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ABSTRACT 

A computer program has been developed in this study to perform 

iterative type calculations necessary for the design of simple span 

I-shaped beams of pretensioned prestressed concrete for use in high-

way and railroad bridges. Specifications for the designs produced 

are those that are currently acceptable by the Texas Highway Depart-

ment. 

A complete listing of the computer program, detailed flow 

charts, definitions of terms used in the program, and descriptions 

of the input and output forms are presented. 

The op1n1ons, findings, and conclusions expressed in this report 
are those of the authors and not necessarily those of the Federal 
Highway Administration. 
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.. 
SUMMARY 

Automated design procedures are very beneficial in the design 

of structural members which require iterative types of calculations. 

The prestressed concrete beam, ~s an element in a structural system, 

is one member which requires such calculations. 

As a part of this study, a computer program to perform the neces-

sary calculations for the design of simple span I-shaped beams of 

pretensioned prestressed concrete for use in highway and railroad 

bridges has been developed. A detailed explanation of the program 

and its usage are presented. 
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RECOMMENDATION FOR IMPLEMENTATION 

A computer program was developed in this study to make iterative 

type calculations for the design of pretensioned prestressed concrete 

beams. 

This program is being used by the Texas Highway Department, 

and its continued/use is recommended. 
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I. INTRODUCTION 

Automated design procedures are very beneficial in the design of 

structural members which require iterative types of calculations. The 

prestressed concrete beam, as an element in a structural system, is 

one member which requires such calculations. The different structural 

layouts, geometric and material properties of the member, and service 

requirements make it necessary to make several trial designs before 

the most desirable one is accepted. The digital computer can be pro­

grammed to perform the requisite calculations for the best design of 

such a structural member. 

In this study a computer program has been developed to perform 

the necessary calculations for the design of simple span beams of 

pretensioned prestressed concrete for use in highway and railroad 

bridges. The purpose of this report is to describe that program so 

that the method will be understood, and to make it readily applicable 

to problems of design. Definitions of terms, flow diagrams, and a 

complete listing are included with example problems which illustrate 

the uses of the program. 



II . COMPUTER PROGRAM 

The Prestressed Concrete Beam Design Program is written in 

FORTRAN IV language for IBM 360/50 and 360/65 computers. The program 

is comprised of one main calling routine, twenty-three subroutines, 

and one Block Data set. Compile time for a FORTRAN version of the 

program is approximately three minutes and the required storage is 

approximately 100,000 bytes. 

Two types of data input forms are provided for use with this 

program which is written so that these forms may be used independently 

or together. One form is for use when a "standard" beam is to be 

designed while the other is to be used when a "non-standard" beam is 

to be designed. A "standard" beam is defined as one having the prop­

erties and dimensions shown in Table I and is designed using the design 

criteria shown in Table II. Any beam not in this category is consid­

ered to ba a "non-standard" beam. 

All the data in Tables I and II are contained in the Block Data 

set and Subroutine Indata; therefore additions and/or modifications to 

the'standard" beams may be made quite easily. 

Two types of output are also provided for users of this program. 

One is a brief, one-page output, which contains input data and details 

of the designed beam. The other type is a multi-page output which 

contains all the above information plus summaries of moments, shears, 

stresses, etc., tabulated at various points along the beam for the 

different stages of loading. 
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TABLE I. PROPERTIES AND DIMENSIONS FOR STAND~RD BEAMS 

Section Dimensions 

Beam Moment of Are~ yb yt Depth B c E WD A H 
Type Inertia (in.4) in. in. in. in. in. in. in. in. in. in. 

A 22,658 275.44 12.61 15.39 28 16.0 5.0 5.0 6.0 12.0 4.0 
B 43,177 360.31 14.93 19.07 34 18.0 6.0 5.75 6.5 12.0 5.5 
c 82,602 494.94 17.09 22.91 40 22.0 7.0 7.5 7.0 14.0 6.0 

48 101,950 403.44 22.87 25.13 48 14.0 7.0 4.0 6.0 14.0 3.5 
54 164,022 493.44 25.53 28.47 54 16.0 8.0 5.0 6.0 16.0 4.0 
60 255,319 628.44 28.41 31.59 60 18.0 9.0 5.5 7.0 18.0 4:5 
66 374,688 740.94 31.07 34.93 66 20.0 10.0 6.5 7.0 20.0 5.0 
72 532,060 863.44 33.73 38.27 72 22.0 11.0 7.5 7.0 22.0 5.5 
IV 260,403 788.44 24.75 29.25 54 26.0 8.0 9.0 8.0 20.0 8.0 
v 521,180 1013.00 31.96 31.04 63 28.0 8.0 10.0 8.0 42.0 5.0 

w VI 733,320 1085.00 36.38 35.62 72 28.0 8.0 10.0 8.0 42.0 5.0 

Beam Types A - 72 - THD standard beams 

Types IV, V, VI - AASHO standard beams 
A 

~ 
.., 

Depth 

c 

r 1 
B 



TABLE I. PROPERTIES AND DIMENSIONS FOR STANDARD BEAMS 

Section Dimensions 

Beam Moment of Are~ _Yb yt Depth B c E WD A H 
Type Inertia (in.4) in. I.n. in. in. in. in. in. in. in. in. 

A 22,658 275.44 12.61 15.39 28 16.0 5.0 5.0 6.0 12.0 4.0 
B 43,177 360.31 14.93 19.07 34 18.0 6.0 5.75 6.5 12.0 ... 5.5 
c 82,602 494.94 17.09 22.91 40 22.0 7.0 7.5 7.0 14.0 6.0 

48 101,950 403.44 22.87 25.13 48 14.0 7.0 4.0 6.0 14.0 3.5 
54 164,022 493.44 25.53 28.47 54 16.0 8.0 5.0 6.0 16.0 4.0 
60 255,319 628.44 28.41 31.59 60 18.0 9.0 5.5 7.0 18.0 4~5 

66 374,688 740.94 31.07 34.93 66 20.0 10.0 6.5 7.0 20.0 5.0 
72 532,060 863.44 33.73 38.27 72 22.0 11.0 7.5 7.0 22.0 5.5 
IV 260,403 788.44 24.75 29.25 54 26.0 8.0 9.0 8.0 20.0 8.0 
v 521,180 1013.00 31.96 31.04 63 28.0 8.0 10.0 8.0 42.0 5.0 

w VI 733,320 1085.00 36.38 35.62 72 28.0 8.0 10.0 8.0 42.0 5.0 

Beam Types A - 72 - THD standard beams 

Types IV, V, VI - AASHO standard beams 

Depth 

r 1 
B 



TABLE II. DESIGN CRITERIA FOR STANDARD BEAMS 

1. Live load distribution factor = beam spacing . 11 

2. Strand diameter = 1/2 in. 

3. Strand area = 0.153 sq. in. 

4. Unit weight of beam and slab = 150 pcf 

5. Compressive strength of slab concrete = 3,600 psi 

6. Modulus of elasticity for beam and slab concrete = 5 X 106 psi 

7. Modulus of elasticity for steel = 28 x 10 6 psi 

8. Ultimate strength of strand = 270,000 psi 

9. Yield point stress for web reinforcement = 40,000 psi 

10. Dead load applied to the composite section = zero 

11. Number of strands to be draped in the web = 2 (A design for 

three strands in the web i.s also provided for AASHO IV beams.) 
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A section entitled INPUT/OUTPUT is included later in this report 

which contains instructions for completing both types of input forms, 

I discussion of both types of output, and examples of each. 

Use of this program is limited to simply-supported I-shaped beams 

which are similar in shape to the Texas Highway Department and AASHO 
I 

standard sections. By use of the appropriate type of output, the 

following information may be obtained from this program: 

1. Vertical shears, moments, and stresses at tenth points and 

hold-down points in the beam. 

2. Maximum ultimate horizontal shear between slab and girders at 

tenth points. 

3. Stirrup spacing, based on ACI Specifications, at tenth points. 

4. Stirrup spacing, based on AASHO Specifications, at midspan 

and quarter points. 

5. Ultimate moment required for design loads and provided by the 

designed section. 

6. Dead load deflections at midspan and quarter points due to 

slab and diaphragms. 

7. Predicted maximum camber. 

8. Predicted loss of prestress. 

9. Arrangement of prestressing strands at ends and center line of 

beam. 

10. Required concrete strengths (release and 28-day). 

5 



In outline form, the basic steps of the program are: 

1. Read in input data. 

2. Determine composite and noncomposite section properties. 

3. Calculate moments and shears due to all loads. 

4. Calculate dead load deflections. 

5. Determine allowable stresses. 

6. Calculate stresses due to all loads. 

7. Determine number and location of prestressing strands. 

8. Calculate required web reinforcement. 

9. Calculate ultimate moments (required and provided). 

10. Print out results. 
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III. DESIGN CONSIDERATIONS 

Procedures and Specifications 

The designs produced by this computer program are based on cur-

rently acceptable design procedures as used by the Texas Highway 

Department and the following specifications: 

1. 1969 AASHO Specifications for Highway Bridges (1).* 

2. 1968 American Railway Engineering Association Specifications (2). 

3. 1963 American Standard Building Code Requirements for Rein-

forced Concrete, ACI (318-63)(3). 

Concrete strengths 

The required concrete release strength is determined from the mid-

span bottom fiber stress conditions at the time of release. The required 

28-day concrete strength is determined from the midspan top fiber stress 

conditions under full working loads. 

Number of Strands 

The number of prestressing strands is dependent upon the algebraic 

sum of the allowable tension in the concrete and the bottom fiber stress 

at midspan due to all loads. A trial design is made assuming the midspan 

eccentricity equal to the distance from the centroid of the beam to the 

bottom fiber. The initial trial temporary prestressing force, which is 

subject to change later, and the corresponding number of strands are 

found from Equations 1 and 2, respectively. 

*Numbers in parentheses refer to corresponding items in the list 
of references. 
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PF 
fb 

= 
.!..+ ec.l. 
A zb 

(Eq. 1) 

NS PF = p (Eq. 2) 

where PF trial prestressing force 

stress in the bottom fiber due to all loads plus allowable 

e 

tensile stress divided by (1 - prestress loss) 

p = prestressing force per strand 

NS = number of strands 

= eccentricity of steel at midspan c.l. 

A = gross cross-sectional area of the beam 

zb = section modulus at bottom of beam 

The minimum number of strands is given by Equation 3. 

NS 0.003 X A 
A 

s 

where NS = minimum number of strands 

A = gross cross-sectional area of the beam 

A cross-sectional area of one prestressing strand 
s 

(Eq. 3) 

The larger number of strands calculated by Equation 2 or Equation 3 is 

selected for the first trial. If the midspan bottom fiber stress pro-

duced by prestress is less than fb, the number of strands is increased 

in increments of two. 
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Location and Placement of Strands 

Figure 1 shows typical grid systems for placement of the prestress­

ing strands. The strands are placed as low as possible on this grid 

beginning in row 2, then proceeding to row 4, then to row 6, etc., 

beginning each row in the "A" position and working outward until the 

required number of strands is reached. 

Strand Pattern Modification 

Modifications to the trial pattern are made when required by 

moments or stresses. Such situation is one in which top fiber ten­

sion at midspan exceeds the allowable, although bottom fiber stress is 

satisfactory. The modification is made by moving strands from a lower 

level to a higher level, thus reducing the midspan eccentricity and 

top tensile stress. 

By way of illustration, consider a beam and loading conditions 

that require ten prestressing strands to satisfy the bottom fiber 

stress at midspan. The strand arrangement for the illustration uses 

six strands to fill the bottom layer, and the remaining four strands 

are positioned in the next, second, layer. The midspan eccentricity 

for this strand pattern may cause the midspan top fiber stress to 

exceed the allowable stress for concrete in tension. For this case, 

two strands from the bottom layer WO\~ld be moved to form a third layer 

since the number of strands in the bottom layer is greater than the 

four used in the second layer. The strand pattern then would be four 

strands in the first layer, four strands in the second layer, and two 
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strands in the third layer. The top fiber stress would be recomputed 

using the eccentricity of the revised pattern of strands to determine 

if that stress falls within the allowable limits. If the top fiber 

stress still exceeds the allowable stress, two strands from the second 

layer would be moved up to make a fourth layer since it is the next 

layer below the third layer containing more strands than the third 

layer. The strand pattern then would be four strands in the first 

layer and two strands in each of the remaining three layers. The top 

fiber stress would be recomputed using the revised pattern of strands 

to determine if that stress falls within the allowable limits. 

End Eccentricity 

The required end eccentricity is determined from the top and 

bottom fiber stress conditions in the end of the beam at the time of 

release. This eccentricity is obtained by draping all of the strands 

in the two middle columns of strands, or, in the case of a three strand 

web design, the three central columns of strands in each horizontal row 

to a position that will furnish the required end eccentricity. The 

maximum position to which these strands can be raised is one that pro­

vides a minimum of two inches of cover to the center of the top strands. 

If the end eccentricity required to accommodate the midspan 

release strength necessitates placement of the strands above the maxi­

mum position allowed, the program will place the strands at the maximum 

position and a beam design with release strength based on this end 

eccentricity will be printed out. 
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Ultimate Moment 

The ultimate moments, required and provided, are determined in 

accordance with AASHO specifications for highway beams or in accord­

ance with AREA specifications for railway beams. If the ultimate 

resisting moment is less than that required, additional prestressed 

strands are added in increments of two until required resistance is 

attained. 

Camber and Prestress Loss 

Maximum camber and prestress loss are predicted by the hyperbolic 

function method developed by Sinno (4). However, the prestress loss 

actually used in the program is 20 percent of the initial stress. 

Hold-down Locations 

Strand hold-down points are located as follows: 

1. Five feet on each side of midspan for beam lengths less than 

120 feet. 

2. Six feet on each side of midspan for beam lengths equal to 

or greater than 120 feet and less than 140 feet. 

3. Seven feet on each side of midspan for beam lengths equal to 

or greater than 140 feet and less than 160 feet. 

4. Eight feet on each side of midspan for beam lengths equal to 

160 feet and less than 180 feet. 

No provisions are made for beam lengths of 180 feet or longer. 

12 



Diaphragm Location 

For "standard" beams, interior diaphragms are located as follows: 

1. One located at midspan for span lengths less than or equal 

to 50 feet. 

2. Two located at one-third points for span lengths between 

50.01 and 90.00 feet. 

3. Three located at one-fourth points for span lengths between 

90.01 and 130.00 feet. 

4. Four located at one-fifth points for span lengths between 

130.01 and 170.00 feet. 

For "nonstandard" beams interior diaphragms must be entered as 

concentrated static loads applied to the composite section. 

No provisions are made for span lengths greater than 170.00 feet. 

13 



IV. INPUT/OUTPUT 

Input Form for "Standard" Beams 

As previously discussed in the section describing the computer 

program (Section II), this input form is to be used when a "standard" 

beam is to be designed. The first three cards of this form are for 

information purposes and must be filled in one time, and one time 

only, for ea'ch run of the program. These cards are programmed for any 

alphameric information; therefore, data may be arranged in any form 

convenient to the user. 

The three information cards are followed by one card for each 

beam to be designed. Data required for this card are: type of beam 

(any type shown in Table I), span length (between centers of bearing), 

beam spacing, type of live loading (H-15, H-20, HS-20, or Cooper's 

E loadings). The two columns headed Span Designation and Beam Desig­

nation are for beam identification purposes only and may be left blank 

if desired. 

There is no limit on the number of beams that may be stacked and 

run at one time. The program continues execution until design of the 

last beam is completed. 

Input Form for "Nonstandard" Beams 

As previously discussed, this form is to be used for beams which 

do not fit in the "standard" beam category. When this form is used 

all problem data must be input by the user. 

14 



This form may be used in lieu of, or in conjunction with, the 

form for "standard" beams. When used in conjunctioa. with the form 

for "standard" beams, only one set of identification cards is to be 

used. 

In addition to three identification cards, ~vhich may or may not 

be required, the input data set for the design of a "nonstandard" 

beam is made up of nine cards, all of which must be included for 

each problem. The first three cards of this set contain the design 

requirements, section properties of the beam being designed, and 

the physical properties of the concrete and prestressing steel being 

used. Note that Beam Type on this form must be designated NS. If 

a live loading other than the standard AASHO and Railroad loadings is 

used, the columns headed AASHO L.L. and R.R. L.L. should be left 

blank. The live loading must then be entered on card type 5, i.e., 

cards with the numbers 05 in columns 1 and 2. Note that only con­

centrated live loads may be entered on these cards. 

The next six cards are used to describe concentrated loads which 

can be applied to the beam being designed. All these cards must be 

included in the data set with the card types punched in Columns 1 and 

2, even if no further data appears on the cards. Card type 03 

is used to describe concentrated static loads applied to a noncom­

posite section, card type 04 is used to describe concentrated static 

loads applied to a composite section, and card type 05 is used to 

describe a concentrated live load pattern applied to a composite 

15 



section which is moved across the beam to determine the maximum stress 

conditions at the previously discussed locations. 

Whenever a load is input on a load card it must be accompanied 

by a corresponding distance on the distance card of the same card type 

which immediately follows the load card. For static loads the number 

of distances is equal to the number of loads, however for live loads, 

the number of distances is one less than the number of loads. This 

is illustrated in Figure 2. 

If there is an inconsistency between the number of loads and 

the number of distances input, execution of the problem is stopped, 

an error message is printed out, and execution of the next problem 

begins. 

Program Output 

Users of this program may choose between a brief one-page output 

which contains only input data and details of the designed beam and 

an extended multipage form which contains the above information plus 

summaries of moments, shears, stresses, etc., tabulated at various 

points along the beam for the different stages of loading. 

There are two informative messages output in conjunction with 

the ultimate moments. The first tells whether the section used for 

calculating the ultimate moment provided is flanged or rectangular. 

The second message tells ~vhether the output beam design is based on 

stress requirements or ultimate moment requirements. 

16 
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When the topmost draped strands are placed in the maximum 

upper allowable position and the release strength, based on center­

line conditions; is not adequate, a message is printed out indicating 

that the concrete release strength shown was calculated from end 

eccentricity based on that maximum draped position. 

When the beam being designed is an AASHO IV beam, designs for 

both 2 and 3 strands in the web of the beam will be made and the 

results printed out. 

Examples of the input and output forms are shown in Figures 3, 4, 

5, and 6, respectively. 
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N ..... 

**** INPUT DATA **** 

BEAM TYPE = 
SPAN LENGTH = 
tlEAM SPACING = 

DISTRICT 14 
CONTROL NO. 151-6 

TRAVIS COUNTY HIGHWAY NO. LP 275 
IPE 228 DATE NOV 2 1970 

SUBMITTED BY BR WINN 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

SPAN 1 BEAM 1 

54 UNIT WT. BEAM CONC. = 150. PCF L.L. OIST. FACTOR= 
77.25 FT UNIT WT. SLAB CONC. = 150. PCF COMP. SLAB WIDTH = 

7.54 FT 28-DAY ST.ISLAB CONC.l = 3600. PSI COMP. DEAD LOAD = 

0.69 
90.48 IN 

o.o KLF 
SLAti THICKNESS = 7. 50 IN E IBM. CONC.) = 5.00 EI06lPSI BEAM I NER T1 A = 164023. IN4 
STRAND SIZE = 1/2 I.N EISLB.CONC.) 
STRAND ULT. STR. = 270K EIPSRR. STL.) 
NJ.OF WEB STRNS, = 2 AASHO L.L. 
GRIO SIZE = 2. IN RAILROAD L.l. 

*** BEAM DESIGN *** 

TYPE OF BEAM = 54 
NO. JF STRANDS = 22. 
SIZE OF STRANDS = 1/2 
TYPE OF STRANDS = 270K 
ECCENTRICITY AT C.L. = 20.80 IN 
tC~ENTRICITY AT END = 13.53 IN 
NJ. QF DEPRESSED STRANDS = 8 
DEP~ESS TOP 2 STRANDS TO POSITION A-28 
CJNCRETE RELEASE STRENGTH = 4425. PSI 
CJNCRETE 28-DAY STRENGTH = 5000. PSI 

*** STRAND PATTERN *** 
IC.l. Of BEAM) 

RLJw 1 HAS 6, STRANDS 
RClw 2 HAS 6. STRANDS 
RJIII 3 HAS 6. STRANDS 
RJw 4 HAS 4. STRANDS 

= 5.00 EI06)PSI BEAM AREA 
= 28.00 EI06lPSI BEAM DEPTH 
= HS-20 BEAM YB 
= E- O. BEAM YT 

D.l. DEFLECTION AT MID-SPAN= 0.058 FT ISLABI 
O.L. DEFLECTION AT 1/4 PT. = 0.041 FT ISLABI 

UlTIMATE MOMENT REQUIRED = 3806. FT-KIPS 

= 
= 
= 
= 

493.44 IN2 
54.00 IN 
25.53 IN 
28.47 IN 

0.001 FT IDIAFl 
0.005 FT IDIAF) 

ULT. MOMENT PROVIDED= 4161. FT-KIPS UNDER REINF. RECT. SECT. 

STIRRUP SPAC. (MIDDLE 1/2 SPAN) = NO. 4 AT 24.00 IN 
STIRRUP SPAC. fEXT. 1/4 SPAN) = NO. 4 AT 16.43 IN 

TOP FIBER DESIGN STRESS IC.l.l = 2231. PSI 
BOTTOM FIBER DESIGN STRESS IC.l.l = 2869. PSI 

MAXIMUM CAMBER 
PRESTRESS LOSS 

1.80 IN 
17.16 PERCENT 

Figure 5. Typical Output, One-Page 



DISTRICT 14 
CONTROL NO. 1~1-6 

TRAVIS COUNTY HIGHWAY ~0. LP 275 
IPE 228 DATE NOV 2 197D 

SU8~ITTED BY BR WINN 

SPAN BEAM NO. 

BEAM TYPE 54 
SPAN LENGTH 96.42 
:3E AM SPACING 6.33 
SLAB THICKNESS 7.25 
S TkA~O SIZE 1/2 
STRAND ULT. STR. 270K 
NO. OF wEB STRNS. 2 
GR 10 S ll E 2. 

ALL 

FT 
FT 
IN 
IN 

IN 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

INPUT DATA 

UNIT WT. oEAM CONC, 
UNIT WT. SLAB CONC, 
28-DAY ST,ISLAB CONC,J 
EIBM, CONC.I 
EISLB. CONC.I 
EIPSTR. STL.) 
AASHO L. L. 
RAILROAD L.L. 

150. 
150. 

3600. 
5.00 
5.00 

2B.~O 

HS-20 
E- O. 

PCF 
PCF 
PSI 
EI06)PSI 
EI061PSI 
EI061PSI 

MO~ENT SUMMARY IFT-KIPSJ SHEAR SUMMARY IKIPSI 

SEC TID~ DEAD LOAD L,L,<J, TOTAL DEAD LOAD L.L,+I, TOTAL 
0· o.o o.o o.o 55. 3 45.9 101.2 

479.7 393.3 B73. I 44.2 40.8 B5.0 

B52.9 6BB.7 1541.6 33.2 35.7 68.9 

1119.4 BB6.2 2005,6 22. 1 30.6 52.8 

4 1279.3 1001.5 22BO.B 11.1 25.6 36.6 

1332.6 1 C2 b. 8 2359,4 -o.o 20.5 20.5 

1279.3 1001.5 22BO.B 11.1 25.6 36.6 

1119.4 8B6.2 2005.6 22.1 30.6 52.8 

e52,9 6BB.7 1541.6 33.2 35.7 6B.'l 

9 479.7 393.3 B73.1 44.2 40.8 85.0 

10 o.o o.o o.o 55.3 45.9 101.2 

HOLD-i.JO.,.N 131B.3 1025.9 2344.1 5.7 1B.O 23.7 

LOOP 275 OVERPASS us 183 SPANS NO 1-6 

STRESSES IN EXTREME FIBERS DUE TO EXTERNAL LOADS ILBS PE~ SQ. JN,J 

TOTAL o.L. DEAD LOAD 
SECT ION BEAM SLAB NCN--COMP SEC, COMP SEC. 

TOP BOT TOP BOT TOP BOT TOP BOT 

0 o. o. o. o. o. o. o. o. 
1 446. 402. 551. 494. 999. B96. o. o. 
2 796. 714. 960. B79. 1776. 1593. o. o. 
3 1045. 937. 1286. 1154. 2332. 2091. o. o. 
4 1194, 1071. 1470. 1318. 2665. 23B9. o. o. 
5 1244. 1116. 1532. 1373. 2776. 24B9. o. o. 
b 1194. 1071. 1470. 1318. 2665. 23B9. o. o. 
7 1045. 937. 12B6. 1154. 2332. 2091. o. o. 
8 796. 714. 980. B79. 1776. 1593. o. o. 
9 44B. 402. 551. 494, 999. B96, o. o. 

10 o. o. o. o. o. o. o. o. 
HOLJ-DOw~ 1231. 1104. 1515. 1359. 2746. 2462. o. o. 

STkESSES OUE TO EXTERNAL LOADS PLUS PRESTRESS I LBS PER SQ. IN. l 

L.L •. DIST. FACTOR 
·COMP, SLAB WIDTH 
COMP, D EAO LOAD 
BEAM INERTIA 

0.5B 
75.96 
o.o 

164023. 
~EA~ AREA 
BEAM DEPTH 
BEAM YB 
BEA'I YT 

LIVE LOAD 
PLUS IMPACT 

TOP BOT 

o. o. 
125. 461. 
220. BOB, 
2q2, 1039. 
31Q, 1174. 
327. 1204. 
31Q, 1174. 
2B2. 1039, 
220. 80B. 
125. 461. 

o. o. 
3H. 1203. 

493,44 
54.00 
25.53 
2B.47 

TOTAL 
TnP BJT 

o. o. 
1125. 135 7. 
1996. 2401. 
2614. 3130, 
29R4, 3564, 
3103. 3693. 
29R4. 3564. 
2614. 3130. 
19q6, 2401. 
1125. 1357. 

o. o. 
3073. 3665. 

BEAM PLUS FINAL PREST, PLUS ALL Lr:JAOS PLUS 
INITIAL PREST. INITIAL PREST. TOT, D,L.(N/C SEC,) FINAL PREST, 

TOP BOT TOP BOT TOP BOT TOP ROT 

164. 321 o. 164. 3210. 131. 256B. 131. 256B. 
-134. 3477. 314. 3075. B92. 188 5. 1017. 1424. 
-~32. 3744. 365. 3029. 1431. 1402. H51. 594. 
-12G, 4010. 316. 3 J73. 1748. 1118. 2031. 79. 

-1027. 4277. 167. 3206. 1B43. 1032. 2162. -142. 
-II 70. 4406. 74. 32qo, 1B39. 1036. 2167, -16B. 
-1027. 4277. 16 7. 3206. 1B43. 1032. 2162. ·142. 
-1 zq. 4J10. 316. 3073. 174B. ll1B. 2031. 79. 
-4?-2. 3744. 365. 302q, 1431. 1402. 1651. 594. 
-134. \4 7 7. 314. 307<;. sq2, I ~85. 1017. 1421 •• 

1J 1~4. 3 21 o. 164. 3 210. 131. 2568. 1'1. 2~68. 
riLll.'-.lLlwN -11 7L),. '•406. 61. 1302. 1810. 1062. 2137. - tt.l. 

}''igure f.. Typical Cutput, 1-~ulti.-page 
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l JLlP ll'J llVtl-lPAS::, U!> IHj SPANS Nd 1-6 

>TI~~UP >PAC lNG IN DTERIOR 1/4 SPAN IAASHO SPECS. I NO. 4 AT 16.6 IN. 

ST IHUP SPAC lNG IN MIDDLE 112 SPAN IAASHO SPEC$.) NO. 4 AT 24.0 IN. 

STIK<UP ;PAC lNG BASED ON ACI SPECS. 

SECT ION 

0 NO. 4 AT 4.6 IN. 
I NO. 4 AT 17.4 IN. 
2 NC. 4 AT 16.7 IN. 
3 NO. 4 AT 17.0 IN. 

NO. 4 AT 17.4 IN. 
NO. 4 AT 17.4 IN. 

b NO. 4 AT 17.4 IN. 
7 NO. 4 AT 17.0 IN. 
6 NO. 4 AT 16.7 IN. 
9 NO. 4 AT 17.4 IN. 

10 NO. 4 AT 4.6 IN. 

MAXIMUM ULTIMATE HORIZONTAL SHEAR BETWEEN SLAB AND GIRDER FLANGE (VQ/11 

SECTION 

223.2 p 51 
188.0 PSI 
152.8 PSI 
117.6 PSI 

4 82.4 PSI , 61.5 PSI 
6 62.4 PSI 
7 117.6 PSI 
8 152.8 PSI 
9 IS8.o P Sl 

1U 223.2 PSI 

LJOP 275 OVERPASS US 183 SPANS NO 1-6 

ULTIMATE MOMENT REQUIRED 
ULTIHATt MOMENT PROVIDED 

4565.8 FT-KIPS 
5396.9 FT-Kl PS 

OtAJ LJAO UEFLECTIONS SLAB 

MIDSPAN 0.113 F T 

wUARTER POINT 0.081 FT 

MAXIMUM LAMBER 
tJKt:!>TRt:.::,S LOSS 

2.H5 IN. 
19.22 PtRCENT 

TYPt uF dEAM 54 
MJ. JF STRANDS 30. 
S ILE JF > TRANDS 1/2 

DIAPHRAM 

0.016 FT 

O. 011 FT 

ULT. ST~ENGTH OF STRANDS. 270K 
tCCtNT<1CITY AT C.L. 19.40 IN. 
ECCt~TKICITY AT END 10.60 IN. 
LJ•L~ETE RELEASE STRENGTH 5490. PSI 
CJNC<ETE 28-DAY STRENGTH 5490. PSI 
NUHdER OF DRAPED STRANDS 12 
UEPKESS TOP STRANDS TO POSITION A-34 

ST~A~J PATTERN AT CENTERLINE OF BEAM 

KJ• HA:i 6 STRANDS 

<J• HA!> 6 STRANDS 

KJn HAS 6 STRANDS 

KJ• 't HAS 6 S TRANOS 

·~· 
, .. ~. 4 STRANDS 

KJw o t1A$ STRAND 5 

UNDER REINFORCED RECTANGULAR SECTION 
DESIGN BASED ON STRESSES 

COMP DEAD LOAD 

o.o FT 

o.o FT 

I'igure 6, cont'd. 
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APPENDIX A 

Summaries, Definitions, Flow Charts 

A summary of steps, definitions of terms, and flow charts, in 

that order, are presented. 
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Routine: BLOCK DATA 

Subroutine BLOCK DATA stores properties of the 11 standard beams 

and zeros out arrays. 

Definition of Terms: 

AR 

BB 

BEAM 

BPRIME 

cc 

DI 

EE 

HH 

IBI 

~<JTFI 

YBI 

YTI 

-array of beam cross-sectional areas (in.
2

) 

- array of bottom flange widths (in.) (see sketch) 

- list of 11 beam sections 

-array of web thicknesses (in.) (see sketch) 

- array of depths of the bottom flanges (see sketch) 

- array of beam depths (in.) 

- array of vertical depths of the sloped portion of the 
bottom flanges (in.) (see sketch) 

- array of depths of the top flanges (in.) (see sketches) 

-array of beam moments of inertia (in. 4) 

- array of widths of the top flanges (in.) (see sketch) 

- array of the distances for the sections from the cg to 
the bottom of the beam (in.) 

- array of the distances for the sections from the cg to 
the top of the beam (in.) 

26 



Routine: MAIN 

A summary of the steps for routine MAIN is divided into two parts. 

The parts consist of steps pertaining to the input form for "standard" 

beams or to the input form for "nonstandard'beams. 

Steps for input form for "standard" beams are: 

a. Call INPUTl 

b. Call REREAD 

c. Read input data 

d. Call INDATA to complete the input data set 

e. Define LTYPE 

f. Define KODE 

g. Call PROPTY 

h. Call HELP 

i. Call PSTRES 

j. Call LOPUT or SHPUT to print results 

k. If BTYPE = IV change the number of strands lifted from each 

row to three, call CHANGE, and repeat steps h, i, and j. 

Steps for input form for "nonstandard" beams are: 

a. Call INPUTl 

b. Call REREAD 

c. Read input data and check for inconsistencies in data. If 

inconsistencies are found, the data set will be destroyed, an 

error message printed, and the next set of data initiated. 
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d. Define LTYPE 

e. Define KODE 

f. Call PROPTY 

g. Call HELP 

h. Call PS TRES 

i. Call LOPUT or SHPUT to print results 

j. If BTYPE =IV change the number of strands lifted from each 

row to three, call CHANGE, and repeat steps h, i, and j. 

Definition of Terms: 

A 

AREA 

ASTRN 

B 

BLANKA 

BNSTD 

BSPAC 

BTYPE 

c 

CCD(I) 

CCP (I) 

- see sketch 

-beam cross-sectional area (in.
2

) 

- defined as SAREAl or SAREA2 

- see sketch 

, VBLANK - stored data for comparative purposes to eliminate 
confusion when using beam types A, B, C, and V 

- term defined as 'NS' to compare with BTYPE 

beam spacing (ft) 

- beam designation such as B, C, 54, etc. 

- see sketch 

- distance(s) from left reaction to location of CCP(I) 
beginning with the CCD(2). CCD(k) is set to zero 
internally. 

- concentrated live load(s) applied to the composite section 
to simulate truck loads (kips) 

28 



CNCD(I) 

CNCP(I) 

D 

DIA 

DUl 

DFACT 

E 

EC, ECSL 

EFW 

ES 

FPS 

H 

IB 

IBMNO 

ICARD(I) 

IOPUT 

IW 

KODE 

LTYPE 

NCDL 

NTYPE 

- distance(s) from left reaction to the location of the 
concentrated load(s) (ft) 

- concentrated static load(s) applied to the noncompos.ite 
section (kips) 

- beam depth (in.) 

-nominal strand diameter (1/2 ... , etc.) 

- stored sizes of prestressing strands 

- live load distribution factor 

- see sketch 

- elastic modulii of beam concrete, slab concrete, and 
prestressing steel, respectively (106 psi) 

- effective flange width (ft) 

- elastic modulii of beam concrete, slab concrete, and 
prestressing steel, respectively (106 psi) 

- ultimate strength of prestressing strand (ksi) 

- see sketch 

-beam moment of inertia (in. 4) 

- number of the beam 

- alphameric array that contains design data that can 
later be read using specified format 

- designates the type of output selected. The number 1 
gives the extended output; the number 0 gives the 
short output. 

- number of parallel strands in the web 

- number of diaphragms as a function of the span length 

- indicator of the type live load selected and used for 
direction to the proper routine to generate live 
shears and moments 

- uniformly distributed dead load applied to the 
composite section (kips/ft) 

- term that determines the direction of the routine when 
the long input form is used 

29 



RROAD - magnitude of Cooper's E-loading selected (E-72, etc.) 

SAREAl, SAREA2 - cross-sectional area corresponding to the input 
diameter and 270k or 250k prestressing strand 

SCNCD(I) - distance from left reaction to location of SCNCP(I) (ft) 

SCNCP(I) - concentrated static load(s) applied to the composite 
section (kips) 

SFPC - compressive strength of slab concrete (psi) 

SMBOLl - combination of numbers and letters to designate the 
type of highway loading ('HS-2', 'H-1') 

SMBOL2 - the last number that completes SMBOLl 

SPANl, SPAN2 - terms for span identification 

SPANL 

TS 

UWB, UWS 

WD 

YB 

YT 

- span length (ft) 

- slab thickness (in.) 

- unit weight of beam and slab concrete, respectively 
(lb/ft3) 

- see sketch 

- distance from cgc to bottom of beam (in.) 

- distance from cgc to top of beam (in.) 
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Subroutine: PSTRES 

A summary of steps for subroutine PSTRES is: 

a. Set minimum concrete strengths 

b. Call ALLOW to calculate allowable stresses 

c. Calculate stresses due to loads 

d. Calculate the bottom fiber stress at midspan to be overcome 

by prestress 

e. Determine a temporary prestress force and eccentricity 

f. Call MILLER to place strands at midspan 

g. Calculate midspan eccentricity 

h. Calculate stresses in extreme fibers at midspan due to prestress 

i. Compare the bottom fiber stress of step h to that of step d. 

If the stress from step d is greater than that from step h, 

increase the number of strands by two and repeat steps f, g, 

h, and i. 

j. Calculate extreme fiber stresses at midspan before and after 

losses 

k. Determine concrete release strength required. If the required 

release is greater than 4000 psi, call ALLOW to define allowable 

stresses and repeat steps d, i, j, and k. 

1. Compare the midspan release stress in the top fibers to the 

allowable stress. If the allowable is exceeded, call STRMOD 

to modify the midspan strand pattern and repeat steps d, g, h, 

i, j , k, and 1. 
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m. Compare the midspan top fiber stress after losses to the 

allowable. If the allowable is exceeded, redefine f', call 
c 

ALLOW to define allowable stresses, and repeat steps d, i, j, 

k, 1, and m. 

n. Call }.1QMENT to determine ultimate and resisting moments. If 

the resisting moment is less than the ultimate moment required, 

define MSTATE equal to two, increase the number of strands by 

two, and repeat steps d, f, g, h, i, j, k, 1, m, and n. 

o. Determine the maximum end eccentricity permitted. 

p. Call ECCEND to determine the position of the topmost draped 

strands and determine the end eccentricity,. If IWCH is greater 

than one, calculate a release strength using the eccentricity 

calculated when the topmost strands are placed two inches below 

the top surface. This release strength is controlled by the 

initial top or bottom fiber tension. 

q. Calculate stresses at the tenth points. 

r. Call CA..1vlBER 

s. Call SHEAR 

Definition of Terms: 

DECC 

E(I) 

ECC 

- vertical distance from the end eccentricity to the cgs 
of the strand pattern (in.) 

- eccentricity at 1/10 points along beam (in.) 

- temporary eccentricity. Used as a starting point to 
determine the required number of strands (in.) 
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ECCL - eccentricity of the strand pattern at the center line of 
the beam measured from the cg (in.) 

ENDl, END2 - possible maximum allowable end eccentricities (in.) 

END MAX 

FB(I) 

FBBM(I) 

FBDL(I) 

FBFIN 

FBFOG 

FBI(I) 

FBIB(I) 

- maximum allowable end eccentricity (in.) 

- stress at tenth points in bottom fibers of the beam due to 
prestress plus all loads (psi) 

- stress at tenth points in the bottom fibers of the beam 
due to beam weight (psi) 

- stress at tenth points in the bottom fibers of the beam 
due to beam plus slab weights (psi) 

- final stress in the bottom of the beam at midspan due 
to all loads plus prestress (psi) 

- stress in the bottom of the beam at midspan due to 
prestress plus beam weight (psi) 

- stress at tenth points in bottom fibers of the beam due 
to initial prestress (psi) 

- stress at tenth points in bottom fibers of the beam due 
to initial prestress plus beam weight (psi) 

FBIBSN(I) - stress at tenth points in bottom fibers of the beam due 
to prestress plus all dead load (psi) 

FBLL(I) - stress at tenth points in bottom fibers of the beam due 
to live load (psi) 

FBNCDL(I) - stress at tenth points in bottom fibers of the beam due to 
noncomposite dead load, NCDL (psi) 

FBP 

FBSL(I) 

FO 

FPC 

FPCI 

- stress due to prestress in the bottom of the beam at 
midspan (psi) 

- stress at tenth points in bottom fibers of the beam due 
to slab weight (psi) 

- total initial prestressing force (lbs) 

- minimum 28-day concrete strength (psi) 

- minimum release strength for concrete (psi) 
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FPCil, FPCI2 - possible release strengths (psi) 

FT(I) 

FTBM(I) 

FTDL(I) 

FTFIN 

FTFOG 

FTI(I) 

FTIB(I) 

FTIBSN(I) 

FTLL(I) 

FTNCDL(I) 

FTPR 

FTSL(I) 

- stress at tenth points in top fibers of the beam due to 
prestress plus all loads (psi) 

- stress in top fibers of the beam due to beam weight (psi) 

- stress in top fibers of the beam due to beam plus slab 
weights (psi) 

- final stress in the top of the beam at midspan due to 
all loads plus prestress (psi) 

- stress in the top of the beam at midspan due to prestress 
plus beam weight (psi) 

stress at tenth points in top fibers of the beam due 
to in~tial prestress (psi) 

- stress at tenth points in the top fibers of the beam due 
to initial prestress plus beam weight (psi) 

- stress at tenth points in top fibers of the beam due to 
prestress plus all dead load (psi) 

- stress at tenth points in top fibers of the beam due to 
live load (psi) 

- stress at tenth points in top fibers of the beam due to 
noncomposite dead load, NCDL (psi) 

- stress due to prestress in the top of the beam at midspan 
(psi) 

- stress at tenth points in top fibers of the beam due 
to slab weight (psi) 

NMSTN, ~~STN, NSTN - terms which round down the required number of 
strands to a \vhole number 

NSTNR, NNSTNR, NMSTNR - terms \vhich round up the minimum number of 
strands to a whole number 

p 

RFPC 

RFPCI 

- total prestressing force after losses (lbs) 

- required 28-day strength, f' (psi) 
c 

- required release strength, f'. (psi) 
c~ 
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RSTRNS 

SB(I) 

ST(I) 

STRESB 

STRNS 

TEMPP 

TFPGI 

TSTRES 

X 

• 

• 

- minimum number of prestressing strands 

- stress at tenth points in bottom fibers of the beam due 
to all external loads (psi) 

- stress at tenth points in top fibers of the beam due to 
all external loads (psi) 

- stress in bottom of the beam at the center line due to 
dead plus live loads (psi) 

- number of prestressing strands 

- temporary prestressing force c0upled with EGG (lbs) 

- larger value of FPGil or FPGI2 (psi) 

- stress in bottom of the beam which must be overcome by 
prestress (psi) 

- incremental length of span (ft) 
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FTLL(l).» B~IA(l)/ZTBC 

FBLUI) = B~(I)/ZBBC 

FTSL(l) = BMSL(l)/ZTB 

FBSL(I) = 8:-!S:..(l)/ZBB 

fTB!>I(I) = B!>ffi~(l)/ZTB 

FBB~(I) = B!-ffi~(I)/ZBB 

ITDL(I) = B:iDL(I)/ZTB 

F!-tDL(I) = B~!DL(l)/ZBB 

IT:\'CDL(l) "' BMXCDL(I)/ZTBC 

FB~CDL (I) "' 8!{'-;CDL( I) /ZBBC 

ST(l) = FTB~I(I) + FTSL(I) 
+ FT~CDL(I) + FTLL(I) 

SB(I) "' FBB~(I) + FBSL(l) 
+ FB:\'CDL(I) + FBLL(I) 

STRf.SB = FBDL(6)+FENCDL(6)+FBLL(6) 

TSTRES = (STRESB+FTP)/(1.-PLOSS) 

ECC = YB 

TE!-ff'P = TSTRESi (1./AREA+ECCIZBB) 

FBP " 0. 

sSTN = srm:s 

NNST!\ = NST::/2 

STR~S = S~ST!\ 

RSTR.'\S = 0 .003*AREA/ASTR..'\ 

SSTXR "' RSTRSS 
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FO .. TENIN*STRNS 

P = FO*(l.-PLOSS) 

FI'PR. .,. FO/ AREA-(FO*ECCL) /ZTB 

FBP .. FO/ AREA+(FO*ECCL) /ZBB 

FTFOG•FTPR+FTBM ( 6) 

FBFOG•FBP-FBBM(6) 

FTFIN•P I AREA-P*ECCL/ ZTB 
+FTDL ( 6 )+FTNCDL( 6) +FTLL ( 6) 

FBFIN•P / AREA+P*ECCL/ZBB 
-FBDL(6) -FBNCDL (6)-FBLL(6) 

RFPCI ... FBFOG/0. 6 



• 

• 

ENDl• (FO/ AREA-TTEN) *ZTB/FO 

END2• (FBll-FO /AREA) *ZBB /FO 

ENDMAX•ENDl 

FPCll• ( (FO"ENDECC/ZBB)+F) /AREA) /0.6 

i''PCI2•( ( (FO/ AREA)-FO"'EHDECC/ZT\l) /7. 5) 2 

Tt'l'C1•1"11CI1 

lF 
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X•O 

DIST•SPA.-.;L*. 5-lllli'T 

I::•DWECC 

Fll (I)"" t Fo/ ARI::r\- FO*t./Z l"ll I 

Fill~ I) • t Ft\; AI\EA+FL1"'E/i.UB) 

nHI\ 1 )atF"r! tl HFTB~(Il l 

FIHr.tll=tFIIllil-FIIBHtlll 

'if.S 

FTlll:'Ntl )"d'· AN.L\-I'"'E! .' 1'1\)+FTllltl H~"J"S('\II.tl) 

Fill:>~;\ I),. { P 1 AREA+I'*E/ZBB- FIHl\.l ! ) -FBt\Cill.{l) 

FT ll l '"I' I ,\REA-I'*F /ZTB+FTDL t I) -t-!-.r:-lCDL{ l )+FTLL {1) 

FBi 1) =P / AIU.A+I'*i::! ZBII-FBDL( I) -r~:o.;COJ.{ll- FBLI.( I) 

IF 
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DECC• (ECCL-ENDECC) *X/D IST 

E•ENDECC+DECC 

IF 

• 

• 



" 

Subroutine: HELP 

A summary of steps for subroutine HELP is: 

Steps for "Standard" Beam Input Form 

a. Define location of inspection points, tenth, quarter, and 

hold-down. 

b. Calculate deflections at quarter-span and midspan due to slab 

weight and due to uniform load on the composite section 

c. Calculate deflections due to diaphragms. 

d. Calculate shears and moments at the inspection points due to 

slab weight, beam weight, and uniform load on the composite 

section. 

e. Call TYPELD to determine live load shears and moments. 

f. Sum the dead plus live load shears and moments at the inspection 

points. 

Steps for "Nonstandard" Beam Input Form 

a. Define location of inspection points, tenth, quarter, and hold­

down. 

b. Calculate deflections at quarter-span and midspan due to slab 

weight and uniform load on the composite section. 

c. Calculate deflections at quarter-span and midspan due to 

concentrated loads on the noncomposite section •. 

d. 

e. 

f. 

Calculate shears and moments due to all concentrated loads, 

slab weight, and beam at the inspection points. 

Call TYPELD to determine live load shears and moments. 

Sum the dead plus live load shears and moments at the inspection 

points. 
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Definition of Terms: 

AREA 

BM 

BMBN(I) 

BMDL(I) 

BMM(I) 

BMMS(I) 

-cross-sectional area of beam (in.
2

) 

- temporary summation for bending moment (in.-lbs) 

- stored value for bending moment at Ith inspection point 
due to weight of beam (in.-lbs) 

- stored value for bending moment at Ith inspection point 
due to composite dead loads (in.-lbs) 

- stored value for bending moment at 1
th 

inspection point 
due to CNCP (lb-in.) m 

- stored value for bending moment at 1
th 

inspection point 
due to SCNCP (lb-ft) m 

B}lliCDL(I) - stored value for bending moment at Ith inspection point 
due to noncomposite dead load (in.-lbs) 

BMREAC - left reaction due to beam weight (lbs) 

BMSL(I) - stored value for bending moment at Ith inspection point 
due to weight of slab (in.-lbs) 

1( ) d 1 f b d
. 1 th . . . BMSID I - store va ue or en 1ng moment at 1nspect1on po1nt 

due to all loads (in.-lbs) 

BSPAC - beam spacing (ft) 

CBAR - distance between left reaction and center of gravity of 
loads applied to beam (ft) 

CNCD(I) - distance(s) from left reaction to the location of the 
concentrated load(s) ~t) 

CNCP(I) - concentrated static load(s) applied to the noncomposite 
section (kips) 

CO~STl - constants used to determine diaphragm weights 

CP - weight of one diaphragm (lbs) 

DEFKl - deflection at 1/4 SPAN due to slab ~veight (in.) 
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DEFK2 

DEFL12 

DEFL14 

DNCDLl 

DNCDL2 

DX 

DX2 

EC 

ECI 

ECI6 

ECSI6 

IB 

INA 

N2 

NCDL 

I\ TN 
p 

Pl2 

Pl4 

PDL 

PDX 

REACTl 

REACTN 

- deflection at 1/2 SPAN due to slab weight (in.) 

- deflection at 1/2 SPAN due to diaphragms (in.) 

- deflection at 1/4 SPAN due to diaphragms (in.) 

- deflection at 1/4 SPAN due to uniform load on the 
composite section (in.) 

- deflection at 1/2 SPAN due to uniform load on the 
composite section 

- distance from left support to position of concentrated 
load, CNCP(I) (in.) 

- [DX] 2 

- modulus of elasticity of concrete (psi) 

- IB * EC 

- 6 * ECS 

- 6 * ECSI 

f . . (. 4) - area moment o 1nert1a 1n. 

-composite area moment of inertia (in. 4) 

- counter 

- uniform load on the composite section (kips/ft) 

- counter 

- CNCP(I) * SPANN/2 

- CNCP(I) * SPANN/4 

- CNCP (I) 

-moment of CNCP about left support (lb-in.) 

- left reaction due to static loads applied to the 
composite section (lbs) 

- left reaction due to slab, beam, and diaphragms (lbs) 
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RNCDL - left reaction due to uniform load on the composite section (lbs) 

SCNCD(I) - distance from left support to the location of 
SCNCP (I) (ft) 

SCNCP(I) - concentrated static load(s) applied to the composite 
section (lbs) 

SLREAC - left reaction due to weight of slab and diaphragms (lbs) 

SPANN - span length (in.) 

SUBTND - constants used to determine diaphragm weights 

SUMW - temporary summation of weights on beam (lbs) 

SUMWC - temporary summation of moments (in.-lbs) 

TS - slab thickness (ft) 

UWB - unit weight of beam (lbs/ft3) 

uws - unit weight of slab (lbs/ft3) 

VCAY - constants used to determine diaphragm weights 

VDL(I) - stored value for shear at Ith inspection point due 
to composite dead loads (lbs) 

VM - temporary value for shear (lbs) 

VMM(I) - stored value for shear at Ith inspection point 
due to CNCP(I) (lbs) 

VMMS(I) - stored value for shear at Ith inspection point 
due to SCNCP(I) (lbs) 

VNCDL(I) - stored value for shear at Ith inspection point 
due to noncomposite dead loads (lbs) 

VOL(K) - constants used to determine diaphragm weights 

( ) d 1 f h I th i . i t VSUM I - store va ue or s ear at nspect1on po n 
due to all loads (lbs) 

W - WS + WB = unit composite dead load 

W - counter 

~.JB - weight of beam (lbs/ ft) 
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WCP 

WI 

ws 

X 

Xl2 

Xl4 

Xl22 

Xl42 

Xl2L 

Xl4L 

XDIST(M) 

- diaphragm weights considered as a uniform load; use only 
for "standard" beams (lbs/ft) 

- unit composite dead load (lbs/in.) 

- unit weight of slab (lb/ft) 

- distance to inspection point from left reaction (ft) 

- SPANN/2 

- SPANN/4 

- [SPANN/2]
2 

[SPANN/4] 2 

- [SPANN]
2

/2 

- [SPA.>m]
2 

/4 

- fraction of span length (ft) 
for M = 1, 11 

XDIST(M) = (M-l) x SPANL 
10 

M = 12, 15 

M = 12, 13 

M = 14, 15 

XDIST(M) = distance from the support 
to a quarter point (ft) 

XDIST(M) = distance from the support 
to hold-down position (ft) 
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XD!ST(l2)•SPANL*O. 25 

XDIST(13)=SPANL*O. 75 

XD!ST (14 )=SPANL/2. 0-HDPT 

XD!ST(15)•SPANL/2. O>HDPT 

DEFL14=0. 0 

DEFL12•0.0 

WCP•O.O 

TS=TS/12.0 

f.CI=EC*IB*10.*'*6 

ECS I=F.C*INA*lO .0**6 

WS=UWS*TS*BSPAC 

WB•UWB*AREA/144. 0 

W=WS+WB 

WNCDL=NCDL/12. 0 

BMREAC=O. 5*WB*SPANL 

RNCDL•O. 5*NCDL*SPANL 

SPANN=SPANL*12 .0 

Wl•WS/12.0 

DEFK2•5 .O*WI*SPANN**4/ (384 .O*ECI) 

DEFK1•57. O*WI*SPANN**4/ (6144 .O*ECI) 

DNCDL1•57. O*WNCDL*SPANN**4/ (6144 .O*ECSI) 

DNCDL2•5. O*WNCDL*SPANN**4/ (384. O*ECS l) 

YES 
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VOL(I<ASE)•VCAY (KASE) * (BSPAC-SUBTND(KASE)) 

CP•VOL(KASE)*UWB 

REACTN•O. 5* (KODE*CP+W*SPANL) 

CONSTl•CP*SPANN**J/ (EC1*100.0) 

WCP• (KODE*CP) /SPANL 

DELF14•CONST (1, KODE) *CONSTl 

DEFL12•CONST (2, KODE) *CONSTl 

Xl2•SPANN*O. 5 

X14•SPANN*O. 25 

X122•X12*X12 

X142•X14*Xl4 

ECS!6=6.0*ECSI 

ECI6•6. *EC! 

X12L•X12*SPANN 

X14L•X14*SPANN 

N2•NN/2 

N22•N2*2 

YES 

YES 



PDL•CNCP (N) 

Pl2ePDL*Xl2 

Pl4,.PDL*Xl4 

DX=CNCD(N)*12. 

PDXaPDL*DX 

DX2•DX*DX 

PNNl•CNCP (N2+ 1) 

DEFL14•DEFL14+PNN1 *X14*(3. O*SPANN 
**2-4. *Xl42)/ (48. *ECI) 

DEFL12•DEFL12+PNNl*SPANN**3/ 
(48.*ECI) 

BM•O. S*W*X*X 
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X•)JHST(I) 

BH-0 

B~(l )'"A.'iA.'U(BMHS(I) ,BHKS(l2-I)) 

\?KS (I)•A."tAXl(VMHS(l), nlliS(l2-I)) 

B!'&f( l)cAHAX1 (BH!i(I), B~IH(l2- I)) 

\~{t )=A..'iAXl (VHM(I) ,VHH(12-I)) 

B'01(12)•AMAX1(BHM(12) ,BMM(lJ)) 

BHM{l3)•BMH(12) 

BMH(l4)•AMAX1 (BMM(l4) ,BMH(15)) 

BHM(15)•BHM(l4) 

V>tM(l2)•AMAXl(VHM(12) ,VHM(13)) 

VHM(13)•VHM(l2) 

VMM(l4)•A.'IAX1 (VHM(14), VHM05)) 

VH!'1{15)•1,1M!-f(l4) 

VMHS (12)•AHAXl(V!iHS {12) , V!1!iS (13)) 

B!'t't'i(l2)•A."L\X1 (8~(12) ,BHHS(l3)) 

\'MMS (14)•A.'1AX1 (~S (14), \'MHS (15)) 

&M!iS ( 14 )•A.'iAX1 (B~S ( 14) ,BHMS ( 15)) 

8HMS(l5)•BHMS (14) 

VHMS(l5}•VHMS(l4} 

RHHS(l3)•8HHS (12) 

\'MMS (13}•VMHS (12) 

BHBH(l)•(BKREAC-WB*X/2. )*X*12. 

BMSL(l)•(SLREAC- (WS+WCP) *X/2. )*X*l2. 

BMNCDL(l)= (RNCDL-NCDL*X/2, )*X*l2, 

BIIDL(I )•BIIDL(12-I) 

BHBH(I)•BHBM(12-I) 

BHSL(l)•BHSL(12-I) 

VNCDL(I)•VNCDL(l2-l) 

BMNCDL(I)•BHNCDL(l2-l) 

VDL(l)•VDL(l2-l) 
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SUH(l) •VHA( I )+VDL (I)+VNCDL (I )+VHMS (I) 

BMSUM(I)•BIIDL(I)+BHMA(I)+BHNCDL(I)+BHMS(I) 



Subroutine: ZERO 

Subroutine ZERO zeroes out arrays for static dead loads, static 

live loads, shears, and for moments. This operation is necessary when 

"Standard" and "nonstandard" beams are designed in one execution of 

the program. 

A comparison of shears and moments is made in subroutine TYPELD 

to determine the maximum values. It is possible for the loading 

conditions of two different beams to be compared especially when a 

"standard" beam follows a "nonstandard" beam. This possibility is 

eliminated with the use of subroutine ZERO. 

Definition of Terms: 

BMDL(I) 

BMMA(I) 

- stored value for bending moment at Ith inspection point 
due to composite dead loads (in.-lbs) 

- stored maximum value of bending moment at Ith inspection 
point due to live load (in.-lbs) 

th 
BMNCDL(I) - stored value for bending moment at I inspection point 

due to noncomposite dead load (in.-lbs) 

BMSUM(I) d 1 f b d . Ith . . i - store va ue or en 1ng moment at 1nspect1on po nt 
due to all loads (in.-lbs) 

CCD(I) - distance between concentrated live load I and CCP(l) (ft) 

CCP(I) - concentrated live load I (lbs) 

CNCD(I) - distance(s) from left reaction to the location of the 
concentrated load(s) (ft) 

CNCP(I) - concentrated static load(s) applied to the noncomposite 
section (kips) 

SCNCD(I) - distance from left reaction to location of SCNCP(I) (ft) 

SCNCP(I) - concentrated static load(s) applied to the composite 
section (kips) 
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VDL(I) th 
- stored value for shear at I inspection point due to 

composite dead loads (lbs) 

VMA(I) d . 1 f h Ith . . . store max1mum va ue o s ear at 1nspect1on po1nt 
due to live load (lbs) 

VNCDL(I) th - stored value for shear at I inspection point due to 
noncomposite dead loads (lbs) 

VSUM(I) th - stored value for shear at I inspection point due to 
all loads (lbs) 
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START 

CCP(I)=O.O 

CCD(I)=O.O 

CNCP (I) =0. 0 

CNCD(I)=O.O 

SCNCP(I)=O.O 

SCNCD(I)=O.O 

VSUM(I)=O.O 

VMA(I)=O.O 

VDL(I)=O.O 

BMDL(I)=O.O 

BMMA(I)=O.O 

BMNCDL(I)=O.O 

BMSUM(I)=O.O 

VNCDL(l)=O.O 
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Subroutine: MILLER 

A summary of steps for subroutine MILLER is: 

a. Determine the number of strands that can be placed in the 

bottom row. Checks are provided to maintain proper edge 

distances. 

b. Place strands in the bottom row. If the number of strands 

is less than the maximum number of strands, control is trans-

ferred to the call MILLER position in PSTRES. 

c. Check the next row to see if the same number of strands as 

the previous row can be placed. Place strands in the row 

until the row is filled unless the number of remaining strands 

is less than the number that can be placed in the row, then 

transfer control to the call HILLER position in PSTRES. 

d. Repeat step c ·until· all strands have been p.laced. 
I 

e. Determine the position of the cgs with reference to the bottom 

of the beam. 

Definition of Terms: 

A 

CL 

DIST 

ECAL 

FLCL 

H 

- temporary, dimension to locate a strand 

- 1/2 the width of the section. Note that this distance 
changes along the sloped portion of the section. 

- CL minus the cover distance. Note that this distance 
changes along the sloped portion of the section. 

- distance between bottom of beam and cgs of strands 

- FL/2.0 or 1/2 thickness of web (in.) 

- vertical distance between rows of strands (in.) 
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K - counter number of strands placed 

NROW - counter identifies each row 

NS - counter remaining number of strands 

NSTfu~S - 1/2 STRNS 

ROW(NROW) - number of strands placed in each row 

SPACE - horizontal distance between strands (in.) 

STRNS - number of strands to be placed 

SUMMST - area moment of strands used to find the cgs 

SUMSTR - temporary sum of strands 

UPRLMT - distance from the pottom of the beam to the point of 
maximum allowable end eccentricity (in.) 

Xl, X2, X3, X4, 
X5, Yl, Y2, Y3, Y4 - see sketch 
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H 

FLCL 

' I 
I I 
I I 

X2 

I I 
) \-

' 2 ,. Y4 

' '\-
I I 
I ( 

I I Y3 1 
I I 
L--- --- --l 

r ~I· 
DIST 

. ! X4 CL 
I Xl 

I~ X5 o1 
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THETA•ATAN(Y2/X2) 

CL•Xl/2.0 

X3•2 .0/SIN(THETA) 

X4•Yl/TAN (THETA) 

XS•X4-X3+2.0 

Y3•X5*TAN(THETA) 

Y4•X2*TAN (THETA) 

Y34•Y3+Y4 

DIST•CL+X4-X3-XS 

SPACE•2 .0 

HSPACE=SPACE/2 ,0 

FL..,Xl-2.0*X2 

FLCL•FL/2 .0 

NROW•O 

NSTRNS•STRNS/2 .0 

A• DIST 

NS,.STRNS 

K•l 

NS•NS-1 

YES 
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NROW•NROW+l 

ROW (NROW) •K 

NROW=--NROW+l 

ROW{NROW)•K 

NS•NS-K 

YES 



DIST•CL-2, 0/SIN (THETA) 

A•DIST 

K•1 

NS•NS-1 

K•K+2 

NS•NS-2 

YES 

K•K+NS 

NS•O 

NROW•NROW+ 1 

ROW(NROW)•K 

YES 

29)---.....;IOt 

32)---t 
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NS•NS-2 

K•K+l 

K•K+NS 

NS•O 

NROW•NROW+ 1 

ROW(NROW)•K 

YES 



n)-----l 

NROII•NROW+ 1 

ROll (NROII) =NS 

K•NS-1 

NROW•NROW+l 

ROW ( NROW) •K 

NSmNS-K 

A•DIST+HSPACE 

K•O 

K•K+l 

NSTRNS•NSTRNS-1 

59 

LPW•2*K 

NROW•NROW+l 

ROW(NROII)•LPW 

NROII•NROW+ 1 

ROII(NROII)•LPII 

NSTRNS=NSTRNS-K 



DIST=CL-2 .0/SIN (THETA) 

A"'DIST+HSPACE 

K=O 

K=<K+1 

SSTRNS=SSTRNS-1 

LPW .. 2*K 

NROW=NROW+l 

ROW(:-.lROW).sLPW 

A=FLCL+HSPACE 

K=O 
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NSTRNS•NSTRNS-1 

K•K+l 

LPW•2*K 

NROW•NROW+ 1 

NSTRNS .. NSTRNS-K 

NROW•NROW+l 

SUMSTR•O 

SUMHST•O 

SUMSL•O 

SUMMST•ROW(JR) • (2. 0+ (JR-1) *SPACE) )+SUHMST 

SUMSTR•ROW{JR)+SUHSTR 



Subroutines: LOPUT and SHPUT 

Function: Print design information by the extended multipage form, 

LOPUT, or by the brief one-page form, SHPUT 
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J I• {IWCH-1) *15+1 

IIF•IWCH*1S 

Nl• (NSTATE-1) *10+1 

NF•NSTATE*10 

HI•(HSTATE-1) *10+1 

NFPClcfPCI/10 

FPCI•(NFPCI +1) *10 

FPS=FPS/1000. 

NFPS=FPS 

REQUL T=REQUL T /12000. 

ULT!iQHocULTMOM/ 12000. 

OEFKl=DEFKl/ 12. 

DEFK2=DH1t2/12, 

DEFL12 .. DEFL12/12. 

DEFL14 .. DEFL14/12. 

DNCDLlo:DNCDL2/12. 

DNCDL2•DNCDL2/12. 

BMDL(I)•BMDL(l) /12000. 

BM>!A(l)=BM>!A(l) /12000. 

YES 

YES 

BHSU~( l)=BMSUM(I) /12000. 

VOL (I )•VOL (I) /1000. 

VMA(I )•\'}otA (1 J /1000. 
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WRITE II,FTBH(l), FBBM(l) ,FTSL(l), 

FBSL(l), FI'DL(I) ,FBDL(l}, ITNCDL(l), 

FBNCDL(l) ,FI'LL(I}, FBl.L(l) ,ST(I) ,SB(I) 

WRITE FTBH(l4) ,FBBM(l4) ,FTSL(l4), 

FBSL(l4) ,FTDL(l4) ,FBDL(l4) ,FTNCDL(14), 

FBNCDL(14) ,FTLL(l4) ,FBLL(l4) ,ST(l4), 



FBIB(l4), FTIBSN(l4), FBIBSN(l4), 

IT(l4),FB(l4) 
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FPS•FPS/1000 

NFPS•FPS 

REQVLT•REQlLT / 12000 

CLTMOM•t:LTMOM/12000 

DEFK1•DEFK1/12 

DEFK2•DEFK2/ 12 

DEFL12=DEFL12/ 12 

DEFL14•DEFL14/ 12 

DNCDLl•DNCDL1/ 12 

DNCDL2•DNCDL2/ 12 

BMDL(l)=BMDL(I) /12000 

BMMA( I) =BMMA(I) /12000 

BMSUM(l) =BMSUM(l) /12000 

VDL(l)=I'DL(l) /1000 

VMA(l)•I'MA(l) /1000 

VSUM(l)•VSUM(I) /1000 

Nl=(NSTATE-1)1<6+1 

NF•NSTATE*6 

UWS,EFW 
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BTYPE, DEFK2, DEFL12, STRNS, 
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Subroutine: PROPTY 

A summary of steps for subroutine PROPTY is: 

a. Define beam section properties 

b. Determine the effective flange width 

c. Compute composite section properties 

d. Determine the hold-down position 

Definition of Terms: 

AR 

AREAC 

ASL 

BB(I) 

BEAM(I) 

BPRIME 

CC(I) 

Dl(I) 

EE(I) 

H 

HH(I) 

HDPT 

IBl(I) 

IBSL 

INA 

KASE 

-array of beam cross-sectional areas (in. 2) 

2 - total area of the composite section (in. ) 

- effective area of slab for computing composite section 
properties (in.2) 

- width of the bottom flange (in.) 

- list of stored letters and numbers corresponding to 
11 stored beam sections 

- web thickness (in.) 

- depth of the bottom flange (in.) 

- depth of the beam (in.) 

- vertical depth of the sloped portion of the bottom 
flange (in.) 

- depth of the top flange (in.) 

- depth of the top flange (in.) 

- distance from the center line of the beam to the 
hold-down point (ft) 

- beam moment of inertia (in. 4) 

- moment of inertia of ASL about a horizontal axis at 
mid-depth of the slab (in.4) 

- composite moment of inertia (in. 4) 

- number between 1 and 11 in the stored list of stored 
beams that indicates the type of beam selected 
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WTF - width of the top flange (in.) 

WTFl(I) - width of the top flange (in.) 

Xl, X2, Yl, Y2 - terms to describe beam section for purposes of 
placing prestressing strands in the section (in.) 
(see sketch) 

YBl(I) 

YBC 

YTl(I) 

YTC 

YTCSL 

ZBB 

ZBBC 

ZTB 

ZTBC 

ZTSL 

- distance from cgc to the bottom of the beam (in.) 

- distance from the composite cgc to the bottom of the 
beam (in.) 

- distance from the cgc to the top of the beam (in.) 

- distance from the composite cgc to the top of the 
beam (in.) 

- distance from the composite cgc to the top of the slab (in.) 

-section modulus for bottom of beam (in. 3) 

- composite section modulus for bottom of beam (in. 3) · 

-section modulus for top of beam (in. 3) 

-composite section modulus for top of beam (in. 3) 

-composite section modulus for top of slab (in. 3) 
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KASE=IPNT 

AREA•AR(IPNT) 

YB•YBl( IPNT) 

IB•IBl(IPNT) 

YT•YTl(lPNT) 

D-Dl(IPNT) 

WTF•WTFl (IPNT) 

BP•BPRIME(IPNT) 

Xl•BB(IPNT) 

X2•(BB (IPNT) -WDD (IP~'T)) /2 .0 

Yl=CC(IPNT) 

Y2•EE(IPNT) 

Yl2•Yl+Y2 

H•HH(IPNT) 

I-1H•SI'ANI./4. 

PWJ• ( 12*TS+Wn') /11., 

EFW•l''Wl 

EFW•EFW*l2 

Xl•B 

X2•(B-WD)/210 

Y2•E 

Yl2•Yl+Y2 

BP-wD 

ASL=EFW*TS*ECSL/EC 

IBSL•ASL*TS*TS/12. 

YBC•(ASL* (TS/2 .+D)+AREA 
*YB) I (ASL+AREA) 

INA•ASL* {TS /2. +D) **2+AREA 
*YB** 2+ IBSL+ IB- {ASL+AREA) 
*YBC**2 

YTC•D-YBC 

ZBB•IB/YB 

ZTB•IB/YT 

ZTBC•INA/YTC 

ZBBC• INA/YBC 

YTCSL .. D+TS-YBC 

ZTSL=INA/YTCSL 

AREAC•AREA+ASL 
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Subroutine: INPUTl 

Subroutine INPUTl reads in descriptive data for the problem set: 

Definition of Terms: 

bESCR(I) - array that contains descriptive data on the third 
header card for the problem set 

WORDS(I) - array that contains the descriptive data on the first 
two header cards for the problem set 
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START 

WORDS(I),I=1,40 

DESCR(I),I=1,17 

RETURN 
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Subroutine: INDATA 

Subroutine INDATA defines terms that complete the data set used 

with the input form for "standard" beams. 

Definition of Terms: 

ASTRN -area of prestressing strand (in.
2

) 

DFACT - live load distribution factor 

DIA - diameter of the prestressing strand (in.) 

DIAB - diameter of a 1/2 in. prestressing strand (in.) 

EC, ECSL, ES - elastic modulii for beam concrete, sl~b concrete, 
and prestressing steel, respectively (10 psi) 

FPS - ultimate stress for prestressing strand (psi) 

FPY - yield point stress for nonprestressed reinforcement (psi) 

IW - number of parallel strands in the web 

NCDL - uniform load on the composite section (kips/ft) 

SFPC - compressive strength of slab concrete (psi) 

UWB, UWS - unit weights of beam and slab, respectively (pcf) 
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START 

DFACT=BSPAC/11. 

DIA=DIAB 

ASTRN=O.l54. 

UWB=lSO. 

UW5=150. 

SFPC=3600. 

EC=S 

ECSL=S. 

ES=28. 

FPS=270000. 

FPY=40000. 

NCDL=O. 

IW=2 
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Subroutine: ALLOW 

A summary of steps for subroutine ALLOW is: 

a. Define allowable stresses. 

b. Calculate prestressing force before and after losses. 

Definition of Terms: 

ACOMPR 

FBII 

FTB 

PLOSS 

PPERST 

TEN IN 

TTEN 

- allowable compressive stress at design load after losses (psi) 

- temporary allowable stress before losses due to creep and 
shrinkage (psi) 

- allowable tensile stress at working loads (psi) 

- 20% loss of prestress 

- force per strand after losses (lbs) 

- initial force per strand (lbs) 

- maximum allowable initial tensile stress (with auxiliary 
reinforcement) (psi) 
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: . 

FBII=0.6*FPCI 

ACOMPR=0.4*FPC 

TTEN=-7.5*SQRT(FPCI) 

FTP=-3. *SQRT (FPC) 

TENIN=0.7*FPS*ASTRN 

PLOSS=0.20 

PPERST=TENIN*(l.~PLOSS} 
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Subroutine: ECCEND 

A summary of steps for subroutine ECCEND is: 

a. Determine the number of strands to remain straight and the 

number of strands to be draped per row. 

b. Sum the product of the number of straight strands times 

the distance to the bottom of the beam for each row. 

c. Sum the product of the number of draped strands times the 

distance to the bottom of the beam for each row. 

d. Determine the cgs of the strands with respect to the bottom 

of the beam. 

e. Determine the minimum distance allowed from the bottom of 

the beam to the cgs. 

f. Compare steps d and e. If the value from step d is less 

than the value from step 3, increment the value from step d 

by two. 

g. Determine the position of the topmost draped strands. If 

that position is below two inches from the top surface, 

repeat steps d, e, f, and g until the value from step d is 

just greater than the value from step e. If the position 

of the topmost draped strands is two inches below the top 

surface, set IWCH equal to two and calculate the end 

eccentricity. 

h. Calculate the end eccentricity. 

Definition of Terms: 

CGT 

CGTLMT 

- distance from the bottom of the beam to the cgs of the 
strand pattern (in.) 

- minimum allowable distance from the bottom of the beam 
to the cgs of the strand pattern (in.) 
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DROW(I) 

ENDECC 

IWCH 

KG RID 

KS 

NSTRNS 

SROW(I) 

SUMDl 

SUMD2 

SUMDWl 

SUMDW2 

TDS 

X 

Xl 

XBARl 

.. 
XBAR2 

• 

- number of draped strands from the Ith row 

- eccentricity of the strand pattern at the end of the 
beam measured from the cgc of the beam (in.) 

~ term that indicates whether or not the maximum drape 
position has been reached 

- position of the topmost draped strands 

- counter 

- total number of draped strandR 

- number of strands in the Ith row after removal of the 
draped strands 

sum of the strands that remain straight 

- sum of the draped strands 

- sum of SUMDl times the distance from the bottom of the beam 

- sum of SUMD2 times the distance from the bottom of the beam 

- sum of the draped strands 

- distance from the bottom of the beam to the Ith row of 
strands (in.) 

- position of the topmost draped strands with reference to 
the bottom of the beam (in.) 

- distance from the bottom of the beam to the cgs of the 
straight strands (in.) 

- distance from the bottom of the beam to the cgs of the 
draped strands 
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lWCH•l 

KS=O 

WBK=2. 

TDS•O.O 

DROW(JR)=ROW(JR) 

SROW(JR)•O.O 

X•O. 

SlfMDl•O. 

SllMD2•0. 

Sl!NllWl•ll. 

!'ll~lllW.',.Il. 
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X=X+SPACE 

SUI!Dl•SUMDl+SROW(I) 

SUMDWl=SUMDWl +SROW (I) *X 

SUMD2=SUMD2+ DROW(I) 

SUMDW2= SUMDW2+DROW(l) *X 

XBARl=SUMDWl/SUMDl 

XBAR2=SUMDW2/SUMD2 

XBAR22=XBAR2 

XBAR22•XBAR22+SPACE 

KS=KS+l 

NSTRNS•TilS 



Subroutine: MOMENT 

A summary of steps for subroutine MOMENT is: 

a. Calculate the required ultimate moment capacity. 

b. Determine whether the section is rectangular or flanged. 

c. Calculate the resisting moment capacity for the section using 

the appropriate equation. 

d. Determine the actual steel percentage and compare that per-

centage with the maximum allowable percentage. If the allow-

able is exceeded, calculate the resisting moment capacity 

using the appropriate equation for flanged or rectangular 

section. A check for minimum steel percentage is made in 

subroutine PSTRES in determining the number of strands for 

the initial trial. 

The term NSTATE is defined as a number between 1 and 4 and is 

used as an indicato·r for printing messages along with the required 

and resisting moment capacities. 

Definition of Terms: 

ASF 

ASR 

ASTEEL 

CHECK 

DEPTH 

FCHECK 

FLCEK 

FSU 

- steel area required to develop the ultimate strength 
of the overhanging portions of the flange (in.2) 

steel area required to develop the ultimate compressive 
strength of the web of a flange section (in.2) 

- total area of prestressing strands (in.2) 

- check for a rectangular to determine if the percentage of 
steel is such that P fsu < .30 

f'c 
- distance from top of slab to cgs at midspan (in.) 

- check for a flanged section to determine if the percentage 
of steel is such that A fsu < 0.3 

sr b'df'c 
- check on flange thickness 

- average stress in prestressing stee:l at ultimate load (psi) 
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NSTATE 

REQULT 

SRATIO 

ULTMOM 

XM 

- indicator that determines which one of four messages will 
be printed along with the ultimate moments 

- required ultimate moment (in.-lbs) 

- steel ratio 

- ultimate moment provided by the section (in.-lbs) 

- load factor for railroad loading 
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DEPTII•D+TS-ECAL 

ASTEEL•STRNS*ASTRAN 

SRATIO•ASTEEL/ (EFW*D'EPTH) 

FSU•FPS* (1.-0 .5*SRATIO*FPS/FPC) 

FLECK•!. 4*DEPTH*SRATIO*FSU/ FPC 

ASF~O. 85*FPC* (EFW-BP) *TS /FSU 

ASR=ASTEEL-ASF 

FCHECK•ASR*f'SU/ (BP*DEPTH*FPC) 

CHECK•SRATIO*FSU/FPC 

ULT!'tJ~•ASit*FSU*DEPTII*(l.- (0. 6*ASR* 

FSt'/ (BP*DEPTH*FPC)) )+0.85*FPC* 

(EF\1'-BP) *TS*(DEPTH-0. 5*TS) 

UL TMOM•O. 25*iP*DEPTH*DEPTH*FPC+O. 85 
*FPC* (EFW-IP) *TS* (DEPTH-0. S*TS) 

REQULT•XM*(BMDL(6)+B!t<CDL(6) )+2. 3*BHMA(6) 

ULTMOM•ASR*FSU*DEPTH* ( 1. -(0. 6*ASR*FSU/ 
(BP*DEPTH*FPC)) )+0 .SS*FP* (EFW-BP)* 
TS*(DEPTH-O.S*TS) 
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ULTMOM-ASTEEL*FSU*DEP111* (1. -0. 6*STRATIO* 
FSU/FPC) 

NO 



Subroutines CONLD, JMLOAD, RRLOAD, and SPCL are similar in that 

the loads are numbered from left to right while the load configuration 

is moved from right to left. A summary of steps for the above sub­

routines is: 

a. Place first load in the configuration at an inspection point, 

inspection points being tenth, quarter, and hold-down positions. 

b. Check the number of the last load to come onto the beam. 

Determine the centroid of the load and the left end reaction. 

c. Calculate moment and shear at the inspection point. 

d. Place next load at the inspection point. Check the position 

of the first load to see if it remains on the beam. 

e. Repeat steps b, c, and d until all loads have been positioned 

at the inspection point. 

f. Repeat the above steps for each inspection point. 

g. Determine maximum shears and moments by selecting larger 

values of the first ninth, second and eighth, third and 

seventh, fourth and sixth, points. 

Subroutine CONLD calculates shears and moments at tenth points 

due to concentrated live loads, CCP(I). 

Subroutine JMLOAD calculates shears and moments at tenth points due 

to HS-20 live loading. 

Subroutine RRLOAD calculates shears and moments at tenth points due 

to Cooper's E-loading. 

Subroutine SPCL calculates shears and moments at tenth points due 

to H-20 or H-15 live loading. 
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Subroutine: CONLD 

Definition of Terms: 

BMM(I) 

BMMA(I) 

BMW(M) 

CCD(I) 

CCP(I) 

LW 

SUBM 

SUBW 

Vl 

V2 

V(I) 

VMA(I) 

VM(M) 

- temporary maximum value of bending moment at Ith 
inspection point due to live load (in.-lbs) 

- stored maximum value of bending moment at Ith 
inspection point due to live load (in.-lbs) 

- bending moment at a given inspection point as wheel M 
approaches it (in.-lbs) 

- distance between concentrated live load I and CCP(l) (ft) 

- concentrated live load I (lbs) 

- last wheel in live load configuration 

- temporary summation of moments (in.-lbs) 

- temporary summation of weights (lbs) 

- temporary value of shear (lbs) 

- temporary value of shear (lbs) 

- temporary maximum value of shear at Ith inspection 
point due to live load (lbs) 

d . 1 f h Ith . . i t - store max1mum va ue o s ear at 1nspect1on po n 
due to live load (lbs) 

shear at a given inspection point as wheel M approaches 
it (lbs) 
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LWl•LW+l 

LW2•LW+2 

l,IST•XDIST(L) 

CH•CCD(Hl 

N•O 

N•N+l 

CDIST•CM<CD(N) 
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Nl•N 

SPMD-SPAHL-DIST 

N•M-1 

YES 

YES 

NN•N-1 

CN•CCD(Nl) 

SUMWC•O·O 

SUMLD=O.O 

SUMWC•SUMWC+( CCD(N) -eN) *CCP (N) 

SUMLD-SUMLD+CCP (N) 

CBAR•SUHIIC/SUMLD+DIST-CDIST 

SUBH•O .0 

SUBW•O .0 

REACTN•(l,O- (CBAR/SPANL)*SUMI.t 

SUBM- ( CM-CCD(N) ) *CCP (N)+SUBM 

SUBW•SUBW+CCP (N) 



Vl•ABS(REACTN-SUMM) 

V 2•ABS (REACTN-Sm!M-CCP (M) 

~!(M)~AMAXl(Vl, V2) 

YES 

!MW(M) =DIST*REACTN*l2, 0-SUBM*l2. 0 

VMAX•O 

BMAX=O 

!MAX=AMAXl(IMAX, !MW(M)) 

VMAX•AMAXl(VMAX, VM(M)) 

V(L)•VMAX 

!lfoi(L)•!MAX 

iMMA(I)•AMAXl(J!ti(I) ,IMM(l2-I)) 

VMA(I)•AMAXl(V(I), V(l2-I)) 

3 
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BMMA(l2)•AMAX1 (BMM(l2) ,BMM(l3)) 

BMMA(l3) =BMMA(l2) 

BMMA(l4) =AMAXl (BMM(l4) BMM(l5)) 

BMMA(l5)=BMMA(l4) 

VMA(l2)•AMAXl(V(l2), V(l3)) 

VMA(l3)•VMA(l2) 

VMA(l4)•AMAXl(V(l4), V(l5)) 

VMA(l5)•VMA(l4) 



Subroutine: JMLOAD 

Definition of Terms: 

BM 

BMHS(I) 

B~ 

CBAR 

C(I) 

DFSTW 

DLSTW 

KACE 

- temporary summation for bending moment (in.-lbs) 

- stored maximum value for bending moment due to HS-20 
loading at rth inspection point (in.-lbs) 

- temporary value for bending moment (in.-lbs) 

- distance between left reaction and center of gravity of 
loads applied to beam (ft) 

- distance between Ith axle and first axle 

SPAN/2.0 

- temporary distance between left reaction and first axle 
load on span for a given position of configuration (ft) 

- temporary distance between left reaction and last axle 
load on span for a given position of configuration (ft) 

- a constant which denotes the arrangement of an HS-20 
loading configuration on the span 

KACE describes the loading situation used to obtain either a maximum 
shear or a maximum bending moment at an inspection point. 

KACE 

KACE 

KACE 

KACE 

KACE 

- 1 truck direction right to left 
place middle wheel at inspection point 

- 2 truck direction right to left 
first wheel is off beam, second wheel is at 
inspection point 

- 3 truck direction left to right 
first two wheels are on span and second wheel is 
at inspection point 

- 4 span is too short for more than one axle (heavy) 
which is at inspection point 

- 5 truck direction right to left 
third wheel is at inspection point 

84 



KACE - 6 truck direction right:.to left 

PT 

REACTN 

SUMLD 

SUMW 

SUMWC 

VHS(I) 

first wheel is off span, third wheel is at 
inspection point 

- distance on beam used to check for maximum bending 
moment (ft) 

- reaction at left end of beam due to HS-20 live loads 

- the sum of the weights of the axles 

- temporary summation of weights on beam (lbs) 

- the sum of the products of the axles and their moment 
arms where the arm is the distance between the axle 
and the first axle on the span 

- stored maximum value for shear due to HS-20 loading 
at rth inspection point (lbs) 
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PT•CL 

REACTII•O. 4 

Bf!~REACTN*PT*480000 

PT•CL-3. 5 

CBAR~CL+3.5 

REACTN• (1-CBAR/SPANL) *1. 6 

BM•REACTN*PT*480000 

PT•14. 

CBAR•l8.061 

YES 

YES 
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REACTN• (1-CBAR/SPANL)*1. 8 

BMW(M)•O.O 

SUMWC•O.O 

SUMLD-0.0 

GO TO ( ) ,M 

DFSTW•DIST-C (2) 

DLSTW•DFSTII+C (3) 

SUMLD-1.8 

SUIIWC•33.6 

YES 



DFSTW•DIST 

DLSTW•DFSTW+l4, 

KACE=3 

SUMLIJ-1.0 

SUMWC•ll.2 

SUMLD-0.8 

SUMWC•O.O 

KACE•S 

DFSTW•DIST-21.0 

YES 

YES 
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YES 

CBAR•SUMWC/SUML!)f-DFSTW 

Rl!ACTN• (l, 0-CBAR/SPANL) *SUMLD 

BWM(M) • (DIST*REACTN-BMPRIM (KACE) 

*TOTTLD 

BM-AMAXl(BMW(2) ,BMW(3)) 

BMIIS (LD)•BM*l2, 

DFSTW•DIST 

DLSTW•DFSTW+C ( 3) 

YES 

CBAR•DIST+9, 33 

REACTN-(1.0-CBAR/SPANL)*l.B 

YES 

CIIM•DIST+7.0 

IEACTN•(l,Q-CJI.U/SPANL)*l.6 



REACTN= (1. 0-DIST/SPANL) *0. 8 

VHS (LD)=AMAXl (V(LD), V(l2-LD)) 

BMHS(LD)=AMAXl(BMHS(LD) ,BMHS (12-LD)) 

BMIIS (L) •AMAX1 (BMHS (L) , BMIIS (12-L) 

BMHS (5) •BMIIS ( 4) 

BMHS(6)=ULTM 



Subroutine: RRLOAD 

Definition of Terms: 

BM 

BMLL 

BMMA(I) 

BMMAX 

C(M) 

DFSTW 

DISTWU 

DSTRN 

FRACT 

IC 

JLM 

REACTN 

SUMLD 

SUMWC 

TOTTLD 

v 

VMA(I) 

VMAX 

- temporary summation for bending moment (in.-lbs) 

- temporary value for bending moment (in.-lbs) 

- stored maximum value for bending moment at I th 

inspection point due to railroad loading (in.-lbs) 

- temporary maximum bending moment (in.-lbs) 

- distance between wheel M and wheel 1 C(l) = 0.0 

- temporary distance between left reaction and first 
axle load on span for a given position of configuration (ft) 

- length of uniform live load on span (ft) 

- total length of live load configuration on span (ft) 

- live load distribution factor 
FRACT = 1.35 - (SPAN2)/50,000 

- counter denotes number of first wheel on span 

- counter denotes number of last wheel on span 

- reaction at left end of beam (lbs) 

- the sum of the weights of the wheel loads (lbs) 

- the sum of the products of the wheel loads and their 
moment arms where the arm is the distance between the 
wheel load and the first wheel load on the span 

- for Cooper's E-40 loading TOTTLD = 40 
Cooper's E-72 loading TOTTLD = 72 

- live load shear (lbs) 

- stored maximum value for shear at th I inspection 
points (lbs) 

- temporary maximum shear (lbs) 
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VSUB - temporary summation of shears (lbs) 

W(M) - weight of wheel M (lbs) 

WU - uniform liveload for Cooper's E loading (lbs/ft) 

XDIST(M) - fraction of span length (ft) for M = 1,11 
M-1 XDIST(M) = ( lO) x SPANL 

M = 12,15 
M = 12,13 · XDIST(M) = distance from the support 

to a quarter point (ft) 
M = 14,15 XDIST(M) = distance from the support 

to a hold-down position (ft) 
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SPAN•SPANL 

TOTLLDcRROAD 

FRACT=l. 35-(SPANL*SPANL) /50000. 

BMMAX•O.O 

VMAX•O.O 

DIST•XDIST(LD) 

SUMWC•O.O 

SUMLD=O.O 

BM•O.O 

DFSTW=DIST-C(M) 

IC•l 

CN•CU 

DISTWU•DSTRN-CN 

YES 

SUMWC• (SPAN-DISTWU/2. 0) *WU*DISTWU 

JLM=lB 

SUMLD•DISTW\'*I.'U 
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YES 

SUMLD•SUMLD+W(N) 

SUMWC• SUMWC+(DFSTW+C(N)-C(IC) )*W(N) 

CBAR=SUMWC/SUMLD 

REACTN= ( 1. 0-CBAR/ SPAN) *SUMLD 

JFW•JL 

CM•C(M)-C(JL) 

IC•JFW 

DFSTW•DlST-CM. 

CN•CU-C(IC) 

YES 



BMLL=(BM-DIST*REACTN)*TOTLLD*12. 

VSUB=O.O 

.V=(REACTN-VSUB)*TOTLLD 

REACTN•REACTN*TOTLLD 

CALL MACKS(BMMAX,VMAX,M,V ,BMLL, 
REACTN ,MBM, MVM) 

YES 

VMA(LD}=VMAX*lOOO.OO*FRACT/5. 

BMMA(LD)•BMMAX*lOOO.OO*FRACT/5. 
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Subroutine: SPCL 

Definition of Terms: 

BMSP(I) 

CBAR 

CG 

DFSTW 

DLSTW 

HSPAN 

VSP(I) 

- stored maximum value of bending moment at Ith 
inspection point for H-20 or H-15 loading (in.-lbs) 

- distance between left reaction and center of gravity 
of loads applied to beam (ft) 

- constant dimension for a given load type distance 
between first wheel load and centroid of mass for 
that configuration 

- temporary distance between left reaction and first 
axle load on span for a given position of configuration (ft) 

- temporary distance between left reaction and last axle 
load on span for a given position of configuration (ft) 

- span length divided by two (ft) 

- stored max value of shear at Ith inspection point 
for H-20 or H-15 loading (lbs) 
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DIST=XDIST(LD) 

DLSTW= DI STWB (LTYPE) 

CBAR=D IST+CG (L TYPE) 

REACT~=(l, 0-CBAR/ SPA."IL)+WT (LTYPE) 

BMSP (LIJ) =DIST*REACTN*l 20()0. 

YES 

REACTK' (1.0-DIST/SPANL,*HW(LTYPE) 

BMSP(LD) =REACTN*DIST*l2000 

YES 
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CRAR=DI ST+CG (L TYPE) 

REACTN= ( 1. 0-CBAR/SPANL) *WT (LTYPE) 

REACTN= ( 1.0-DIST/SPANL)*HW.(LTYPE) 

VSP(LD)•AMAXl (V(LD) ,ABS (V(l2-LD)) 1 

VSP(l2)=V(l2) 

VSP(l3)=\'SP(l2) 

VSP(I~)·V(I~) 

VSI'(l5)•VSI'(I~) 



Subroutine: TYPELD 

A summary of steps for subroutine TYPELD is: 

a. Calculate the live load impact factor. 

b. Call the subroutine(s) to determine live load shears and moments. 

c. Apply the impact and distribution factors. 

Definition of Terms: 

DFACT 

FRACT 

LTYPE 

TOTTLD 

- live load distribution factor 
DFACT • BSPAC/11.0 

- fraction of impact for highway loads with a maximum of 30% 

FRACT • SO 
Span Length + 125 

- designates type of load 

• 1 HS-20 

• 2 H-20 

• 3 H-15 

• 4 Cooper's Loading 

- Designation of total weight of truck load; for 
HS-20 total load = 40k x axle fraction (axle fr. = 1.8) 
H-20 total load = 40k x axle fraction (axle fr. = 1.0) 
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BMMA(L)•AMAXl(BMHS(L), 
BHLL(L) ,BMSP(L) )* 
FRACT*DFACT 

\'>IA(L)•AMA.Xl(VIIS(L), VLL(L), 
VSP (L)) *FRACT*DFACT 

96 

BMMA(L)•AMAXl(BMSP(L), 
BMLL(L) )*FPACT*DFACT 

VMA(L)•AMAXl(VSP(L), VLL(L) )* 
FRACT*DFACT 

BMMA(I)•BMMA(I)* 
FRACT*DFACT 

VMA(I) •VMA( 1) *FRACT*DFACT 

1021----.. ... 



Subroutine: LANELD 

A summary of steps for subroutine LANELD is: 

a. Calculate concentrated and uniformly distributed loads 

b. Calculate shears and moments at tenth points 

c. Select maximum shears and moments by choosing the larger of 1st 

and 9th tenth points, 2nd and 8th tenth points, ••. etc. 

Definition of Terms: 

BM(LD) - bending moment due to uniformly distributed load plus the 
concentrated load for moment (in.-lbs) 

BMLL(LD) - live load bending moment (in.-lbs) 

CONCLM - concentrated load for moment (lbs) 

CONCLV - concentrated load for shear (lbs) 

DIST - distance from left reaction to inspection point (ft) 

REACTM - reaction due to uniformly distributed load plus the 
concentrated load for moment (lbs) 

REACTV - reaction due to uniformly distributed load plus the 
concentrated load for shear((lbs) 

V(LD) - shear due to uniformly distributed load plus the 
concentrated load for shear (lbs) 

VLL(LD) - live load shear (lbs) 

W - uniformly distributed load (lb/ft) 
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CONCLV=0.6S*TOTTLD 

CONCLM=0.4S*TOTTLD 

W=O.Ol6*TOTTLD 

DIST=XDIST(LD) 

REACTV=O.S*W*SPANL+(l.O-DIST/SPANL)* 
CONCLV 

REACTM=O.S*W*SPANL+(l.O-DIST/SPANL)* 
CONCLM 

V(LD)=REACTV-W*DIST 

BM(LD)=DIST*(REACTM~W*DIST*O.S)*l2. 

BMLL(LD)=BM(LD) 

VLL(LD)=V(LD) 

VLL(LD)=AMAXl(V(LD),V(l2-LD)) 

BMLL(LD)=AMAXl(BM(LD),BM(l2-LD)) 

RETURN 
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Subroutine: STRMOD 

A summary of steps for subroutine STRMOD is: 

a. Determine whether or not all rows have the same number of 

strands. If so create another row with two strands from the 

top row. 

b. Should there be only two rows and the bottom row has two more 

strands than the top row, create a third row with two strands 

from the bottom row. Should the number of strands in the 

bottom row exceed the number in the top row by more than two, 

move two strands from the botto'm row to the top row. 

c. Should there be more than two rows, determine the highest row 

from the bottom of the beam that has more strands than the top 

row and create a new row with two strands from that row. 

Definition of Terms: 
I 

ECAL - distance between bottom of beam and cgs of strands 

N - counter 

ROW! number of strands in row number 1 

ROWNR number of strands in last row 

Sl - temporary sum number of strands 

S2 -temporary sum of strand areas timffitheir moment arms 
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RoW(NROW)"'RO\o.'NR-2. 

NROW•NROW+ 1 

RIJW(NROW)•2 

ROW(N)• ROW(N)-2 

RU\I(NROW) •2 

YES 

100 

NROW•3 

ROW(l)•ROW(l)-2 

ROW(3)•2 

ROW(l)•ROW(l)-2 

ROW(2)•ROW(2)+2 

S2•ROW(JR)* (2. 0+( (JR-1)* 
SPACE))+S2 

Sl•ROW(JR)+Sl 



Subroutine: MACKS 

Subroutine MACKS determines maximum shears and bending moments 

for RRLOAD. 

Definition of Terms: 

BH 

B:MLL 

B"MMAX 

v 

VEE 

VHAX 

- absolute value of bending moment (in.-lbs) 

- live load moment (in.-lbs) 

- maximum bending moment (in.-lbs) 

- live load shear (lbs) 

- absolute value of shear (lbs) 

- maximum shear (lbs) 
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BM=ABS(BMLL) 

VEE=ABS(V) 

BMMAX=BM 

VMAX=VEE 
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YES 

YES 



Subroutine: CAMBER 

A summary of steps for subroutine CAMBER is: 

a. Define values for hyperbolic functions. 

b. Calculate the release force. 

c. Calculate the predicted initial prestress loss. 

d. Calculate the predicted infinite prestress loss. 

e. Calculate the predicted maximum camber. 

Definition of Terms: 

ACR - unit creep at time infinity (in./in./psi) 

ASH - shrinkage at time infinity (in./in.) 

AST ~total area of prestressing strands (in. 2) 

BCR - time at which one-half ACR is reached (days) 

BSH - time at which one-half ASH is reached (days) 

C4 - deflection due to weight of beam (in.) 

CCONST - constant equal to 1/EI (1/lb-in. 2) 

CI - camber at release (in.) 

Cil+CI2+CI3 - deflection due to initial prestress equal to the 
moment of the area of the M/EI diagram about the 
support (in.) 

CMAS - total camber (in.) 

CONST -constant used to evaluate FCSO (l/in. 2) 

DFCS, DFCSl - charige in stress due to a change in strain (psi) 

DLM - moment at midspan due to weight of beam (lb-in.) 

FGSO - stress in concrete just after .release (psi) 

FR - total prestressing force just after release (lbs) 

HSPAN - one-half span length (ft) 

PLI - initial prestress loss (%) 
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PLINF - time dependent prestress loss (%) 

PLMAX - total prestress loss (%) 

RN - ratio of steel modulus to concrete modulus 

STRAIN - strain in concrete at release (in./in.) 

STRNl, STRN2, STRN4, - steps to arrive at the strain in concrete 
STRNS, STRN6, STRN7 after losses due to creep plus shrinkage 

TEMP - constant used to evaluate FR 

W - weight of beam (lb/ft) 
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c START ) 

' ASH•O .000325 

BSH•10. 

ACRR•O .000225 

BCR=15. 

ACR•ACRR*, 001 

l 
RN•ES/EC 

AST•ASTRN*STRNS 

11-UWB*AREA/144 

DLM-(W*SPANL 
2

/8)"'12 

TEMP=1*(RN*AST /AREA)+ 
(RN*AST*ECCL2/IB) 

FR•FO/TEMP+(DLM*ECCL*RN*AST/ 
(IB*TEMP)) 

r PLI=((FO-FR)/F0)*100 1 

1 
CONST•1. / AREA+ECCL 

2 I IB 

FCSD-FR*CONST-(DLM*ECCL/IB) 

STRN1•ACR*FCSO+ASH 

STRN2•STRN1-STRN1*RN*AST*~ONST 

DFCS•STRN2*ES*AST*CONST*l0
6 

STRN4•AC!\* (FCQ-DFCS/2, )+ASH 

STRN5•STRN4-STRN4*RN*AST*CONST 

DFCS1•STRN5*ES*AST*CONST*10
6 

STRN6•ACR* (FCS0-DFCS1/2, )+ASH 

STRN7•STRN6-STRN6*RN*AST*CONST 

PLINF•(STRN7*ES*AST*l0
6 

/FO) *100. 

PLMAX•PLINF+PLI 

CCONST-1, / (EC*IB*10
6

) 

HSPAN•SPANL/ 2. 

Cil•CCONST*FR*ENDECC*HSPAN
2
*0, 5* 144. 

CI2•CCONST*FR* (ECCL-ENDECC)* (HSPAN-HDPT) 

*0. 5*0. 6 7* (HSPAN-HDPT) *144, 

CI3•CCONST*FR* (ECCL-ENDECC) *HDPT 

* (HSPAN-HDPT/2. )*144. 

CI4•CCONST*(5./384.) *W*SPANL 
4•12~ 

CI•Cil +CI2+CI3-GI4 

STRAIN•FCSO/ (EC*1()~) 

CMAX-GI* (ACR*(FCSQ-(DFCS/ .a.H 

+STRAIN) /STRAIN)* ( .-(PLINF /100.)) 

' RETURN ) 
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Subroutine SHEAR 

A summary of steps for subroutine SHEAR is: 

a. Apply load factors by 1965 AASHO to dead and live loads at 

the tenth points. 

b. Define the distances from extreme compressive fiber to cen­

troid of prestressing steel at the tenth points. 

c. Define the cosine of the angle between the cgs and a hori­

zontal plane through the end eccentricity position, ratio of 

distance between centroid of compression and centroid of 

tension to the depth d, and shear carried by concrete. 

d. Define the vertical component of prestressing force. 

e. Calculate the spacing of web reinforcement at the tenth points. 

f. Calculate values for design of horizontal shear connections at 

the tenth points. 

g. Repeat steps a,, b, c, d, and e using quarter points instead 

of tenth points. 

h. Apply load factors by 1963 ACI at the tenth points. 

i. Calculate the distance between the cgc and cgs at the tenth points. 

j. Define distance from extreme compressive fiber to centroid of 

prestressing steel, compressive stress in concrete due to pre­

stress only, after all losses, stress due to dead load, net 

flexural cracking moment, and vertical component of prestress 

at the tenth points. 

k. Define at the tenth points the shear that corresponds to the 

minimum web reinforcement; shear at diagonal cracking due to 

all loads, when such cracking is the result of combined shear 

and moment; shear at diagonal cracking due to all loads, when 
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such cracking is the result of excessive principal tension 

stresses in the web; and the minimum shear at diagonal cracking 

due to all loads, when such cracking is the result of combined 

shear and moment. 

1. Calculate the spacing of web reinforcement at the tenth points. 

Definition of Terms: 

ACI 

AS 

AV 

A~Q 

CTHETA 

DD 

DDQ 

DM 

E 

FD 

FPCC 

FPE 

HSPAN 

MCR 

MU 

- web reinforcement spacing (in.) 

-total area of prestressing steel (in. 2) 

-area of web reinforcement (in. 2) 

2 - minimum area of web reinforcement permitted (in. ) 

2 - minimum area at the quarter point (in. ) 

- cosine of the angle 8 (see diagram for 8) 

distance from extreme compressive fiber to centroid of the 
prestressing force (in.) 

- DD at the quarter point (in.) 

- depth of member (in.) 

vertical distance between eccentricity at the end of the 
beam and the cgs (in.) 

- stress due to dead load, at the extreme fiber of a section 
at which tension stresses are caused by applied loads (psi) 

- compressive stress in the concrete after all prestress 
losses have occurred, at the centroid of the cross section 
resisting the applied loads (psi) 

- compressive stress in concrete due to prestress only, after 
all losses, at the extreme fiber of a section at which 
tension stresses are caused by applied loads (psi) 

- one half the span length (ft) 

- net flexural cracking moment (in.-lb) 

- ultimate moment (in.-lbs) 
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MUVU 

PHIVC 

PHIVCI 

PHIVCW 

PHIVPU 

Q 

QMU 

RJ 

RJQ 

s 

SG 

SGQ 

SMAX 

SQ 

STHETA 

TTHETA 

vc 

VCG 

VCGQ 

VCI 

VCU1 

VC\v 

VCQ 

- ratio of bending moment to shear 

- lesser of PHIVCI or PHIVCW 

- ~ factor times VCI 

- ~ factor times VCW 

- ~ factor times VPU 

- static moment of cross section area, above or below the 
level investigated for shear, about the centroid 

- ultimate moment at quarter point (in.-lbs) 

- ratio of distance between centroid of compression 
and centroid of tension to the depth DD 

- RJ at the quarter point 

- spacing of web reinforcement (in.) 

limit maximum spacing to .75 times DM 

- SG at quarter point 

- maximum spacing allowed when stirrups are used as 
vertical ties (in.) 

- S at the quarter point 

~ sine of angle 8 

tangent of angle 8 

- shear carried by concrete (psi) 

- maximum for VC 

- maximum for VC at the quarter point 

- shear at diagonal cracking due to all loads when such 
cracking is the result of combined shear and moment (lbs) 

- ~ times minimum VCI allowed 

- shear force at diagonal cracking due to all loads, 
when such cracking is the result of excessive 
principal stresses in the web (lbs) 

- VC at the quarter point (psi) 
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VP 

VPR 

VPU 

vs 

vu 

V~T 

VUQ 

VUVPU 

X 

XD 

XDD 

- vertical component of the effective prestress force 
at section considered (lbs) 

- vertical component of the prestressing force (lbs) 

- shear resisting ability that corresponds to a minimum 
amount of web reinforcement (lbs) 

- shear at the connections of slab and beam (bond stress) 

- shear due to ultimate load and effect of prestressing (lbs) 

- ultimate shear (1.5 DL + 1.8 DL) (lbs) 

- V at the quarter point (lbs) 
u 

- ultimate shear minus the shear resisting ability of 
the minimum web reinforcement (lbs) 

- incremental length along beam (ft) 

- distance from extreme compression fiber to centroid 
of the prestressing tendons (in.) 

- effective depth at section of maximum moment (in.) 
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AVmO, 20 

SPAm-•12, O*SPANL 

HDPT=12.0*HDPT 

Q:Efh'*TS* (TS*O. S+YTC) 

DM:=D+TS 

Xl= ( (SPA.'IL/2o0)-HDPT)/ (SPANL/10o 0) 

X2= (SPA.~L/2 o O)+HDPT(/ (SPANL/ 10 o 0)+ 1o 0 

N2=X2+1 

ITHETAc (ECCL-E!'lDECC) I (SPANL/2. 0-HDPT) 

DO (1) -YT+ENDECC 

DD (l) •DD( l-1 )+(SPANL/ 10o 0) *TTHETA 

CTHETA• ( (SPANL/ 2o 0-HDPT) /SQRT ( (ECCL 

-ENDECC) **2+(SPANL/ 2 o 0-HDPT) **2) 

CTHETA• ( (SPANL/2 o 0) -HDPT) /SQRT(ECCL 

-ENDECC) **2+(SPANL/2 o O-HDPT)**2 

RJ(I)=BMSUM(I)/ (P*CTHETA*DD(I)) 

VC (I) •0 o 06*FPC*BP*RJ {I) *DD (I) 

VCG(I)•180 o*BP*RJ (I)*DD(I) 

STHETA•SQRT(l-CTHETA**2) 

VPR(I)•P*STHETA 

S(J)=AV*4 oO*FPY*RJ(J)*DD(J)/ (VU{J) 
-VPR{J)-VC(J)) 

SGmO, 75*DM 
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VS(I)•(l.5*VDL(I)+2, 5*VMA(I) 

-VPR(I) '/<Q/ (INA*WTF) 

QMU•BMSUM(l2) 

VUQ• (1, 5*VDL (12)+2, 5*VMA(l2) )-VPR(2) 

111 

RJQ•QMU/ (P*CTHETA*DDQ) 

VCQ=O. 061t FPC*BP*RJQ*DDQ 

VCGQ,.l80. O*BP*RJQ*DDQ 

SQ•AV*4 .O*FPY*RJQ*DDQ/ (VUQ-VCQ) 

SGQ•O. 75*DH 

/SQRT( (ECCL-ENDECC) **2+ 

+(SPANL/2 .O-liDPT)**2 
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x-o. 

XDD'!"YT+ECCL 

AS•ASTRN*STRNS 

FPCC•P /AREA 

HSPAN•SPANL/2. 

VULT(I}•l. 5* (VDL( I}+VNCDL (I) )+1. B*VMA(I) 

MUVU (I)•BMSUM(I) /VSUM(I) 

E(I)• (ECCL-ENDECC) •X/ (HSPAN-HDPT) 

XD(I)•YT+E (I)+ENDECC 

FPE (I}•P / AREA+P*YB*E (I) /IB 

FD (I) =BMBM( I}*YB/IB 

MCR(I)=(IB/YB)*((7 .S*SQRT(FPC)) 
+FPE(I)-FD(I)) 

VP(I)=P*STHETA 

VPU( I)• (AS/80. )*FPS*SQRT(XD (I) /BP) 

PH IVPU (I) •0. 85*VPU (I) 

VCI (I)•O.b*BP*xn(I)*SQRT(FPC) 

E(I)• (ECCL-ENDECC)* 

( (SPANL-X) I (HSPAN-HDPT)) 

+MCR(I) /MUVU(I)-XD(I) /2 .+VOL (I) 



HIVCI (I)•0.85*VC1 (I) 

CIH(I)•0.85*1. 7*BP""XD 

(I)*SQRT(FPC) 

VC'ol(I)=BP*XD (I)* (J. 5""SQRT (FPC)+O. 3*FPCC) 

+VP(I) 

PHIVCW(I)•O, 85*VCW(I) 

VUVPU(l)•VULT(I)-PHIVPU(I) 

ACI•2, *AV*BO. *FPY*XDD/ (AS*FPS*SQRT(XDD/ 
BP)} 
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Subroutine: CHANGE 

Subroutine CHANGE converts units of deflections, moments, 

shears, and ultimate strand strength from kips and feet to pounds 

and inches. This conversion is necessary when a problem is repeated 

draping three strands in the web instead of two. 

Definition of Terms: 

BMDL(I) - strand value for bending moment at Ith inspection point 
due to composite dead loads 

B}fl1A(I) - stored maximum value for bending moment at Ith inspection 
point due to railroad loading 

UM( ) d 1 f b d . 1th . . . BMS I - store va ue or en 1ng moment at 1nspect1on po1nt 
due to all loads 

DEFKl - deflection at 1/4 span due to slab weight 

DEFK2 - deflection at 1/2 span due to slab weight 

DEFL12 - deflection at 1/2 span due to diaphragms 

DEFL14 - deflection at 1/4 span due to diaphragms 

DNCDLl - deflection at 1/4 span due to noncomposite dea~ load 

DNCDL2 - deflection at 1/2 span due to noncomposite dead load 

FPS - ultimate strength of prestressing strand 
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FPS=FPS*1000. 

DEFK1=DEFK1*12. 

DEFK2=DEFK2*12. 

DEFL12=DEFL12*12. 

DEFL14=DEFL14*12. 

DNCDL1=DNCDL1*12. 

DNCDL2=DNCDL2~12 

BMDL(I)=BMDL(I)*12000. 

BMMA(I)=BMMA(I)*12000. 

BMSUM(I)=BMSUM(I)*12000. 

VDL(I)=VDL(I)*1000. 

VMA(I)=VMA(I)*1000. 

VSUM(I)=VSUM(I)*1000. 

RETURN 
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APPENDIX B 

FORTRAN IV, Program Listing 

The listing that follows is as used by the Bridge Division, 

Texas Highway Department 
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FQi:I:TKA'\1. lV G LEVEL 18 MAIN DATE 70341 22135/22 

0001 
t002 

0003 
0004 

ooc:. 
0006 
0007 

.JJ.J'7 
0010 

11011 
0012 
0013 
0)14 
0015 
0010 
0017 

OiH2 

0019 
ooze 
0021 

0022 

0023 
0024 
002~ 

0026 
0027 
0026 
0029 
0030 
0031 
00 32 
0033 
0034 
0035 

REAL IB 1 1Bl,INA,NCOL 1 ~NCOL,MS,IBSL 
CGHMON/KI I ASL, I B Sl, INA, YTC, YBC, YTCSL i ZT SL, Y BCSL, ZBSL, A~ EAC, ECCL, 

1 ENOf.IAX, TEN I Nt SPANL, BSP AC, STYPE, TS, EFW , UWB, UWS, EC, ECSL, ESt .ASTRN 1 

2F PS, NCOL, l TB1 Z 88, YT, AREA, O, I B, l 8BC, STRNS, ECAL, YB, l TBCt WTF, BP, AV 
3, FPY t l TYPE t KASE, KOOE 1 RROAD, SF PC t OF ACT, DI A 

CCHHON/TJI1/ S,WO,C,ErA 
COMMON/ll/BEAMI lli,AR 1111, YBllllJ, YTlllli,Olllllo IBll 11 J,~TFlllllo 
!BPRI~EI 111 0 HHI Ill 

CCMMON/BNS/ BNSTO . 
CCHMON/MM/ROWI20) ,NROW t SROWI 20 J t SPACE, IW, OROW I 20 I 
COMMON/ELL /BMNOl 1 BHN02 ,WORDS I 40 It SMBOL 1, SMBOL2, SPAN!, SPANZ, 

1DESCRI 171 
COMMON/CONC/ C NC PI 10 I, CNCD 110 I, CCP I 10 I oCCD 1101, SC ~CP I 10 I, SCNCDI 101 
COMMON /FYB/KGR 10, NSTRNS, ENDECC 1 1 WCH 
COMMON/ JWM/ VHA I 20 I, VOLI20 ), XDI S Tll5 I oOEFK2, OEFL12 0 QEFK1 0 DEFL14, 

1DNCOL2 0 DNCOL1 
DIMENSION CHRCTRI51 
DIMENSION ICARDI2ol 
DIMENSION DIAll61,SAREAllbloSAREA2151 
DATA OIAl/ 1 3/8 1

1
1 3/8 'r'7/l6 1 r 1 1/2'r'l/2 •,•q/1~ 1 / 

OAT A SAREA 1/0.085, 0. 085 ,a .116, 0.154,0. 154, 0. 193/ 
DATA SAREAZ/0.080 1 O.OBO,Q.109,0.144,0.144/ 
OAT A BLANKA, AS LANK, BLANKS, BBLANK, BLANKC, CBLANK, BLANKV, VBLANK/ 1 A 1 , 

1'A '•' a•,•s '•' c•,•c '•' v•,•v •t 
DATA CHRCTR/'HS-2 1 , 1 H-2't'H -2'r' H-l'r'H -1 1 / 

CALL I NPUTl 
CALL REREAD MAIN 25 

11 R EAO ( 5 t 2, E N0=3331 BTYPE t SPIINL t BSPAC t T S r SHBOll, Sr.tBOL2, RROAOt 
1 SPAN1, SPANZ, BHNOl, 6MN02 1 I OPUT 

2 FOKMAT ( ZX, A2 r 2X, F5 .z 1 2 ( 2X, F4 .21, 2XrA4, Alr 2Xr F3.0r4X, A4tAl t 2XrA4, 
1Al,2X,IU 

12 IF I BTVPE. E Q. BLANKA.OR. BTYPE. EQ.ABLANKI BTYPE=ABLANK 
IF I BTVPE. EQ. BLANKB.OR. BTYPE. EQ. BBLANKI BTYPE=BBLAN< 
IF I B TYPE. E Q. BLANKC. OR. BTYPE. EQ. CBLANK I BTYPE=CBLANK 
IF I BTYPE. E Q. BLANK V. OR. BTYPE. EQ. VBLANK I BTYPE=VBLANK 
IFIBTYPE.NE.BNSTOIGO TO 90 

22 READI5o31NTYPE,IICARO(II,I=l,261 
3 FORMAT I 12 0 26A31 

GO TO C10r20r30r40r4UrNTYPE 
GO TO 90 

10 REAO(q9,4) IB,AREA,O,YB,YT,B,WO,CrErAtH.IW 
4 FORMAT (4X, FS. 2 ,2X 1F6 .2 , 2X, F5 .2, 71 2X,F4. 2 I, 2X, F4.2, 2X 1 I 11 
6 FORMATI3X,lOI 1XoF5.2ll 

GO TO 22 

FORTI\A~ IV G lEVEl 18 MAIN DATE = 70341 22135/22 

0030 
003 7 
0038 
003q 
0040 
0041 
0042 
0043 
OQ't4 

0045 
11046 
0047 
0046 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
OOSb 
0057 
0058 
005'1 
OOoO 
0061 
0062 
oo., 
0004 
0065 
OOot­
OUt> 7 
l.h)c-t' 
lllle-..: 
OlHO 
0071 
lhl1 ~ 
Ull1' 
~1 ,) 7 
~1J i 
OJ7 
JJ7 
CV? 
cJ' 

20 REAOI99r51 DIA ,FPS,UWB,UWS ,SFPC,EC,ECSL,ESrEFW,"CDLtDFACT 
5 FORMAT 14Xt A4 t3X, F5. 2t 2 ( ZX, F5.21, 2X t F6. 2t 5( 2X, F4. ZIt 2X,F5. 3) 

FPS=FPS*lOOO. 
FPY = 40000.0 
GO TO 22 

30 READI99,6liCNCPI!Iol=l,lDI 
READ I 5o6l I CNCDI I I ,I= lolOI 
DO 50 1=1,10 
IFICNCPIII.EQ.D.Ol GO TO bO 

50 CONTINUE 
60 NCL=I-1 

DO 70 1=1.10 
IF ICNCDI II.EQ.O.OI GO TO 80 

70 CONTINUE 
80 NCD=I-1 

IFINCL.EQ.NCDI GO TO 22 
wRITEI6o81 

8 FORMAT(T30 0 'ERROR IN CONCENTRATED LOAD INPUT' I 
GO TO 500 

40 READI99o61 ISCNCPIII.!=l,!OI 
READI5,6l CSCNCDIIJ,I=l,lOI 
DO 121 I=lolO 
IFISCNCPIII.EQ.O.OI GO TO 122 

121 CONTINUE 
122 NSP = 1-1 

DO 123 l=lolO 
IFISCNCJIII.EQ.O.OI GO TO I24 

123 CO~TINUE 
124 NSD = I-1 

IFINSP.EQ.NSDI GO TO 19 
WRITEt6r81 
C.O TO 500 

41 Rl:-Aft(~q,t>)ICCP(ll 1 1'"ltl01 
REAf\l'>,tJIICC:D(l),l::\,101 
DO lb1 l"'lrlO 
lf(l.CPtlt.EIJ.O.O) Gll Tll lHl 

lZO C!1NTI NUE 
130 NL=I-I 

('10 l"i' I ::1,10 
tFlNL.f~.NOI GO TO lq 
IFICCDI!l.EQ.O.OI GO TO 150 

140 CONTINUE 
150 NO = I 

IFICC)tli.E.J.O.DI GO TO 19 
~~ITEC6,81 

500 READ( 5 93, END=333) NTYPE tl CARl) 
GO Ta C500,5oo,soo,5oo,5oOJ,,.HYPE 
Fl. EAO I 5, 2, END=3 33) BTYPE, SPANL, BSPAC, TS, Sfi480L 1, S"'BOL2, RA.OAOt 
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0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 

0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
Oll'J 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 

lSPAN1,SPAN2o8MNOloBMND2,IOPUT 
GO TO 12 

19 CONTINUE 
l TYPE=O 
DO 600 IN = 1,6 
IFIDIA.EQ.DIA111Nll GO TO 601 

600 CONTINUE 
601 CONTINUE 

IFIFPS.EQ.270000.l GO TO 602 
IF IIN.EQ.61 WRITEI6,6041 
ASTRN = SAREA21INl 
GO TO 603 

602 ASTRN = SAREAliiNI 
603 CONTINUE . . 
604 FORMATI1Hl,/////,T25,'THE REQUESTED 9/16 IN 250K STRAND IS NOT•, 

1 1 AVAILABLE'I 
GO TO 21 

90 CALL INOATA 
21 CONTINUE 

IFISMBOL1.EQ.CHRCTR1lll LTYPE = 1 
IFISMBOLl.EQ.CHRCTRI21.DR.SMBOll.EQ.CHRCTRI311 LTYPE 2 
IFISMBOL1.EQ.CHRCTR(4l.OR.SMBOL1.EQ.CHRCTRI511 LTYPE 3 
IFIRROAO.NE.O.Ol GO TO 100 
GO TO 9 

100 CONTINUE 
LTYPE = 4 

9 CONTINUE 
1FISPANL.GT.O.OO.ANO.SPANL.LE.50.0l KOOE 1 
IFISPANL.GT.50.0.ANO.SPANL.LE.90.0I KODE = 2 
IFISPANL.GT.90,0.ANO,SPANL.LE.130.1 KOOE 3 
IF(SPANL.GT.130 •• ANO.SPANL.LE.170.1 KOOE = 4 
CAll PROPTY 
CAll HELP 

104 CAll PSTRE S 
IFIIOPUT.NE.Ol GO TO 102 
CALL SHPUT 
IFIBTYPE.NE.8EAMI9ll GO TO 1 

GO TO 103 
102 CALL LOPUT 

IFIBTYPE.NE.BEAMI911 GO TO 1 
GO TO 103 
IFIBTYPE.NE.BNSTOJ GO TO 11 
CALL ZERO 
GO TO 11 

103 IFIIW.GE.31 GO TO 1 
IW=IW+1 
CAll CHANGE 

FORTRAN IV G LEVEL 18 MAIN DATE 70341 22/35/22 

0130 
0131 
0132 

GO TO 104 
333 STOP 

END 
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0001 

0002 
0003 
0004 
0005 
(i(JQ~ 

r,~o7 

(.,QIJ;: 

coo; 

0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
OJ18 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
002b 
0027 
0028 

0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 

c 

c 
c 

c 
c 
c 

SUBROUTINE PROPTY 

REAL IB,IBl,INA,NCDL,MNCOL,MS,IBSL 
COMMONITJHI B,WO,C,EoA 
COMMON/HLF/ Xl,X2 1 Yl,Y2,Y12 
COMMONIJJJ/ BBilll,WOOilll,CCilll,EEilll 
COMMONIMMMI FO,HDPT,P 
COMMONIBNS/ BNSTD 
COMMONIKI/ ASL,IBSL,INA,YTC,YBC,YTCSL,ZTSL,YBCSL,Z~SL,AREAC,ECCL, 

1ENDMAX,TENIN,SPANL,BSPAC,BTYPE,TS, EFW ,UWB,UWS,EC,ECSL,ES,ASTRN, 
2FPS,NCOL,ZTB,ZBB,YT,AREA,O,IB,ZBBC,STRNS,ECAL,YB,ZTBC,WTF,BP,AV 
3oFPY,LTYPE,KASE,KODE,RROAO,SFPC,OFACT 1 DIA 
CDMMDNILIIBEAMillloARilll,YBlllll,YTllllloDlllli,IBlllll,WTFlllll, 

1BPRIMEI1li,HH1111 

IFIBTYPE.EQ.BNSTDI GO TO 1 
DO 4 IPNT = loll 
IFIBTYPE.EQ.BEAMIIPNTII GO TO 5 

4 CONTINUE 
5 CONTINUE 

KASE = IPNT 
AREA = AR l IPNT) 
YB = YBlliPNTl 
IB = IBlliPNT) 
YT = YTll IPNTl 
D=DlliPNTl 
WTF = WTFliiPNTl 
BP=BPRIMEI IPNTI 
X1 BBI I PNTI 
X2 = IBBIIPNTI - WDDIIPNTII/2.0 
Yl = CCI IPNTI 
Y2 = EEl IPNTI 
Yl2 = Y1 + YZ 
H = HHI IPNTI 

DETERMINE EFFECTIVE FLANGE WIDTH 

FWl SPANL/4. 
FWZ = BSPAC 
FW3 = llZ.*TS + WTF I I 12. 
EFW = FWl 
IFIEFW.GT.FW2l EFW FW2 
IFIEFW.GT.FW31 EFW = FW3 
EFW = EFW * 12. 
GO TO 3 
CONTINUE 
EFW = EFW * 12. 
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0039 
0040 
0041 
0042 
0043 
0044 
0045 
004t> 
0047 
0048 
0049 
0050 
0051 
0052 
005~ 
)054 
0055 
0056 
0057 
~os; 

C )oC 
0061 
GJ02 
vJoo 

,JJo~ 

X l B 
X2 I B - WD I I 2.0 
Y1 C 
Y2 E 
Y 12 = Vl + Y2 
BP = WD 
WTF = A 

3 CONTINUE 
ASL = EFW * TS * ECSL I EC 
IBSL = ASL*TS•TS/12. 
YBC = IASL*ITSIZ.+Dl+AREA*YBIIIASL+AREAI 
INA = ASL*ITSI2.+DI**2+AREA*YB**2+1BSL+IB-IASL+AREAI*YBC**2 
YTC = D - YBC 
ZBB=IB/YB 
ZTB=IBIYT 
ZTBC = INA I YTC 
ZBBC = INA/YBC 
YTCSL = 0 + TS - YBC 
ZTSL = INAIYTCSL 
AREAC = 4REA+ASL 

2 CON T I'IUE 
IFlSPANl.lT.120.l HDPT = 5. 
IFISPA~L.GE.l20.0.ANO.SPANL.LT.l40.1 HOPT 6. 
IFISPANL.GE.140.0.ANO.SPANL.LT.l60.1 HDPT 7. 
IFISPANL.GE.l60.0.AND.SPANL.LT.l80.1 HOPT 8. 
RETURN 
ENO 
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0001 

0002 
0003 
0004 

0005 
0006 

0007 
0008 
0009 
0010 
DOll 
0012 
0013 
0014 
0015 
0016 
0017 
0016 
0019 
0020 
0021 
0022 
0023 
0024 
002 5 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
C037 
003b 
0039 
0040 

FORTRAN 

0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
00b3 
0064 
UOO" 
006t> 
0067 
OOb~ 

l)Oo9 
0070 
0071 
0072 
0073 
0074 
0075 
0070 
0077 
0078 
0079 
ooso 
OOB1 
0082 
0083 
00~4 

00d5 
OC8o 
00!7 
0068 

c 
c 
c 

SUBROUTINE MILLER 

REAL IBtiBl,[NA,NCDL,MNCJL,MS,JBSL 
CO~~ON/HLF/ Xl,X2rYl,Y2,Yl2 
COMMON/KI I ASL, I BSL, t NA, Y TC, YBC, YTCSL, ZTSL, Y BCSL, Z 3Sl, AREAC, ECCL, 

l ENO"'AX, TEN IN, SPANL, BSPAC, B TYPE, TS, EFW , UWB, UWS, EC, ECSL, ES, ASTRr-..1, 
2F PS, NCOL, l TB, ZBB, YT, AREA, D, l B, ZBSC, STRNS, ECAL, VB, Z TBC, WTF, BP, 4V 
3 ,FPY, l TYPE rKA~E.,KODE ,Rq,QAO, SFPC, OF ACT, 01 A 

COMHON/MM/ROW ( 20) , NROW, SROW ( 20) , SPACE, 11'1, OROW ( 20 I 
COMMONILIIBEAM( lli,AR! lli,Y611 lli,YTll 111,011111,1611 lli,WTFll Ill, 

lBPRIME l lli,HH! 111 
SPACE - DISTANCE BETWEEN STRANDS 

THETA = ATAN!Y21X21 
CL X112.0 
X3 2.0 I SINITHETAI 
X4 Yl I TANITHETAI 
X5 X4 - X3 + 2.0 
Y3 X5 * TAN! THETA I 
Y4 X2 o TAN! THETA I 
Y34 = Y3 + Y4 
SPACE = 2.0 
HSPACE = SPACEI2.0 
FL = X1 - 2.0• X2 
FLCL = FL/2.0 
IFISTRNS.LE.O.OI GO TO 999 
DIST = CL + X4- X3- X5 
NROW = 0 
NSTRNS = STRNSI2.0 
IF!IW.EQ.2l GO TO ll 
A = OIST 
NS = STRNS 
K=1 
NS=NS-1 

21 A=A-SPACE 
IF!A.LT.-O.OOl.OR.NS.LT.21 GO TO 22 
K=K+2 
NS = NS - 2 
GO TO 21 

22 If!A.LT.-0.0011 GO TO 23 
K=K+NS 
NS=O 

23 NROW=NROW+ 1 
ROI<INROWI=K 
If!NS.EQ.OIGO TO 99 
H=SPACE 

24 H=H+ SPACE 

IV G LEVEL 18 HILLER DATE 70341 22/35122 

IF!NS.LE.OI GO TO 99 
IF!H.GT.Y31 GO TO 25 
IF!NS.L T.K I GO TO 33 
NROW=NROW+l 
ROW! NROWI =K 
NS=NS-K 
GO TO 24 

25 lf!NS.LE.Ol GO TO 99 
IFIH.GT.Y341 GO TO 29 
OIST = CL - 2.0 I SINITHETAI 
A= DIST 
K=1 
NS = NS -

26 A=A-SPACE 
IF ( A.LT .-0.001.0R.NS.L T .21 Go· TO 27 
K=K+2 
NS=NS-2 
GO TO 26 

27 If!A.LT.-0.0011 GO TO 28 
!F!NS.EQ.11 GO TO 28 
K=K+NS 
NS=O 

28 NROW::oNROW+l 
ROW!NROWI•K 
If!NS.LE.OI GO TO 99 
Cl ' Cl - 2.0 I TAN!THETAI 
(;l} ro 24 

?Q A•f-lCl 
K•l 

30 A:A-SPACE 
IF !A.lT .2. O.OR.NS.LT .21 GO TO 31 
NS•NS-2 
11-=K+ 1 
GO TO 30 

31 IF!A.LT.2.01 GO TO 32 
K=K+NS 
NS=O 

32 NROW=NROW+l 
RO•INROW):K 
!FINS.LE.OI GO TO 99 
If!NS.LT.KI GO TO 29 
NS=NS-K 
GO TO 32 

33 IFINS.E.;).41 GO TO 34 
IF!NS.EQ.61 GO TO 34 
IF!NS.EQ.81 GO TO 34 
IFI~S.EQ.101 GO TO 34 
NROW = NROW + 1 
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0089 
0090 
0091 
')092 
G093 
00'14 
C.O<f5 
(i(i<;~ 

'JO:t1 
GCI9'l 
C09S 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0109 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 

ROWINROW) NS 
GO TO 99 

34 K = NS - 1 
NROW = NROI< + 
ROI<INROWI = K 
NS = NS - K 
GO TO 24 

11 A OIST • HSPACE 
K = 0 
H = SPACE 
A = A-SPACE 
IFIA.LT.-0.001.0R.NSTRNS.LE.Ol GO TO 2 
K = K+1 
NSTRNS = NSTRNS - 1 
GO TO 1 

2 LPW = 2 * K 
NROW : NROW + 1 
ROWINROWI = LPW 
IFIROWINROWI.LE.O.O) NROW NROW - 1 
IFINSTRNS.LE.OI GO TO 99 

3 H = H + SPACE 
IFIH.GT.Y31 GO TO 4 
IFINSTRNS.LT.KI GO TO 11 
NROW = NROW + i 
ROWINROWI = LPW 
NSTRNS = NSTRNS -K 
GO TO 3 

4 CONTINUE 
IFINSTRNS.LE.OI GO TO 99 
IFIH.GT.Y341 GO TO 7 
DIST = CL - 2.0 I SINITHETAI 
A = DIST + HSPACE 
K = 0 

5 A = A-SPACE 
IFIA.LT.-0.001.0R.NSTRNS.LE.OI GO TO 6 
K = K+1 
NSTRNS = NSTRNS - 1 
GO TO 5 

6 LPW = 2 * K 
NROW = NROW + 1 
ROWINROWI s LPW 
IF(NSTRNS.LE.OI GO TO 99 
CL = CL - 2.0 I TANITHETAI 
GO TO 3 

7 A = FLCL+HSPACE 
K = 0 

8 A = A-SPACE 
IFIA.LT.2.0.0R.NSTRNS.LE.OI GO TO 9 
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0137 
0138 
0139 
0140 
0141 
0142 
0143 
014" 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
(itS 5 
:tso 
..::157 

NSTRNS = NSTRNS - 1 
K = K + 1 
GO TO 8 

9 LPW = 2 * K 
NROW = NROW + 1 

12 CONTINUE 
ROWINROWI = LPW 
IFINSTRNS.LE.OI GO TO 99 
IFINSTRNS.LT.KI GO TO 7 
NSTRNS = NSTRNS - K 
NROW = NROW + 1 

. GO TO 12 
99 CONTINUE 

SUMSTR = 0 
SlJ"'MST = 0 
SUMSL = 0 
DO 13 JR = 1,NROW 
SUMMST = II.QW(JRI * 12.0 + IIJR - 11 *SPACEII + SUMMST 

13 SUMSTR = ROW(JRI + SUMSTR 
ECAL= SUM"'ST I SUMSTR 

900 C~TI NUE 
RETURN 
END 
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SUBROUTINE HELP 0001 
0002 
0003 
0004 
0005 

COMMON/CONC/ CNCP ( 10) rCNCD( lOJ ,CCP ( 10) 1 CCD( 10), Sc."JCI) ( 10), SCNClllO) 
COMMON/HMM/ FO,HDPT,P 
CCMMONIBNSI BNSTO 
CCMMONILLI I BMMAI 201 ,BMOL I 20 I, AMSUMI 20 I, BMBMI 2J ), BMNCOL I 201 ,VSU~( 2 

lOI,BMSLI201 
0006 COMMON/Kl/ ASLrlBSLriNA,YTC,YBCrYTCSL,lTSL,YBCSL,ZBSLtARE4CrECCL 1 

lENOMAXrTENINrSPANL,BSPAC,BTYPE,TS, EFW ,U~BrUWSrEC,ECSlrES,ASTR~, 
2FPS ,NCDlr l TB rlBB, VT ,AREA rOt I 8, ZBBC, STRNS, ECAlr YBr l TBC,WTF, 8P, A.V 
3 ,FPY, l TYPEr KASEr KODE ,RROAD, SFPC, OF ACT, 01 A 

0001 COMMON/ JWM/ VMA( 20 I, VDLI 20 !, XO I STI 15 I , OEFK2, DEFL12, OEFK 1, OEFL 14, 
1DNCOL2,0NCDL1 

CGMMON/KAP/ W,WCP 
COMMON/MSC/ VNCOLI15l 
REAL NCOL,IB,[NA 
DIMENSION VOLI 111 
01 MENS ION CAY( 111, FACTOR( 111, VCAY Ill!, SUBTNO llll 
DIMENSION CONST(2,41, POINT(41 
DIMENSION VMIH15l,BMMI151 ,BMMSI15J,VHHSI151 
DATA VMM,BMM,BMMS,VMMS/60*0.0/ 

0008 
0009 
0010 
DOll 
0012 
0013 
0014 
0015 
OUlb 
0017 

i)ATA CONST /l.4322t 2. 0833 1 2.5174,3.5494 1 3.5156,5.4599,3.9333,6.,300/ 
DATA VCAY /0.9445, 1.166 7, 1. 3889 ,z .000 t 2 • 222 3, 2. 444~ r 2. 6668,2.8 aqo, 2 

t.oooo,Z.4446,2.8B90/ 
DOle OA TA SUB TN0/0 .6656,0. 69169 t 0., 76419,0.6005 tO. 6354,0.7344, O. 7696,0.8 

1057,0.9622 t 1.1381,0.9631/ 

0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0023 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 

NCDL = NCOl*lOOO. 
IF(SPANL.EQ.O.OI GO TO 101 
TSPAN = SPANL * 0.1 
DO 5 I = 1.11 
XOISTIII = II- ll * TSPAN 
XOISTI12l SPANL * 0.25 
XDISTI13l = SPANL * 0.75 
XOISTI14l = SPANL I 2.0- HOPT 
XDISTI 151 = SPANL I 2.0 • HOPT 
OEFll4 = 0.0 
DEFL12 = 0.0 
WCP = 0.0 
TS = TS/12. 
ECI = EC * IB * 10. **6 
ECSI = EC*lNA*10.0**6 
•s = UWS * TS * BSPAC 
I<B : UWB * AREA I 144.0 
W -= WS + 'liS 
WNCOL = NCOL/12.0 
BMREAC = 0.5*WB*SPANL 
RNCDL = 0. 5*NCOL*SPANL 

1'-0RTH.A"' IV G LEVEL 18 HELP 

0040 SPANN = SPANl * 12.0 
0041 WI = WS/12. 

DA f.E = 70341 

0042 DEFK2 5 .. 0* WI* SPANN ** 4/{ 384.0*ECU 
0043 OEFK1 57.0* WI* SPANN** 4/(6144.0*ECI) 
0044 ONCOLl = 57.0*WNCDL*SPANN**4/(6144.D*ECSII 
0045 ONCOL2 = 5.0*WNCOL*SPANN**4/(3B4.0*ECS!l 
0046 IF ( BTYPE. E Q. BNSTOl GO TO 50 
0047 VOLIKASEl =VCAYIKASEI * (BSPAC- SUBTNO(KASEII 
0048 CP= VOLIKASE! * UWB 
004.; REACTN = 0.5*(KOOE *CP + W * SPANL) 
0050 CONSTl =CP * SPANN ** 3 I IECI * 100.01 
0051 wCP = ( KOOE*CP l/SPANL 
0052 DEFL14 = CONSTI!,KODEI*CONST! 
0053 DEFL12 = CONSTI2,KOOEI*CONST! 
0054 GO TO 51 
0055 50 DO 55 I = 1,10 
0056 IFICNCPIII.E~.O.OI GO TO 56 
0057 55 CNCP( I I = CNCP( II * 1000. 
0058 56 CONTINUE 
0059 Xl2 = SPANN * 0.5 
0060 Xl4 = SPANN * 0.25 
0061 Xl22 = Xl2 * Xl2 
0062 Xl42 = XH * Xl4 
0063 ECSI6 = 6.0*ECSI 
0064 ECI~ = 6. * ECI 
OOo5 X12L = XlZ * SPANN 
0060 Xl4L = Xl4 * SPA.NN 
00t>7 DO 30 N = 1rl0 
OOb~ NN = N 
OOb" IFICNCOINI.LE.O.OI GO TO 31 
l'OIU 30 CONTINUE 
~071 \l N~ • N~/~ 

lhl7.' Nll • N7 • l. 
X - DISTANCE FROM lffl RtACTION TJ INSPECTHIN POINI 
Xl4 • UUAR TER POINT 

C Xl2 .. HALF POINT 
f XH2 • 01 STANCE TO QUARTER POINT SQUARED 
C Xl22 =DISTANCE TO HAlF POINT SQUARED 
C CNCPINI • WEIGHT OF CONCENTRATED DEAOLOAD N 
C CNCOINI = DISTANCE FROM lEFT REACTION TO THE NTH DEADlJAO 

v013 IFIN2.LE.OI GO TO 35 
0074 DO 34 N = lrNZ 
0075 POL = CNCPINI 
007c- P12 = POL * Xl2 
0077 Pl4 = POL * Xl4 
0075 OX = CNCDI Nl *12. 
DOH ,OX POL * OX 
ooeo ox2 = ox • ox 
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OOH1 
0082 
0083 
0084 
0085 
0056 
0087 
00b8 
U089 
ooso 
OO'd 
001':.12 
0043 
LU'74 
00'1~ 
(}:J',I_ 

Gf:t:, 7 

01J~ 

0109 
OliO 
0111 
"112 
0113 
Oll4 
0115 
Olle 
0117 
011:; 
011Q 
0120 
0121 
0122 
ou; 
0124 
012:, 
0126 

IF IDX.GT.X141 GO TO 33 
DEFLl4 = DEFLl4 + POX * I 3,0*1 X14L-XI421-DX21 IEC I b 
GO TO 34 

33 DEFLl4 = DEFL14 + P14 * I3.0*ISPANN*DX-DX21 - XI4211ECI6 
34 DEFLl2 = DEFLI2 + P12 * 13.0*X12L-XI22-DX211ECI6 
35 IFINN.EQ,N221 GO TO 36 

PNN1 = CNCPIN2+11 
DEFL 14 = OEFLI4 + PNN1*X14*1 3.0*SPANN*"2-4.*Xl42lf I48.*ECII 
DEFL12 = OEFLlZ + PNN1*SPANN**3/(48.*EC1) 

36 CONTINUE 
SUMW = O, 
DO 37 I = I,NN 

37 SUMW = SUMW + CNCPIII 
WEAC.TN = lSU"''W + W * SPANL J * 0.5 
DO 39 I = 1 tl5 
X = XDISTIII 
\IM = W * X 
BM = o.s • w • x•x 
00 38 L = 1tNN 
IFICNCDILI.GE.XI GO TO 87 
VM = VM + CNCP(LJ 

3€: BM = BH + CNCP(L) * lX-CNC:J{L)) 
87 8MMI II = A8SIREACTN*X-BMI * 12. 

VMMIII = ASS I REACTN-VMI 
39 CONTINUE 

SDEF12 = 0 
SDEF14 = 0 
SC~CPINI WEIGHT OF STATIC CONC DEADLCAO N 
SCNCDINI Dl STANCE FROM LEFT REACTION TO THE NTH LlAD 
IFISCNCPili.EQ,OI GO TO 86 
DO 80 N = 1.10 
NN = N 
IFISCNCPINI.LE.O.OI GO TO 81 

80 CONTINUE 
81 SUMW = 0 

SUMWC = 0 
DO 82 1 = l, NN 
SUMW = SUM WI' + SC.NC.Pt II 

82 SUMWC = SUMWC + SCNCPfiJ * SCNCOtiJ 
CBAR = SU~WC I SUMW 
REACT! = I 1.0 - CBARISPANLI * SUM" 
DO 85 I = 1,15 
X= XDISTI II 
BM = 0 
VM = 0 
DO 83 M = l, NN 
IFIX.LE.SCNCDIMI I GO TO 84 
VM = VM + SCNCDI Ml 
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012 7 
012e 
0129 
0130 
0131 
0132 
0133 
0134 
(ll.h 
0136 
0137 
0133 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
014 7 
01413 
0149 
0150 
0151 
0152 
0153 
0154 
015 5 
0156 
0157 
otse 
0159 
0160 
0161 
0162: 
0163 
01 t4 

Gl65 
0 lbe. 
Ole 1 
01 bO: 
CltaC: 
.:01iL 
-Jl7l 
J17 2 
Jl73 
017'-

83 BM = SCNCP(M) * (X.-SCNCJ(MJ) + 13M 
84 V~MS(JI = REACTl- VM 
65 B~MSIII= REACT!* X- 8M 
86 CCNT I NUE 

DO 40 I = 1,11 
8MMSIII = AMAXIIBMMSIII,BM•SI12-III 
VMMS II I = AMAXll VMMS II I, VMMS I 12-1 I I 
BMM!II = AMAXIIBMMII1,8MHII2-III 

40 VMM(IJ = AMAX.liVIItM(IJ,VMMtl2-l)) 
BMMI121 AMAXIIBMHI121,B~MI1311 
BMMI131 BMM!I21 
BMMII41 AMAXIIBMHI141,B~IMI1511 

BMMI 151 BMMI 141 
VMMI121 AMAXIIVMMI121,VMMI1311 
VHMI131 VMM(121 
VMMl14) AMAX11V"''MI14J,VMM(l5)) 
VHMI151 VMMI 141 
VMMSI 121 AMAXIIVMMS! 121 ,VMMSI 131 I 
BMHS1121 AMAXIIBHHS!I21,BMHS!I311 
VMMSI 141 AMAXIIVMMSI 141,VMMSI 1511 
BMMSI 141 A •• AXIl BMMSI 141, BHMS I 15 I I 
8MMSI151 BMMSII41 
VMHSI151 VMMS!l41 
BHMSI131 BHMS!121 
VMMS!I31 VMHS!121 

51 SLREAC 0.5 • IWS + WCP I * SPANL 
KK = 0 
Nl = 1 
N2 = b 
N3 =1 
DO 15 1 = N1,N2,N3 
X = XDISTIII 
VDlliJ = REACTN -1 W + wco I *X. 
IFIBTYPE.EQ.BNSTDI VDLIII = VMMIII 
VNCDLIII = RNCOL- NCOL*X 
BMDLIIJ = (REACTN- IW + WCPI*XIZ.I*X*12. 
IFIBTYPE.EQ.BNSTDI BMDLII I = BMM( II 
BMBMI II = !BMREAC-WB*Xf2. I*X*12. 
BMSLIII = ISLREAC -IWS +wCP I * Xf2.1 *X* 12. 
8MNCOLIII = I RNCDL - NCOL*Xf2.1*X*12. 

15 CONTINUE 
IF !KK.GT.OI GO TO 17 
KK KK+l 
N1 = 12 
N2 = 15 
N3 = 2 
GO TO 3 

17 CONTINUE 
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0175 DO 1& I =1 '11 
017& BMDLI II = BMDLI 12-I I 
0177 BMBMI 1 I = BMBHI12-ll 
0178 BHSLlll = BMSLI12-II 
0179 VNCDLIII = VNCOLI12-II 
0180 BHNCOLI II "' BHNCOLI12-Il 
0181 1b VDLIII • VOLI12-II 
0182 CALL TYPELD 
0183 DO 21 I =1, 11 
0184 \/SUM( II = VHAlll + \lOll ll +VNCDLIII + 1/HHSIII 
0185 BHSUHIIl = BMDLI II + BHMAI II + BHNCOLIII + BMMSIIl 
018& 21 CONTINUE 
0187 DO 23 I = 12rl5r2 
0188 II SUM ( I I = liMA I II + VDLIIl + VNCDLIIl + 1/HHSIII 
0189 BHSUHIII BHDLI I I + BMMAIII + BHNCDLIII + BHMSIIl 
0190 23 CONTINUE 
0191 VSUHI131 = VSUHI121 
0192 VSUMllSI = VSUMI141 
0193 BMSUH( 131 = BHSUHl12l 
0194 BMSUHI15l = BHSUHI14l 
019 5 101 CONTINUE 
019& TS = TS * 12.0 
0197 RETURN 
0198 END 
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0001 
0002 
0003 

0004 

0005 

OOOo 
0007 
OOOd 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 

c 

SUBROUTINE ZERO 
CO~MGN/CONC/ CNCPI10l,CNCD!10l,CCP(lOl,CCD!10loSC~CPI101oSCNC1110l 

COMMON/LLI/ BMMA!20loBMDLI201 1 BMSUMI20l 1 8HBH1201oB~NCDLI201 1 VSUH!2 
10l ,BMSLI201 
CCMMON/JWH/ VMAI20loVDL!20ioXDISTI151,DEFK2oDEFL12oDEFKloDEFL14 0 

1DNCDL2, DNCDLl 
COHMON/HSC/ VNCDLI151 
THIS ROUTINE INITIALIZES ARRAYS 
DO 1 I = 1,10 
CCPlll = 0.0 
CCDIIl =0.0 
CNCPIIl = 0.0 
CNCDI I I = 0.0 
SCNCPIII = 0.0 
SCNCDIIl = 0.0 
CONTINUE 
DO 2 I = 1o20 
V SUM ( I l = O. 0 
VHAIII = 0.0 
VDLlll = 0.0 
BMDLI I l = 0.0 
BHMAlll = 0.0 
BMNCDLl II = 0. 0 
BMSUMIIl = 0.0 

2 CONTINUE 
DO 3 I = 1o15 
VNCDLlll = 0.0 

3 CONTINUE 
RETURN 
END 
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0001 

0002 
0003 
0004 
OO'J5 
0006 

ouor 

0008 
0009 
0010 

0011 
0012 
0013 
0014 

0015 

0016 

0017 
0018 
0019 
00?.0 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
OOH 
0034 
0035 
0036 
DOH 

c 

c 
c 
c 

SUBROUTINE SHE~P(FPCI 

REAL MU!20I,VU!201 1 ~CR!ZOI,~UVU!201 
REAL 18,16loiNA,'IICDL, .. NCJL,'1S,IBSL 
COM~ON/FYBIKGRIO,NST~NS,E~OECC,IwCH 

COI~>I()N/ELLI IBMNC,WrJROSI401 1 XDloXDZ, DESCR(l71 
CO,..~()N/KII ASL,IBSL,INA,YTC,VBC,VTCSL,lTSL,VBCSL,ZBSL,APfAC,FCCL, 
lEND~AX,TENIN,SPANL,SSPAC,RTYPE,TS, EFW oUWB,UWS,EC,ECSL,ES,ASTRN, 
2FPS,NCDL,ZTB,ZB~,YT,AREA 0 0,18,ZBBC,STRNS,ECAL 1 VB,ZTRC,WTF,BP 1 hV 
3,FPY,LTVPE,KASF,KODE,RR()AO,SFPC,OFACT,DIA 
CUM~DNIJWMI VMA!201oVDL!201,XDIST!l51,0FFK2,0EFL12,0EFKJ,DEFL14, 

1DNC'lL2,DNCDll 
COM .. ON/M~•I FO,HCPT,P 
CO~MONIIBMI ACI!l5l,VSI201 
CO~~ON/llll BMMAI20l,eMDLI20l,BMSU~I20l,BMBM!201,8MNCDL!20I,VSUMI2 

10I,BMSL!201 
COM~CNIJRRIS!l51 0 SQ 
COM~ON/MSCI VNCOLI151 
DIM~NS ION VCI151 0 VCGI151,RJI 151,DDI151,VPR!l51,VULT! 151 
DI MENS IO'l El 20 I, XOI20 I, FPE I 201 1 FO! 20 I, VPI201 ,VPU I 20 I, VUVPU I 201 ,PHI 

1VC!201, PHIVPUI201,VCII~OI 0 PH!VCI!201 1 VCIM!20I,VCW(201,PHIVCWI201 
DATA MUVU, E, XO, FPE,FD, MC o, VP, VPU, P,.tl VPIJ ,VC I, PHI VC I, VC I M, VCW, 

1PHIVCW 0 VUVPU,PHIVC,VULT/135*0•01 
DATA VC,VCG,RJ,OD,VPR,VU/95*0,0/ 

AV = 0.20 
SPANL•l2,0*SPA~L 

HDPT•l2.0*HflPT 
DO 99~ I ··1,11 
VU!II=l.5*VDLIII+2.5*VMAIII 

996 CONTINUE 
Q = EFW*TS*ITS*0,5 + YTCI 
OM=D+TS 
Xl=!ISPANL/2.01-HCPTI/!SPA~lflO.OI 
X2=!!SPANLI2.0I+HOPTII!SPANL/10.1+1,0 
Nl=Xl+1 
N2=X2+1 

TTHETA=!ECCL-ENOECCI/ISPANL/2.0-HDPTI 
DO! 11=YT+ENOECC 
DO ~A 1=2 0 11 
IF I I .LE.IIIliODI II=DC! 1-11 +I SPANLI10.l *TTHETA 
IF! I.GT,N1,ANO.I.lT.N2lDD! II•YT+ECCL 
IF!I.GE,N2lDDIII=DO!I-ll-ISPANL/lO.Ol*TTHFTA 

88 CONTINUE 
DO qq !=loll 
IF(I,LE,Nll CTHfTA=!!SPA~l/2,01-HDPTI/SQRTI!ECCL-ENDECCI**2+1SPANl 
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0038 
0039 

0040 
0041 
0042 
00'>3 
00'>4 
0045 
0046 
0047 
004B 
0049 
0050 
0051 
00~2 

0053 
oo;4 
0055 
0056 
0057 
005~ 

0059 
00>0 
0061 
00b2 
0063 
0064 
0065 
0066 
0067 
0068 
006-J 
0070 
0011 

Oll7? 
00 71 
0074 
0075 

007. 
0017 
00711 

112.0-HDPTI**21 
IF!I.GT,N1.ANO.I.LT.N2l CTHETA•l,O 
IF!I.GE.N21 CTHETA=!ISPANL/2,0l-HDPTI/SQRTIIECCl-EN)ECCI**2+1SPANL 

1/2.0-HDPTI**21 
RJ I I I•B~SUM! I II I P*CTHFTA*OD! I II 
VC I I I•O.O!>*FPC•BP*RJ I ll*DO( I l 
VCG! I 1=1 P.O,*BP•PJ( I 1*00! I I 
IF !VCI I l.GT .VCGIIIIVCI I I=VCGI I I 
STHETA=SQRTI1-CTHETh**2l 
VPR!II•P*STHETA 

99 CONTINUE 

101 

201 

200 
202 

70 

1200 

1201 
244 

500 
c 
c 
c 
c 

DO 101 J=1,11 
S!JI=AV*4.0*FPY*RJ!JI*DOIJIIIVUIJI-VPKIJI-VC!Jil 
SG=O. 75*DM 
IF!SIJI.GT.SGI SIJl = SG 
IF!VU!JI.LE.IVPRIJI+VCIJIIJ SIJI = SG 
CONTINUE 
DO 244 J=1,!1 
IFIAV .LE.O,l11GO TO 200 
JF(4,*TS,GT,24,0IGO TO 201 
IFISIJI,GT.4,*TSISIJI=4,*TS 
GO TO 202 
IFISIJI.GT,24,0ISIJI=24,0 
GO TO 7.02 
IF!S!JI,GT.12,1 S!JI=12,0 
CONTI'lUE 
AVM=SIJI *0.0025*BP/2.0 
IFIAV ,LT,AVMIGO TO 1200 
GO TO 1201 
SIJI=SIJI-1.0 
uO TO 70 
CONTINUE 
CONTI'lUE 
DO 500 I= 1 ,J 1 
VS I I I• I lo5*VDL I I 1+2, 5*V,.AI I 1-VPO.( I I l*i.lll I 'lA*WTFI 
CONTINUE 
Sw-SPlCING lT THE QUARTER PG[NTS 

TO CALCULATE SPACING AT QUARTER POINT 

QMU•ANSUM( 121 
VU~•!l.~*VOlll71t2,5*VMhii211-VPRI21 
IF!X1,GT.l.~IOOU•DDIII+ISPANL••251*TT~ETA 
IFIX1,GT,2.51 CTHETA•IISPANL/2oOI-HDPTI/SQRTIIECCL-ENOfCCI•*2t(SPA 

1NLI2.0-HOPTI*•21 
If!X1.LE.2,510DQ•YT+ECCL 
IF!XJ,LE.2.~1CTHETA=l,O 
RJQ•QMUIIP•CTHETA*flOUI 
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0079 VCQ=O.Ob*FPC*BP*II.JQ*DDQ 
0080 VCGQ=180.0*BP*RJC*ODO 
0081 IFIVCQ.GT.VCGOIVCQzVCGQ 
0082 SQ =AV *4.0*FPV*RJQ*OOQ/IVUQ-VCQI 
001!3 SGQ=O. 15*DM 
0084 !FISC .GT.SGQISQ =SGO 
0095 IFCAV .LE.0.111GO TO 208 
0086 IFI4o*TS.GT.24.0IGC TO 209 
0087 IFISQ .GT.4.•TSISQ =4.•TS 
0088 GO TO 210 
0089 209 !FISC .GT.24.0ISO =24.0 
0090 GO TO 210 
0091 208 IFISO .GT.12.01SQ =1~.0 
0092 210 CONTINUE 
0093 71 AVMQzSQ •0.0025*BP/2o0 
0094 IFIAV .LT.AVMOIGO TO 1202 
00~? GO TO 1203 
0096 1202 SQ =SQ -1.0 
0097 GO TO 71 
009~ 1203 CONTINUE 
0099 X=O. 
0100 XDD=VT+ECCL 
0101 AS = ASTRN * STRNS 
0102 FPCC = P/AREA 
0103 HSPAN = SPANL/2. 
0104 DO 5 I = 1,11 
0105 VULTIII = 1.5•1VDLIII + VNCDLIII I+ 1.!1*VMAIII 
0106 MUVUIII = BMSUMIII/VSUMIII 
0107 Elll = IECCL-ENOECCI*X/IHSPAN-HDPTI 
0108 IFIX.GT.IHSPAN-HOPTII Elll = ECCL-ENDECC 
0109 IFIX.GT.IHSPAN+HCPTII Elll = lfCCL-ENDECCI*IISPANL-XI/IHSPA~-HOPT 

111 
0110 XDIII = VT + E I II + ENDECC 
0111 FPEIII = P/AREA + P *VB* Elll/18 
0112 FDIII = BMBMIII * YB/18 
0113 MC R I II = I I B/YR I * II 7. 5 * SQR Tl FPC II + FPE I II - FOil II 
0114 VPIIl = P * STHETA 
0115 IF I X .GT • I HSPAN - HDPT II VPIII = O. 
0116 IFIX.GT.IHSPAN+HOPTil VPIII = P*STHETA 
0117 VPUIII=IAS/SO.I*FPS*SORTIXDIII/8PI 
0118 PHIVPUIII = 0.85 * VPUIII 
0119 VCIIII = 0.6 *RP * XDI II * SQRTIFPCI + 'ICRI!IIP4UVUIII - XDIII/2. 

11 + VOL I II 
0120 IF IX .EQ. 0.01 VCII II = 0.0 
0121 PHIVCIIII = 0.85 * VCIIII 
0122 VCI"'I! I = 0.85 * 1.1 * BP * XCIII * SQRTIFPCI 
0123 IFIXOIII.LT.I0.8*011 XOIII = 0.8*0 
0124 VCWIII = BP * XOIII * 1'.5 * SQRTIFPCI + 0.3 * FPCCI + VPIII 

FO~TRAN IV G LEVEL 18 SHEAR 70224 00/5';/25 

')125 
0126 
01l7 
0128 
01N 
0130 
0131 
0112 
0133 
0134 
0135 
0116 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
01')3 
0154 
0155 
0156 
0157 

PH!VCw(!l = 0.85 * VCWIII 
VUVPUIII = VULT I II - Pill VPU Ill 
IFIPH!VCWIII- PHIVCIIIII bt6t1 

6 PHIVCIII PHIVCWIII 
GO TO A 

1 PHIVCI II = PHIVCII II 
8 CONTINUE 

IFIIPHIVCIII- VCIMI III.LE.O.OI PHIVCIII=VCIMIII 
IFIPHIVCIII.GT.VUVPUIIII GO TO 11 
ACIIII • 2. * AV * 0.85 *XDO * FPV/IYULTIII- PHIYCIIII 
lfl0.75 * 0 .GT. 24.1 GO TO 300 
SMAX = 0. 75 * 0 
GO TO 301 

300 SMAX = 24. 
301 IFIACIIII .LT. S"AXI GO TO 1• 

AC 1111 a SMAX 
14 CONTINUE 

GO TO 4 
11 CONTINUE 

ACIIII a 2.*AV *80.•FPY*XOO /IAS•FPS*SORTIXOO /BPII 
!Fl0.75 * 0 .GT. 24.1 GO TO 400 
SMAX =0. 75 * 0 
GO TO 401 

400 S"AX " 24. 
401 IFIACIIII .LT. SMAXI GJ TO 18 

AC 1111 "' SMAX 
18 CONTINUE 

4 X = X + SPANL/10. 
5 CONTINUE 

SPANL=SPANL/12.0 
HOPT=HOPT/12.0 
RETURN 
END 
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0001 

0002 

0003 
0004 

0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 

c 
c 

c 
c 

SUBROUTINE ECCEND 

COHHON/KI/ ASL,IBSL,INA,VTC,VBC,VTCSL,ZTSL,VBCSL,ZBSL,AREAC,ECCL, 
1 ENDMAX, TEN IN, SPANL, BSPAC, BTVPE, TS, EFW ,UWB, UWS, EC, ECSL, ESt ASTRN, 
2FPS,NCDL,ZTB,ZBB,VT,AREA,D,IB,ZBBC,STRNStECALtVB,ZTBC,WTF,BP,AV 
3,FPV,LTVPE,KASE,KODE,RRDAD,SFPC,DFACT,DIA 
COMMON/HM/ROWI2Dl~NROW,SROWI20),SPACEtiW,DROWI201 
COHMON/FVB/KGRID,NSTRNS,ENDECC,IWCH 

IWCH = 1 
KS = 0 
WBK = 2. 
IFIIW.EQ.31 WBK = 3.0 
TDS = 0.0 
DO 1 JR = 1tNROW 
SROWIJRI = ROWIJRI - WBK 
IFISROWIJR).LE.O.OI GO TO 12 
DR OWl JR I WBK 
GO TO ll 

12 OROWIJRI = ROWIJRI 
SROWIJRI = 0.0 

11 TDS = TDS + DROWIJRI 
1 CONTINUE 

X = O. 
SUMD1 = O. 
SUHDZ = O. 
SUHDW1 =0• 
SUMDW2 " O. 
DO 2 I = 1 , NROW 
X = X + SPACE 
SUHD1 = SUMD1 + SROWIII 
SUMDW1 = SUHDW1 + SROWIII*X 
SUHD2 = SUMD2 + DROWIII 

2 SUMDW2 = SUHDW2 + DROWIII*X 
XBAR1 = SUHDWl/SUMDl 
XBARZ = SUMDW2/SUHD2 
XBAR22 = XBAR2 

3 CGT = ISUHOW1 + SUMD2*XBAR221/STRNS 
CGTLMT = VB -ENDMAX 
IFICGT.GE.CGTLHTI GO TO 4 
XBAR22 = XBAR22 + SPACE 
KS = KS + 1 
X1 = INROW + KS I * 2 
IFIX1.GE.ID-2.11 GO TO 5 
GO TO 3 

5 IWCH = 2 
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0042 
0043 
0044 
0045 
0046 
0047 

4 CONTINUE 
NSTRNS =' TDS 
KGRID = X1 
ENDECC = VB - CGT 
RETURN 
END 
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0001 
OJOZ 
000 ~ 
000<+ 
0005 

oooc 

0007 
00013 

0009 
0010 
0011 
0012 

0013 

0014 
0015 
0010 
0017 
0018 
0019 

0020. 

0021 

0022 
0023 
0024 
002? 
0026 
0027 
0028 

c 
c 

SUBR'JUT I NE lLlPUT 
REAL tB,IBl,It-M,NCOL,MNCDL,MS, IA.Sl 
CUMMON/lC/ MSTATE 
COMMON/18"1/ ACIC15J,VSC20J 
CCMMON/JW"'/ V~A ( 20), VOL ( 20 J, XDI -ST( 15 », DEFK2, DEFL 12, OEFKl ,OEFL 14, 

lDNCDL2tDNCOll 
COMMON/ELL/BMN01, BMN02 tWDRDS ( 40 I, SHBOL1t SMBOL2, SPANl r SPAN2, 

lOE5CRt 171 
CCMMON/LOC /PLMAX ,CMAX, ACR, BC R, ASJ-l, BSH 
COM~ON/KI I A SL ,I BSL, INA, YTC, YBC, YTCSL, lT Sl, Y BCSL, l BSL, ARE AC, ECCL, 

1 ENDMAX, TEN IN, SPANL,.BSPAC, BTYPE, TS t EFW , UWB, UWS, EC t ECSL, E S, ASlRt..l, 
2F PS ,NCOL, Z TB, ZBB, YT, AREA, O, I B, ZBBC, STRNS, ECAL, VB, l T6C ,WTF t BP, AV 
3, FPY, l TYPE, KA SE, KOOE, RROAO, S FPC, OF ACT, OI A 

COMM0.\1/MMI-'/ FO,HDPT,P 
COMMJNIMM/RON(20) rNROW,SROWI20) ,SPACE, hl,OR0Wf20) 
COMMON I Ill/ REQUL T t Ul P10M" 1 FPC, FPC I, 1\ST ATE 
COMMONILLII BMMA ( 20 I ,SHOLl 20 I, BMSUH t 20 I, BMBM I 201, BMNC~Lt 20 I, V5UM ( 2 

101 1 BMSLC20J 
COMMON/ JDF I FTLL ( 20J ,FBll (20 J, FTSL (20 J ,FBSlf 20), FTBM ( 20 J, 

1 FBBMI201 ,F TOL ( 20), FBOL t20J ,FTNCOL I 20 J 1 FSNCOL ( 201, ST ( 20J 1 58 I 20) 
2 ,FT I 20}, FBI 20) ,FT I ( 20) ,FBI ( 20 J 1 F T1 8( 20 J, FBI 8(20} ,FTIBSN( 20 J, 
3FB!BSNt20l 

COHHON/FYS/KGRI 0, NSTRNS, ENDECC, t WCH 
COMMONIJRRISt151,SQ 
COMHON/KAP/ W,WCP 
D!MENS!ON REL~ES!30l 
DIMENSION CGMENT(40) ,KOMENT(20J 
DATA KOHENT/'DESl',•GN 8', 1 ASEQ•,• ON 1 t 1 STRE', 1 SSES 1 ,' '•' 

1' ,• '•' •,•OESI','GN B 1 t 1 ASE0', 1 ON 'r'ULTI','MATE•,• ,..0 
2H•,•ENT '•' '•' 'I 

DATA COHENT/'UNDE'r'R RE 1 , 1 INFC 1 , 1 RCED 1 t 1 ftA 1 ,'NGEI)'•' SEC•,•TION 
1' ,• '•' '•'OVER',' PE1 1 r 1 NFOR•,•CED 1 r'FLAN 1 r'GED •,•SECT•, 
2'10N '•' '•' •,•UNOE•,•~ J<E't 1 1NFO',•RCEO',' q,ec•,•TANG 1 , 1 Ul 
3AR',' SEC'r'TION'•' •,•CVER'r' REI','PoiFOR't'CEO 1 t 1 RECT', 1 ANGU 1 

4,'LAR •,•SECT','ION '•' 1 1 
DATA REL'-.ES/ 1 1

1
1 

'•' '•' '•' '•' '•' '•' 

l'r' '•' '•' '•' '•' '•' 1 ,
1 1

t
1

RELE','ASE ·'•' 
2STRE 1 , 1 SS B','ASE0', 1 ON •,•HAXI'r'HUJIIII '•'.DRAP 1 , 1 E PO•,•SITI','ON 
3 • '. '•' '•' 

JI= { !WCH -11 * 15 + 
!IF= !WCH *15 

'I 

N l t NS TATE - 1 I * I 0 + 1 
NF = NSTATE * 10 
HI = (HSTATE-lJ*lO + 1 
MF : HSTATE*lO 
!FtFPC.LE.5000.I GO TO 300 
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oozq 
0030 
0031 
0032 
0033 
0034 
0035 
OU3c 
003 7 
0038 
0039 
0040 
J041 
0042 
J0<+3 
0044 
0045 
0046 
0047 
IJIJ4C 
C04S 
00?0 
0051 
0~52 

005 3 
00?4 
0055 
C:J?6 

0057 

NFPC = FPCI10 
FPC = (NFPC + 1 } * 10. 
lf!FPC!.LE.4000.l GO TO 300 
NFPC! = FPC!I10 
FPC l = { NF PC I + 1 I * 10. 

300 CONTINUE 
FPS = FPS I 1000. 
NFPS = FPS 
REQUl T=REQUL T 112000. 
UL TMOM=UL T MOMI12000. 
OEFK1 = OEFK1112. 
OEFK2 = OEFK2112. 
OEFL!2 OEFL!2/12. 
DCFL14 DEFll4/l2. 
DNCOL! = ONCOL!I12. 
O~COL2 = ONCOL2/12. 
DO 29 3 l = 1 ,! 5 
BMOltll = 8MOLtlll12000. 
BMHAtll = BMMA!ll/12000. 
8M5UM( l I =BMSUM( [ l 1!2000. 
VOLtll = VOLtlll1000. 
VMAt!l = V•At!l/1.000. 
VSUMtll = VSUHt!l'/1000. 

293 CONTINUE 
WRITEt6,8l) (WORDS( I}, I =1 ,4QJ 

61 FORHAT{1Hl,111,2{40X,20A4,f) J 
WRITE ( 6 1 1) CDC SCR( t), I= 1,17 J, SPAN It SPAN2, BMNO 1tBHN02 

1 FORMAT ( T48, 1 7A4r I I 1 SX, 'SPAN', 2X t A4,Al, SX, 
l'BEAI'I N0. 1 ,2X,A4,A.l.,//,T50,'INPUT OATA'r/ll 

WRITE ( 6, 2 J BTYPE 1 UWB, OF ACT 1 SP ANL, Uiii'S, EFW, BSPAC, SFPC, \!COL, TS, ECt 
118, OIA,ECSL,AREA 

2 FORMAT(5Xt 1 BEA"' TYPE',9X, 1 = 1 ,A2,13X,'UNIT WT. BEAM CONC. =•, 
1F6.Q, 1 PCF 1 .13X, 1 l.L. DtST. FACTOR = 1 ,F10.2,1,SX, 1 SPAN LENGTH•, 
2:7X,'= 1 ,F7.2, 1 Ff'18X, 1 UNlT WT. SlAB CONC. = 1 ,Fb.Ot 1 PCF'rl~X, 

3 1 (0HP. SLAB WIDTH "''rF10.2t' IN 1 ,/,5kt 1 6EA"' SPACI\IG 1 ,6Xt 1 =',F7,?, 
4 1 FT 1 ,BX,'2B-OAY ST.CSLAR CONC.J =',F6.0r 1 PSI',1JX,'C0"'4P. OEA.O 
5l0AO :•,FlO.~,• KlF',/,"iXt'SLAH THICKPoiESS =•,F7.2, 1 tN•,RX, 
6'ft:l'-'· CONC.I',llXt'"'',F.'l.,?,' f(tl~JPSl',AX, 1 REA..M INERTlA 1 ,bX,'"''• 
li ~.1), 1 1''114' 1 /,';X,•STI~AND \I/! 1 ,7X 1

1 ::: ' 1 A4t 1 IN',RX, 1 fCSLt\. CL'N 
·l~·.J•,\OX,' =•,rn..2,' t (1ltoiP~l' ,tlX,'~lAH AREA' ,9X, 1 : 1 ,Fl0.7t 1 INl', 

,.+'.J TE I b, 7., 7 J NFPS, E S ,o, I w, ~MROLl, $~1\0L 2, YB, sPAC~ ,RQ.!JAO, VT 
:..:.~1 fL~RMAT(SXr 1 ST~.\ND UlT. STK. =',lb, 1 K 1 tllX,•fiPSTR. STL.J'tlOX,'=' 

l,F8.2,' UOtliPSl',BX, 1 8fAM UfPTH'rAX 1 ':
1 ,F\0.2,• I\1 1 ,1,5X,'t•..O. OF 

2 ... F~ STRNS. =•,t5tl3X,'AASHO L.l.',\3X,'=',3XrA.4,Altl7X,•BEAM YR', 
311X,':',F10.2., 1 IN 1 ,/,'iX,•GQIO SIZt-',9X, 1 = 1 ,FS.O,' tN•,sx,•RAIL~ 
4DAO L.L.'rlO>..,•= E- 1 ,F3.0dbXt'BFAH YT',tlX, 1 ='tF10.2, 1 t~') 

nRI TE 16, 3) 
3 FORI'IATCI//IIT22t 1 MOMENT SUM1'1ARY IFT-KIPS) 1 ,9X, 1 SHEAR SU"tlltAR.Y (Kt 
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0063 
0064 
0065 
0066 
0067 
0068 

0069 
0070 
0071 
0072 

0073 
0074 
0075 

0076 
0077 

0078 
0079 
0080 

0081 
0082 
0083 

0084 
0085 

0086 
0087 
0088 
0089 

0090 
0091 

0092 
0093 
0094 
0095 

lPSJ•, //,sx,•SECTION DEAD LOAD L.L.+I, 
2 TOTAL'ol3X,•OEAO LOAD L.L.+I. TOTAL') 
0041:1,11 
II = I -1 

4 WRITE I 6,51 I loBMOLII I ,8MMAI I I ,BMSUMIII,VOlllloVMAil l ,VSUMI I I 
5 FORMATI8X,I2,12XrF6.1,3X,F6.1,5X,F6.lr13X,F6.1,4XoF6.lo5XoF6.1,/l 

WRITEI6o24l BMDLI14lrBMMAil4l,BHSUHI14l,VDLI14loV~A(l41,VSUMI141 
24 FORMATI3X, 0 H0LD-OOWN'o10X,F6.1,3X,F6.l 0 5X,F6.1 0 13XoF6.l 0 4X,F6.l, 

15X,F6.1,/I . 
11 FORMATI1Hlo5X,17A41 

WRITEI6olliiDESCRillr 1:1,171 
WRITEI6o61 

6 FORMATI////o5X,•STRESSES IN EXTREME FIBERS DUE TO EXTERNAL LOADS I 
lLBS PER SQ. IN.I'o//,54x,•TOTAL O.L.',9Xo'DEAD LOAD 0 ,9X 0 'LlVE LOAD 
2 1 ,/,5X, 1 SECTION 1 ,9X, 1 BEAM 1 ,14Xr'SLAB 1 ,10X, 1 NON-COHP SEC. 1 ,7X, 1 COMP 
3 SEC. 1 ,7X, 1 PLUS IMPACT 1 ,10X, 1 TOTAL 1 ,/,11Xt6(7X 1 'TJP 1 ,5X 1 'B0T' ),/) 

DO 8 1 = loll 
l I = I -1 

8 WRITE (6, 7 l lloFTBMI I l oFBBHI II ,FTSLII I, FBSLIII oFTDLII l, FBDL!IIo 
lFTNCDLI I I ,FBNCOLII I ,FTLLII I ,FBLLII I ,STI I loSBI I I 

7 FORMATI7Xol2o3X 0 614X 0 F6,0 0 2X,F6.0)1 
WRITEI6,25) FTBMI141,FBBMI141,FTSLI14loFBSLI141rFTOLil4l,FBDLl141o 

1FTNCDll14loFBNCDLI14loFTLLil4l,FBLL1141rSTil41,SBI14l 
25 FORMATI4Xr'H0LD-DOWN',3X 0 F6.0,2Xof6.0 0 514XoF6,0 0 2XoF6.0)) 

WRJTE(6,91 
9 FORMATI///,5X,•STRESSES DUE TO EXTERNAL LOADS PLUS PRESTRESS ILBS 

1PER SQ. IN.I',//o40Xo'BEAM PLUS 0 ,8X,'FINAL PREST. PLUS 0 ,6X 0 'ALL LO 
2AOS PLUS'o/o17X,'lNITIAL PREST. 0 ,7X,'INITIAL PREST.'o4X,•TOT. O.L. 
31N/C SEC.I'o6Xo'FINAL PREST.•,/,8X,4110X,•TOP•,5Xo'BOT 0 l,/l 

00 59 !=loll 
II = I -1 

59 WRITEI6,82111I,FTIIIIoFBlllloFTIBilloFBIBIIIoFTIBS~IIloFBIBSNIIIo 
lFTillrFBIIl 

821 FORMATI7X,I2o417X,F6.0,2XoF6.0l) 
WRITEI6,8221 FTII14l,F81114loFTI8114loFBI8114J,FTIBSNI141 0 

1FBIBSNI 14) oFTI14l ,FBI 14) 
822 FORMATI4X,•HOLD-DOWN'o1Xo212XoF6.0l 0 317XoF6.0 0 2X,F6.0ll 

WRITE(6,11110ESCRIIJ, 1=1,171 
WRITEI6o121SQ 

12 FORMATI///4Xo'STIRRUP SPACING IN EXTERIOR 1/4 SPAN lAASHO SPECS.)' 
1,4X, 1 NO. 4 AT 1 ,F6.1, 1 IN. 1 ) 

WRJTEI6ol3l Sl61 
13 FORMATI//4Xo'STIRRUP SPACING IN MIDDLE 1/2 SPAN IAASHO SPECS.)•, 

l6X, 'NO. 4 AT' rF6.1,' IN. 1 ) 

WRITEI6ol4l 
14 FORMATI//4Xo'STIRRUP SPACING BASED ON ACI SPECS.',//9X,•SECTION'/l 

00 15 L•1oll 
LL = L-1 
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0096 
0097 
0098 
0099 

0100 
0101 
0102 
0103 
0104 
0105 
0106 

0107 
0108 

v1o.; 
v11o 

0111 

011l 

0113 
0114 
0115 
0116 
0117 
0118 
011S 
012G 

15 WRITEI6o16l LL,ACIILI 
16 FORMATI11Xoi2,6Xr'N0. 4 AT' 0 F5.1,' IN.'l 

WRITE (6,17 l 
17 FORMATI///4Xo'MAXIMUM ULTIMATE HORIZONTAL SHEAR BET~EEN SLAB AND G 

11RDER FLANGE IVQ/11' 0 //9X,•SECTION•/) 
00 18 L=1oll 
LL=L-1 

18 WRITEI6,19l LL,VSlll 
19 FORMAT(11Xoi2,F12.1o' PSI') 

WRJTEI6 0 11liOESCRIIlo 1=1 0 171 
WRITEI6o201 REQULToULTMOM,ICOMENTIII 1 l=NJ,NF),IKOMENTIIloi=MI 0 MFI 

20 FORMAT! //// 0 4Xr'ULTIMATE MOMENT REQUIRED =' 0 F8.l 0 1 FT-K!PS•,/ 0 

l4Xo'ULTIMATE MOMENT PROVJOEO =0 ,F8.1, 1 FT-KJPS'o10Xo10A40 /,56X, 
210A4,//Il 

wRITEI6o21l OEFK2oDEFL12 0 0NCOL2oDEFKl 0 0EFL14 0 0NCDL1 
21 FORMATI//,2Xo•DEAD LOAD OEFLECTICNS' 0 5Xo 1 SLAB'o5X,'OIAPHRAM'o9Xo 

1'COMP DEAD LOAO'o//,16Xo'MIOSPAN'o4X,F5.3o' FT 0 ,3X,F5.3,• FT 0 ,10X, 
ZF5.3r' FT•,/I,lOX, 1 QUARTER POINT'r4X,F5.3t 1 FT•,3X,F5.3, 1 FT•, 
310X,F5.3o' FT• l 

WRITEI6 0 221 CMAX,PLMAX 
22 FORMATI///4Xo 0 MAXIMUM CAMSfR •°F6.2 0 ' IN.'/ 

l4X, 'PRESTRESS LOSS • 1 ,F6.?o' PERCENT 'I 
WRITE l 6, 231 BTYPE, STRNS, 01 A, NFPS, ECCL, ENDECC oF PC lo I R ELMES { l l, I •J I, 

11lfl,FPC,NSTRNS 0 KGRIO 
23 FORMATI/////4Xo'TYPE OF BEAM',14Xo'•'o4XoA2/4X 0 °NO. OF STRANOS'olZ 

lX,•~•,F6.0,/4X,'SIZE OF STRANDS 1 ,11X, 1 • 1 r3X,A4 ,/4X, 1 ULT. STRF.NGT 
2H OF STRANDS & 1

1 17r 1 K1 1 /4X 1 1 ECCENTRJCITY AT C.L. 1
1 6X 1 'z' 1 

3F7.2, 1 IN. '/4X, 1 ECCENTRICITY AT EN0 1 ,7X, 1 = 1 ,F7.2,' IN.' ,/4X, 1 CONCR 
4ETE RELEASE STRENGTH =',F7.0,' PS1•,5X,15A4o/o4Xo°CONCRETE 28-0AY 
5STRENGTH ='oF7.0o' PSI•, 
6 /o4Xo'NUMBER OF DRAPED STRANDS =1 ol3o/o4X 0 '0EPRESS TOP STR 
7ANOS TO POSITION A- 0 ,12) 

WRITEI6o27l 
27 FORMAT!/, 4Xo'STRANO PATTERN AT CENTERLINE OF BEAM'l 

DO 28 1=1oNPOW 
J = ROWIIl 

28 WRITEI6 0 26l I,J 
26 FO~MAT(/, 4Xr 1 ROW 1 ,12r 1 HA$ 1 ,[3 ,• STRANDS') 

ftETURN 
END 
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0007 
0008 

oooq 
0010 
0011 
0012 

0013 

0014 
OOlS 
OOlo 

0017 
0018 
0019 
0020 
C02! 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 

~r~~~ (U,(11l,!r.,A,N(.Dl ,"1NUJL,"1'.J,JH5l 
fJJ MF NSI ON C.UMr NT I 24J 
tfJMMON/IAM/ ACJili)J,VSI?.OJ 

DATf 70l41 ?21,~172 

COMMON/.JW~/ V~AI20 J, VOLI20J, XOl S T 115), OEFK2, OEFll2r OEFK 1, OEFll4t 
lONf:OLl,ONC.Dll 
C.O~MON/E ll/f1MI•.ICJ 1, BMN02 ,WOil USI40 J, SMROL 1, SM80l2, SPAN 1, SPAN2, 

10( ~CR 117J 
COMMON/LOC /Pl'-'AX 1 CJ4AX, ACR, BCR, ASH, BSH 
COMMON/KI I ASL, t BSL, It~ A, YTC, YBC, YTCSL, ZTSL ,Y8CSL, ZBSL ,AREAC, ECCL t 

1 ENDMAX r TEN IN, SPANL t BSPAC, BTYPE t TS t EFW IUWB 1 UWS, EC, EC Sl1 E S, AS T~N 1 
2FPS, fi!COL ,z TB,ZBB ,YT ,AREA,D, I B, ZBBC 1 STRNS ,ECAL, VB, ZTBC1WTF 1 BP, AV 
3 1 F PY, l TYPE, KASE ,KOOE, RROAO, SFPC, OF ACT, 0( A 
COHMON/~~M/ FO,HDPT,P 
COMMON/MM/ROW I 20 J ,NROW, SROWt 20 J, SPACE 1 IW 1 DROWI 20 J 
COMMON/ILl/ REQUL T ,Ul TMOM, FPC, FPC I, 1\S TATE 
COHHON/LLI/ BHHA 1201 , BMDL 120 l, BHSUH 120 ), BMBH I 20 l, BMNCOLI 20 ), VSU~ I 2 

10) ,BMSlt20J 
COMMON/ JOF I FTll I 20J ,FBlll20 J, FTSl 120J 1 FBSL ( 20), FT6"1f 20), 

1F 66MI 20) ,F TDL f 201 ,FBOL ( 20 I ,FTNCOL( 20 I, F6NCOL ( 201, S T ( 201, SBI201 
2 ,F T ( 20 I, FB t 20 I ,FTI ( 20) ,FBI ( 20) ,FTIB I 20 I, FBIBC20J 1 FTIBSNt 20 J, 
3FBIBSNI20l 

CO"MON/FYB/KGRIO,NSTRNS,ENDECC,IWCH 
COMMON/JRR/SI 151, SQ 
OATA COMENT/'UNOE', 1 R RE','INF.•,• FLG•,•o. S 1 , 1 ECT. 1 , 1 0VER 1 t 1 REJ 

1','NF. '•'FlGO•,•. SE•,•CT .. •,•UNOE','R RE','II\IF.•,• REC','T. s•,• 
2ECT. 1 , 1 0VER•,• REI','Nf .. •,•RECT't'• SE', 1 CT. 1 / 

FPS = FPS/1000. 
NFPS = FPS 
REQULT = REQUL T 112000. 
ULTMOM = ULTHOM/12000. 
OEFKl = DEFKl/12. 
OEFK2 = DEFK2/12. 
DEFL12 DEFL12/12. 
DEFLl4 DEFL14/12. 
DNCDLl = DNCDLl/12. 
DNCDL2 = QNCDL2/12. 
00 293 I = 1,15 
BHDLI I l = BMDLI !l 112000. 
BHMAIII = BHHAIII/12000. 
BHSUHI I l =BHSUHI I 1112000. 
VOL! 11 = VDLIII/1000. 
VHA( I l = VMAI I 111000. 
VSUHI I l = VSUHI I 111000. 

293 CONTINUE 
NI = INSTATE- ll • 6 + 
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0036 
0037 

0038 

0039 
0040 
0041 

0042 

0043 

004<t 

004b 

;)04 ~ 

NF = NSTATE • 6 
5 FORMAT! 5X, 'NOTE----BEAM OESIG~ BASED ON ULTIMATE ~OHENT REQUIRE• 

1 ENTS 'I 
6 FORMAT! 5X, 'NOTE----RELEASE STRENGTH BASED ON MAXIMUM DRAPED P'.JSI 

1TION OF STRANDS') 
1 FORMATI1Hl,///,2127X,20A4,/)) 
8 FORHATI47X,l7A4,//,55X,•SPAN I ,A4,Al,3X, 1 BEAJIII •,A4,Al) 

10 FORMAT(!//,SX,'**** INPUT DATA**** 1 ,//,5X,•BEAH TYPE' 1 9X, 1 = •, 
1A2t13X,'UNlT WT. BEAM CONC. = 1 ,F6.0, 1 PCF',l3X,'l.L. OIST .. FA 
2CTOR =•,F10.2,/,5X, 1 SPAN LENGTH 1 ,7X, 1 = 1

1 F7.2r' FT' 1 8X 1 'UNIT WT. SL 
3AB CONC. = 1 tf6.0,' PCf'tl3X, 1 COHP. SLAB WIDTH = 1 ,Fl3.2t 1 IN' 
41 

11 FORMATf5X, 1 i3EA.H SPACING',&X, 1 =',F7.2, 1 FT',~X, 1 28-0AY ST.ISLAB CON 
1C.J =',F6.0,• PSI',l3X,•COHP. DEAD LOAD = 1 ,F10.2, 1 KLF',/,SX, 
2'SlAB THICKNESS =',f7.2,' lN'rBX,'EIBH.CONC.I' 1 lZX,•=•,F~.2, 
3' Et061PSJ',8X, 'BEAM JNERTIA',6X, 1 =1 ,F8.0, 1 IN4'1 

12 FORMATl5X,•STRAND SIZE 1 ,7X,'= •,A4, 1 lN',8X, 1 E(SLB.CONC.J 1 ,llXt 
l'=',F8.2,' EI06)PS1 1 t8X, 1 BEAM AREA 1 ,9X,'= 1 ,Fl0.2t' IN2 1 ,/,5X, 
2'STRANO ULT. STR. "" 1 ti6,'K',llX, 1 EtPSRR. STL.t 1 ,10X,'•',F8.2,' El 
30b)PSI 1 ,AX, 1 BEAM DEPTH't8X, 1 =1 ,Fl0.2, 1 IN') 

13 FORMATISX, 1 NO.OF WEB STRNS. = 1 ti';,13X,•AASHO L.L.',13Xt 1 >= 1
1 3X 1 A4, 

1Al,l7X,'RfA.H YB'rllX, 1 : 1 ,Fl0.2,' lN 1 ,/,5X, 1 GRIO SIZE 1 ,9X, 1 • 1 tF5.0t 
2' IN',BX,'RAILI\OAD L.l.'tlOX,•= E- 1 ,F3.0,l&X, 1 8EAM YT 1 ,lll(, 
l'=',Fl0.2,' IN'I 

14 FORMAT(///,SX,tfYPE OF BEAH 1 ,l4X,•: 1 ,3X1 A2 1 22X 1 •D.L. DEFLECTION AT 
1 MID-SPAN =•,F7.3, 1 FT tSLAB) 1 ,4X 1 F7.3 1 ' FT IDJAFl 1 ,/5X 1

1 NO. OF ST 
2RANDS'tl2X, 1 =1 ,F6.0,21X, 1 0.L. OEFLECTIO~ AT l/4 PT. =•,F7,.3,' FT 
31Sl.A8l',4X,F7.3,• FT tOtAFI',/,SX,'SilE OF STRANDS 1 ,llX, 1 : •,Aitl 

15 FORMAT(SX, 'TYPE OF STRANDS'tl1Xt 1 = 1
1 I6 1

1 K' 1 20X 1
1 ULTIMATE JotOME~T Rf 

lQUIRED = 1 ,F6 .. 0,' FT-KIPS•,/,5X,'ECCENTRIC1TY AT C.L. 1 ,6X, 1 =1 tf8.2, 
2' IN'tl6X, 1 ULT. MOMENT PROVIDED =',4X,F6 .. 0,' FT-KIPS 1 t6A4t 
3 /,SX,'ECCENTRICITY AT EN0 1 ,7X, 1 -= 1 ,F8.2t' I~'l 

16 FORHAT(5X 1 'N0. OF DEPRESSED STRANDS = 1 ,l5,22X, 1 STIRRUP SP~C. OHD 
lDLE 1/2 SPANI =NO. 4 AT',F6.2,' IN 1 ,/,5X, 1 DEP~ESS TOP 'tilt' STRA 
2NDS TO POSITION A-',!2,16X,•STIRRUP SPAC. !EXT. 1/4 SPAN) =NO. 
34 AT',F6.2,' tN•,/,5Xt 1 CONCRETE RELEASE STRENGTH =•,F6.0, 1 PSI') 

17 FOR14A.TISX,'CONCRETE 28-DAY STRENGTH =1 ,FB.0, 1 PSI 1 ,13X, 1 TOP I=JB 
lEF JESIGN STRESS ,C.l.J :•,Fo.o,• PSI'ti59X,'1WTTOM FIBER DESJG 
2N ST~ESS IC.t.J =',F6.0t 1 PS{',//,sqx,•"AXIMUH CA""BER ='rF&.z,• IN 
3',/,sqx,•PRESTRESS LOSS = 1 ,F6.2r' PERCENT') 

18 FORMATI5Xt'*** STRANO PATTERN ***' 1 / 1 9X 1 '1C.L. OF SEAMI'/J 
20 FORMAT(5X, 1 R01'1',{3,' HA.S 1 ,F4 .. 0, 1 STRANDS'I 
21 FORMAT(//,5X,'*** eEAH DESIGN ***'I 

ltoiiiiTEI6,7ltWDROS(lJ,t = lr40l 
fill'; I TE 16,8) (QESCRI I J, I =lr 17), SDANl, SPAN2, BMN01,BMt402 
WKIT£(6,101 BTYitE,UWB,OFACT, Si>ANL,UWS,EFW 
wRITECb,lU BSPAC ,SFitC,NCDL,TS,EC,IB 
,.RITEI6,121 DlA,ECSL,A.REA,NFPS,ES,O 

131 

PA";F 00t"J1 

PAGE 0002 



FORTRAN IV G LEVEL 18 SHPUT DATE = 70341 22135/22 

0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
CObb 
0067 
0068 
0069 

WRITE16~131 IW,SM80Ll,SM80L2,YB,SPACE,RROAO,YT 
WRITEI6,2ll 
IFINSTATE.EQ.21 WRITE!b,51 
IFI IWCH.EQ.21 WRITE!b,bl 
WRITE!b 9 141 BTYPE,OEFK2,0EFL12 9 STRNS,OEFK1,0EFL14 9 0IA 
WRITE(b,151 NFPS,REQULT,ECCL,ULTMOM,ICOMENTII),I = Nl,NFI,ENOECC 
WRITEib,lbl NSTRNS,Sib),IW,KGRID,SQ,FPCI 
WRITEI6,171 FPC,STibl,SBibl,CMAX,PLMAX 
WRITEI6,181 
DO 19 I = 1,NROW 

19 WRITEib,ZOI I,ROWIII 
RETURN 
END 

132 

PAGE 000~ 



FfJRf~A'-1 IV (; LFVEL Ill 

QI)Jl 

oon 
0003 
OCJ4 
000~ 

OOOb 
0007 
0008 
OC09 
0010 

c 
c 

2 

I!M = ARS I RMLLJ 
VH = .A% lVI 
IF (-iM"AX.GT .liM I 
R'4MAX = BM 
IF I VMAX. GT. VEE I 
V"'AX = VEE 
COMIIIIUE 
RETUR'-1 
END 

M4CKS JATE = 7'1~).4 00/S?/75 PAGr 0001 

Cl; rn 

GO TO z 
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OOJl 
0017. 

•)OJ3 

00')4 
OG•J5 
0006 

ll01)7 
OOOa 
0009 
0010 
0011 
01Jl2 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 

c 
c 

~UiiROUTINE LANELOI TflTTL':ll 
COMMCN/Jh~/ VMAI201 1 VDLI201rXOISTI151 1 DEFK2 1 DEFltZ,OEFK1 1 0EFll4 1 

lDNCOL2,DNCDL 1 
COHMON/KI/ A~L 1 lBSL,INA,VTC 1 VBC 1 VTCSL,ZTSL,VBCSL,ZHSL 1 AREAC 1 ECCL 1 
1E~D~AX,TENIN,SPANL,8SPAC,RTYPE,TS, EF~ ,UWR,UWS,EC,ECSL,ES,AST~Nr 

2FPS,NCDlrZT8,ZR~,YT,AREArOtiB,LBBC,ST~NS,ECAl 1 Yij 1 ZT~C,WTF 1 BP 1 AV 
3 1 F PY ,L TYPE, K AS~ 1 K00f:, PR!IMJ, SFPC 1 'JFAC T 

COMMON/J/ R~HSI20I,~MSPI20I,~Hlll201 ,VHSI20I,VSPI201 0 Vllii.OI 
DIHENSION VIZOI 1 BHI201 
DATA BH,V/40*0,0/ 

CONCLV = 0,65 * TDTTLD 
CONCLH = 0.45 * TOTTLD 
W = 0.016 * TOTTLD 
DO 1 LD = 1,1? 
DIST = XOISTILOI 
REACTV = 0,5*W*SPANL+ (1,0-0IST/SPANLI *CONCLV 
REACTM = o.~*W*~PANl+ (1,0-D!ST/SPANLI *CJNCLM 
VILOI = qEACTV- W*DIST 
BHILOI = OIST * IRFACTM-W*OIST*0•5 1*12. 
BHLLILDI = BHILDI 
Vllii.DI = VI LDI 
CONTINUE 
ou 2 l 0 = 1' 11 
VllllOI = AMAX11VILOI,VIl2-LOII 
BHLLILOI = AHAXl(BHILOI,BHI12-LDII 

Z CONTINUE 
RETURN 
END 
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0001 
0002 
0003 
0004 
0005 
0006 
0(107 
0008 

FORTRAN 

0001 

0002 
0003 

0004 
0005 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
OOlb 
0017 
0018 
0019 
0020 

IV G 

SUBROUTINE INPUT! 
COMMON/ELL/ 18MNO,WORDSI40I,SM80Ll,SMBOL2,SPAN1,SPAN2,0ESCRI171 
READI5,14IIWORDSIJI,I=lo401 
READ I 5,15110ESCRI II, 1=1, 171 

14 FORI1AT 120A41 
15 FORI1ATI12X,l7A41 

RETURN 
END 

LEVEL 18 IND4TA DA.TE 70~24 00/~~/25 

c 
c 

c 
c 

SUBROUTINE INDATA 

REAL JB,IBl, INA,NCDL,MNCOL,MS,IBSL 
COM~ON/KI/ ASL,IBSL,JNA,VTC,VBC,VTCSL,ZTSL,VBCSL,Z6SL 0 ARFAC 0 ECCL, 
lEND~AX,TENIN,SPANL,BSPAC,BTVPE,TS, EFW oUW~oUWS,EC,ECSl,ES,ASTRN, 

2FPS,NCDL,ZTB,ZBB,YT,AREA,D,IBoZBBC,STR~S,ECAL,Y6,ZTBC,WTF,BP,AV 
3,FPY,LTVPE,KASE,KOOE,RROAO,SFPC,OFACT,OIA 

COMMON/MM/ROWI20I,NROw,SROWI20I,SPACE,IW,OPOWI201 
DATA OIAB/ 0 1/2 '/ 

OFACT = BSPAC/11. 
OIA = OIAB 
ASTRN = 0.154 
UWB = 150. 
uws = 150. 
SFPC = 3600. 
EC = 5. 
ECSL = 5. 
ES = 28. 
FPS = 270000, 
FPV = 40000. 
NCDL = O, 
IW=2 
RETURN 
END 

FORTRAN IV G LEVEL 18 ALLOW DATE = 70~24 00/55/25 

0001 
0002 
0003 
OOO<t 

0005 
0006 
OOJ7 
0008 
(1009 
0010 
0011 
0012 
0013 
0014 

c 
c 
c 

SUBROUTINE ALLOW 
COMMON/ALL/ FBII,ACOMPR,TTEN;FTP,PLOSS,PPERST 
COMMON/ILL/ REQULT,ULTMO~,FPC,FPCI,NSTATE 
COMMON/KI/ ASL,IBSL,INA,VTC,YBC,YTCSL,ZTSL,VBCSL,ZBSL,AREAC,F.CCL, 
lENOMAX,TENIN,SPANL,BSPAC,~TVPE,TS, F.F~ ,UWB,UWS,EC,ECSL,ES,~STRN, 
2F,S,NCOL,ZTR,ZBB,VT,AREA,O,I~,Z~6C,STRNS,ECAL,VB,ZT~C,WTF,6P,AV 

3oFPV,LTVPE,KASF,KOOEoRROAO,SFPC,OFACT,DIA 

DETERMINE ALLOWABLE STRESSES 

FBII = 0.6*FPCI 
AC0'1PR = 0.4*FPC 
TTEN =-7.5*SQRTIFPCII 
FTP =-3.*SQRTIFPC I 
IFIFTP.LT.I-250.11 FTP : -250. 
TENIN : 0.7*FPS*AST~N 
PLOSS : 0.20 
PPERST : TENIN*I1. - PLOSS I 
RETU~N 

END 
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0001 
0002 

0003 
0004 

0005 
0006 
0007 

0008 
0009 

0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
00.21> 
0027 
0028 
0029 
0030 
0031 
003.2 
0033 
0034 
0035 
0036 
0037 
0038 
0039 

c 
c 

SUBROUTINE TYPELD 
COMMON/KI/ ASL,IBSL,INArYTC,YBC,YTCSL,ZTSL,YBCSL,ZBSL,AREACtECCL, 

1ENOMAX,TENIN,SPANL,BSPAC,BTYPE,TS, EFW rUWB,UWS,EC,ECSL,ES,ASTRN, 
2FPS,NCDL,ZTB,ZBB,YT,AREA,D,IBrZBBC,STRNS,ECAL,YB,ZTBC,WTF,BP,AV 
3,FPY,LTYPErKASE,KODE,RROAD,SFPC,DFACT 

COMMON/CONC/ CNCPC101,CNCDI10I,CCPI101,CCDI101,SCNCPI10l,SCNCDI101 
COMMON/Lll/ BMMAI20I,BMDLI201,BMSUMI201tBMBMI201,8MNCOL(201,VSUMI2 

101 ,BMSLI201 
CDMHON/J/ BMHSI20I,BMSPI201tBMLL(201 ,VHS120l,VSPI201,Vll(201 
CDMMQN/MMM/ FO,HDPT,P 
COMMON/JWM/ VMAC201oVDLI20l,XDISTil5),DEFK2,DEFL12,DEFK1,DEFL14t 

1DNCDL2,DNCDL1 
DIMENSION WEIGHTC51 
DATA WEIGHT/2*40.0,30.0,2*0•0/ 

FRACT = 150./CSPANL + 125.11 + 1. 
IFCFRACT.GT.1.31 FRACT = 1.3 
DO 5 I = 1, 10 
IFICCPIII.NE.O.O.OR.CCDIII.NE.O.OI GO TO 6 

5 CONTINUE 
TOTTLD = WEIGHTILTYPEI*1000. 
GO TOC1,2,2,3,3l,LTYPE 
CALL JMLOADITOTTLOI 
CALL SPCL 
CALL LANELDITOTTLDl 
DO 100 L = 1,15 
BHMA!LI = AMAX11BMHSILirBMLL!LI,BMSPILII*FRACT*DFACT 
VMAILl = AMAX11VHS(LlrVLLILi,VSP(LII*FRACT*DFACT 

100 CONTINUE 
GO TO 102 

2 CALL SPCL 
CALL LANELO!TOTTLDI 
DO 101 L = 1.15 
BHMA!LI = AMAX11BHSP!LirBMLl!LII*FRACT*DFACT 
VHAILI = AMAX11VSPCLioVLLILI I*FRACT*DFACT 

101 CONTINUE 
GO TO 102 

3 CALL RRLOAD 
GO TO 102 

6 CALL CONLD 
DO 7 I = 1r15 
BHMA!Il = BMHAIII*FRACT*DFACT 

7 VHAIII = VMAIII*FRACT*DFACT 
102 RETURN 

END 
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0001 
0002 

0003 

0004 

0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 

0018 
0019 
0020 
0021 

0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 

0038 
0039 

c 
c 

SUBROUTINE MOMENT 
COMMON/Kl/ ASL,IBSL,lNA,YTCoY8C,YTCSloZTSLoY8CSL,Z8SL,AREAC,ECCL, 

1ENOMAX,TENINoSPANLoBSPAC,8TYPE,TS, EFW oUWBoUWStEC,ECSLtES,ASTRN, 
2FPS,NCOL,ZTB,ZB8,YT,AREA,O,lB,ZB8C,STRNS,ECALtY8,ZT8C,WTF,BP,AV 
3 ,FPV tl TVPE,KASE ,KOOE, RROAIJ, SFPC, OF ACT, 01 A 
COM~ON/LLI/ 8MMA1201,BMOLI20ItBMSUMI20I,BMB~IZOitBMNCOLI201,VSU~I2 

101 ,B!tSL I 201 
COMMON/ILL/ REQUlT,ULTMCM,FPC,FPCI,NSTATE 

DEPTH • 0 + TS - ECAL 
ASTEEL = STRNS * ASTRN 
SRATlO = ASTEEL I IEFW * OEPTHI 
FSU = FPS*I1.- Oo5*SRATIO*FPS/FPC 
FLCEK = 1.4*0EPTH*SRAHO*FSU/FPC 
ASF • 0.85*FPC*IEFW-BPI*TS/FSU 
ASR = ASTEEL - ASF 
FCHECK = ASR*FSU/IBP*DEPTH•FPCI 
CHECK = SRATIO*FSU/FPC 
lFIRROAO.NE.O.OI GO TO 480 

2 REQULT • lo5*1BMDLI61 + BMNCOLI611 + 2.5*BMMAI61 
IFITS.GT.FLCEKI GO TO 460 
ULTMOM = ASR*FSU*DEPTH*I1.-I0.6*ASR*FSUIIBP*OEPTH*FPCIII + 0,85*FP 

1C*IEFW-BPI*TS*IOEPTH-0.5*TSI 
1FIFCHECK.GT.0.31 GO TO 467 
NSTATE " 1 
GO TO 461 

467 ULTMOM = 0.25*BP*DEPTH*OEPTH*FPC + 0.85*FPC*IEFW-BPI*TS*IDEPTH-0.5 
1*TSI 

NSTATE = 2 
GO TO 461 

460 UL TMOH = ASTEEL*FSU*DEPTH* I 1.-0.6*SRATIO*FSU/FPC 
NSTATE = 3 

461 CONTINUE 
IFICHECK.GT.0.31 GO TO 463 
GO TO 470 

463 Ul T"'O"' = 0.25*FPC*EFW*DEPTH*OEPTH 
NSTATE " 4 
GO TO 470 

480 CONTINUE 
XH = 2.0 - SPANL * 0.004 
IFISPANL.GT.100.0I XH = 1.6 
REQULT = XH*IBHOLI61 + 8MNCOLI6ll + 2.3*B"'HAI61 
lFITS.GToFLCEKI GO TO 481 
ULTHOH • ASR*FSU*OEPTH*Il.-I0.6*ASR*FSU/18P*DEPTH*FPCIII + 0.85*FP 

1C*IEFW-8PI*TS*IDEPTH-0,5*TSI 
NSTATE = 1 
1FIFCHECK.GT.0.31 GO TO 482 

FORTRAN IV G LEVEL 18 MOMENT DATE = 70221t ooto;5f25 

OOitO 
0041 

0042 
001t3 
OOitlt 
001t5 
0046 
001t7 
OOitl 
0049 
0050 
0051 
0152 

GO TO lt70 
482 ULTHOM = 0.25*BP*DEPTH*OEPTH*FPC + Oo85*FPC*IEFW-BPI*TS*IOEPTH-0.5 

1*TSI 
NSTATE = 2 
GO TO 470 

481 ULTMOH = ASTEEL*FSU*OEPTH*I1.-0.6*SRAT10*FSU/FPC 
NSTATE = '3 
IFICHECK.GT.0.31 GO TO 483 
GO TO 470 

483 ULTHOH = 0.25*FPC*EFW*DEPTH*OEPTH 
NSTATE • 4 

470 CONTINUE 
RETURN 
END 
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0001 
0002 

0003 
0004 

000~ 

0006 
0007 
0008 
0009 
0010 

0011 

0012 
0013 
0014 

0015 
0016 
0017 
001B 
0019 
0020 
0021 
0022 
0023 
0024 
002 5 
0026 
0027 
0028 
0029 

C030 

c 
c 
c 

c 
c 

SUBROUTINE PSTRES 
REAL IBriBlrlNA,NCDL.MNCOLrMS,IBSL 

CCMMONIIC/ ~STATE 
COMMON/KI I ASLr I BSL, INA, YTC, YBC, YTCSL 1 ZTSL ,y BCSL, lBSL 1 AREAC t ECCL, 

1 ENDMAX, TEN INr SPANL rB SPAC t BTYPE, TS 1 EFW , UWBt UIII!S, EC, ECSL, ESr ASTRN, 
2FP S, NCOL, l TB, l 88, YT rAREArO, I B, ZBBC, STRNS, ECAL, VB, ZTBC,WTF, BP, AV 
3 1 FPY, L TYPE, KASE ,KOOE ,RROAO, SF PC, OF ACT 1 01 A 

COMMON/MMM/ FO,HDPT 1 P 
COMMON/ ALL I F Bl I, ACOMPR, T T FN, FTP, PLOSS ,PPERS T 
COMMON/FYB/KGRIO,NSTRNS,ENOECC,IWCH 
CCMMON/MH/ROWI 20 I ,NROW, SROW ( 201, SPACE, IW, ORO WI 20 I 
COMMON/ILL/ REQULT 0 ULTMOH,FPC,FPCI 0 NSTATE 
COMMON/Lll I BHMA I 20 I , BMOLI 20 I, BMSUM ( 20 I, BHBM I 20 I , BMNCDLI 20 I, VSUM ( 2 

10I,BMSLI201 
COMMON/ JOF I FTLLI 201, FBLLI 20 I, FT Sll 20 I ,FBSLI 20 I, FTBH I 20 ), 

1 F BBMI 20 I, FTDL( 20 l 0 F8 Dll 20 lo FTNCDL I 201 0 FBNCDLI 20 I, S T1 20 I, SB ( 201 
2 ,FTI20I,F61 20loFTI C 201oFB I 1201,FTI Bl 201oFBIB 1201,FTIBSNI 20 lo 
3FBIBSNI 201 

FPC I •4000. 
FPC • 5000. 
CALL ALLOW 

CACULATE STRESSES 

DO 47 I=lr15 
FTLLI li•BMHAI 11/ZTBC 
FBLLI li=BMHA( 11/ZBBC 
FTSLI!l=BHSLCII/ZTB 
FBSL( I I•BHSL( I 1/ZBB 
FTBMI I l= BMBMII) IZTB 
FBBHI I) •BHBHI I I I ZBB 
FTOLI I l•BMOU 11/ZTB 
FBOLIII=BMOL(Il/ZBB 
FTNCDLI II=BMNCOLI 11/ZTBC 
FBNCOLC II •BMNCOLI 11/ZBBC 
STill = FTDU II + FTNCOU I) + FTLLI I) 
SBIII = FBDLII I + FBNCOLIII + FBLLIII 

47 CONTINUE 
STRESS = FBDL(61 + FBNCDU61 + FBLLI61 

DETERMINE STRESS TO BE OVERCOME BY PRESTRESS 

TSTRES = I STRESS + FTP I I I 1. - PLOSS I 

OBTAIN INITIAL NUMBER OF STRANDS AND ECCENTRICITY OF THE PATTERN 

FORTRAN IV G LEVEL 18 PSTRES DATE • 70341 22135/22 

0031 
0032 
0033 
0034 
0035 
0036 
0037 
0036 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 

C047 
0048 
0049 
0050 
G051 
0052 
005! 
Vll54 
0055 
0056 
00':>7 
0051:' 
oor;q 
O()ttO 
ll(.)ol 
OOb.:' 
\Hl(• I 
lhlto<t 
~ollln .. 
OObh 
00&, 
\}\)b8 
lh)oq 
0(}70 
0071 
vnz 
0073 

C AT MIDSPAN 
c 

c 

ECC = YB 
TEMPP = TSTRES/11./AREA + ECC /ZBBl 
FBP = 0. 

401 STRNS • TEMPP/TENIN 
NSTN = STRNS 
NNSTN • NSTN/2 
NMSTN = NNSTN02 
STRNS = NMSTN 
RSTRNS = 0.003 o AREA I ASTRN 
NSTNR = RSTRNS 
NNSTNR = NSTNR/2 + 1 
NMSTNR = NNSTNR * 2 
RSTRNS = NMSTNR 
IFIRSTRNS.GT.STRNSI STRNS RSTRNS 

300 CALL MILLER 
319 ECCL • YB - ECAL 

C DETERMINE PRESTRESSING FORCES, INITIAL A~D EFFECTIVE 
c 

FO = TENIN*STRNS 
P = FO*!l• - PLOSS! 
FTPR • FO/AREA -IFO *ECCL 1/ZTB 
FBP = FO/AREA +IFO *ECCL 1/ZBB 

103 TSTRES = (STRESB + FTP ) I I 1. -PLOSS I 
407 IFIFBP.LT.TSTRESl GO TO 301 

GO TO 304 
301 CONTINUE 

2q STRNS = STANS + z. 
GO TO 300 

304 CONTINUE 
FTFOG z FTPR + FTBM(bl 
F~FUG z FOP -FS8M(6) 
FTfiN • P/AREA- PO ECClllTB + FTDLI6)+ FTNCDU61 + FTLLI61 
F!IFIN • P/AREA + P 0 ECCL I lBB -FBOL(b) - FBNCOLI•l -F8lllb) 
Mt f'[ 1 • F ~FOG/0.6 
11 lKtt•lt.Lf.filCII Gll TO 1 
tfl(.l ,. IHilCI 
U (H•c.tT .FPC II FPC • FPC I 
GU TU 101 
tll,..,TlNUE 
IFIFTFOG.GT.TTENI GO TO 320 
CALL S TRMODI ECALI 
GO TO 31• 

101 CALL ALLJw 
GO TO 103 

320 IFIFTFIN.GT.ACOH,Rl GO TO 30 
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0074 
0075 
007b 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
011" 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
0120 
0121 

IFIFBFIN.GT.FTPl GO TO 408 
30 FPC ;(fTFIN/0.41 + 1. 

IFIFPC.LT.FPC!l FPC ; FPC! 
CALL ALLOw 
GD TO 103 

408 CONTINUE 
MSTATE = 1 
CALL MOMENT 
IFIULTMOM.GT.REQULTl GO TO 470 
MSTATE = MSTATE + 1 
IFIMSTATE.GE.2l MSTATE = 2 
GO TO 29 

470 ENOl = IFO/AREA - TTENl*ZTB/FO 
END2 = !FBI! - FO/AREAl*ZBB/FO 
ENOMAX = ENOl 
IFIEND2.LT.ENDMAXl ENDMAX = END2 
CALL ECCEND 
IF IIWCH.LE.ll GO TO 471 
FPC11 = liFO* ENOECC/ZBBl + FO/AREAI/0.6 
FPCI2; !liFO/AREAl- FO*ENDECC/ZTBl/7.51**i 
TFPCI = FPCil 
IFITFPCI.LT.FPCI21 TFPCI = FPCI2 
IFITFPCI.GT.FPCII GO TO 472 
IWCH = 1 
GO TO 411 

472 FPC! = TFPCI 
IFIFPC.LT.FPC!l FPC= FPC! 

4 71 CONTINUE 
X = O. 
OIST = SPANL* .5-HOPT 
E = ENOECC 
DO 501 I = 1,14 
IFII.EQ.l2.0R.I.EQ.l31 E = ENDECC+IECCL-ENDECCI*I0.25*SPANL/DISTI 
IFII.EQ.141 E = ECCL 
FTIIIl=IFO/AREA-FO*E/ZTBI 
FB!IIl=IFO/AREA+FO*E/ZBBI 
FTIBIII=IFTIIII+FTBMCIII 
FBIBI I l=IFBI I I 1-FBBMI Ill 
FTIBSNCil = IP/AREA-P*E/ZTBl + FTDLIII + FTNCDLIII 
FBIBSNIII = IP/AREA+P*E/ZBBI - FBDLIII - FBNCOLlll 
FTIII = IP/AREA-P*E/ZTBI + FTDLIII + FTLLIII +FTNCDLIII 
FB 111~1 P /AREA+P*E 7Ill1'1 - FBDLIII - FBLLIII -FBNCOL I IJ 
X = X + SPANL*O.l 
IFII.EQ.l2.0R.I.EQ.l3l X= 0.25*SPANL 
IFII.EQ.l41 X= 0.5*SPANL- HOPT 
DECC = IECCL-ENDECCI*X/OIST 
E = ENDECC + DECC 
IFIX.GT.DISTI E z ECCL 

FORTRAN IV G LEVEL 18 PSTRES DATE = 70341 22/35/22 

0122 

0123 
0124 
0125 
0126 
0127 

IFCX.GT.ISPANL/2. + HDPTII E 
1*0.5-HDPTI +ENDECC 

501 CONTINUE 
CALL CAMBER 
CALL SHEARLFPCI 
RETURN 
END 

IECCL - ENDECC I * ISPANL-XI/ISPANL 
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0001 
D002 
0003 

0004 

0005 

0006 
0007 
OC•utl 
000'1 
c'010 
0011 
~:>t: 

001~ 

0014 
0015 
0016 
0017 
001B 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0011 
0032 
0033 
0034 
0035 
~036 

0037 
001~ 

0039 
0040 
0041 
0042 
0043 

SUBROUTINE CONLD 
COMMCN/C ONC/ CNCP I 10), CNCD I 10 I, CCP I 10 I, CCD 1101 , SCNCP I 10 I, SCNCDI 10 I 
COMMON/JWM/ VMAl20I,VOLl201,XOISTI15I,OEFK2,DEFL12,DEFKl,OEFL14, 

1 DNCOL2, ONCDLl 
CUMMON/LLI/ BMMA1201 1 BMDLI201,BHSUM(20l,BMBMI201,BMNCDLI20I,VSUMI2 

101 ,B.,.SLI 201 
COMMON/Kl/ ASL,IBSL,INA,YTC,YBC,VTCSL,lTSL,YBCSL,ZBSL,AREAC,ECCL, 

lENOMAX,TEN!N,SPANL,BSPAC,BTYPE,TS, EFW tUWB,UWS,EC,ECSL,ES,ASTRN, 
2FPS,NCDL 1 ZTB,ZBB 1 YT,AREA,O,IB,lBBC,STRNS,ECAL,YB,ZT8C,WTF,BP,AV 
3,FPY,LTYPE,KASE,KOOE,RROAD 1 5FPC 1 DFACT 
CDMMON/M~~/ FO,HDPT,P 
DIMENSION .V1151 1 B'"'MI151 
DIMENSION VWI20I,BMWI201 
DO 36 l = l ,10 
CCPI II = GCPI I I • 1000. 

3t> CONTINUE 
DO 101 K = 1 t 1 C 
IFICCPIKI,LE.O.OI GO TO 102 
LW = K 

101 CONTINUE 
102 LW 1 = LW + 1 

LW2 = LW + 2 
DO 103 K = 2 1 LW 

103 CCDILW2- Kl = CCDILW1 - Kl 
CCDI 11 = 0.0 
DO 10 L = 1ol5 
D09M=1,LW 
OIST = XDISTILl 
CM = CCDIMI 
N = 0 

41\=N+1 
CDIST = CM - CCDINI 
lFICDIST.GT.OlSTI GO TO 4 
Nl = N 
SPMO = SPANL - DIST 
N = M - 1 
ill = N + 1 
IFIN.GT.LWI GO TO 6 
CCDIST = CCDINI - DIST 
IFICCD!ST.LE.SPMDI GO TO 5 

I>NN=N-1 
CN = CCOINll 
SUMWC = O. 0 
SUMLD = 0.0 
DO 1 N = Nl, NN 
SUMWC = SUMWC + ICCDINI - CNI • CCPINI 

1 SUMLD = SUMLD + CCPINI 
C~A~ = SU"WC I SUMLD + OIST - CDIST 

FO~TRAN IV G LEVEL 1~ CONLIJ DUE 70224 00/55/25 

0044 
0045 
l,;~~o. 

00'>7 
0048 
0049 
:>050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 
uOol 
00~2 

0063 
006 .. 
001>~ 

Otlt>t> 
ll)l'> 1 

llll69 
0069 
0070 
0071 
007?. 
0\JB 
0074 
0075 
0071> 
0077 
0075 
OQ79 
OCI!'l 
8081 

SUBM 0.0 
SUIIW 0.0 
~EACTN = 11.0- CBA~/SPA~LI • SUMLO 
D08N=Nl.M 
SUBM = ICM- CCCINII • CCPINI + SUSM 

e SU8W = SUBW + CCP(NI 
SUMM = 0 
IFIM.EQ.Nll GO TO 3 
MMl=M-1 
DO 2 N = Nl,Mfol1 

2 SUMM = SUMM + CCPINI 
3 Vl = ABS!~EACTN- SUMMI 

V2 = A8S!REACTN- SUM!~- CCPIMII 
VWIMI = AMAXllVl,V21 

9 BMW(MI = OlST * ~EACTN • 12.0·- SUaH * 12.0 
VMAX = 0 
B"'AX = 0 
DO 11 M = 1, LW 
B"'AX = AM~Xl(o~AX,!IMW(~II 
VMAX = AMAXl(VMAX,VW(MII 

ll CONTINUE 
V Ill = VMAX 
~MM (1.1 = liMA)( 

10 CIJNT INliF. 
llll l<; [ u l, 11 
~"Ml(!l • AMAXI(IIIMM([I,IlMHI12-III 
VM/111 I a AMAXliVII I,Vl 12-111 

15 CONTINUE 
tiMMA( 121 
BM"'A( 131 
UMMl( 14) 
iiMMA( 151 
VMA1121 
VMA(131 
VMA(l4) 
VMA(l5l 
liE TURN 
END 

AMAXl (BM'4(l2) 1 !lMM( 131 I 
= BMMAI121 
= A~AX\(eM'4(141,~"1~(15ll 
= IMMI\1141 

AMAX11VIl21,VI13)1 
V1'1AI 121 
AM~Xl(VI14l,VI1511 

VM41141 
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OOJI 
0002 

0003 

0004 

0005 
')('')6 

0007 
OU•H 
OCJ9 
0010 
0011 
0012 

0013 
0014 
0015 
001!> 
0017 
')0 1 q 

0019 
00?.0 
00?.1 
C'UZ2 
0023 
0024 
0025 
0026 
0027 
0028 
ou2g 
0010 
0031 
1)032 
0033 
0014 
0015 
OUJ6 
0037 
003fl 
001'1 
004U 
00 1+1 

c 
c 

SUBROUTINE J~LOAC(TQTTLDI 
CO"'~O"l/JW~/ V>U I 20 I, VDU 20 l, XD IS Tl15l ,OEFK2, OEFL12 ,OEFKI ,OF.FL14, 

1 ONCDL2 ,ONCDL1 
CO"'MON/KI/ ASL,IBSL,INA,YTC,Y~C,YTCSL,ZTSL,YBCSL,ZBSL,ARFAC,ECCL, 
IEND~AX,TEN!N,SPANL,oSPAC,BTYPf,TS, E~~ ,UWR,UWS,EC,ECSL,FS,ASTRN, 
2FPS,NCDL,ZTB,ZHe,vT,AREA,O,IBoZBBC,ST~NS,ECAL,YBoZT8C,kTF,BP,AV 
3,FPY,LTYPE,KASE,KOOE,RPOADoSFPC,OFACT 
CUM~ON/LLI/ BMMAI?Ol,BMOLIZOI,B~SUMIZO),BM~MI20l 0 8MNCDLI20l 0 VSUM(2 

101 ,e .. su 201 
DIHENSI!JN ((3) 

DIMENSION BMPRI•Ibl 
OI"<NSICI"l BMW(~~ 

OIME~SIIJ'-1 Vl20l 
CIJH'ION/ J/ BMHS I 20 I, ~MSP( 20 l ,BMLL I 20 I , VHS POl, VSP ( 20 l oVLLI20 I 
DATA BMPRIM/2.H,0.0,2.B,O.Oo16.~o11.?/ 
CATA C/0,0,14.0,28.0/ 
CATA V/20*0,0/ 

CL • SPA~L • 0.5 
IFISPANL.GT.241 GO TO 300 
PT • CL 
R~ACTN = 0.4 
BM = PEhCTN * PI * 480000 
GO TO 305 

300 IF ISPANL .GT • 231 GO TO 301 
PT = CL - 3, 5 
CBAR = CL + 3.5 
REACTN = 11-f.Bh'</SPANLI*1.c 
BM = REhCTN * PI * 4ROOOO 
GO TO 30 5 

301 IFISPANL.GT.32.h71 GO TO 302 
PT = 14.0 
CBAR = fA,h67 
GO TO 303 

302 PT = Cl - 2.3~ 

CBAR = CL + 2.3' 
303 REACTN = 11-CBAP/SPANLI * \,8 
304 BM = IPT * REACTN - 2,81 • 40000 
305 CONTINUE 

Ul T~ = qM 
DO 18 LD = 1,1 '> 
OIST = XOISTILDI 
0017'1=2,3 
BMwl~l = 0,0 
SUMWC = 0,0 
SUMLD = 0,0 
GU Til II ol , 9 I , "' 

FORT•A~ IV G L~VEL 18 70?24 01)/55/7.5 

OJ4? 
JU43 
0044 
oo .... s 
Ot)~" 

ooq 
tlG4~ 

0049 
00')0 
0051 
00';2 
00~3 

Gu'i4 
ou55 
0056 
0057 
uo:;>J 
OC5~ 

0060 
00-'Jl 
0062 
Vl~l 
j: .... ':> .. 
r,Lb'l 

{j(J"l 1 
~I)~~ 

00~1 
()';1') 

r;s 11 
!lG/2 
con 
0074 
007'i 
OC1~;J 

0077 
JJ7tl 
uCN 
00:10 
)('~ 1 

,.),.)•\., 

~.·~·\ \ 

i.'tl ~·· 
00'l5 
•l0d6 
0087 
llO'ld 
uc~~ 

IFIDIST.LE.CI2l I GC TO 0 
OfST~ = DIST- Cl?l 
DLSTW = OFST~ + Cl31 
IFIDLSTW.GF.SPA~ll GU TQ 5 
KACE = 1 
SUMLO = 1.8 
SUMWC = 33.6 
uU TO 10 

3 DFSTW = DIST 
DLSTw = OFSTW + 14.0 
IFIDLSTW.GT,SPANLl uU T~ 7 
KACE = 2 

4 SUMLD = 1.6 
SUMWC = 11,2 
GO TO 10 
I<ACE = 1 

6 SUMLO = 1.0 
su .. wc: 11.2 
GU TU 10 
SUMLO = O. 8 
SUMWC = 0.0 
GO TO 10 
IFIUIST.LE.29.0I ~D TO ~ 

I<ACE = 5 
DFSTw • OIST - >8.0 
GO TO 2 

9 OFSTw = DIST - Cl21 
IFI~FSTW.Lf.O.OI GQ TO 1o 
KACE = ~ 
(,U TO 4 

10 CBAR = SU'IWC/SUMLO + DFSTW 
RE ~C T'l = 11.0 - CBA~/SPA'IL I * SUMLO 
eMwi~I=IDIST • HEACTN- 3MPRIMIKACEII • TOTTLO 

11> CONTINUE 
17 CO'<TI~UE 

11 

8'4 = A'IAX](~I<kli:I,,'4WIIll 
B"'HSILDI = B~*l?• 
OFSTW = OIST 
OLSTW • DFST~ • ((31 
IFIOLSTW,GT,SP~~LI Gfl Til 11 
CtJAQ ~ ~1ST t o.JJ 
-'rACT'I • (l.<l- C~h~/SPA·~Ll * 1.~ 
.;u r o 1 ~ 
DLSTw • OFSTw • CIZI 
IFIDLSTw.GT.SPA~Ll GO TO 12 
C~AH = OIST + 7,0 
~EACTN = 11.0- CkAR/SPA~LI * lob 
GU TO 1' 141 
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FORTRAN IV G LEVEL 1a JML lAil DATE 

0090 
oon 
0092 
0093 
OJG4 
0095 
0096 
0097 
0098 
00~9 

0100 
0101 
0102 
01:>3 

12 REACTN = 11.0- OIST/SPANLI * 0.8 
13 VILOI = REACTN * TOTTLD 
18 CONTINUE 

DO 20 LO = 1,11 
VHS!L!JI = AMAXl!V(LJI,V!l?-LDil 

20 B~HSILOI = AMAXl(B~HSILDI 1 BMHS!12-LDII 
19 CONTINUE 

1FidMHSI51.LT.BM~SI411 BMHSI5l = BMHSI4) 
IF!BMHSI6l.LT.6~HSI~II BMHSI6) = BMHSI51 
IFI~MHSI6IoLToULTMI BMHSI61 = ULTM 
DO H l 4,"! 

21 BMHSILI = AMAX1!BMHSILI,BMHSI12-LII 
RETURN 
END 
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0001 
0002 

OOLI3 

0004 

0005 
0006 
0007 

0('08 

0009 
0010 
0011 
D012 
0013 
OD14 
0015 
0016 
0017 
D018 
0D19 

0020 
0021 
0022 
0023 
DD24 
OD25 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 

c 
c 

c 

SUBROUTINE RRLOAC 
COMMON/KI/ ASL,IBSL,IN~,VTC,VBC,VTCSL,ZTSL,VBCSL,ZBSL,AREAC,ECCL, 

1ENDMAX,TENIN,SPANL,BSPAC,BTVPE,TS, EFW ~UW8rUWS,EC,ECSloESrASTRN, 
ZFPS,NCDLrZTB,ZBB,VT,AREA,O,I8,ZBBC,STRNS,ECALrVB,ZT8C,WTF,BP,AV 
3,FPV,LTYPE,KASE,KODE,RROAD,SFPC,OFACT 

COMMON/JWM/ VMAI20l,VDLI20l,XDISTI15l,OEFKZ,DEFL1Z,OEFK1rDEFL14, 
10NCOLZ,DNCOL1 

COMMON/LLI/ 8MMAIZOI,BHOLI2Dl,BHSUMI20lo8MBHI20l,8HNCOLI20l,VSUHI2 
1DI ,BMSLIZOI 

DIHEhSION Wl18l,CI18J,POINTI9l 
DATA W/0.5,4*1.0,4*0.65,0.5,4*1•0o4*0o65/ 
DATA C/0.0,8.0,13.0,18.0,23oOr32.0,37.0,43oDo48.D,56oOr64.0,69oDr7 
14.0,79.0,~8.D,93.0,99.0,104.0/ 

DATA WU,CU/Do1r1D9o0/ 

SPAN=SPAH 
TOTLLO = RROAD 
FRACT = 1.35- ISPANL*SPANLl/50000. 
DO 13 LD = 1,15 
BHMAX = DoD 
VHAX = O.D 
DIST = XDISTILDI 
DO 12 M = 1,18 
SUMWC = o.o 
SUMLD = O.D 
BM = 0 oD 

CHECK WHEEL POSITIONS FOR MAX. MOMENT 
IFICIHI.GT.DISTI GO TO 6 
DFST~ = OIST - CIMI 
IC = 1 
CN = CU 

9 OSTRN = SPAN - DFSTW 
IFICN.GT.DSTRNl GO TO 
D!STkU = OSTRN - CN 
SUHWC =ISPAN-OISTkU/Z.Ol*WU*DISTWU 
JLH = 18 
SUHLO = OlSTWU * WU 
GO TO 4 
SUHWC = DoD 
DO 2 Jl = M , 18 
JLM = JL 
IFICIJLI.GE.DSTRNl GO TO 3 

2 CONTINUE 
GO TO 4 

3 JLM z JLM - 1 
4 00 5 N = lC,JLM 

SUHLO = SUMLO + WINl 

FORTRAN IV G LEVEL 1u RRLOAO DATE = 7D224 OD/55/?.5 

0040 
0041 
0042 
OD43 
0044 
0D45 
0046 
DD47 
DD48 
OD49 
0050 
D051 
0052 
0053 
0054 
0055 
005(> 
0057 
005~ 

OC59 
006D 
D061 
001>2 
0D63 
001>4 
D01>5 
0D66 
0067 
0068 
0069 

5 SUH~C = SUHWC + IDFSTW + CINI- CI!Cil*WINl 
CBAR = SU~WC/SUMLD 
REACTN z 11.0- CBAR/SPANI * SUHLO 
GO TO 10 

6007Jl=1,H 
JFW = JL 
CM = CCMJ - CIJLI 
IFCCMolT.OlSTl GO TO 8 

7 CONTINUE 
8 IC = JFW 

DFSTW = DIST - C~ 
CN = CU- CI!Cl 
GO TO 9 

10 DO 11 JJ = IC,M 
11 BM = WIJJI*ICIMl-CIJJil + ftM 

&~ll = IBM-O!ST*REACTNI*TOTll0*12o 
\/SUS = D.O 
IFI~.EQ.!Cl GO TO 15 
M'H=M-1 
DO 14 MHM = IC,MM1 

14 VSUB = VSU& + WIMMMI 
15 V = I~EACTN - VSUBl * TOTLLO 

~EACTN = ~EACTN • TOTLLD 
CALL MACKSIB~MAX,VMAX 0 M,V,8Mll,REACTN,H8H,MVMl 

12 CONTINUE 
VMAILOI=VMAX*lOCCoOO •FRACT/5. 
&HHAILOl=BMHAX*lDOD.DD * FRACT/5. 

13 CONTINUE 
IIETU~N 

END 
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0001 
0002 

0003 

0004 
0005 
0001> 
0007 

0008 
c 
c 

0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 2 
0023 
0024 
0025 9 
0026 
0027 3 
0028 
0029 
0030 
oo:n b 
0032 
0033 7 
0034 8 
0035 4 
0036 
0037 
0038 5 
0039 
0040 
0041 

18 SPCL DATE = 70224 00/55125 

SUBROUTINE SPCL . 
COHMON/JWH/ VHA1201oVDLI20l,XDISTI151,0EFK2,DEFL12,DEFKl,OEFll4t 

lONCDLZ,DNCOll 
COHMON/KI/ ASL,IBSL,INA,YTCrY8C,YTCSLoZTSL,YBCSL,ZBSloAREAC,ECCL, 

lENOMAX,TENIN,SPANL,BSPAC,BTYPE,TS, EFW rUWB,UWS,EC,ECSL,ES,ASTRN, 
2FPS,NCDLrZTB,ZBB,YT,AREA,OrlB,ZBBC,STRNS,ECAL,YB,ZT~C,WTFrBP,AV 
3oFPY,LTYPE,KASE,KODE,R~OAO,SFPC,DFACT 

COMMON/J/ BHHSIZOI,BMSPIZOI,BMLLI201 tVHSI20l,VSP1201,Vlll201 
DIMENSION Vl201 
DIMENSION CGI31,WB13l,WTI31,HWI31 
DATA CG,WB,WT,HW/2oOo2*2o8t4oOo2*14.0,48o0t40o0tl0.0,24.0,3Z.0,24o 

10/ 
DATA VIZO*OoO/ 

HSPAN = SPANL * 0.5 
00 4 LD = 1,15 
DIST = XDISTCLDI 
DLSTW = DIST + W81LTYPEI 
IFIDLSTW.GT.SPANLI GO TO 
CBAR = DIST + CGILTYPEI 
REACTN = 11.0- CBAR/SPANLI * WTILTYPEI 
BMSPILDI= OIST * REACTN*l2000. 
GO TO 3 
IFIDIST.GT.HSPANI GO TO 2 
REACTN = CloD- DIST/SPANLI * HWILTYPEI 
BHSPILDI= REACTN * DIST*lZOOO. 
GO TO 3 
IFILD.GT.111 GO TO 9 
8MSPILDI = 8HSP112-LDI 
GO TO 3 
IFILO.EQ.l31 BHSPILOI = 8HSPI121 
IFILO.EQ.151 BMSPILDI = 8HSPI141 
CONTINUE 
DLSTW = OIST + WBILTYPEI 
IFIOLSTW.GT.SPANll GO TO 7 
CBAR = OIST + CGILTYPEI 
REACTN = 11.0- CSAR/SPANLI * WTILTYPEI 
GO TO 8 
REACTN = 11.0- DIST/SPANLI * HWILTYPEI 
VILDl = REACTN*lOOO. 
CONTINUE 
DO 5 LD = 1,11 
VSPILDI • AHAX11VILOI,ABSIVI12-LDIII 
CONTINUE 
VSPI12 I 
VSPI131 
VSPI 141 = 

Vl12 I 
VSPI121 
VI 141 

FORTRAN IV G LEVEL 18 SPCL DATE 70224 00/55/25 

0042 
0043 
0044 
0045 
0046 

VSPI151 = VSPI141 
WRITEib,60011BMHSIIIol = loll! 

600 FORMATilH1,////bX, 1 JHLOAD MOMENTS 1 o//12X,FB.Oil 
RETURN 
F.ND 
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0001 
0002 

0003 

0004 

0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 

SUBROUTINE CHANGE 
CCHMON/LLI/ BHHAI20I,BHDLI201,8MSUHI201,BHBHI201,BHNCDLI201,VSUHI2 

101 ,BHSLI201 
COHHON/JWM/ VHAI201,VDLI201iXDISTI151,DEFK2,DEFL12,DEFK1,DEFL14, 

1 DNC DL2, DNC Dll 
COMHON/KI/ ASL,IBSL,INA,YTC,YBCtYTCSL,ZTSL,YBCSltZaSL,AREAC,ECCL, 

1ENDHAX,TENIN,SPANL,BSPAC,BTYPE,TS, EFW ,UWB,UWS,EC,ECSL,ES,ASTRN, 
2FPS,NCOL,ZTB,ZBB,YT,AREA,D,IB,ZBBC,STRNS,ECAL,YB,ZTBC,WTF,SP,AV 
3,FPY,LTYPE,KASE,KODE,RROAO,SFPC,DFACT,OIA 

C CHANGE UNITS FOR RERUN WITH 3-STRAND PATTERN 
c 

DEFK1 = DEFK1 * 12. 
DEFK2 = DEFK2 * 12. 
DEFL12 DEFL12 * 12. 
OEFL14 DEFL14 * 12. 
DNCDL1 = DNCDL1 * 12. 
DNCDL2 = DNCDL2 * 12. 
DO 294 I = 1,15 
BHOLIII = BMDLCII * 12000. 
BMMAIII = BMMACII * 12000. 
BMSUMIII = BHSUHCII * 12000. 
VDLC I I = VOLIII * 1000. 
VMAI I I = VMAI I I * 1000. 

294 VSUMIII = VSUMIII * 1000. 
FPS= FPS * 1000. 
RETURN 
END 
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FORTRAN IV G LEVEL 18 STR"10D DATE 70224 

0001 

0002 

0003 
0004 
0005 
0006 
OCJ7 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
001'> 
0016 
0017 
001B 
0019 
CO?.O 
0021 
0022 
oou 
0024 
0025 
0026 
oon 
0028 
0029 
0030 
0031 
OOP 
0033 

c 
c 
c 
c 

SUBRCUTINE STRMODIECALl 

COMMON/MM/ROWI20I,NRQW,SROWI20l,SPACE,!WtDROWI201 

POWN~ = ROWINROwl 
ROW1 = ROWill 
IFIROWI"lROWl.NE.ROW1l GO T!l 1 
ROWINROWl = ROWNR -2 
"lROw = NROW + 1 
R(lwiNROWI = 2 
GO TO 6 
IFIROWl.GT.ROWI21.ANO.NRuW.EQ.21 GO TO 4 
N = NROW 

2 IFIROWINI.GT.RrwNRl GO TO 3 
N = N - I 
GLl TO 7 
~OWINI = ROWIN! - 2 
IIIROW = NROW + 1 
ROW(NROWI = 2 
GO TO 6 

4 lf(RCWl-ROWI21.GT.21 GO TO 5 
NR(1W = ~ 

R:JWill = R(1W(ll- 2 
ROW( 31 = 2 
GO TO 6 

5 ROW!ll = ROW(ll - 2 
RLlW( 21 = ROWI21 + 7 

6 Sl o. 
52 0. 
00 A JR = l,NROW 
52 ROwiJRI * 12.0 + I IJR-ll*SP~CEll + 52 

8 Sl ROWIJRI + S1 
ECAL S2/S1 
Rt 1 !J~N 
f:Nil 
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OCOl 

0002 
0003 
00()4 
0(;05 
00()6 

0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
001~ 

0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
002~ 

0029 
0030 
0031 
0032 
0033 
0034 

0035 
0036 
0037 
0018 

c 

c 
c 
c 
c 
c 

SUBROUTINE CAMR~R 

REAL !B,IB1,1NA,NCOL,MNCOL,MS,!BSL 
COMMON/FYB/KGRIO,NSTRNS,ENOECC,IWCH 
COM~CN/LOC/PL~AX,CMAX,ACR,~CR,ASH,BSH 

COM~CN/~~M/ FO,HCPT,P 
COMMON/Kif ASL,IBSL,INA,YTC,YBC,YTCSL,lTSL,YBCSL,ZBSL,AREAC,ECCL, 
1ENO~AX,TENIN,SPANL,ijSPAC,BTYPE,TS, EF~ ,UWB,UWS,EC,ECSL,ES,aSTRN, 
2FPS,NCDL,ZTB,ZBB,YT,AREA,D,IB,ZB6C,ST~NS,EC4L,YB,ZTBC,WTF,BP,AV 
3,FPY,LTYPE,KASE,KOOE,RRUAD,SFPC,DFACT 

CAMBER AND STRF~S LOSS CALCULATIONS 

ASH : 0,000325 
BSH = 10. 
ACRII. = 0,000225 
llCR : 15. 
ACR = ACRR*O.OOl 
RN = ES/ EC 
AST = ASTRN*STRNS 
~ : UWB*AREA/1'4. 
DLM: IW*SPANL*SPA~L/8.1*1?. 
TEMP= 1.+1KN*AST/A~EA I•IRN*AST*ECCL*ECCL/161 
FR = FO/TEMP +IDLM*ECCL*RN*AST/IIB*TEMPII 
PLI = IIFO-FRI/FOI*100. 
CONST = 11./ARfAI+IECCL*ECCL/181 
FCSO = FR*CONST-IOLM*ECCL/1~1 
STRN1 : ACR•FCSC+ASH 
STRN2 = STRN1-STRN1*1RN*AST*CONSTI 
OFCS = STRN2*ES*AST*CONST * 10.0 ** 6 
STRN4 ACR*IFCSO-OFCS/2.1+ASH 
STRN5 STRN4-STR~4*RN*AST*CONST 
DFCS1 STRN5*ES*AST*CONST * 10.0 ** o 
STRN6 ACR*IFCSO-OFC$1/~.I+ASH 

STPN7 STRN6-STRN6*RN*AST*CONST 
PLINF = ISTRN7*FS*AST*10.0**6/FOI*100. 
PLMAX PLINF+Pll 
CCUNST = 1./IEC*IB*10.**61 
HS PAN = SPANl/2. 
Cl1 = CCONST*IFK*ENDECC*HSPAN*O•o*HSPAN*l44.1 
Cl2 = CCONST*IFR*IECCL-ENOECCI*IHSPAN-HDPTI*0.5*0.67*1HSPA~-HDPTI* 

2144. I 
Cl3 = CCONST*IFR*IECCL-ENUECCI*HDPT*IHSPA~-HOPT/2.1*144.1 
Cl4 = CCONST*I15./3~4.l*IW*SPANl*SPANL*SPANl*SPANL*l2.•12.*12.11 
Cl = Cl1 +CI2 +CI3 -CI4 
STRAIN=FCSO/IEC*10.**bl 

f~RTQA~ IV G LEVEL 18 OATE = 70224 00/55/25 

iJOB 
0040 
0041 

C~AX CI*IIACP*IFC~U-I~FC5/2.11+STRA!NI/STRAINI*I1.-IPLINF/lOO.II 
RETURN 
ENO 
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0001 
0002 
0003 
0004 
0005 
0006 

0001 
0008 
0009 

0010 
0011 
0012 

0013 

0014 
0015 
0016 
0017 
0018 
0019 

0020 
0021 

0022 

0023 

0024 
007.'> 

0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 

BLOCK DATA 
REAL 161 
COMMON/JJJ/ 8Billl,WDOI111,CCC111,EEC111 
COMMON/BNS/ BNSTC 
COMMON/CONC/ CNCPilOI,CNCDI 10I,CCPilOI,CCDClOI,SCNCPI10I,SCNCOI101 
C014140N/LI/BEAMI11loAR11li,YB11111oYT11111,D11111,18111ll,WTF1111lo 

18PR114Eil1l,HHI111 
COMMON/J/ 8MHSI20l,B14SPI201,BHlll201 0 VHSI20J,VSPI20I,VLLI201 
COMMON/IBM/ ACII15J,VSI201 
COMMON/JWM/ VMA1201oVDli~OI,XDISTI15l,OEFK2,DEFL12,DEFK!,DEFLl4, 

1 DNCDL2, DNCDLl 
COM~ON/ELL/ IBMNC,WORDSI401,SMBOLl,SMBOL2,SPANl,SPAN2,DFSCRI171 
COMMON/1414/ROW(201oNROw,SROWI20I,SPACE,IW,OROWI201 
COMMON/LLI/ BMMAI201,BHOLI20I,BMSUMI201,8HBMI20I,BMNCOLI20l;VSUMC2 

101 ,BMSLI201 
COHMON/JOF/ FTLLI201,FBLLI201,FTSLI201,FBSLI201,FTBHI201 0 

1FBBMI20I,FTDLI20l,FBOLI201,FTNCOLI201,F~NCOLI201,STI201,SBI20l 
2,FTI201,FBI201 ,FTI(20J,FBII 201 tfTIBI201 ,FBIBI201 ,FTIBSNIZOI, 
3FBIBSIIII201 
COHMON/JRR/ Sll5),SQ 
COMMON/MSC/ VNCDlll51 
DATA VNCDL/15•0.0/ 
DATA BMHS,BMSP,~~Ll,VHS,VSP,Vll/120*0•0/ 
UAU I!NST0/'NS 1 / , 

OA U AC I, VS, VMA ,VOL, XOI ST, WUROS,Rt)w, SROW,BH"lA,6'4Dl ,BMSU"',B .. BM, 
1 BHNCOL, VSUH, BMSL, FTLL, FBLL, FTSL, FBSL ,FTBM ,FBBH,F TQL, FBOL,F TNCDL, 
2FBNCDL,SToSB,FT,FB,FTloFBI,FTIB,FBIBtfTIBSN,FBIBSNoS/72~•0.0/ 

DATA BEAM / 1 A' , 1 8' ,'C 1 o'4~ 1 , 1 54 1 , 1 60't'66 1 , 1 72', 'IV' t 1 V1 o'VI 1 / 

DATA AR/275.44 1 360,31 1 4Q4,94 1 403,44 1 493,44 1 628,44 1 740,Q4 1 863,44 1 78 
18,441 1013.,1CR5./ ' 

DATA YB1/12,6l 1 1~.~3,17.09,22.87o25.53,28,4lo31,07,33,73 1 24,75o31. 
796,36.38/ -

DATA YT1/l5o38,19o07o22o91o25ol3o2Bo47o3lo59o34,93o38o27,29.25o3lo 
804,35.67./ 
OAT~ Ol/28.,34,,40.,48.,54.,60.,66,,72.,54,,63.,72.1 
UATA 181/22658.,43177,,82602.,101950.,1~4023.,255319,,374688,,537.0 

960.,260403.,521180.,733320./ 
DATA wTF1/12.0,l2.0,l4.0o14.0o16.o,1S.o,2o.o,22.o,zo.o,42,0,42.o/ 
DATA BPRIMF/6 •• 6.5 9 7.,6.,6.,7.,7.,7.,8.,8.,9./ 
DATA CNCP,CNCO,CCP,CCOoSCNCP,SCNC0/60*0•0/ 
DATA woul6.o,6.5,7.o,6.o,~.o.7.o,7.o,7.o,s.o,s.o,~.o/ 
DATA 8B/l6.0,18.0o2Z.O,l4,0,16.0,1~.0,20o0t22.0,26.0,28,0,28.0/ 
DATA CC/5,0,6,0o7.0,7,0,S,0,9.0olO.O,ll.0,8.0o8o0oBoO/ 
DATA EE/5.0,5,75,7,5,4.0,5.o,5.5,6,5,7.5,9,0ol0.0,10.0/ 
DATA HH/4,0,5,5,6o0t3o5o4.0,4o5,5.0,5o5t8o0t5o0t5o0/ 
END 
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APPENDIX C 

Following are some example design outpust from the computer 

program: 

Type 54 Beam One-page Output 

Type AASHO IV Multi-page Output 

Type AASHO IV Multi-page Output 

Type 54 Beam Multi-page Output 

Type AASHO IV One-page Output 

Type AASHO IV One-page Output 
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DISTRICT 14 
CONTROL NO. 151-6 

TRAVIS COUNTY HIGHWAY NO. LP 275 
IPE 228 DATE NOV 2 1970 

SUBMITTED BY BR WINN 

"*** INPUT DATA,**** 

BEAM TYPE 
SPAN LENGTH 
BEAM SPACING 
SLAB THICKNESS 
STRANO SIZE 
STRAND UL T. STR. 
NO.Of WEB STI!NS. 
GkiO SIZE 

*** BEAM DESIGN *** 

54 
75.75 FT 
7.54 FT 
7.50 IN 
1/2 IN 
270K 

2 
2. IN 

TYPE Of BEAM 54 
NO. Of STRANDS 22. 
SIZE Of STRANDS 1/2 
TYPE Of STRANDS 270K 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

SPAN 

UNIT WT. BEAM CONC. 
UNIT WT. SLAB CONC. 
28-0AY ST.ISLAB CONC.I 
EIBM.CONC.I 
E I SLB.CONC.I 
EIPSRR. STL.I 
AASHO L.L. 
RAILROAD L.L. 

2 BEAM 

150. 
150. 

3600. 
5.0() 
5.00 

28.00 
HS-20 

E- o. 

PCF 
PCF 
PSI 
EI061PSI 
EI061PSI 
EI061PSI 

L.L. DIST. FACTOR 
COHP. SLAB WIDTH 
CDMP. DEAD LOAO 
BEAM INERT! A 
BEAM AREA 
BEAM DEPTH 
BEAM VB 
BEAM YT 

D.L. DEFLECTION AT MID-SPAN = 0.053 FT ISLABI 
O.L. DEFLECTION AT 1/4 PT. 0.038 FT ISLABI 

ULTIMATE MOMENT REQUIRED = 3698. FT-KIPS 

0.69 
90.48 IN 

0.0 KLF 
164023. IN4 

493.44 IN2 
54.00 IN 
25.53 IN 
28.47 IN 

0.006 FT IDIAFI 
0.004 "l IOIAFI 

ECCENTRICITY AT C.L. 20.80 IN ULT. MOMENT PROVIDED = 4161. FT-KIPS UNDER RETNF. RECT. SECT. 
ECCE~TRICITY AT END 13.53 IN 
NO. OF DEPRESSED STRANDS 8 
DEPRESS TOP 2 STRANDS TO POSITION A-28 
CONCRETE RELEASE STRENGTH 4471. PSI 
CONCRETE 28-0AY STRENGTH 5000. PSI 

*** STRAND PATTERN *** 
IC.L. OF BEAM! 

~0• 1 HAS 
ROo 2 HAS 
~OW 3 HAS 
RO" 4 HAS 

6. STRANDS 
6 • STRANDS 
6. STRANDS 
4. STRANDS 

STIRRUP SPAC. (MIDDLE 1/2 SPAN! NO. 4 AT 24.00 IN 
STIRRUP SPAC. IEXT. 1/4 SPAN! NO. 4 AT I5.88 IN 

TOP FIBER DESIGN STRESS IC.L.I 2150. PSI 
BOTTOM FIBER DESIGN STRESS IC.L.I 2778. PSI 

MAXIMUM CAMBER 
PRESTRESS LOSS 

150 

1. 76 IN 
17.28 PERCENT 
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SPAN TEST BEAM NO. TEST 

BEAM TYPE IV 
SPAN LENGTH 75.00 FT 
BEAM SPACING 7.25 FT 
SLAB THICKNESS 6.75 IN 
STRANO SIZE l/2 IN 
STRAND ULT. STR. 270K 
NO. OF WEB STRNS. 2 
GRID SIZE 2. IN 

DISTRICT 14 
CONTROL NO. 151-6 

TRAVIS COU~TY HIGHWAY NQ. LP 275 
IPE 228 DATE NOV 2 1970 

SUBMITTED BY BR WIN~ 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

INPUT DATA 

UNIT WT. BEAM CONC. 150. PCF L.L. OJ ST. FACTOR O.b6 
UNIT WT. SLAB CONC. 150. PCF COMP. SLAB WIDTH B7.00 
28-0AY ST.ISLAB CONC.I 3600. PSI COMP. DEAD LOAD o.o 
EIBM. CONC. I 5.00 EI061PSI BEAM INERTIA 260403. 
El SLB. CONC. I 5.00 EI06)PSI BEAM AREA 78B.44 
EIPSTR. STL.I 28.00 EI06IPSI BEAM DEPTH 54.00 
AASHO L.L. HS-20 BEA~ YB 24.75 
RAILROAD L.L. E- o. BEAM YT 29.25 

MGMENT SUMMARY !FT-KIPSI SHEAR SUMMARY !KIPS I 

SECTION DEAD LOAD L .L.+I. TOTAL DEAD LOAD L.L.+I. TOTAL 
0 o.o o.o o.o 55.6 51.9 107.6 

375.5 345.0 720.5 44.5 46.0 90.5 

667.5 601.1 1268.6 33.4 40.1 73.4 

876.1 768.2 1644.2 22.2 34.I 56.4 

4 1001.2 864.7 1866.0 11.1 28.2 39.3 

1043.0 881.5 1924.5 -o.o 22.3 22.3 

1001.2 864.7 1866.0 11.1 28.2 39.3 

876.1 768.2 1644.2 22.2 34.1 56.4 

667.5 601.1 1268.6 33.4 40.1 73.4 

9 375.5 345.0 720.5 44.5 46.0 90.5 

10 o.o o.o o.o 55.6 51.9 107.6 

HOLD-DOwN 1024.4 880.2 1904.6 7.4 21.4 28.8 

LOOP 275 OVERPASS us 183 SPANS NO 1-6 

STRESSES IN EXTREME FIBERS DUE TO EXTERNAL LOADS IL8S PER SQ. IN. I 

TOTAL D.l. DEAD LOAD Ll VE LOAD 
SECTION BEAM SLAB NCN-COMP SEC. COMP SEC. PLUS IMPACT TOTAL 

TOP BOT TOP BOT TOP BOT TOP BOT TClP BOT TOP B:JT 

0 o. o. o. o. o. o. o. o. o. o. o. o. 
1 280. 237. 226. 191. 506. 428. o. o. 102. 2~8. ~08. 686. 
2 498. 422. 402. 340. 900. 761. o. o. 178. 449. 1078. 1211. 
3 654. 553. 527. 446. 1181. 999. o. o. 228. 574. 1408. 1573. 
4 747. 632. 602. 510. 1350. 1142. o. o. 256. 64b. I bOb. I 7•A. 
5 778. 659. 627. 531. 1406. 1190. o. o. 261. 6'i9. 1667. 1840. 
b 747. 632. 602. 510. 1350. 1142. o. o. 256. 646. !bOb. 11qa. 
7 654. 553. 527. 446. 1181. 999. o. o. 228. 574. 1408. 1~73. 

8 498. 422. 402. 340. 900. 761. o. o. 178. 449. 1078. 1211. 
9 280. 237. 226. 191. 506. 428. o. o. 102. 258. bOB. 6q6. 

10 o. o. o. o. o. o. o. o. o. o. o. o. 
HOLD-DOWN 765. 647. 616. 521. 1381. 1168. o. o. 261. 658. 1642. !BU. 

STHESSES DUE TO EXTERNAL LOADS PLUS PRESTRESS !LBS PER SQ. IN. I 

BEAM PLUS FINAL. PREST. PLUS 4LL LOADS PLUS 
INITIAL PREST. INITIAL PREST. TOT. O.L.IN/C SEC.l FINAL PREST. 

TOP SOT TOP BOT TOP BOT TOP BOT 

0 -471. 1898. -471. 1B98. -377. i518. -377. 1518. 
1 -537. 1954. -257. 1717. 76. 1135. 178. 877. 
2 -604. 2010. -106. 1S89. 417. 847. 595. 398. 
3 -670. 2066. -16. 1513. 645. 654. 872. 80. 
4 -737. 2123. 11· 1490. 760. 556. 1016. -90. 
5 -759. 2141. 20. 1483. 799. 524. 1060. -135. 
b -737. 2123. 11. 1490. 760. 556. 1016. -90. 
7 -o70. 2066. -16. 1513. 645. 654. 872. so. 

" -604. 2010. -106. !58~. 417. 847. 595. 398. 
9 -537. 1954. -257. 1717. 76. 1135. 178. 877. 

10 -471. 1898. -471. 1898. -377. 1518. -377. 1518. 
H0LJ-00WN -7~9. 2141. b. 1494. 774. 545. 1034. -113 . 
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SPAN TEST BEAM NO. TEST 

BEAM TYPE IV 
SPAN LENGTH 75.00 FT 
BEAM SPACING 7.25 FT 
SLAB THICKNESS 6.75 IN 
STRANO SIZE 1/2 IN 
STRANO ULT. STR. 270K 
NO. OF WEB STRI\IS. 2 
GRID SIZE 2. IN 

DISTRICT 14 
CONTROL NO. 151-6 

TRAVIS COU~TY HIGHWAY NQ. LP 275 
IPE 228 DATE NOV 2 1970 

SUBMITTED BY BR WIN~ 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

INPUT DATA 

UNIT WT. BEAM CONC. 150. PCF L.L. 01 ST. FACTOR O.b6 
UNIT WT. SLAB CONC. = 150. PCF COMP. SLAB WIDTH 87.00 
28-DAV ST.ISLAB COIIIC.) 3600. PSI COMP. DEAD LOAD o.o 
EIBM. CONC. l 5.00 EI06lPSI BEAM INERTIA 260403. 
EISLB. CONC.l 5.00 E!06lPSI BEAM AREA 788.44 
EIPSTR. STL. l 28.00 EI06lPSI BEA>1 DEPTH 54.00 
AASHO L.L. HS-20 BEAM YB 24.75 
RAILROAD L.L. E- o. BEAM VT 29.25 

MGMENT SUMMARY 1FT-KIPS) SHEAR SUMMARY (KIPS) 

SECTION DEAD LOAD L.L.+I. TOTAL DEAD LOAD L.L.+I. TOTAL 
0 o.o o.o o.o 55.6 51.9 107.6 

375.5 345.0 720.5 44.5 46.0 90.5 

667.5 601.1 1268.6 33.4 40.1 73.4 

876.1 768.2 1644.2 22.2 34.1 56.4 

4 1001.2 B64.7 1866.0 11.! 2B.2 39.3 

1043.0 881.5 1924.5 -o.o 22.3 22.3 

6 1001.2 864.7 1866.0 ll.l 28.2 39.3 

B76 .t 768.2 1644.2 22.2 34.1 56.4 

667.5 601.1 1268.6 33.4 40.1 73.4 

9 375.5 345.0 720.5 44.5 46.0 90.5 

10 o.o o.o o.o 55.6 51.9 107.6 

HOLD-DOwN 1024.4 8B0.2 19D4.6 7.4 21.4 28.8 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

STRESSES IN EXTREME FIBERS DUE TO EXTERNAL LOADS !LBS PER SQ. IN. I 

TOTAL D.L. DEAD LOAD LIVE LOAD 
SECTION BEAM SLAB IIICN-COMP SEC. COMP SEC. PLUS IMPACT TOTAL 

TOP BOT TOP BOT TOP BOT TOP BOT TaP BOT TOP B.lT 

0 o. o. o. o. o. o. o. o. o. o. o. o. 
1 280. 237. 226. 191. 536. 428. o. o. 102. 2~B. AOB. 686. 
2 498. 422. 402. 340. 900. 761. o. o. 178. 449. 1078. 1211. 
3 654. 553. 527. 446. 1181. 999. o. o. 228. 574. 1408. 1573. 
4 747. 632. 602. 510. 1350. 1142. o. o. 256. 646. 1606. 17AA • 
5 778. 659. 627. 531. 1406. 1190. o. o. 261. 659. 1667. l84q. 
6 747. 632. 602. 510. 1350. 1142. o. o. 256. 646. 1606. 1BB. 
7 654. 553. 527. 446. 1181. 999. o. o. 228. 574. 1408. 1~73. 

8 498. 422. 402. 340. 900. 761. o. o. 178. 449. 1078. 1211. 
9 280. 237. 226. 191. 506. 428. o. o. 102. 258. 608. 6~6. 

10 o. o. o. o. o. o. o. o. o. o. o. o. 
HOLD-DOWN 765. 647. 616. 52!. 1381. 1168. o. o. 261. 658. 1642. 1826. 

STRESSES DUE TO EXTERNAL LOADS PLUS PRESTRESS fLBS PER SQ. IN. I 

BEAM PLUS FINAL. PREST. PLUS ALL LOADS PLUS 
INITIAL PREST. INITIAL PREST. TOT. O.L.fiii/C SEC.J FINAL PREST. 

TOP BOT TOP BOT TOP BOT TOP BOT 

-471. 1898. -471. 1898. -377. l518. -377. 1518. 
-537. 1954. -257. 1717. 76. 1135. 178. 871. 
-604. 2010. -106. !589. 417. 847. 595. 398. 
-670. 2066. -16. 1513. 645. 654. 872. 80. 

4 -737. 2123. 11. 1490. 760. 556. 1016. -90. 
5 -759. 2141. 20. 1483. 799. 524. 1060. -135. 

-737. 212 3. 11. 1490. 760. 556. lD!6. -90. 
-·70. 2066. -16. 1513. 645. 654. 872. 80. 
-604. 2010. -106. !58~. 417. 847. 595. 398. 

~ -537. 1954. -257. 1717. 76. 1135. 178. 877. 
10 -471. 1898. -471. !898. -377. 1518. -377. 1518. 

HOL:J-OOwN -7'3q. 2141. 6. 1494. 774. 545. 1034. -ll3 . 
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LOUP 275 OVERPASS US 183 SPANS NO 1-6 

~ T! RRUP SPACING IN EXTERIOR 1/4 SPAN (AASHO SPECS.) NO. 4 AT 13.5 IN. 

STIRRUP SPACING IN MIDDLE 1/2 SPAN (AASHO SPECS.! NO. 4 AT 20.0 IN. 

STIRRUP SPACING BASED ON ACI SPECS. 

SECTION 

0 NO. 4 AT 5.0 IN. 
1 NO. 4 AT 24.0 IN. 
2 NO. 4 AT 18.2 IN. 
3 NO. 4 AT 11.1 IN. 
4 NO. 4 AT 24.0 IN. 
5 NO. 4 AT 24.0 IN. 
6 NO. 4 AT 24.0 IN. 
7 NO. 4 AT 17.1 IN. 
8 NO. 4 AT 18.2 IN. 
9 NO. 4 AT 24.0 IN. 

10 NO. 4 AT 5.0 IN. 

MAXIMUM ULTIMATE HORIZONTAL SHEAR BETWEEN SLAB AND GIRDER FLANGE !V0/11 

SECT ION 

0 184.0 PSI 
1 156.1 PSI 
2 128.2 PSI 
3 10C.3 PSI 
4 72.5 PSI 
5 49.3 PSI 
6 72.5 PSI 
7 100.3 PSI 
8 128.2 PSI 
9 156.1 PSI 

10 184.0 PSI 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

ULTIMATE MOMENT REQUIRED 
ULTIMATE MOMENT PROVIDED 

3768.3 FT-KIPS 
4236.3 FT-KIPS 

DEAD LOAD DEFLECTIONS SLAB 

MIDSPAN 0.028 FT 

QUARTER POINT 0.020 FT 

MAXIMUM CAMBER • 1.03 IN. 
PRESTRESS LOSS 12.36 PERCENT 

DIAPHRAM 

0.003 FT 

0.002 FT 

TYPE OF BEAM IV 
NO. GF STRANDS 22. 
SIZE OF STRANDS 1/2 
ULT. STRENGTH OF STRANDS 270K 
ECCENTRICITY AT C.L. 21.84 IN. 
ECCENTRICITY AT END 17.84 IN. 
CONCRETE RELEASE ST~ENGTH 4000. PSI 
LJNC•=TE 26-DAY STRENGTH 5000. PSI 
NUMoER OF DRAPED STRANDS 4 
DEPRESS TOP STRA~DS TO POSITION A-26 

STKA~O PATTERN AT CE~TERLINE OF BEAM 

RJ• ~AS 12 STRANDS 
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UNDER REINFORCED RECTANGULAR SECTION 
DESIGN BASED ON STRESSES 

COHP DEAD LOAD 

o.o FT 

o.o FT 
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DISTRICT 14 
CONTROL NO. 151-6 

TRAVIS COU~TY HIGHWAY NO. LP 275 
!PE 228 DATE NOV 2 1970 

SUBMITTED BY RR WIN~ 

LOOP 275 OVERPASS US 1B3 SPANS N'l 1-6 

SPAN TEST BEAM NO. TEST 

INPUT DATA 

BEAM TYPE IV UNIT WT. BEAM CONC. 150· PCF L. L. 01 ST. FACTOR 0.66 
SPAN LENGTH 75.00 FT UNIT WT. SLAB CONC. 150. PCF COMP. SLAB WIDTH 
BEAM SPACING 7.25 FT 2B-DAY ST.lSLAB CONC.l 3600. PSI COMP. DEAD LOAD 
SL AS TH !CKNESS 6.75 IN ElBM. CONC. l 5. 00 El06lPS! BEAM INERTIA 
STRAND SIZE 1/2 IN ElSLB. CDNC.l 5.00 El06JPSI BEA>I AREA 
STRAND UL T. STR. 270K E!PSTR. STL.l ZB.OO El06lPSI BHM DEPTH 
NO. OF WEB 5TRNS. 3 AASHO L.L. HS-20 BEAM VB 
GRID SIZE 2. IN RAILROAD L.L. E- O. BEAM YT 

MOMENT SUMMARY 1FT-KIPS) SHEAR SUMMARY !KIPS I 

SECTION DEAD LOAD L .L.+!. TOTAL DEAD L DAD L.L.+I. 
0 o.o o.o o.o 55.6 51.9 

375.5 345.0 720.5 44.5 46.0 

667.5 601.1 1268.6 33.4 40.1 

876.1 76B.2 1644.2 22. 2 34.1 

4 1001.2 864.7 1866.0 11.1 28.2 

1043.0 881.5 1924.5 -o.o 22.3 

6 1001.2 864.7 1866.0 11.1 28.2 

876.1 768.2 1644.2 22.2 34.1 

667.5 601.1 126B.6 33.4 40.1 

9 375.5 3'45.0 720.5 44.5 46.0 

10 o.o o.o o.o 55.6 51.9 

HGLD-DOWN 1024.4 8BO. 2 1904.6 7.4 21.4 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

STRESSES IN EXTREME FIBERS DUE TO EXTERNAL LOADS l LBS PER SQ. IN.) 

TOTAL D.L. DEAD 
SEC T!ON BEAM SLAB NON-COMP SEC. COMP 

TOP BOT TOP BOT TOP BOT TOP 

o. o. o. o. o. o. o. 
280. 237. 226. 191. 506. 428. o. 
4<;8. 422. 402. 340. 900. 761. o. 
654. 553. 527. 446. 1181. 999. o. 

4 747. 632. 602. 510. 1350. 1142. o. 
5 778. 659. 627. 531. 1406. 1190. o. 
6 747. 632. 602. 510. 1350. 1142. o. 
7 654. 553. 527. 446. 1181. 999. o. 
8 498. 422. 402. 340. 900. 761. o. 
9 280. 237. 226. 191. 506. 428. o. 

10 o. o. o. o. o. o. o. 
>'OLD-JOWN 765. b47. 616. 521. 13H. 1168. o. 

STI'.ESSES DUE TO EXTERNAL LOADS PLUS PRESTRESS lLBS PER SQ. IN.I 

,, 
l 

10 
HOL D-JOoN 

INITIAL 
TOP 

-438. 
- '11. 
-t;tll.,. 

-t>'"'"· 
-llR. 
- 1.,2. 
- 128. 
--Ct':lb. 

- '>83. 
- '> 11. 
-43e. 
-752. 

BEAM 
,~EST. INITIAL 

BOT TO, 

1870. -438. 
1"32. -2H. 
1~Q '· -R~. 

?l1'l4. -l. 
• '11 ~- 19 • 
ll.\b. lb. 
2115. 19. 
2054. -7. 
1~93. -AS. 
1932. -231. 
1870. -438. 
2136. 12. 

PLUS FINAL PREST. PLUS 
PREST. TOT. O.L.lN/C SEC.l 

BOT TOP BOT 

1A70. -351. 1496. 
16Q4,. n. 1117. 
I <71. 4\1. RJJ. 
I ~01. b'Jb. 644. 
1483. 767. ~~o. 

1477. A04. 519. 
148,. 7o 7. 550. 
1 '>01. 656. 644. 
1 '>71. 43l. 83 3. 
1694. n. 1117. 
1B70. -351. 1496. 
1489. 779. 540. 
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TOTAL 
107.6 

90.5 

13.4 

56.4 

39.3 

22.3 

39.3 

56.4 

13.4 

90.5 

107.6 

2B.8 

LOAD Ll VE LOAD 
SEC. PLUS IMPACT 

BOT TOP BOT 

o. o. o. 
o. 102. 2S8. 
o. 178. 44'1. 
o. 228. 574. 
o. 256. 646. 
o. 261. 650. 
o. 256. 646. 
o. 228. 574. 
o. 178. 449. 
o. 102. 258. 
o. o. o. 
o. 261. 658. 

ALL LOADS PLUS 
FINAL PREST. 
TOP ~OT 

-351. 14%, 
700. 8~Q. 
61\. 384. 
tlA,,. '"· 1nr•. oo\Jb 0 

101>'· ~ l/J{). 

102 '· -9(1. 
Arl4. Ill. 
bll. 38'•· 
200. H~9. 

-351. 1496. 
1040. -118. 

B7.00 
o.o 

260403. 
7~B.44 

54.00 
24.75 
29.25 

TOTAL 
TOP BJT 

o. o. 
608. 686. 

1078. 1211. 
1408. 1573. 
1606. lBB. 
1667. 1849. 
1606. 1788. 
1408. 1573. 
1078. 1211. 

60B. 6B6. 
o. o. 

1642. 1 B26. 

IN 
KLF 
IN4 
IN2 
IN 
IN 
IN 



LUl1P 275 CVERPASS US 183 SPANS Nn 1-b 

STIRRUP SPACING IN EXTERIOR 1/4 SPAN ( AASHO SPECS. I NO. 4 AT 18.7 IN. 

STIRRUP SPACING IN MIDDLE 1/2 SPAN !AASHO SPECS.! NO. 4 AT 20.0 IN. 

STIRi<UP SPAC lNG BASED ON ACI SPECS. 

SECT ION 

0 NO. 4 AT 5.0 IN. 
I NO. 4 AT 6. 3 IN. 
2 NO. 4 AT 8.4 IN. 
3 1'.0. 4 AT 24.0 IN. 
4 NO. 4 AT 24.0 IN. 
5 NO. 4 AT 24.0 IN. 
b NO. 4 AT 24.0 IN. 
7 NO. 4 AT 24.0 IN. 
8 NO. 4 AT 8.4 IN. 
9 NO. 4 AT 6.3 Jill. 

10 NO. 4 AT 5.0 IN. 

MAXIMUM ULTIMATE HORIZONTAL SHEAR BETWEEN SLAB AND GIRDER FLANGE (VQ/11 

SEC TJON 

IB3.5 PSI 
155.7 PSI 
127.8 PSI 
99.9 PSI 

4 72.1 PSI 
5 49.3 PSI 
6 72.1 PSI 
7 99.9 PSI 
8 127.8 PSI 
9 155.7 PSI 

10 183.5 PSI 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

ULTIMATE MOMENT REQUIRED 
ULTIMATE MOMENT PROVIDED 

3768.3 FT-KIPS 
4229.4 FT-KIPS 

DEAD LOAD DEFLECTIONS SLAB D IAPHRAM 

MIDSPAN 

QUARTE~ POINT 

0.028 FT 

0.020 FT 

0.003 FT 

0.002 FT 

MAXIMUM CAMBEP 
PREST~ESS LOSS 

1.01 IN. 
12.32 PERCENT 

TYPE OF BEAM IV 
NO. OF STRANDS 22. 
SIZE OF STRANDS 1/2 
ULT. STRENGTH OF STRANDS 270K 
ECCENTRICITY AT C.L. 2!.75 IN. 
ECCENTRICITY AT END 17.39 IN. 
~ONCRffl RHEASE STRENGTH 4000. PSI 
'ONCRflf ~P-OAY STREN~IH ~000. PSI 
NUM~fR OF DRAPED STRANDS 6 
JEPRESS lOP STRANDS TO POSITION A-20 

STRAND PATTER~ AI CENTERLINE UF BEAM 

RJ• rlAS 11 STRANDS 

RO• HAS 11 STRANDS 
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UNDER REINFORCED RECTANGULAR SECTION 
DESIGN BASED ON STRESSES 

CCMP DEAD LOAD 

o.o FT 

o.o FT 

j 

• 



• 

• 

DISTRICT 14 
CCNTROL NO. 151-6 

TRAVIS COUNTY HIGHWAY NO. LP 275 
IPE 228 DATE NOV 2 197a 

SUBMITTED BY BR WINN 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

SPA~ BEAM NO. All 

INPUT OAT A 

~cAM TYPE 54 UNIT WT. BEAM CONC. 15a. PCF L.L. DIST. FACTOR a.58 
5PAN LENGTH 9&.42 FT UNIT wT. SLAB CDNC. 15a. PCF COMP. SLAB WIDTH 75.96 
BEAM 5PACING 6.H FT 28-DAY ST.!5LAB CONC.J 36aa. PSI COMP. 0 EAD LOAD a.a 
~LAB THICKNESS 7. 2 5 IN E!8H. CONC.J 5.ao Eto6JPSI BEAM INERTIA 164a23. 
STRAND SIZE 1/2 IN E I SLB. CONC.I 5.aa Ela6JPSI BEAM AREA 493.44 
ST~ANU ULT. STR. 27aK EIPSTR. STL.J 2B.ao Ela6JPSI BEAH OEPTH 54.ao 
Nu. JF •EB STRNS. 2 AASHO L.L. HS-20 BEAM YB 25.53 
GRID SIZE 2. IN RAILROAD L.L. E- O. BEAM YT 2B.47 

MOMENT SUMMARY IFT-KIP51 SHEAR SUMMARY !KIPS I 

>ECTIJN DEAD LOAD L.L.+I. TJTAL DEAD LOAD L.L .+I. TOTAL 
a o.o a. a o.o 55.3 45.9 101.2 

479.7 393.3 873.1 44.2 4a.B B5.o 

B52.9 6B8.7 1541.6 33.2 35.7 6B.9 

1119.4 SS6.2 20a5.6 22.1 3a.6 52.S 

4 1279.3 10a1.5 22Sa.8 11.1 25.6 36.6 

1332.6 1026. s 2359.4 -a.a 2a.5 2a.5 

6 1279.3 1 aa1. 5 22Sa.s 11.1 25.6 36.6 

1119.4 8S6.2 2aa5.6 22.1 3a.6 52.8 

S52.9 6S8.7 1541.6 33.2 35.7 68.9 

9 479.7 393.3 873.1 44.2 4a.8 85.a 

10 o.o o.o a.o 55.3 45.9 101.2 

HJL u-DD~N 1318.3 1 a25. 9 2 344.1 5.7 18.a 23.7 

LOOP 275 OVERPASS US 1S3 SPANS NO 1-6 

Sfo<ESSES IN EXTREME FIBERS DUE TO EXTERNAL LOADS ILBS PER SQ. IN. I 

TOTAL O.L. DEAD LOAD LIVE LOAD 
SECTiuN BEAM SLAB NGN-CCMP SEC. CDMP sec. PLUS IMPACT TOTAL 

TOP BOT TOP BOT TOP BOT TOP SOT TOP BOT TOP BOT 

0 a. a. a. a. a. a. o. a. a. a. a. a. 
1 448. 402. 551. 494. 999. S96. a. a. ll5. 461. 1125. 1357. 
2 796. 714. 98a. 879. 1776. 1593. a. a. 22a. SDS. 1996. 2401. 
3 1a45. 937. 12S6. 1154. 2332. 2091. a. a. 2B2. 1a39. 2614. 3130. 
4 1194. 1a71. 1470. 131S. 2665. 2 389. o. o. 319. 1174. 29S4. 3564. 
5 1244. 1116. 1532. 1313. 2776. 24S9. a. o. 327. 1204. 31a3. 3693. 
0 1194. la71. 1470. 131S. 2665. 2389. o. a. 319. 1174. 2984. 3564. 
7 la45. 931. 12S6. 1154. 2332. 2a91. o. o. 2S2. 1039. 2614. 311a. 

796. 714. 980. 879. 1716. 1593. o. o. uo. sao. 1'196. Hal. 
9 448. 402. 5'>1. 4'14 .. 999. S9!>. a. o. ll5. 41>1. 1125. 1357. 

10 o. o. o. o. o. o. o. o. o. o. o. o. 
HJL u-ullwN ll3l. 1104. 1515. 13'>9. 2141>. 241>2. a. o. 327. 1.!03. JOB. Hob~. 

STRESSeS DUE TO EXTERNAL LOADS PLUS PRESTRESS ILBS PER SQ. IN. I 

BEAM PLUS FINAL PREST. PLUS ALL LOADS PLUS 
INITIAL PREST. INITIAL PREST. TOT. D.L.(N/C SEC.J FINAL PREST. 

TOP BOT TOP SOT TOP BOT TOP SOT 
0 164. 3210. 164. 3210. 131. 256S. 131. 2568. 
1 -134. 3477. 314. 3075. S92. 18S5. 1017. 1424. 
2 -432. 3744. 365. 3029. 1431. 1402. 1651. 5S4. 

-72~. 4010. 31o. 3073. 1748. 1118. 2031. 79. 
4 -1027. 4277. 167. 3206. 1S43. la32. 2162. -142. 
5 -1170. 4406. 74. 3290. 1S39. 1036. 2167. -16S. 
b -1027. 4277. 167. 3206. 1843. 1032. 2162. -142. 
1 -729. 4010. 316. 3073. 174S. 111So 2031. 79. 
8 -432. 3 744. 365. 3029. 1431. 1402. 1651. 594. 
9 -134. 3477. 314. 3075. 892. 1SS 5. 1017. 1424. 

10 164. 3210. 164. 3210. 131. 256S. 131 • 2568. 
HuLv-JOol'< -1170. 4406. 61. 3302. ISIO. 1a62. 2137. -141. 
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IN 
KLF 
IN4 
IN2 
IN 
lr-, 
IN 



LU~P 275 CVERPASS US 183 SPANS NO 1-6 

STIRRUP SPACING IN EXTERIOR 1/4 SPAN CAASHO SPECS.I NO. 4 AT 16.8 IN. 

ST!RRUe SPACING IN MIDDLE 1/2 SPAN IAASHO SPECS.I NO. 4 AT 24.0 IN. 

ST!i<RUP SPACING eASED ON ACI SPECS. 

SECT !ON 

NO. 4 AT 4.6 IN. 
NO. 4 AT 17.4 IN. 
NO. 4 AT 16.7 IN. 
NO. 4 AT 17.0 IN. 

4 NO. 4 AT 17.4 IN. 
5 NO. 4 AT 17.4 IN. 
6 NO. 4 AT 17.4 IN. 
7 NO. 4 AT 17.0 IN. 
6 NO. 4 AT 16.7 IN. 
q NO. 4 AT 17.4 IN. 

10 NO. 4 AT 4.6 IN. 

MAXI~UM UL T!MATE HORIZONTAL SHEAR BETWEEN SLAB AND GIRDER FLANGE CV0/11 

SECTION 

223.2 PSI 
18B.O PSI 
152.8 PSI 
117.6 PSI 

4 82.4 PSI 
5 61.5 PSI 

B2.4 PSI 
117.6 PSI 
152.B PSI 

q 18B .o PSI 
10 223.2 PSI 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

ULTIMATE ~OMENT REQUIRED 
ULTIMATE MOMENT PROVIDED 

4565.8 FT-KI PS 
5396.9 FT-KIPS 

DEAD LOAD DEFLECTIONS SLAB DIAPHRAM 

MIDSPAN 0.113 FT 0.016 FT 

wUARTER POINT 0.081 FT 0.011 FT 

MAX 111UH CAMBER 
PilE STKESS LOSS 

2. B5 IN. 
19.22 PERCENT 

TVPE OF BEAM 54 
NO. OF STRANDS 30. 
SIZE OF STRANDS 1/2 
Ul T. STRENGTH OF STRANDS 270K 
ECCENTRICITV AT C.L. 19.40 IN. 
ECCENTRIC! TV AT END 10.60 IN. 
CONCRETE RELEASE STRENGTH = 5490. PSI 
CONCRETE 2B-DAV STRENGTH 5490. PSI 
NUMBER OF DRAPED STRANDS • 12 
DEPRESS TOP STRANDS TO POSIT ION A-34 

STRAND PATTERN AT CENTERLINE OF BEAM 

R.}., 1 HAS t STRANDS 

ROk HAS 6 STRANDS 

!h) \flo HAS <. ST•ANDS 

RJw 4 ~AS 6 S T,RANOS 

"-Ow ') HAS '- STit.ANOS 

1-l.dw ,. tlAS .;;. TU A~'•IDS 
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UNDER REINFORCED RECTANGULAR SECTION 
DESIGN BASED ON STRESSES 

COMP DEAD LOAD 

0.0 FT 

0.0 FT 

.. 

.. 

• 
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DISTRICT 14 
CONTROL NO. 151-6 

TRAVIS COUNTY HIGHWAY NO. LP 275 
IPE 228 DATE NOV 2 1970 

SUB~ITTED BY BR WINN 

•••• INPUT DATA •••• 
BEAM TYPE IV 
SPAN LENGTH 124.35 FT 
BEAM SPACING 5.44 FT 
SLAB THICKNESS 7.50 IN 
STRAND SIZE 1/2 IN 
STRAND ULT. STR. 270K 
NO.OF WEB STRNS. 2 
GRID SIZE 2. IN 

*** BEAM DESIGN *** 

LOOP 275 OVERPASS US 183 SPANS NO 1-6 

SPAN BEAM 16 

UNIT WT. BEAM CONC. 150. PCF 
UNIT WT. SLAB CONC. 150. PCF 
28-DAY ST.ISLAB CONC.l 3600. PSI 
EIBM.CONC.l 5.00 EI06iPSI 
E I SLB.CONC.I s.oo El06lPSI 
EIPSRR. STL. l 28.00 EI06lPSI 
AASHO L.L. HS-20 
RAILROAD L.L. E- O. 

L.L. DIST. FACTnR 
COMP. SLAB WIDTH 
COMP. DEAD LOAD 
BEAM INERTIA 
BEAM AREA 
BEAM DEPTH 
BEAM YB 
BEAM YT 

NOTE----RELEASE STRENGTH BASED ON MAXIMUM ORAPED POSITION OF STRANDS 

TYPE OF BEAM IV 
NO. OF STRANDS 52. 
SIZE OF STRANDS 1/2 
TYPE OF STRANDS 270K 

O.L. DEFLECTION AT MID-SPAN= 0.176 FT ISLABI 
D.L. DEFLECTIO~ AT 1/4 PT. 0.125 FT ISLABI 

ULTIMATE MOMENT REQUIRED = 6860. FT-KIPS 

0.49 
65.28 IN 

0.0 KLF 
260403. IN4 

78B.44 IN2 
54.00 IN 
24.75 IN 
29.25 IN 

0. 016 FT I 01 AF l 
0.010 FT I OlAF I 

ECCENTRICITY AT C.L. 19.29 IN ULT. MOMENT PROVIDED = 9219. FT-KIPS UNDER RfiNF. RECT. SECT. 
ECCENTRICITY AT END 11.60 IN 
NO. OF DEPRESSED STRANDS 10 
DEPRESS TOP 2 STRANDS TO PCSITION A-52 
CONCRETE RELEASE STRENGTH 598D. PSI 
CONCRETE 2B-CAY STRENGTH 7143. PSI 

*** STRANO PATTERN *** 
IC.L. OF BEAM) 

ROw 1 HAS 12. STRANDS 
Ruw 2 HAS 12. STRANDS 
ROW 3 HAS 12. STRANDS 
ROW 4 HAS 10. STRANDS 
ROW 5 HAS 6. STRANDS 

STIRRUP SPAC. !MIDDLE 1/2 SPAN! NO. 4 AT 20.00 IN 
STIRRUP SPAC. !EXT. 1/4 SPAN! NO. 4 AT 13.43 IN 

TOP FIBER DESIGN STRESS IC.L.I 3945. PSI 
BOTTOM FIBER DESIGN STRESS IC.L.I 3888. PSI 

MAXIMUM CAMBER 
PRESTRESS LOSS 
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3.22 IN 
17.64 PERCENT 



DISTRICT 14 
CDNTRCL NO. 151-6 

TRAVIS COUNTY HIGHWAY NO. LP 275 
IPE 22q DATE NOV 2 1970 

SUBMITTED BY BR WINN 

**** INPUT DATA **** 
SEA·~ TYPE IV 
SPAN LENGTH 124.35 FT 
BE AM SPACING 5.44 FT 
SLAB TH-ICKNESS 7.50 IN 
STRAND SIZE 1/2 IN 
STRA~D ULT. STR. 270K 
NO.OF WEB S TRNS. 3 
GRID SIZE 2. IN 

*** BEAM DESIGN *** 

LOOP 275 OVERPASS US 183 SPANS '10 1-6 

SPAN BEAM 16 

UNIT WT. BEAM CONC. 150. PCF 
UNIT WT. SLAB CONC. 150. PCF 
28-DAY ST.(SLAB CONCol 3600. PSI 
E (SM. CONC. I 5.00 EI061PSI 
E ( SLB.CONC.I 5.00 E(06JPSI 
EIPSRR. STL.l 28.00 EI061PSI 
AASHO L.L. HS-20 
RAILROAD L.L. E- o. 

L.L. DIST. FACTOR 
COMP. SLAB WIDTH 
COMP. DEAD LOAD 
BEAH INERTIA 
BEAH AREA 
BEAM DEPTH 
BEAM YB 
BEAM YT 

>iOTE----RELEASE STRENGTH BASED ON MAXIMUM DRAPED POSITION OF STRAN)S 

TYPE OF BEAM IV 
NO. OF STRANDS 52. 
SIZE OF STRANDS 1/2 
TYPE OF STRANDS 270K 

D.L. DEFLECTION AT MID-SPAN= 0.176 FT ISLABI 
D.L. DEFLECTION AT 1/4 PT. 0.125 FT ISLABI 

ULTIMATE MOMENT REQUIRED = 6860. FT-KIPS 

0.49 
65.28 IN 

O. 0 KLF 
260403. IN4 

788.44 IN2 
54.00 IN 
24.75 IN 
29.25 IN 

0.016 FT CDIAFI 
0.010 FT IDIAFI 

ECCENTRICITY AT C.L. 18.94 1'1 ULT. MOMENT PROVIDED= 9170. FT-KIPS UNDER REINF. RECT. SECT. 
ECCE~TRICITY AT END 7.25 IN 
'10. OF DEPRESSED STRA'IDS 16 
DEPRESS TOP 3 STRANDS TO POSITION A-52 
CONCRETE RELEASE STRENGTH 8393. PSI 
CONCKETE 28-DAY STRENGTH 8393. PSI 

... STRAND PATTERN *** 
CC.L. OF BEAHl 

ROW l HAS 11. STRANDS 
KOW 2 HAS ll. STRANDS 
ROW 3 HAS ll. STRANDS 
RO,; 4 HAS llo STRANDS 
ROW 5 HAS 7. STRANDS 
ROw 6 HAS 1. STRANDS 

STIRRUP SPACo !MIDDLE 1/2 SPANI 
STIRRUP SPAC. I EXT • 1/4 SPAN I 

NO. 4 AT 20.00 IN 
NO. 4 AT 15.03 IN 

TOP FIBER DESIGN STRESS IC.L. I 3945. PSI 
BOTTOM FIBER DESIGN STRESS IC.Lol = 3888. PSI 

MAXIMUM CAMBER 2.46 IN 
PRESTRESS LOSS = 17.44 PERCENT 
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