1101)

WRITE(6,1103)

WRITE(6,1101)

WRITE(6,1104) (TITLE{lle)oJl lOoll)o(TlTLE(laJlioJi 14,26),
1(TITLE(1,J1),U1=48,54)

WRITE({€511CE) (TITLE{2,J2) 2= 13.19)o(?lTLE(Z-JZ).JZ—Zﬁ;ZS)o
L(TITLE{(2,32)+J2=45,54) :
WRITE(6+1106) (TITLE(3+J3)5J3=13,54)

WRITE{651101)

WRITE{6+1107) ’

WRITE{6+1108) ZPANJE+NBEAMSNTRFLsAL 3 A2, A3, AG JNAXTSP s NAXCL's NAXT
WRITE(65,1102) ‘
WRITE(6,1109)

DO 1240 IBFN=1,NTYPES

WRITE(6,1110) IBMN , YMI{ IBMN), ZMI(IBNN).BNA(IB”N).BMJ(IB”N)o
lYH(IBHN.l)gZH(IEMN.l)9YH(IBHN.2).ZH(IEMN;2)

1240 CONTINUE

WRITE(6,1102)
WRITE(6,1111)

WRITE(6,1112) (NTY(J1)sJ1=1,NBEAMS)
WRITE(6.,1102)

WRITE{(6,1113)

DO 1235 IKHING=1,JTYPES

WRITE(6,1114) xwxne.thNGrP(tH:hC.Jl).Jx 1+4)
WRITE(6,1102)

WRITE(6,1115)

AM00S200
AM00S210
AM0 05220
AM005230
AM0O05240
AM005250
AM00S5260
AM0 05270
AM005280
AM005290
AM005300
AMO05310
AM 005320
AM005330
AM0 05340
AM005350

. AM00S360

AM0 05370
AM005380
AMO 05390
AM0C05400

AM00S410

AM0O 05420
AM00S5430
AMO0 05440
AM005450
AM005460
AMOO0Sa70
AMQ0 05480
AMQ 05490
AM00S5500
AM00S5510
AMQ0S5520
AM00S530
AMQ005540
AMQOO0SS5¢
AMO 05560
AMOO0SS70
AMO0S589
AMODS590




WRITE(6+1116) (JTY(J1)sJ1=1sNJ) , AM0 05600

WRITE(6,1102) o AM0 05610
WRITE{(6,1117) : AM005620
WRITE(6,1118) (TLN{ J1+51) ,TEN{J142)9eJ1=1,NTRFL) AM0 056 30
WRITE(6,1102) , AM00S5640
IF(KAXT.EQ.0) GC TO 1255 ~ AM0 05650
WRITE(6,1119) , AM0 05660
WRITE(6,1120) (PWHEEL{J1),J1=1,18) AM00S5670
WRITE(E.,1121) "AM0 05680
WRITE(6,1122) {(ZNWHL{ J1),J1=2,18) : AMO 05690
WRITE(64+1102) ‘ : : AM00S700

1255 WRITE(6,1123) ‘ AMO 0S710
WRITE(651101) ‘ : AM0OOST720

1101 FORMAT(® *,1X,128(*%%)) , -~ AM0O0S730
1102 FORMAT(® *,1X,129(%,9)) : _ AMO0S5740
1103 FORMAT (* * 4/ 451 Xs*VALUES ASSIGNED TO INPUT DATA',/) AM00S750
1104 FORMAT(? ¢4//430X+*DISTRICT * 42A1+4Xs13A1,° CCUNTY HIGHWAY NO. 'AMO0OS760
1+7A1,7) ; AMOOS7 70

w 1105 FORMAT(® * 430X+ *CONTRCL NOe *+7A1+5Xs *IPE *,3A1,4Xs*SUBMITTED BY:*AMOOS780
o 1,1Xs10A1,7) AMOOS790
1106 FORMAT(® *,30X,'DESCRIFTIONS ' ,42A1477) AM005800
1107 FORMAT(® % ,/,51Xs%ce0es BRIDGE PROPERTIES eesee?s/7 +25X, *MODULUS*, AMOOS5810
116Xy *NUMBER?® 322Xy * TRANSVERSE? 4 SXe*AXLE TRAIN® 3/ ,28Xs*0F? 47X s AM0O 05820

1 NUMBER® 37X s 'DF * 924 X * AXLE TRAIN?,7Xs ?SIDE®¢ 10Xs *NUMBER OF *4/912X,AM005830
19SPAN® s EXs *ELASTICITY? 45X+ 0F 1 47X s* TRAFFIC® 35X +* AASHTO' 4 9Xs AMO0 05840

1 *WHEEL SPACING CLEARANCE®* 36X, *AXLE TRAINS?s /512X *{FT,)?,10X, AM005850
1P (KSI1)® s6X+*"BEAMS? 36X s 7L ANES? 36X+ 'LOADING? 4 12X *(FT L) ? 49X, *{FT.)*, AMOO5860

19Xs *ON BRIDGE*, /) AMO 05870
1108 FORMAT (' % +9XsF6e1sBXsFBals7XsT12+5Xs12sGXs2A1+"'m?,2A1,14X,12, AM0 05880
113Xe11.915Xs11,47) : AM0 05890

1109 FORMAT(?® 9,/,44Xs5(%,%),* BEAM DIMENSIONS AND PROPERTIES seese? o+//7AM0O05900
1518X+s* INERTIA ABOUT INERTIA ABOUT %37, 11X *BEAM®44Xs *HORIZONTAL *, AMOOS910-
16Xe *VERTICAL® ¢20Xs* TORSIONAL® o/ s11 Xs 2 TYPE® s 7X,AXIS? 11 Xe?AXIS?, AMO0S920
110Xs *AREAT 48Xy *STIFFNESS " »10Xs *HL*38X,'VL* 98X 2'HR? sBXs?*VRT 4/,10X,s AMO05930
1P°NUMBER® 38X o® {INo* %4 ) ? 37X oV (IN#%4) 03 EXs * (INo¥%2) 74 6Xs *(INok%4)*, AMOOS940
110Xe4( *({IN) *)s/) AM0O 0S950

1110 FORMAT{ 0% 311X+ 11+5XsF10e195XoF104195XsF7e1+€EXsF10e145Xs4F1042) AMO CS5960

1111 FORMAT(® 3,/438Xs%seeee BEAM TYFE ICENTIFICATION NUMBER FOR BEAM [AM00S970
1 sscee®s//s148X,01=1 [=2 =3 I=4 1I=5 1=6 1=7 I=8 1=9 I=10 AM005980
11=11 1I=12 I=13 1I=14 [=15 I=16 I=17 I=18 [=19 [=20%,/) AMO 05990

- Ak aE AN 0w A A BN SN CaE B W GF Ay e B . e



'3 10X, 2015,4/)
"9/ 246X, ?

1112 FORMAT( ®
1113 FORMAT(*
1*HINGE TYPE?*,

; 13 /330X *NUNMBER® 3 10X s2( *SHEAR? 311X ) 4 *FCRCE? 311X, *MOMENT?,/)

1114 FORMAT('0% ,31Xs1I151Xe4A186)

1115 FORMAT(® *,/,37X,
1 I eevee®s /917Xst1I=1 =2 1I=3 1=4 I=8 I=6 1=7
10 I=11 I=12 I=13 [=14 [=15 =16 I=17 I=i8 I=19%',/)

1116 FORMAT{*0*,13X,1915)

1117 FORMAT(?® ?,/,3€6Xs%c0see
13 osanse?y//312Xs€E(247) 4 LANE 1°6(2 e )31Xs6(%.%),*LANE 20, 61{1*
15 1Xe6{ 9,0 ), ANE 39580 a?)elXab6("e?)4,%LANE 42 ,6{%e*) o1 XesB{",2),
1*LANE S e6(? 0% ) s/ 914X sS{1LEFT* s 7Xs"RIGHT *34X)s/+14X,S{*EDGE?*,8BX,
1*EDGE®* 54X )s /)

1118 FORMATA?0® 313X+10{FS.1+5X))

1119 FORMATI?' *,/:54X3%0c00ees AXLE TRAIN sseen .//.le;lB('AXLE'.zxt./.
117X 3% 17 05X 0?29 35X0" 3% 45X 947 25X 4959 35X 76%45Xs?7%35Xs78%,5X,°99,
14Xe®10% 34X 9" 117 3AX3%127 44X 132 34X 47142 34X %152 34X,%16%,4X,8170,
14X 21829/ e5Xe "AXLE® 3/ +5X 4 *LOAD* s /94X *{KIPS)?*)

FORMATI( ' 49 413X 318{FSels1X),s/)
FORNMAT(® * ,3X,?DIST,. FRD”';/,#X.'AXLE 1 TU':/.‘X,'AXLE I (FT.)*)
FORMAT!'*'QIQXOIT(FSQO’IX)’/)
F ORMAT (/)

Do 170 J1=1,NLCARD
ECC(J1)==ECC{J1)
G=E/(2+%{1e+e1€6€))

DO 172 J1=1.NTYPES

ZMI{J1 )=EXxZMI{J1)

YMI(J1 )=EXxYMI(J1)

BMJ(J1 1=G*BMI(I1)

BMA(J1 )=EXBMA(J1)

DO 164 J1=1.NLCASE

NPOS (J1)=1

RETURN

END

HINGE FORCE TRANSMISSION. secee? s/ /428X,

LA N N R ]

I=8 1=9

DISTANCE (FTe.) FROM C.Ge AXIS OF BEAM 1}

I R SR I U OGS W AN N -AE ‘eE A AR BN G U BN eE Em

AMDO6000
AMQO06010

SXs*LONGITUDINAL® +6Xs*VERTICAL * 37X +2{* TRANSVERSE*, 6X)AM0O06020

AM0O06030
AM006040

'esses HINGE TYPE IDENTIFICATION NUMBER FOR HINGEAMOO6050
1=1AM006060

AMOO6070
AMD 06080

TOAMO 06090
«*)AM 006100

AMO061190
AMO 06120
AMO0 6130
AM0O06140
AMO 06150
AMO 06160
AMO 06170

- AMOO618D

AM006190
AMO0 6200
AM006210
AM006220
AM006230
AM006240

- AMD 06250

AM0 06260
AM006270
AM0 06280
AMD 062930
AM006300
AM0O06310
AM006320
AMC 06330
AM0 06340




SUBROUT INE QUTPTY , AMO0 06350
COMMON/BLK 1/ HEAD(1S),ZMI{20),YMI(20), BMA(20), AM0 06360
*ZSA(20)s YSA(20)sBMI(20) 5 YH(10,2) +ZH(1C42) 4+NTY(30), AM006370
*LCC S00)+NLB( S00)sLM(4)sP( 500)sXL{ S00),PL( 500), AM006380
*ECC( S00),F11(10+854) sF12(10s3+8),F22(10+8+4) SF(164,8), AM006390
*NPOS ( 5000+ XPOS(9s9)+HF(19:8),JTY(30) s¥YSTR{9+4) 2ZSTR{F,4), AM0064 00
ANOUT(9) 4 ¥YSSS(9+4) +ZSSS(954)+X(8) AM0064 10
COMMON/BLK 2/ NHARMS,SPAN,NBEAMS,E .G+ NTYFES,NEG, AM0 064 20
% ALPHAs NLCASE, NL CARD sNX AM0 06430
COMMON/BLK 3/ XZERO{164) sYMAMPL (20 )4 ZNAMPL (20 ), AM006440
*F AMPL ( 20 ) s SFAMPL( 20 ) s TAMPL(20) ¢ DAMPL (20 ) s YMOUT( 200+20,9), AM00 64 50
*ZMOUT(9520+9) s FCUT{ 9320+ )e SFOUT(94204+9),TOUT(94+20+9) 5 AM0 06460
*DOUT(9+204+5) s XCUT{9+76+9) s XSC4 ) s XA(4) AM0 06470
| | AM006480

PRINT RESULTS : AM006490
AMQO06500

DO 1000 K = 1, NLCASE , ) AM0O06510
NP = NPOS(K) , , AM0O06520
PRINT 10, K : AM0 065130
10 FORMAT (1H1,9Xs51H *kx%xkBEAM CENTER=LINE DISFLACEMENTS LOAD CASEAM006540
1 NOy 12, SHX%k%%//) _ AMO 06550
PRINT 20, (XPOS(KsJ)s J = 1, NP) AM’006560
FORMAT (18HOLOCATIONS ON BEAM, 9F11.1) AMO 06570
PRINT 25 . ' © AM006580
FORMAT (//6X,7HBEAM NQO) _ AMO 06590
DO 910 J = 1, NBEAMS » AMO 06600
PRINY 30, Js (DOUT(KesJdsM)s M = 1, NP) AMO 06510
FORMAT (/8Xs13.7X,1PSE11,.3) AMO 06620
PRINT 40, K AMO 06630
FORMAT (1H1,9X+49H *%x*x%x%xBENDING MOMENTS AEBQUT Yw=AXIS LOAD CASE NAMO0G6640
1012, SHE%k%k%X%/ /) : AMO 066590
PRINT 20s (XPOS{KeJd)s J = 15 NP) : AMO 06660
PRINT 25 AMOO 6570
DO 43 J1=1,NBEAMS : , AMO 06680
DO 43 J2=1.NP ' AMGC 06690
43 YMOUTIKeJl J2)==YNDUT(K,J1l,+J2) AM 006700
DO 920 J = 1, NBEAMS : AMOO6710
920 PRINT 30, Js (YMOUTIKsJsM)y, M = 1, NP) ‘ AMO06720
PRINT 4%, K ’ AMO 06730

45 FORMAT (1H1+9X449H *%k%k*x%xBENDING MOMENTS ABOUT Z=AXIS LOAD CASE NAMO0OO06740
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10+ 124 SH¥%%%% / /) - : -  AM0067S50
PRINT 20, (XPOS(KsJd)s J = 1,4 NP) . : AMO 06760
PRINT 25 : AMDO6770

DO 925 4 = 1, NBEAMS AM0 06780

925 PRINT 30, J, {(ZMOUT(KsJsM)y M = 1, NP) AMO 06790
PRINT 50, K : : } AMOO06800

S0 FORMAT (1H1,9Xs36H *****VERT!CAL SHEARS LOAD CASE NO,12, : " AM0 06810
1 SHEXXX%/ /) AM0 06820
PRINT 20, (XPOS{KeJd)s J = 1, NP) : ' AM0 06830
PRINT 28 - AM00 6840

DO 930 J = 1, NBEAMS L o AMO 06850
PRINT 30y Js (SFOUT(KsJdsM)e M = 1, NP,“ . : AMOO68BSE0
PRINT 55, K - ' AMO06870
FORMAT (1H1+9Xs33+ *k*k*%xAX 1AL FORCES LOAD CASE NO, 12,SH*%%x%x%//) AMO06880
PRINT 20, (XPOS{KsJ)s J = 14NP ) . ' AMO 06890
PRINT 25 ‘ , o AM006900

DO 935 J = 1, NBEAMS , AMOOE910

935 PRINT 30, Jes {FOUT(KesJdsM) ¥ = 1,NP) ‘ AMD 06920
PRINT 60, K : ~ AMO006930

60 FORMAT (1H1,GX38H *****TCRSIOLAL MOMENTS LOAC CASE NO, I2, . "~ AM00€940
1 SHE*%%%//) T , o ' AMO0 06950
PRINT 20+ (XPOS{KsJ)s J = 1, NP) - , - : _ AM0O06960
PRINT 25 ‘ B S . AMOO06970

DO 940 4 = 1, NBEAMS o 2 v AMO0 06980

940 PRINT 30, Js (TCUT(KeJsN)s M = 1, NP) . AM006990
. PRINT 70, K B ' ' ' AMO07000
70 FORMAT (lHl.QX.SZr *%x*2XFORCES ALGNG LONGITUDINAL JCINT  LOAD CASAM007010
1E NOsI2SHA%X%%x%//) AM0C7020
PRINT 75 ; AM0OO 70 30

75 FORMAT (//28FOLONGITUCINAL SHEAR ON JCINT) ; ; "AM007040

PRINT 20, (XPCS(KeJ)s J = 1s NP)Y | - AMOO70S0
MM = NX /. 4 ' : ' AMOO7060

PRINT 95 : i ' AMO007070
DO 950 J = 1, MM IR AMO 07080
3 = 4%) = 3 o o - - AMOD7090
- PRINT 100eJs (XCUT(KsJJsM)y M = 1, NP) ' AMCO07100
PRINT 80 ' AMOO7110
FORMAT (//26+FOTRANSVERSE FORCE ON JOINT) : o ‘AM007129

PRINT. 2Cs {(XPCS{KsJ)s J = 14 NP) : ' ' AMOO7130
‘PRINT 95 ’ AMOO7140




GGE

[alaNe

960
8s

970

90

980
95
100
1000

1200

110

DO 960 J = 1. MM

JJ. = 4%3 = 2

PRINT. 100+Js {(XOUT(KsJdJdsM)e M = 1, NP)
FORMAT (//24HOVERTICAL SHEAR CN JCINT)
PRINT 85 ‘

PRINT 20+ (XPOS{(KsJd)e J = 1e NP)

PRINT ¢S

DO 970 J = 1, MM

JJ = axy = 1 ,
PRINT 100+J, (XOUT(K,JJ’N)Q M = 1, NP)
PRINT 90 '

FORMAT (//27HOTRANSVERSE MOMENT CN JGINT’

PRINT 20, (XPOS(KsJ)s J = 1,4 NP)
PRINT 95 : .
DO 980 J = 1, MM

JJ = axy L
PRINT 100sJs (XOUT(KsJJsM), M
FORMAT (/SFOJOINT NO)

FORMAT (I5+13X+1P9E1143)

CONT INUE

=1, NP)

COMPUTE AXTAL STRESS AT FOUR SPECIFIED POSITIONS

D0 1200 NE = 1,NBEAMS
NT = NTY(NB)

DO 1200 N = 1, 4

NS = 4%xNB=4+N
DO 1200 K = 14
NP = NPOS(K)
DO 1200 M = 1, NP
XOUTI{K o NS M) =
1 YSSSINTsN) + FOUT(K,NB,M)/BMA(NT)*E

NLCA SE

PRINT STRESSES

DO 13C0 K = 14 NLCASE

NP = NPOS{K)

PRINT 110, K

FORMAT (1H1,9Xs33H *xkxkxAXIAL STRESS

DO 1300 NE = 14 NBEAMS

YMOCUT{K sNB o M) X ZSSS{NTsN)+ ZNOUT (Ko NB, M) %

LCAD CASE NOy I2+5SH¥%k%x%%*/ )

AMQO7150
AMOO7160
AM007170
AM0O07180
AMO07190
AM007200
AM007210
AM007220
AMO07230
AMOO0T240
AM0 07250
AM007260
AM007270
AM007280
AM0 07290
AMO07300
AMOO7310
AMO 07320
AMO07330
AMOO07340
AM0O07350
AMDD 7360
AMOO7370
AMO0 73890
AMO07390
AMO 07400
AMO007410
AMO07420
AMOO7430
AM007440
AMO0 7450
AMO 07460
AM007470
AM0O 07480
AM0O07490
AMO007500
AMOO7519
AM007520
AMOO07530
AMOO0O7540
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HE O 0 S S T SN ol

96¢

120

139

‘1300

150

NT NTY(NBE)

NO NOUTA(NT)

PRINT 120, NB

FORMAT {(/7/78H BEAM NG», I2)

PRINY 1305 (XPOS(KsJ)e 4 = 1, NP)

FORMAT (18HOLCCATICNS ON BEAM:#X.QFI1.1/4X.1HY.9X.1HZ/)
DO 1300 N = 1+ NO

NS = 4*NB=4+N

prNT 150, YSTR(NTvN)QZSTR(NTaN)t(XUUT(K,NSQ“)o M = 1, NP)
FORMAT (2X FSe143F10+1,5X,1P9E11, 3)

RETURN

END

Nk

‘Sl BE G N GE T anC-uE

AM007550
AMO0 7560
AMO07570
AM0 07580
AM007590
AM007600
AM0O07610
AM007620
AM0 07630
AMO07640
AM007650
AMOC7660



LSE

s NaNal

180

SUBROUT INE OQUTPUT

INTEGER%2 TITLESA1,A2,HINGTP,A3,A4

COMMON/ELK 1/ HEAD(15),ZMI{(20),YMI(20),BMA(20),
¥ZSA{20) sYSA(20) +BMI(20)s YH(1022)+ZH{1042)+NTY{( 30),

*C{ S00) +NLB{ S00)sLM(4),P{ 500)XL{ S00).FL( S500),

XECC( SO00)sF11(10448,4)4F12(10,4,4),F22(1094+4) +SF(164,8),
*NPOS({ S00) +XPOS(9+9 )sHF(194+4),JTY(30),YSTR(9,4),ZSTR(G44),
A¥NOQUT (9P YSSES(G944)Z2S5SS{(9,44) +X(8)

COMMON/BLK 2/ NHARMS SPANJNBEAMSsE,GsNTYPESNEQ,
*ALPHA s NLCASE +NLCARD yNX

COMMON/BLK 3/ XZERD(164) s YMAMPL(20),ZMAMPL{(20),

*FAMPL (20) 2»SFAMPL{20 )5 TAMPL (20 ), DAMPL(20)s YMOUT( 200,+20,9),
XZMOUT{(S42C99) oFOUT(9920+49) s SFOUTI(9+20+9)+TCUT(9:20+9),
*¥DOUT(94920+9)s XOUT{9:¢76+9)sXS{4)sXA(4)

COMMON/EBLK &/ TITLE(3+54 )+HINGTP(19+4 ) PWHEEL(18),ZNWHL(18),

*¥DIST(18)+sWHLWNM(18) s TLN(S+2) s KASAST(552) s KASASL(S5+2),
*KASAXT (592 ) s ZMAST (209502 ZMASL (204 5) s ZMAXT(204+5) 4ZMMAST{20) »

*ZMMASL (20) »ZMMAXT(20) »POSAT(20510) 4POSLN(20,10)+POSAX(20,10),

ANLLAST (209 S) o NLLALN(2045) +NLLAXT(20,5)+,DISTAT(20),
*DISTAL{(20)+DISTAX (20)

AMO97670
AM007680
AMO07690
AM007700
AMOO7710
AM0O7720
AM007730
AMOO7740
AMOO07750
AM007760
AMOO077790
AMO07780
AM007790
AM007800
AM007810
AMO0 07820
AMO0 7830
AM007840
AMO 07850
AMO 07860

COMMON/BLK S/ NWHLS sNWHEEL 9A1 ¢ A2 « KAXT s FULMAT , FULMAL s FULMAX s PMAT , PMAMOO7379

*AXT;NTRFL:NAXCL’NAXTSPoNAXTsJTYPESoAS,A4oZPAN
BEGIN PRINT CuT '

CALL INFLN
CONVERT MOMENTS T0O KIP FEET FOR QUTPUT

DO 180 J2=1,NBEAMS
IFCA3.NE.BK) ZMMAST{(J2)=ZMMAST(J2)/12.
IF{A3NE.BK) ZMMASL (J2)=ZMMASL(J2)/12,.
IF(KAXT.NE<O) ZMMAXT(J2)=ZMMAXT(J2)/12.
CONT INUE

J3=2%NTRFL

WRITE{6,1002)

WRITE(6,1003)

WRITE(64+1004)

WRITE(6,1005)

WRITE(6,1006)

DO 1207 J2=1,NBEANS

AMO 07880
AM0ON7390
AM007900
AM007910
AMO 07920
AMO 07930
AM007940
AM007950
AMO 07960

AMO0 07970

AM0O07980
AMO 07990
AMO08000
AMO0BO10

AM008020

AM008030

AM0O0O8040

AMCQ8050
AMOCB060

- S A Gy S A BE S A EE B A B e - e e



A ] L R . ) 1 o .
HE RS - SE SN U BN IR CEE TR B B BE aE W aECEE ae

WRITE(6.1006) J2g(F0$ATiJ2.J4)sJ4 1,02} AMOOB070
WRITE(6,1010) AMO 08080
WRITE(6,1C03) ; : AMO0B090
WRITE(6,1004) , AM0O0B8100
¥RITE{€,1005) AMCQ8110
WRITE{(6,1007) : ' AMO0B1 20
DO 1208 J2=1,NBEAMS : : AM0O08130
WRITE(6:10CS) J2+(POSLN(JI24J4) »J4=1,43) ’ AMO0 8140
IF{KAXT.EQ.D) GO TC 1260 AM0 08150
"WRITE{6,1011) ' ' ‘ AMQO 08160
WRITE{6,1003) ‘ AMOOB1 70
WRITE(6+1004) ‘ AMO 081 80
WRITE(€,1C05) : ‘ ' AM008190
WRITE(6,1006) R ' AMO0B200
DO 1209 J2=1,NBEAMS ' ~ AM008210
WRITE(6,51009) Jz.xpcsaxtJa.J4),44-1.33) : AM008220
WRITE(6,1012) AM0O 08230
WRITE(6,1013) - AMO08240
WRITE(6,1012) f ' AM008250
WRITE(6,1014) N AMO0B8260
WRITE(6,1012) - , AMOCB8270
WRITE(6,1015) o , AM0O 08280
WRITE(6,+1005) ‘ AMCOE290
WRITE(6,1008) AM008300
IF(KAXT ¢EGe0+ORAI.EQ«BK) GG TO 1265 - , AMO08310
DO 1245 J2=1,NEBEAMS ‘ ' : ‘ AMO008320
WRITE(6,1016) JZ‘ZMﬂAST(JZ}aDISYAT(Jz),ZNNASL(JZ).D:STAL(JZ). AMO (08330
1 ZMMAXT (J2),DISTAX(J2) AM0 08340
1245 CONTINUE : o : , AM008350
GO TO 127s AMO 08360
1265 IF{KAXT EG.0) GO TO 1270 ' AM008370
' DO 1280 J2=1 ,NBEANS AMD 08380
WRITE(6,1018) JZ-ZMNAXT(JZ),DiSTAX(JZ). ’ AMO 08390
CONTINUE AM008400
GO TO 1275 ~ o AM0 08410
IF(A3.EQ.BK) GO TO 1275 : AM0 08420
DO 1285 J2=1,NBEAMS ' ' AM0O 084395
WRITE({6+1019) Jz.zunAsrtsay.D:Stnftaz).z~NAstth).DISTAL142)  AM00B8440
CONT INUE AM0C 28450
WRITE(6,1012) AMONB460




WRITE(6,1017) _ AM0 08470

1002 FORMAT("1?, 129(* %) o/ s* **350X, 'LATERAL POSITION OF LOADS® ,52X,AM008480

L19%0, /31 Xe %% 348X 'FOR MAXLMUM MOMENT AT NIDSFAN® sSOXst%%,/,1X, AM008490

1129(* %2 )4/ //431XsST{ "4 )s* AASHTO TRUCK %,58{%+%)+/421Xs*(POSITICN AMOO8500

10F TRUCK WHEELS IN LCADED LANES WITH RESPECT TO CeGe OF BEAM NO.1 AMOO8510

- 1= IN FTe)%,/) v AM0 08520
1003 FORMAT (* * 012Xe60 e ®)s *LANE 1%,6(%.%),1Xa6( %), 'LANE 27,6(%,%),AM008530
11Xe6( %0 %) o *LANE 39 ,6(*a?)s1Xs6(%e? )¢ LANE 4',6(*,")21Xs6(%e%)s AMOOB540

1°LANE S*s€(*e")) AM0O 08550
1004 FORMAT({®* * ,14X,*TO LEFT TO RIGHT TC LEFYT TO RIGHT TO LEFT*, AM0O08S60
1* TO RIGHT TO LEFT TO RIGHTY TC LEFT TC RIGHT?*) AM008570
1005 FORMAT(' * 24Xy, *BEAM NOW') AMO 08580
1006 FORMAT(%+* 416X +S(*WHEEL WHEEL *)s/) AMO 08590
1007 FORMAT( *+%,13X,10("* EDGE *)o/) AM008600
1008 FORMATY{*+? ,15X s *(KIP=FT,) TRUCK APPL IED (KIP=FT,) LANE APPLAMOO08610
1IED . AKIP=FT,) TRAIN APPLIED?,/) AMO 08620
1009 FORMAT (*0* 3 EXe 122X sFFe1eF 1101 4FGe1eF1101+FFa14F11e1+FSs1,F1141, AMO0OB630
1F9e14F11e1) AM008640

w 1010 FORMAT(®' *o///e1X+57{%:%)+* AASHTC LANE *,59(%:.),/,20X, : - AMQO08650
o 1*{POSITION OF LANE LOADING WITHIN LOADED LANE WITH RESPECT TO CeGe AM0O08660
1 OF BEAM NQO«1 = IN FT,)%,/) _ AMD08670
1011 FORMAT(® "4///+1Xs57({ %) o* AXLE TRAIN ?,60("e?)s/4+20X, , AMO 085680
1*(POSITION OF AXLE TRAIN WHEELS IN LOADED LANES WITH RESPECT TO .C.AMO0D8690

1G6e OF BEAM NOel = IN FTe)?,/) AM 008700
1012 FORMAT(®* %,1X,130(*%*)) , ‘ AMO08710
1013 FORMAT(//) AMO 087290
1014 FORMAT{(® 5,7 %9 ;SIX+s*MAXINUM MIDSPAN MOMENTS AND®* sSOXe?%?4/32Xs **7AMOOB730
1s51Xs *LATERAL DISTRIBUTION FACTORS® 49X, %% ?) : AM0 08740
1015 FORMAT(® % ,/,15Xs*MCMENT FROM FRACTION QF 2, 2{ *MOMENT FROM AMQ 087590
1FRACT ION OF * )/ 215X PAASHTD TRUCK FULL AASHTO AASHTC LANE AM0O08760

1  FULL AASKHTO AXLE TRAIN FULL AXLE?®*) ) AM008770
1016 FORMATI(%0% 47X 412+5X sFBel 38X sF6e397XeFB8es1s7X9F6:3,8XF8s1,7X,F6+.3) AMOUO8780
1017 FORMAT(®*1°*) : o . - AMO0OB790
1018 FORMAT {?0* s7X 3 I2+63XeF8els7XsFEe3). AM008800
1019 FORMAT (%0 47X, 12+SXsFBel s8XsF6e3s7XsFBel +s7X»F6,3) : AM008810
RETURN ' AM0 088290

END : AM008830
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SUBROUT INE INFLN ' , AMO08840

INTEGER*2 TITLE,A1,A2,HINGTP AMO 08850
) COMMON/BLK 1/ HEAD(15)+ZMI{20), YMI{20)+BMA{20), : . AM0 08860
¥ZSA(20) s¥YSA(20) sBMIC20), YH(1042)+ZH{10s2)sNTY(30), ‘ AM0 08870
M.C{ S00)sNLBIL S00)sLM(4).P( S00),XL{ S00).FL{ 500), © AMOO0B880
*¥ECCL S500),F11(10+858),F12(104428),F22(10:4+4) 2SF(164,8) , AMO 08890
ENPOS( 500) sXPCS(949)shF(19+4 )+ JTY(30),YSTRI9+4)4ZSTR(S,4), AM008900
*NOUT(9) 5 YSSS(S+4)+ZSSS{S,4) X (&) ‘ AM0 08910
COMMON/BLK 2/ NHARMS,SPANsNBEAMSsEsGsNTYPES.NEQ, ' AMD 08920
 XALPHA » NLCASE s NLCARD oNX o AM008930
. COMMON /BLK 3/ XZERO(164), YMAMPL(20) ZMAMPL(20) , ‘ AM00 8940
y *¥FAMPLL20) s SFAMPL{20 )5 TAMPL (20 ) s DAMPL ( 20 ) s YMOUT{ 200+20,9) ., AM008950 -
*ZMOUT(9+2059) 4FOUT( $+2099)+SFOUT(94¢20+9) sTCUT (9 220+9), AMO 08960
*DOUT{992005)s XOUT(9+7659)sXS(4) 4 XA(&) g AM008970
) COMMON/BLK 4/ TITLE(3554),HINGTP(19,4) ,PWHEEL (18) 4 ZNWHL (18), AM008980
*otsr(ta).wHLwnuxia).TLuxs,z),xAsasrts.zb,KASAsLis.z). AM008990
*KASAXT{S92) ¢ZMASTI2045) s ZMASLU204+5) 4 ZNAXT (20 »5) o ZMMAST (20 )+ j AM009000
¥ZMMASL (20 ) ZMMAXT (201, POSAT{ 20+ 10) sPOSLN{20+10) +POSAX(20+10) » AM009010
Q *NLLAST(20+5) s NLLALN(20+5) s NLLAXT(20+5),DISTAT(20), AM009020
= *DISTAL (20).DISTAX(20) : - AM0090 30
) COMMON/ B8LK 51.NwHLs,NuHEEL.Aa.Az.xAxT,FULMAT,FULMAL.FULuax.pnar.puanooqoeo
*AXTsNTRFL s NAXCL sNAXTSFsNAXT s JTYPES 2 A3 s A% ¢ ZFAN - AM009050
DATA BK/* s/ . AM009060
DIMENS ION 22(S),12(5) B ' AM009070
ZIMP=504/{125.+SPAN/12.) : AM009080
IF(ZIMP +GT s0e32) ZIMP=0,3 . : , v AM0 09090
FULMAT=FULMAT*{1 ,+Z IMF) ‘ AM 009100
FULMAL =FULMAL *(1++ZIMP) . AM209110
FULMAX=FULMAX *{ 1 «+Z IMP) ‘ » AM009120
: DO 200 J1=1,ALCASE ~ : ' AM009130
' DO 200 J2=1,NBEAMS ‘ - AM0O09140
200 YMOUT(J1+J2+1)==YMOUT(J1+J2,1)%(1.421IMP) - AM009150
C B AM009160
C ADJUST YMOLT TO CLOSE EQUILIBRIUM OF MOMENTS GAP, SHOULD IT EXIST AM009170
C ' , : . AM009180
IF(A3.EQ.BK) GO TO 2s4 o AMO 09190
JSTRT=KASAST(141) » AM009200
JSTP=KASAST(NTRFL ,2) v ' AM 009210
i DO 214 J1=JSTRT,JSTP AM009220

SUM=0, AMQ09230




204

206
214

248

253
282
254

L9€

256

258
261
264

202

OO0
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00 204 J2=1,NBEAMS

SUM=SSUMIYMCUT (J1442,.1)
SUM=SSUM/ (0« SXFULMAT)

DO 206 J2=1,NBEAMS
YMOUT(J1l3J2:1)=YMCUT(J1,J2,1)/7SUM
CONTINUE

JSTRT=KASASL{1,1)
JSTP=KASASL{NTRFL,2)

DO 252 J1=JSTRT,JSTP

SUM=0.,

DO 248 J2=1.NBEAMS
SUM=SUM+YMOUT(J1,02,1)
SUM=SUM/ (0.1 *FULMAL )

DO 253 J2=1,NBEAMS
YMOUT{J14J2,1)=YMOUT(JL1+J2,1)/SUM
CONTINUE

IF(KAXT .EQe0) GO TO 2¢€4
JSTRT=KASAXT(1,1)
JSTP=KASAXTINTRFL ,2)

D0 261 J1=JSTRT.JSTP

SUM=0,

DO 256 J2=1.NEBEAMS
SUM=SUM+YMOQUT(J1,02,1)
SUM=SUM/ (0 +S¥FULMAX )

DO 258 J2=1.NBEAMS
YMOUT(J14J2,1)=YMOUT(J12J2+1)/SUM
CONTINUE

CONTY INUE

DO 202 J1=1+5

DO 202 J2=1,NBEAMS

NLLAST(J2,41)=0

NLLALN(J2,J1)=0
NLLAXT(J2,J1)=0
ZMAST (J2,J1)=0.
ZMASL(J24J1)=0.
ZMAXT(J2,J1)=C.

DETEMINE MAXIMUN MOMENTS DUE TC AASKETC TRUCK

IF{Al eEGeBKeANC +A2,EGQeBK) GO TO 220

AM0 09240
AM009250
AM009260
AM009270
AM009280
AM009290
AM009300
AM009310
AM009320
AM009330
AM009340
AM009350
AMO009360
AM009370
AM009380
AM0 09390
AM009400
AM009410
AM009420
AM0094 30
AM009440
AMO0 09450
AM0 09460
AMO009470
AM0094 80
AM0 09490
AM 009500
AM009510
AM009520
AM009530
AM009540
AM0O09550
AMO 09560
AM0O09570
AM009580
AM0 09590
AMO09600
AM009610
AM0 09620
AM0OCS630
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DO 208 LANE=1,NTRFL AM0O 09640
JST=KASAST{LANE,1)+2 : AM0O09650
JSP=KASAST(LANE ;2 )mEm? AM 009660
IF(JISP +L.T.JUST) WRITE{E,245) LANE , : AMO0OS670 "
IF{JSP«LT.JST) STOP AMO 09680
249 FORMAT{//-10X,»"%%k*kLANE NGo *,12," WILL NCT HCLD AASHTO TRUCK****vanoogego
*) ‘ ) AMO09700
DO 208 J1=1,NEEAMS : AMO0GT710
DO 208 J2=JST,JSP : AM0O 09720
SUMSYMOUT{J2,J1 51 )4YMOUT{ J246+J1s1) - AM0 09730
IF(SUMGTaZMAST(J1LANE) ) POSAT(J1 32%LANE=] )=TLN(LANE,1)+2+{J2=JSTAMOOS740
%) AMOOOT7S50
IF{SUM +GT s ZMAST(J1,LANE) ) POSAT(JI1+s2%LANEI=POSAT(J1, 2*LANE=1)46. AMODO760
IF(SUM.GY.zuasrtJlsLAhE)) ZMAST { J1 »LANE )=SUM AMO009770
J6 = 4246 AMO0S780
CONTINUE 4 B AMO0 09790
: o AM0 09800

DETERMINE WMAXIMUMN MOMENTS DUE TO AASHTO LANE LOAD AM0098190
‘ ‘ AM009820

DO 212 LANE=1,NTRFL _ AMC09830
JST=KASASL{LANE,1) : : " AM0098a0
JSP=KASASL{LANE,2)=10 , AM009850
IF(JSPLTJST) WRITE(6+251)LANE ‘ S AM009860
IF{JSPLT4JST) STOP . e AMD 09870
FORMAT (/7 910X s * k%kkkL ANE NOo "912+s* LESS THAN 10 FT WIDE*%%%x?) AM0 09880
DO 212 J1=]1+NBEAMS ' ©o AM0O 09890
DO 212 J2=JST+JSPF , ‘ ‘ : “AMQCS900
sun—(vncuTth.Jl,1)+vnou7t42+1o.J1.1))*o. ' AM0 09910
DO 210 J3=1,9 ‘ AM0 09920
SUM=SUM+ YMOUT(J24J344d1,1) AMO0 099 30
IFISUMeGT ¢ ZMASL (J1s LANE) ) POSLN{(J1 4 2%LANE=1)=TLN{LANE»1)+{J2=3ST) AM0O09940
IF{SUMGT e ZMASL {J1 +LANE) ) POSLN{J1,2%LANE)I=POSLN(J1,2 ANE=] )+1C+ AMOQO9SO
IF(SUMGT ¢ZMASL{J1,LANE) ) ZMASLIJ1LANE)=SUM ‘ AM0 09960
CONT INUE : AM0O 09970

IF(KAXT.EQs0) GO YO 224 ‘ ‘ AM0 09980
' AM0O 09990

DETERMINE MAX IMUM MOMENTS DUE TO AXLE TRAIN " AMO 10000
AMO010010

DO 222 LANE=1,NTRFL , AMO10020
JST=KASAXT(LANE.1 )+NAXCL AM0O10030




© 255 FORMAT(//+10Xs*LANE NO.

JSP=KASAXT{LANE, 2)=NAXTSP=NAXCL
IF(JSPLTJST) WRITE{(6,2S5S5)LANE
L} '12,1
ke )

IF(JSP.LTLJST) STCP

DO 222 J1=1.,NBEAMS

DO 222 J2=JST.JSP

SUM=YMOUT(J2+J1 41 )+ YMOUT {J2+NAXTSP . ,Jl,1)

IF(SUMGT «ZMAXT(J1,LANE) ) PDSAX(JI.Z*LANE-!)'TLN(LANE-I)+(J2-JST)

* +NAXCL

AM010040
-AM01C050

wWILL NCT HOLD AXLE TRAIN VEHICLE***AM010060

AM010070
AM010080
AMO10090
AM010100
AMO0 10110
AMO10120
AM010130

IF(SUM-GT-ZMAXT{JloLANE)) POSAX{ J1 s2%LANE) =POSAX (J1s 2% ANE=1 ) +NAXTAMO10140

*SP
IF(SUMeGToZMAXT(J1 s LANE) ) ZMAXT (J1 L ANE ) =SUM

JESJ24NAXTSEP -
CONT INUE

COMPUTE TOTAL MOMENT ON BEAMS FROM AASHTO: TRUCK

IF(Al1<EQ.BK:s AND.A2. EQ.BK) GO TO 242
DO 232 J4B=1,NBEAMS

DO 226 J1=1,5

z2¢(J41)=0.

DO 228 J1=1,NTRFL

ZZUJ1)=ZMAST(IB,J1)

CALL SORT(2Z,12)

SUM1=ZMAST (JB, 1Z(1))

SUM2=SUM1 4+ ZMAST{JB, 12(2))

SUM3= (SUM2+ZMAST(JB, 1Z(3)))%0.9

SUM4=1{ SUM2+ZMAST(JB s IZ{3))+ZNAST (JB, I1Z(4)))*0.75
SUMS={ SUM24+ZMAST(JB,1Z(3) ) +ZMAST(JB, I1Z(4))+ZMAST(JIB,IZ(S5)))*0.75
ZMMAST ( JB) SAMAX1{SUM1,SUM2,SUM3, SUM4 4 SUMS)
Zz(1)=suMml

z2z(2)=sum2

Z2(3)=SuM3

ZZ(4)=SUMa

ZZ{S5)=SUMS

DO 265 J41=1,5

IF(ZZ{J1) «NE.ZMMAST(JB)) GO TO 265

DO 263 J2=1,J1

AM010150
AM010160
AMO 10170
AM0 10180
AM010190
AM0 10200
AM010210
AM0 10220
AM010230
AM010240
AM0 10250
AMO 10260
AM010270
AM0 10280
AM0 10290
AM0 10300
AM010310
AM0O 10320

- AM010330

AM0 10340
AMO0103S0
AM010360
AM010370
AM010380
AMD 10390
AMO0O 10400
AMO 10410
AM0 10420

263 NLLASTY(JB.1Z(J42))=1 AMO 10430
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GO TO 232
CONTINUE
CONT INUE.

COMPUTE TOTAL MCMENT CN EEAMS FROM AASHTO LANE

DO 240 J4B=1,NBEAMS
DO 234 J1=1,5

ZZ{J1)3=0,

D0 236 J1=1,NTRFL

ZZ(31)=ZMASL{JB,J1)

CALL SORT{(22,12)

SUML=ZNASL{(JB,T2(1))

SUM2=ZMASL {JB, 1Z(2) )+SUM1

SUM3=( SUM24+ZMASL( JB+1Z{3)))*0.9
SUMA=(SUM24ZMASL(JB, IZ(3) I4+ZMASLLJUB+12(4)))*0.75

SUN5=(SUM2*ZMASL(JB¢IZ(3))+ZMASL(JE.IZ(4))+ZMASL(JBoIZ(S)’)*O.?S

ZMMASL (JB)=AMAX1( SUM1,SUMZ, SUM3, SUM4 , SUMS) |
ZZ(1)=SuM1

z2z(2)=sum2

ZZ(3)=SUuM3

Zz(4)=SUMs

ZZ(S)=SUMS

DO 269 J1=1,5S _
IF(ZZ1J1) eNE.ZMMASL(JB)) GO TO 269
DG 267 J42=1,41

NLLALN(JB,.1Z2(J2))=1

GO TO 240

CONTINUE

CONT INUE

COMPUTE TOTAL MCMENT CN BEAMS FROM AXLE TRAIN

IF(KAXTeECeC) GC TO 260
DO 250 JB=1,NBEAMS
SUM2=0 ,

SUM3=0.

SUM4=7° .

SUMS5=0,

DO 244 J1=1,5

AMD 10440
AMO 10450
AMD 10460
AMO10470
AM0 10480
AMC10490

" AMO10500

AMO0 10510
AM010520
AM0 10530
AMO 10540
AMD 10550
AM010560
AM0 10570
AM0 10580

'AMO1 0590

AMO010600
AMO 10610
AM01062¢C
AM010630
AM010640
AM010650
AMD 105660
AMO010670
AMO10680
AM0 10690
AM010700
AM010710
AM0 10720
AM0O10730
AM0O10740
AM010750
AM010760
AMC10770
AMO010780
AM010790
AMC10800
AMO0 10810
AM0 10820
AM010830




G9¢

244

246

ZZ(J1)=0.
DO 246 J1=14NTRFL
ZZ(J1)=ZMAXT(JBsJ1)

CALL SCRT(22,12)
SUMI=ZMAXT(JB,12(1))
IF(NAXT.EQ.1) GO TO 289
SUM2=ZMAXT(JB, 12(2))+SUMI
IF(NAXT.EQ+2) GO TO 289
SUM3=SUN2+4 ZMAXT{JB, 1Z2(3))
IF{NAXT.EQe2) GO TO 289

. SUMA=SUM3+ZMAXT(JUBs I1Z(4))

289

273

277
250

260
a0
42

44
46

IF{NAXT+EQs4) GO TO 289
SUMS=SUM4+ZMAXT(JB, 1Z(5))

ZMMAXT (JB) =AMAX1{SUM1+SUM2, SUM3, SUMA , SUMS )
ZZ(1)=SumMi

22(2)=sumM2

ZZ(3)=SuM3

2z(4)=SuMa

ZZ(5)=SUMS

DO 277 J1=1,5

IF(ZZ(J1) «NE.ZMMAXTL{JB)) GO TO 277

DO 273 J42=1,J1

NLLAXT(JB,12(J2)) =1

GO TO 250

CONTINUE

CONTINUE

CONTINUE

DO 40 J1=1,NBEAMS
DISTAT(J1)=ZMMAST(J1)/FULMAT
DO 42 J1=1,NBEAMS

DISTAL{J1 )=ZMMASL (J1)/FULNAL
IF(KAXTEQeD) GO TO 46

DO 44 J1=1,NBEAMS
DISTAX{J1)=ZMMAXT{J1) /FULMAX
CONT INUE

RETURN

END

Gl GE+En A I SN B I EEcEn .

AM0 10840
AM010850
AMO0 10860
. AM010870
AM0 10880
AM0108930
AM010900
AM010910
AM010920
AMO0 10930
AM010940
AM010950
AMG 10960

AM010970

AM010980
AM0O'1 0990
AMD11000
AM011010
AM011020-
AM011030
AMO11040

AMO11050

AM011060
AMO11070
AM011080
AM011090
AMO11100
AMO11110
AMO11120
AMO11130
AMO11140
AMO11150
AMO11160
AM011170
AM011180
AMO11190
AMC11209
AMN11210
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SUBROUT INE FLEX AM0 11220
COMMON/BLK 1/ HEAC(15),ZMI(20),YMI(20),EMA{20), AM011230 -
*ZSA(20)sYSA(20)+BMIL(20) s YH{ 1042) oZH{1042) ¢NTY(30) s AMD 11240
*LC{ SO00)sNLE{ S00),LM(4)5,P( 500)sXLL S500),PLL{ S00), : AM011250
*ECC{ 500)+F110(1098:8) +3F12(10+4¢6)sF22(10,8+8)+SF(164¢8), " AM0112860
XNPOS( SC00).XPOS(Ss9),KF( 16, 4)»JTY(30),YSTR(9,4) 4+ ZSTRI9:4), AMO11270
ANOUT(9) ¢ YSSS{9+4)+Z555(9+4)4X(8) ' AM0 11280
COMMON/BLK 2/ NHARﬁS,SPAN.NBEANS.EoG;hYYPES.NEQ,‘ - AM0 11290
*ALPHA «NL CASE o NLCARD o NX © AM011300

' AMO11310

suaRQUTINE FLEX - ‘ , AMO 11320
: ' , ; - AMO11330

ZERD STRUCTURE FLEXIBILITY MATRIX, SF, _ : AMO0 11340
v AMD 11350

NEQ = 4*(NEEAMS + 1) ' S AM011360
DO 250 I = 1., NEQG S Ll AMO11370
DO 250 J = 1, 8 ' ~ AMO11380
SF(I,J) = 0.0 v : , AMO11390
, , , AM011400

FORM FLEXIBILITY MATRICES FOR EACH BEAM TYFE AMO 11410
' AM011420

CALL BMFLEX (1, 15 1, 1, F11) : ' : ' AMO11430
AMC11440

CALL BMFLEX (1+ 1, 2, 2, F12) "AMO011450
. : : : , AMO11460

CALL BMFLEX (2, 2, 2, 2, F22) : ; AMO11470
: - : AM( 11480
STORE BEAM FLEXIBILITY INTO STRUCTURE FLEXe FCR ALL BEAMS AMD11490
: v ' : AMO11500
DO 400 N = 1+ NBEAMS : ' AMO11510
NT = NTY{N) ‘ ' ' AM011520
, _ ‘ : AM011530

STORE F11 INTO SF , ' AMO11540
, » : AM011550
NN = 4%x{N = 1) o : AM011560
DO 320 I = 1, 4 — ‘ AM0O 11570
LM(I) = NN + 1 : AM011580
DO 340 I = 1, & ‘ : o AMO011590
Il = LMCI) AM011600

DO 340 J =1, 4 ) o AMO 11510




JJ = LM(J) = 11 + 1
SF(IIsJd) = SFCITsdJ) + FLI(NTs1+4)

STORE F12 INTO SF

DO 360 I = 1, &

IT = LM(I)

DO 360 J =1, &

JJ = LM{J) + 5 = I1

SF(I1,JJ) = SF(I1sJJ) = F12(NTs14J)

STORE F22 INTO SF

DO 380 I =1, a
II = LM(I) + a

DO 380 J = I, &

JJ = LM(J) + 5 = I

SF(I1s3J) = SF(I1,J3) + F22{(NT,1:J)
CONTINUE ‘ '

ADC HINGE FLEXIBILITIES ALONG DIAGONAL OF SF

NJ = NBEAMS = 1

DO 450 J = 1, NJ

JT = JTY(J)

DO 450 N = 1, &

I = 4%J + N

SF{Iesl) = SF(1e1) + HF(JT N}
CONT INUE '

RETURN

END

AMO11620
AM011630
AMO 11640
AM011650
AM011660
AMO11670
AM011680
AMO011690
AMO11700
AMO11710
AMO 11720
AMO11730
AM011740
AM011750
AMO11760
AMO011770
AM011780
AM011790
AM011800
AMO 11810
AM011820
AMO011830
AMO11840
AM011850
AM011860
AMO 11870
AMO11880
AMO11890
AMD11900
AM011919
AMO011920
AMO11930
AMO11960
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SUBROUTINE BMFLEX (I1, JJs KKy LLs A)

COMMON/ELK 1/ HEAD( 15)+ZMI{20)s YMI{20)+sBMA(20Q),
*ZSA(ZO),YSA(ZO)'HNJ(ZO)’YH(IOoa);ZH(lO.Z).NTY(BO)»

*.C{ S500)sNLB{ S00).LM{4),P{ S00)+XL{ 500),PLI( 500)
*ECCL SO0C).F11U(10 28494 )sF12(10+,4+8),F22(10,8,4),SF(164,8),
*NPOS( 500)QXPOS(9‘9)9HF(1994);JTY¥39)QYSTR(9’4)QZSTR{9'4)O
ENOUT(9) s YSSS{G+4)42555(9,4),X(8)

CCMMON/ELK 2/ NFAPMS;SPANyNBEANSvE»GohTYPESvNEQ’
*ALPHAs NLCASE s NLCARD s NX

DIMENS ION A(10+4,4)

FDRM~BEAE FLEXIBILITY ABQOUT HINGES

DO 10 K = 1, NTYYPES

F1 le /(ALPHAXX2XBMA(K) )
F2 1/7{ALPHAX*4XZMI{K))
F3 1e/{ALPHAX*4*YMI(K))
Fa 1 7CALPHAXX2%XBMJI{K) )

Wouwny

YH(K,I1)*ALPHA
ZH{K,s 3J) *ALPHA
Y HI{K s KK ) * AL PHA
ZH(K LL ) *ALPHA

Y1
Z1
Yz
z2

Fl + Y1%Y2%F2 + Z1%Z2*F3
=YikF2

=Z1%F3

0.0

=yY2%F2

F2 + ZH{K+JJ) *ZH(KsLL)*F 4
=ZH{K2s JIIRYH(KKK)%*F4

A(Ksls1)
A(Ks1,2)
A{Ksl1e3)
AlKsl4)
A(Kes2+1)
AlKs242)
A(Kes2+3)

A(Ks204)
A(K+341)
A{Ks3,2)
A({Kes 3+ 3)
A(Ks344)
A(Koe4,1)
A(Ks4,2)
A{Ke4+3)

N | I T T B

in o

=ZH{ Ky, JJ ) %F 4
=Z2%F3
=YH(KsII)XZH{K,LL)*F4

F3 + VH(K.II)*YH(K.KK)*F4
YH{K, I11)%Fa

n.0

=ZH{K,LL )*Fa

YH{K KK) *F4

AMO 11950
AMO 11960
AM011970
AMD 11980
AMO11990
AM012000
AM012010
AM012020
AMO 120 30
AMO 12040
AM0 12050
AMO 12060
AM012070
AM012089
AM0 12090
AM012100
AMO012110
AMO12120
AMO12130
AMO012140
AM012150
AMO012160
AMO12170
AMO12180
AMO 121 90

AM012200

AMO012210
AM0 12220
AM012230
AMO0 12240
AM0 12250
AM012260
AMO 12270
AMO12280
AMO012290
AM0 12300
AM012310
AMO012320
AM012330
AM0 12340
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. SUBROUTINE LOCATE{YsNs ECoNEEAMS, YH,NTY) AM012410

DIMENSION YH{10,2),NTY{(30) AMO0 12420

SUM=0, AM012430

DO 20 J1=1,NBEAMS AMO012440
N=J1 AMO 12450

IF(SUM+YHINTY (J1)41)eLEeYeAND «SUM+YHINTY (1) +2). GE.Y) GDO. TO 22 AMO12460

20 SUMSSUMHYHINTY(J1)s2)mYHINTY{J141) 1) AMO012470

22 EC=Y=SUM AMO 12489

RETURN AMD 12490

END AMD 12500

SUBROUTINE SORT(ZZ,1Z) AM012510

DIMENSICN 22{5)1,12{5) AM012520

DO 100 J1=1,5 AM0O12530

S1=22{(1) AM012540

$2=22(2) AMQ12550

S3=72Z(3) AMO 12560

S4=22(4) AMD12570

S5=774{5) AMO 12580

® znax-Ansz(51,52.53.54.55) AMO 12590

=] DO 20 J2=1,% AM0 12600

IF{ZMAX NEL2Z22Z{42)) GO TO 20 AM012610

12031)=42 AM0 12620

ZZ(J42)==10 % {10=J1) AM0O12630

GO TO 1CO AMO12640

20 CONT INUE AMD 12650

100 CONTINUE AM012660

RETURN AMO12670

‘ AM012680

END



SUBROUTINE MAXMCM(NSFXSPC,SPAN,ZMAX)
DIMENSION P(18)XSPC(18),2SPC(18),XSTCRE(18)
XSPC(1)=0.

DO 10 J1=1,N

ZSPC(J1)=XSPC(J1)

ZMAX=0

D0 30 Jl=1.N

XSPC{1)=SPAN/2,+25PC(J1)

D0 12 J2=2,N

XSPC({(J2)=xXSPC(1)=ZSPC(J42)

ZM=0 .,

DO 20 J2=1,N

IF(O.LE.XSPC(JZ)QAND.XSPC(JZ) LE.SPAN) GO TO 14
GG TO 20 k

IM=ZM+{ SPAN=XSPC(J2))*P( Jy2) /2.

IF(XSPC(J2) sLT+SPAN/24+) ZM=ZM=P({J2) % {SPAN/2+=XSPC(J2))

CONTINUE
IF(ZMLE.ZMAX) GO TO 30

ZMAX=ZM

DO 24 J2=1,N

XSTORE(J2)=XSPClJ?2)

CONTINUE

JSTRT=1

JSTOP=N

DO 36 J1=1,N

IF(XSTORE{ J1)+GELSPAN) JSTRT=JSTRT+1
IFI(XSTORE{J1)+LEeNL) SSTOP=JSTOP=]
CONT INUE

N=0 :

DO 38 J1= JSTRT,JSTOP

N=N+1

PIN)=P(J1)

XSPCIN)=XSTCRE(J1)

RETURN

END

AM0 12690
AMO 12700
AM012710
AM0 12720

_ AM012730
TTAMO12740

AMO0127S0
AM012760
AMO12770
AMO12780
AM0 12790
AM012800
AMO12810
AM012820
AMO 12330
AMO0 12840
AMO0 12850
AM012860
AM012870
AM012880
AM012890
AM012909
AMO 12910
AM012920
AM012930
AMO12940
AM012950
AM012960
AM012970
AM012980
AMO012990
AM013000
AM0O13010
AMO 13020

AMO13030

- - - - * ‘. “‘\- - - - - -»(./ 3
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