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The National Bureau of Standards 1 was established by an act of Congress March 3,

1901. Today, in addition to serving as the Nation’s central measurement laboratory,

the Bureau is a principal focal point in the Federal Government for assuring maxi-

mum application of the physical and engineering sciences to the advancement of tech-

nology in industry and commerce. To this end the Bureau conducts research and

provides central national services in three broad program areas and provides cen-

tral national services in a fourth. These are: (1) basic measurements and standards,

(2) materials measurements and standards, (3) technological measurements and

standards, and (4) transfer of technology.

The Bureau comprises the Institute for Basic Standards, the Institute for Materials

Research, the Institute for Applied Technology, and the Center for Radiation Research.

THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the

United States of a complete and consistent system of physical measurement, coor-

dinates that system with the measurement systems of other nations, and furnishes

essential services leading to accurate and uniform physical measurements throughout

the Nation’s scientific community, industry, and commerce. The Institute consists

of an Office of Standard Reference Data and a group of divisions organized by the

following areas of science and engineering

:

Applied Mathematics—Electricity—Metrology—Mechanics—Heat—Atomic Phys-

ics—Cryogenics 2—Radio Physics 2—Radio Engineering2—Astrophysics 2—Time

and Frequency. 2

THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research lead-

ing to methods, standards of measurement, and data needed by industry, commerce,
educational institutions, and government. The Institute also provides advisory and
research services to other government agencies. The Institute consists of an Office of

Standard Reference Materials and a group of divisions organized by the following

areas of materials research:

Analytical Chemistry—Polymers—Metallurgy— Inorganic Materials— Physical

Chemistry.

THE INSTITUTE FOR APPLIED TECHNOLOGY provides for the creation of appro-

priate opportunities for the use and application of technology within the Federal Gov-

ernment and within the civilian sector of American industry. The primary functions

of the Institute may be broadly classified as programs relating to technological meas-

urements and standards and techniques for the transfer of technology. The Institute

consists of a Clearinghouse for Scientific and Technical Information,3 a Center for

Computer Sciences and Technology, and a group of technical divisions and offices

organized by the following fields of technology:

Building Research—Electronic Instrumentation— Technical Analysis— Product

Evaluation—Invention and Innovation— Weights and Measures— Engineering

Standards—Vehicle Systems Research.

THE CENTER FOR RADIATION RESEARCH engages in research, measurement,
and application of radiation to the solution of Bureau mission problems and the

problems of other agencies and institutions. The Center for Radiation Research con-

sists of the following divisions:

Reactor Radiation—Linac Radiation—Applied Radiation—Nuclear Radiation.

1 Headquarters and Laboratories at Gaithersburg, Maryland, unless otherwise noted ;
mailing address Washington, D. C. 20234.

2 Located at Boulder. Colorado 80302.
3 Located at 5285 Port Royal Road, Springfield, Virginia 22151.
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1. INTRODUCTION

1.1. General

This is the second of two reports designed to modify, consolidate,

and coordinate certain existing structural computer programs,

to make them compatible with current building codes and the

IBM 1130/FORTRAN IV language. This report is intended

as a reference manual for the structural engineering use of

six-beam deflection and concrete-frame programs.

The following programs are included:

(1) Deflection of Cantilevered Beams;

(2) Deflection of a Continuous Beam with Uniform Loads;

(3) Deflection of Fixed-End Beams;

(4) Concrete Frame Analysis, including conduits, culverts,
three-story frame analysis, up to seven-span continuous
beams. (Three programs)

The original computer programs were written in various FORTRAN

forms, including RCA 301/FORTRAN, and IBM 1620/FORTRAN. These

have all been modified to IBM 1130/FORTRAN, operable with

the following equipment:

(a) IBM 1130, Model 2C, 16-K Storage/Version II;

(b) IBM 1132 Printer

(c) IBM Card Read-Punch;

(d) IBM 2315 Disc Cartridge, Removable/ Interchangeable

.
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1.2. Scope

Each program has been checked for building code references,

and modified where necessary to meet ACI 318-63, or AISC-63

specifications.

Programs have been debugged by performing an illustrative

problem. No comprehensive full-scale attempt has been made

to check against manual solutions and establish analytical

validity. The user must satisfy himself as to reliability

by testing the program with problems of known solution. Good

engineering practice dictates that each program be used initially

as a checking analysis until the user gains sufficient confidence

and insight into the program's behavior. The theoretical

basis and program abstracts described in Sections 2 thru 7 are

presented to provide the user a quick reference as to the general

nature of the program. Several of these programs, notably

2.B.1, 2.B.2, and 2.B.3, have been previously documented in

considerable detail. If further information is required,

reference can be made to that documentation.

A standard description sheet of each program is included in

the Summary, to provide a consolidated definition of the program.
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2. PROGRAM 2.A.1 - FIXED-END BEAM DEFLECTION

2.1. Purpose

The purpose of Program 2.A.1 is to calculate the deflection

and slope at the end of a cantilever. The cantilever can be

of varying cross-section. The applied loads consist of the uniform

load over the entire beam and/or a point load at the end.

2.2. Theoretical Basis

Analytical calculations are based on the conjugate beam theory,

combined with a numerical incrementing procedure that requires

the beam to be subdivided into nine segments.

2.3. Input

The input consists of the beam dimensions and load factors

on punched cards. Since there are nine segments, there will

be ten points at which the moment of inertia and point location

must be specified. Within the program, these points are numbered

#1 through #10, beginning at the point nearest the fixed end.

As can be seen below, cards 2(a) and (b) , and cards 3(a) and (b)

provide the point information. If it were desirable to use

fewer than ten points, say one point to represent a uniform

beam of uniform cross-section, one would need only enter the
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pertinent information in the first field of card 2(a) and 3(a),

leaving the remaining fields of card 2(a), 2(b), 3(a), 3(b)

blank. Input parameters are read by the computer in the

following sequence:

Card 1 SPAN - length of beam in feet
UDL - uniformly distributed load (kips per lineal foot)
XP - distance from the concentrated load to the

fixed end in feet
P - applied concentrated load in kips
E - modulus of elasticity (KSI)

Card 2 (a) and (b)
XI (1 through 10) - these are the moments of

inertia at the various points
(inches to the fourth power)

Card 3 (a) and (b)
SL (1 through 10) - these two cards contain the

distances of the points
from the fixed end (feet)

2.4

.

Output

Output information includes the following:

A listing of the input data.

Slope and deflection for the free end of the cantilever
are printed, deflection being in inches.

The input and output features of this program can be easily

modified by an individual familiar with FORTRAN, to provide

a job-stacking capability, or more comprehensive input-output

formatting procedures.
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3. PROGRAM 2. A. 2 - CONTINUOUS BEAM DEFLECTIONS

3.1. Purpose

The purpose of this program is to calculate the deflections

at any desired spacing along the length of a uniformly loaded

beam, having a constant moment of inertia, and given the moments

at the supports.

3.2. Theoretical Basis

The conjugate-beam method is used in the manner described

in an article appearing in the September 1961 issue of Civil

Engineering , entitled "Deflection Calculated by the Conjugate-Beam

Method,” written by Jack I. Mann.

The conjugate beam is constructed by loading a simple beam

with the M/EI diagram of the real beam. The reactions of

the conjugate beam represent the slopes on the ends of the

real beam, and, since the supports of the real beam are assumed

not to deflect, there is no moment at the end of the conjugate

beam. The basic design equation is:
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3.3. Input

Input is very simple and requires only one card per beam.

This card has seven parameters, which are as follows:

Card 1 AL - length of beam in feet
SM - simple beam moment in kip-ft.
AM - moment at support A in kip-ft.
BM - moment at support B in kip-ft.
E - modulus of elasticity in KSI
AI - moment of inertia in inches to the fourth power
ZNUM - percentage of span indicating points

at which deflection is to be computed
(i.e., .1 would be 1/10 points)

3.4. Output

Output is simply two columns of numbers, the first column

being the distance from end A, and the second column being

deflection at that point in inches.
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PROGRAM 2. A. 3 - DEFLECTION OF FIXED-END BEAMS

4.1. Purpose

This program computes the deflections at tenth points of a

beam with both ends fixed, and with one end fixed and one

end free.

4.2. Theoretical Basis

The formula used to calculate deflections of the beam with

both ends fixed is as follows:

The formula used to calculate deflections for a beam with one

end fixed and one end free is as follows:
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4.3. Input

The input for this program consists of one card per beam. The

card contains the following parameters:

Card 1 AL - length of span in feet
E - modulus of elasticity in KSI
AI - moment of inertia in inches to the fourth power
W - uniform load in kips per foot

4.4. Output

The output consists of three columns, the first being the

location of the deflection relative to the left end, or free

end for the unsymmetrical beam. The second column gives the

deflection for the beam with both ends fixed. The third column

gives the deflection in inches for the beam with one end free.

This program can be used for more than one beam at a time

and serves as a convenient method to compare the effects of

fixity on deflection.
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5. PROGRAM 2.B.1 - CONCRETE FRAME ANALYSIS - PART I

5.1. Purpose

This program provides an analysis of reinforced concrete structures,

including concrete conduits or culverts under high fill.

The program is limited to the analysis of uniformly loaded

haunched-end or prismatic members which are not subjected to

conditions of side-sway. However, assumed side-sway moment

distribution can be accomplished separately with the program,

and the results combined manually. The program has been divided

into three parts, this first part of which computes fixed-end

moments, distribution factors, carry-over factors, distributed

moments, and that point on the member where the moment of inertia

is no longer assumed equal to infinity. Part I also produces

the punched data deck for input to the second part (2.B.2).

5.2. Theoretical Basis

The conduit analysis assumes a rectangular or box shape for

the exterior of the structure, with either square or simulated-round

interior barrels. The simulated-round barrel is represented

by an octagonal cross-section, thus utilizing a haunched-member

assumption

.
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The basic situation is a three-celled structure with each member

represented by dual numbers. This numerical designation for

the numbers is necessarily applied to all situations, and for

each situation, twenty sets of input data must be entered.

The values entered typify the particular structure being

analyzed. For prismatic members, the input format is filled

by entering zeros in the positions allocated to length of haunch

and slope of haunch. By entering zeros exclusively in the

positions allocated to loading, and by entering zeros or ones

in the positions designated for moments of inertia, certain

members are virtually eliminated from consideration, thus

providing for the analysis of a variety of structures.

5.3. Input

Only one type of input card is required; however, twenty of

these cards are used for every problem. Each of the twenty

cards provides the data for the twenty positions shown in

the following figure:
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Each of the twenty cards requires numeration of the following

parameters

:

Card 1 S - the 20 numbers in the figure above can
be thought of as beam ends. S is the span
length of the beam associated with each
particular number.

SK - this is the thickness of each member in feet
COF - this is the haunched depth in feet (if any)
AI - this is the relative moment of inertia
DM - slope of the haunch
W - uniform load in kips per foot
BAL - depth to center of steel from tensile face

in feet

It should be remembered that the program expects to find three

cells consisting of twenty members. In the event that fewer

cells or members are desired, the programmer should insert

artificial members that have negligable effect on the analysis:

i.e., small moment of inertia, small thickness, and small uniform

load.

5.4. Output

This first phase of the concrete frame program computes fixed-end

moments, distribution factors, carry-over factors, distributed

moments, and that point on the member where the moment of inertia

is no longer assumed equal to infinity. The output from this

first phase consists of a set of punched cards for input to

the second program, 2.B.2, and printed results of five factors

for each member. These factors are as follows:
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FEM - Fixed-end moments in kip-ft

A - Flexibility coefficient times

DF - Distribution factor;

COF - Haunch depth in feet;

DM - Distributed moment in kip-ft

length
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6. PROGRAM 2.6.2 - CONCRETE FRAME ANALYSIS - Part II

6.1. Purpose

The objective of this second phase of the three-part program

is to compute values of shear and unit shear at various points

along the members, and to produce punched data for input

to the third part. The theoretical basis is as described

in Program 2.B.I.

6.2. Input and Output

The input for this phase of the program consists of the forty-

cards prepared by 2.B.I. The first twenty of these cards each

contain six numbers representing the various programming

coefficients. The second set of twenty cards each contains

three coefficients.

The output of Program 2.B.2 can be varied by using Switch

1 and Switch 2. The normal output with both switches off

consists of the following:

V - this is the end-sheer in kips;

VA - shear at point of infinite I in kips;

VAEH - this is the change in shear from location of VA
to the end of the haunch;

VEH - shear at the end of the haunch in kips;
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VPC - shear at the point of counter-f lexture in kips;

USA - unit shear for VA in KSI;

USAEH - unit shear for VAEH in KSI;

USEH - unit shear for VEH in KSI;

USPC - unit sheer for VPC in KSI.

In addition to the printed output, this program punches cards

for input to the third phase of the system.
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7. PROGRAM 2.B.3 - CONCRETE FRAME ANALYSIS - Part III

7.1. Purpose

Program 2.B.3 is the third part of a three-step analysis of

concrete frames or rings, such as culverts and tunnels.

This part computes the distance to various points along the

members, together with the respective moments found at these

positions. A moment correction factor is also computed.

This can be used, if necessary, in accordance with the description

contained in ’’Continuity in Concrete Building Frames,” Fourth

edition, Portland Cement Association.

7.2. Input-Output

The input of Program 2.B.3 consists of forty cards punched

by Program 2.B.2. The first twenty cards contain eight coefficients.

The second twenty each contain five coefficients.

The output with Data Switch 1 off, consists of the following:

S - span length in feet;

XF - distance to face of member in feet;

A - distance to infinite inertia in feet;

XEH - distance to end of haunch in feet;

XMVER - distance to point of counter-f lecture in feet;
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XMPOS distance to maximum positive moment in feet;

DM, DMF , DMA, DMEH, DMPOS - these are the moments in kip-ft.
at the positions indicated above,
the face, the point of infinite
inertia, the end of haunch, and
the maximum positive moment;

DMCOR - this is the moment distribution correction factor
previously referenced.
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SUMMARY SHEET FOR PROGRAM NO. 2.A.

1

PROGRAM NAME:
Deflection of Cantilever Beams

A. TYPE OF MATERIAL

X 1 . Concrete
X 2. Steel

B. TYPE OF STRUCTURE

X 1 . Beams and Girders

2. Columns
3. Composite Beams

4. Foundations
5. Frames and Tunnels
6. Prestress Construction
7. Shells
8. Slabs

C. REFERENCE CODES

N/A 1 . A.C.I.
2. A.I.S.C.
3. A.A.S.H.O.

D. TYPE OF ANALYSIS

1. Elastic Analysis
2. Plastic Analysis
3. Working Strength Design
4. Ultimate Strength Design

E. REMARKS
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SUMMARY SHEET FOR PROGRAM NO. 2. A. 2

I

PROGRAM NAME:

A - TYPE OF MATERIAL

X 1. Concrete
X 2. Steel

B. TYPE OF STRUCTURE

X 1. Beams and Girders— 2. Columns
3. Composite Beams— 4. Foundations
5. Frames and Tunnels— 6. Prestress Construction— 7. Shells— 8. Slabs

C. REFERENCE CODES

MlA. 1. A.C.I.
- 2. A.I.S.C.— 3. A.A.S.H.O.

D. TYPE OF ANALYSIS

1. Elastic Analysis— 2. Plastic Analysis— 3. Working Strength Design
4

.

Ultimate Strength Design

E. REMARKS
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SUMMARY SHEET FOR PROGRAM NO. 2. A.

3

PROGRAM NAME:
Fixed-End Beam Deflections

A.

B.

C.

N/A

D.

TYPE OF MATERIAL

1. Concrete
2. Steel

TYPE OF STRUCTURE

1. Beams and Girders
2. Columns
3. Composite Beams

4. Foundations
5. Frames and Tunnels
6. Prestress Construction
7. Shells
8. Slabs

REFERENCE CODES

1. A.C.I.
2. A.I.S.C.
3. A.A.S.H.O.

TYPE OF ANALYSIS

1. Elastic Analysis
2. Plastic Analysis
3. Working Strength Design
4. Ultimate Strength Design

E. REMARKS

!
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X

SUMMARY SHEET FOR PROGRAM NO. 2 - B - 1

PROGRAM NAME:
Concrete Frame Analysis (Part I)

A.

x

B.

C.

x

D.

TYPE OF MATERIAL

1. Concrete
2. Steel

TYPE OF STRUCTURE

1. Beams and Girders

2. Columns
3. Composite Beams

4. Foundations
5. Frames' and Tunnels
6. Prestress Construction
7. Shells
8. Slabs

REFERENCE CODES

1. A.C.I.
2. A.I.S.C.
3. A.A.S.H.O.

TYPE OF ANALYSIS

1. Elastic Analysis
2. Plastic Analysis
3. Working Strength Design
4. Ultimate Strength Design

»

E. REMARKS
I

Particularly well suited to tunnel design.





SUMMARY SHEET FOR PROGRAM NO. 2.B.2

PROGRAM NAME:

Concrete Frame Analysis fPart II)

A. TYPE OF MATERIAL

X 1 . Concrete— 2. Steel

B. TYPE OF STRUCTURE

- 1 . Beams and Girders— 2. Columns
- 3. Composite Beams
— 4. Foundations
X 5. Frames and Tunnels

6. Prestress Construction
- 7. Shells— 8. Slabs

C. REFERENCE CODES

1. A.C.I.

________ 2. A.I.S.C.— 3. A.A.S.H.O.

D. TYPE OF ANALYSIS

X
1. Elastic Analysis— 2. Plastic Analysis— 3. Working Strength Design— 4. Ultimate Strength Design

E. REMARKS

Requires input from 2.B.1
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SUMMARY SHEET FOR PROGRAM NO 2.B.3

PROGRAM NAME:
Concrete Frame Analysis (Part III)

TYPE OF MATERIAL

X 1. Concrete
2. Steel

B. TYPE OF STRUCTURE

1. Beams and Girders
2. Columns
3. Composite Beams

4. Foundations
X 5. Frames and Tunnels

6 . Prestress Construct
7. Shells
8. Slabs •

C. REFERENCE CODES

X 1. A.C.I.
2. A. I • S . C

.

3. A.A.S.H.O.

D. TYPE OF ANALYSIS

1. Elastic Analysis
2. Plastic Analysis
3. Working Strength Design
4. Ultimate Strength Design

E. REMARKS

Requires input from 2.B.2
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PROGRAM

LISTING AND SAMPLE OUTPUT

for

2.A.I. - DEFLECTION OF CANTILEVER
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IE ( ut 1 N i +aP—bPAu ) 2/»L7»2t> LAI

d r> A|. ( N ) =aM IN J + ( Ul ( m ) +XP—bPrtN ) *P LA 1

d7 CONTINUE LAI
da CONT 1 NljE LAI

L»U bfi Ixiti rcQU LAI
if t,M-i) dbtdbtbu LAI

d V bLUPt. ( i\i ) -At* AlvU vl> / l E * X a I 111) ) LAI
bLHH U ) =AL*Xi'i ( h ) !)(•. ( IX ) / l l*aX 1 ( i«i ) ) LAI
bu To b 1 LAI

5U L=N-i lA1
bLOPr. (u) -buOPL IL) + l AI_*Af*1 IN; / l t*XX 1 l IM ) ) ) LAI
Ut EL l Im ) =utf L IL)-EIAL*X eHN) *ut (N)/(E*XXl l N ) ) ) tAl

51 CON I i HUE LAI
bd CON T i NUt LAI

Wk 1 f u ( 5 t bt>

)

LAI
w K I I c ( 5 t 4

1

) LA 1

IliHllL l 5 t o 6 ) db L

Ir J K i T L. 1 5 • 58 ) LA 1

WPlTr. ( 5 t 4 o

)

LAI
VvkIIc. 15»a^) bt_OPt 12UIW »uEfLl2lJCJ) LAI
Imp 11 1_ ( 5 » 09 ) LA 1

bu lo 1 LAI
c LAI
55 f o P i

V| h 1 (X8A»LlnCHN(Il_E\/tK uktLtCIlON) LAI
5a EUPEimT ( 1 A t of 1 L • o ) LAI
bb f (jPEia T (uai 4i~ibP AiM »9X»5MUuLr9X»tHApFll)X» InP t 1 L X » 1 Ht ) lAI
5b E UPMA 1 1/ai LeiE 1 t X 1) X t AHl\/p T t 8X t 4E1E ELI »8XrHHkiPb»8X> 5HKbi ) LAI
5 7 EoPMAT ( / X » 4 VH|viOi«iE.llTb of lNtkTiA (iN**4) FkOM f I xEl.) Tu FREt tNU ) LAI
58 E oPEih T ( ill ) LAI
59 E u

P

M h 1 ( xEll ) LAI
4U EuPEimI ( t X t bLHLEub 1 H OE cOnSIAnT I bEOiviENTb E NuEl FlXLu TO EPtE EN0LA1

1 ) LAI
41 euPEImI ( in a • 1 UhOu FPU 1 ) LAI
4L EoPEimT ( a oa » e 1 o « n t H X » F x b • 8 ) LAI
45 E OPMm 1 I a 8 A f OEibLOPt » 19a » 1 ONDtFcEcT 1 ON I LAI

t|\iL) LAI
// IjUP

*blOPt «vb UA eiLh 1

// XGT M?Ai

2.A.1 - 2





CANTILEVER deflection

SPAN
FT

20.000

UDL XP P E

K/FT FEET KIPS KS!

10,000 ,000 ,000 30000,000

MOMENTS
1 M988.000

• 000

OF INERTIA (FT*»*U FROM FIXED TO FREE END
.000 ,000 ,000 .000
,000 .000 ,000 .000

LENGTH OF CONSTANT I SEGMENTS FROM FIxED TO FREE END
20,000

,000
.000 .000 .000 .000
.000 .000 .000 ,000

OUTPUT

SLOPE DEFLECTION
.00M27C0S ,76860*$J9

2.A.1 - 3





LISTING AND SAMPLE OUTPUT

for

PROGRAM 2. A.

2

- DEFLECTION OF CONTINUOUS BEAM





// jut) 1

/ / t UK
H3^Phl]'|TLH»UlStS )

LibT ALL
C _ KoD STWUL IURAL PtxObKAivI SLD-7 2A2
L ULFLLLlluiM bY LUimJUUmTl-dEaM METrlOU 2A2
1 KLAIJ ( d t H ) AL > bM f A l^i r bM » E > A

1

» ZNUM dAd
XzZNiuM + AL. 2A2
Yz^NluM dAd
WK IFcl l3*b) 2 A2

2 mzY **2 dAd
dzY**3 2A2
LZY**4 2A2
UzY**b dAd
bK=5Do. lo* Y+V4 *2P*H-i2b9. l)4*b+to4Q*41*C+2.23»L) dAd
AK=447.3i.*Y-33o.b4*A-9b7.feb*b+1277.11*047U.Ul*Q dAd
LiK = 32U»ILL*Y“27i .o9*A+543*_9y*t>-lUb5.ii4*L +4b2.^7*U dAd
utEzlAL**^ / lt*«I) ) * ( bM*b»\ +AM*AN +DM*ttK ) dA'd

toRlTz 1 3 » b ) X»uEt dAd
YzY+Zl'iUM dAd
XZX+ dAd
IK (A-AL) trJO ' dAd

J CONTINUE . ... .. . dAd
C dAd
4 EUKMaT ( h b • 0 » Fb • U • h 8 • 0 » Ft) • U t L9» 1 »£i* »

1

* 1- 3 »2) dAd
b EOKMmT (jLhl» , UibfL)EFL(iNb) * ) d.A

d

o HoRMmT ( h 7 • 2 * ( b * + ) dAd
thO dAd

// JUP ..

bioKt to S UA M2m2
// XUT M2 Ad

2. A.

2

1





U i •

X 4

4i_

‘>h

/ l.l

0 4

1 ix a
i 4 U

• </t f- l V

Uu . 'J *-)Z 4

oil • Z / 1 'U

Jo . 4 bO a

uu . 4 b o

Uu • O 4-Z A.

uu • aSo 4

uu • '4 wi

uu • r. /I l.;

U u • U ^ 1 4r

Uu - . JU<t4





LISTING AND SAMPLE OUTPUT

FOR PROGRAM 2. A.

3

FIXED-END BEAM DEFLECTIONS





// UOb I

// P OK
* I bLS ILAKOj Xl3*u-’KliiTt.H r DISK )

LiST a|_L

C is | klJu I uR>vL PkuoKajVj SuP*^ -— - ^A3
L DoF Li_c I 1 un Al I tuTn-PO X l\j I S OK a r I At.1 J-e Nu btAM ^Ab
1 KpAD (tfo) ALfLim1»W LAO

hL=1<;.*Ai_ cA3
A=.1*aL LAO
w P I r c ( 3 » 7 ) LAO
top lfc.t3»o> L a3

d a— X * *L • LAO
D=**H LaO
0 =b/<;4. LAO
u — 0 / c. ^ A >5

FzD/aI LAO
U-AL-X L Ab
h = U * * d. • L A 0

S=F*K lao
1 = .1*Ai_ LA3
AX-a/xL» LA3
topITc.lO»9)AX»S iiA j

A — A +

1

2AO
A Y — X — AL. LAO
XP(xY)«;fOfO LA3

3 LONTxUUt LAO
C POD olpUulupAL PpOoKAM Sv-P-9 d A3
0 Ut

F

llL I 1 UlM A I I EhTu—PO xN I S OF A uM FiXfc L) Af LA3
D Oiv/F tUU hUu S> 1 KiPt— Y SuPPOKTcL) Ai 1 Ht, OThLK LAO

Xe. 1 4-al LAO
Mki Tc. ( 3 > 1 u ) kA3
wkITl 13(h) L A 3

4 A^ X * L • LA3
b— x * + sj • LaO
L — AL * o • L A 3
U-w*a LAO
F el)/‘+(l , Lao
u— F / c. t;A3

K^O/aI LAO
S— 3 • A L dA j
1£;S»h ^ao
U::^ . -fb *:A3

V=T-u LAO
Y — \l—{. ^A j

Oc.K = t*k ^A3
ulF-u.-DcF LA3
ah=.i_*aL _ ... _ _ .

LAO
XX=X/iL. LAO
wplTe. 13*9) a A » Ut-F lAO
AzX + hI) a 3

A Y — X — Al_ L A3
IF (aY) 4 » b * b L A 0

b CALL txl l
.

tAj
C lA3
b FoHMaT loFiU.U) L A 3
7 FOHWiaT ( Ini » * F l XtiU*ENOb£A'M * ) d A3
b F OKMa I ( ' UiS I AImCL ( FT ) DtFLECT xOh ( IN )

•

) LAO
9 KoHMaT (t.Plt>«4) <;Ao
10 FoKmaI .(.^Hlj:OK£bNUSlMPLYSUPPOKTt.p») lA3

clND LAO
// UUP
SlOKE. wS uA tol2A3

2 . A. 3 - 1





h i. .* fi( >— L Nlj

i _» 1 / V I JLc ( h ) L>r.r LlC 11 iOl'j tin)
H • U U . US
c> • u 0 • il)

j <1 u U • lri

x < > • u 0 • c4
c. 0 • u 0 • cb
t'H.UU • <-<+

• C c • i M
• U U • XU

)Oi U U • u ^
+ (J tUU • J Vi





Out. L.'iU blNf'L. > L'jOPhOk Tii: 1

1 ^ 1 rthU. <t~ ( ) LsLt- L.C_C l 1 OU ( 1 U )

't . U U .*-0

t) • o o • o /

Id • uU • *4 8

i o • u o • Lu"S

UJ<OU • O ]

d*+ • U U .

r
v

• c c « J J

^>c. lOU . A 7

,io • uo • U ">

HO.UU • Uil





LISTING AND SAMPLE PROBLEM

FOR PROGRAM 2.B.1

CONCRETE FRAME ANALYSIS - PART I





nr

r

r

(v

n

r.

// jOn 1

// F Ok
*lu0b(CHKU»il3«iF’hli'lltR»l.)IbK)
LiuF MLL

C HuH h I kUc I OHrtU (
J i\UwKrti‘,

l SoF,-S“l ^bl
C biiF_Ar< mNu muoLu V A i\i Ao Y i b FOR 1 — — » UK b—CtLL COi-JUUITb OK t.bl

C OULVcKlb uORKUbtu OF l IHIFOkMuY loAULU PRISMATIC AiIO/Ok FiaUfMCnEu dh 1

C MtWHtuK b » w 1 1 hUuT SiOr_Sv»Af ~ PAkT 1 , Et)l

u 1 MF-nib i Or* b ( d U ) t w(2l) ) » aldO) i H l dil ) » Ml ( 20 ) » UM I 20 ) r bK ( 20 ) 2b 1

U 1 MEmS i OlN OOF A l du ) f u OF ( 2() ) # Oh ( 2 U ) f SUM(2u)» uAu (till ) 2B 1

iUu2i-l»20 2b 1

u iN Till;. F OCt-0 a i NO b I A I F>iEN I r I Ht bYMbuL S RLFREbEOTb TmE ULt_AK bP4N2Bl
U i|\i hr_L. I » bK 1 b Tut. Tri i oKi JLbb OF MEMdEK lu Fttl » CUF lb THt HAlJUCo 2B1
C L/th In IN F tt • t Ai lb InL KlLm f iVc FluWiLi'lT Oh i HER I 1 A t K AL lb fHt_ 2b 1

utblii 10 l ME Ot_M I KK wF b I FltL FhOM ItOblLc. FACE* mNd L)M lb I Ht 2bl
bi_0Pt_ uF F ht Hh'J.iCH. 2bl
Kt AO l 2 t Ho ) b ( i ) » bK ( 1 ) » UUF l I ) * Ml l I ) » UM (l)»wtl)» HAL ( 1 ) 2Bl
1 i j file. Ilc.X I i wt.N t Y b I A 1 EMEuTb t TliE bYMuOt uh KtPKEbENTS F HE rtlOTH 2t 1

OF Trit AoJACtHl HEMritR A I POSIfiUM 1. ( 1 Ab li\| iiMutX.) 2bl
OF(l)—SKllo) <£bl

UF ( k.) -bK VI/) 2hl
Ul- ( b l — bK l i / ) 2Lil

Uf ( h ) -bK v 20 ) dt'i 1

OF ( b ) — bK V 20 ) 2t?l

OF < M ) — bK

V

7 ) 2H1
uh ( / )-bK Id) 2B

1

ul- (hi -bK 1 9 1 dhl
O F f O J — b K V b ) 2 B

1

OF flu) -brv 119) 2131

UF .< 1 l ) -Sk V 10 ) ctl'. 1

OF ( l<d ) — bK 1 1H ) dbl
OF f lb) — bK lib) 2b 1

uh l 1*+ ) -Sk lib) 2B1
oh ( 1 >) -bi\ 114 1 2(31

UF ( 1 > ) —Sk l l

)

2Hl
U F (

1

/ ) — SkI/-. ) 2 h 1

OF Mb) -Sk l i 3 ) 2b 1

Of l 14) — b k l ill ) 2bl
uf l |u ) -

S

kIo) db l

iu Tilt. Hc.X I FVMt.JlY b I A I u^'EmT b t i mF” bYMt>Oi_ COFA KtHnEbt ivJT b 1 Ht dtil

IE Lc.i'JuTn oF T mE HhIJmEH In FLti • <ibl

OOF A 1 1 ) — LuF ( ib

)

tbl
OOF A l E ) — Oof l 1 7 ) <dbi

OOF A l J ) —OOF l 1 /

)

^bl
OOF A l 4 ) =OOF l dU ) tffll

U>F Ati>)=CUF (<iU) 1

OOF A l o ) —OOF ( 7

)

^bl
OOF A i 7 ) =uof ( o ) <Fbl
CoF Alb) -UUF lb) tdbl
OuF A19J —uOF In) tdbl

OOF A l 1 U ) -OoF l 1 b ) idBl

LUEAUll^LOFllb) <d81

OOF A l l<d ) -ooF l lrt ) ^rtl

OuFA 1 13)=OOF l Itt) «dBl

COFA l 14 ) -CoF lib) tdHl

COFA lib) -COF l in ) «dBl

COF A l ir>) -OOF l 1 ) <lBi

U>FA1171^CUFl^) ^Bl
CoF A l ltt ) —COF lib) idhl

COF A IISU^COF 1 1U ) dbL
CoF A 1 2u ) -ooF l b ) dhl

2.B.1 - 1





UOBl— l*2b tib L

3 A ( I ) - l bK l i ) *UP ( I ) +UM l I i *COt- ( 1 ) *CuF 1 1 ) ) / ( 2 . *SK ( 1 ) ) 2bi
Do 4 i-l»ZU ^t)i

4 wk I 1 c ( 2 * 4b ) bl\ ( i ) * COF l 1 ) UF ( I ) * a ( 1 ) * * COP A ( 1 ) * t) AL ( 1 ) 2B i

OO _5 L— 1* ^bl
C 10 Tut NlX I I au iTMTcvit.i 1 1 S * I Hp. bYMhOL S Ib Rt-i_)£F 1NE.O TO kEPRtb£N2bl
C 1 rit uISTmKCc. lET^EeM Poiixj Tb Op i — 1 HP i N 1 T Y • 2bl

b ( L ) -b ( L i -M ( L J -A l L+ 1 I + l (uFlL)+Ul- (L+l) )/2. ) 2b 1

b b(L+U=SiuJ 2bl
OO b 1 = 1 * 20 2hl
bll)~r\TlF/Sli) 2 b 1

0 lb Trit. FwLLUw i im»3 b 1 ^ I P'ivi£oT * I He. bYPij-jOL bi\ lb Kl—ijEF I Mt_U TO P'£PREbE2bl
0 b T I F P iNt-bb • HOPc. Yoo h'£ »* I I ri Ob* ThERc. lb wORbL 10 COME* 2dl
o bK ( 1 ) = 1 1 • n2 . * 1 ( . 5+bl I i) **2 ) ) *a1 l I ) /b ( 1 ) 2Bl

OO 1 U 1=1 * 20 2bl
UO / L-l *(il ^dl
ip ( x-L

)

4 * ti * 7 2B1
7 Cob 1 i I'iut 2B

1

C lb b I a I LiMt-lM I b i o 1 A ( t_L T r OLLOvJ iflo * THE SYMBOL Cot- ib Re—uEP I NEi) 2B1
c To r< lPk EbLO 1 TriE C mRi< Yo v/lR FhCIOK* OP aLl IHluOb* 2bl
b lOF ( i ) = 0 I 1 .-12. * l .5 Pol i ) i * l . b+o ( 1 + 1 ) ) ) / ( 1 . +12 . * ( ( .B+b ( 1 ) ) **2) ) 2B1

O0 To 10 2b

1

0 loF ( i ) -U • - i 1 . - 1 2 • * l • b+o ( i ) ) * l • b+b ( i — l ) ) ) / ( i • + 12 • * ( ( • b+b l 1 ) ) **2 ) ) 2bl
111 CoHTiouE 2H1

L | K — 1 . 2B 1

0 I rib )EXl I irt£ol Y LOut-J 1Mb FKUCT iOixiS ARE EXECUTEu TPIREE T I M£ b . 0 |m 2bl
. C I hP plkSl IRiP THROUGH (lTk — !•)* THE SYMdOL bK SIIlL REPRESENTS 2bl
C bT 1 Fp rlt_bb • On 1 Hl b l l b i j ij 1 iME THpOUiiH ( C f I < = 0 • ) * bK IS Kc -DEF 1 NEQ2B 1

C f o pp.PREbEuT ThE FIXE 1

) EwD MOWti-J I * ANL) LlURiMn I He. THikd AlMu FIUAl 2B1
0 RUM l C T R — 2«)* lT lb mOAIINi KE~i ikF 1 N£0 To KEPKLbt.l\lT CARRYOVER* LBl
11 btiM ( 1 ) —bb T 1 ) +bK ( iB ) 2dl

bow ( p ) — bi\ ( c. ) + bis ( o ) +Si\ ( i / I 2b 1

bOM l b ) — boi-i l 2 > 2dl
bOM 1 •+ ) -bK l H ) +bR ( b ) +b»s ( 20 ) 2b 1

bUM ( a ) zSuM ( 4 ) 2b

1

bOlv; (n)bbr\lo)+bfK(/) 2dl
SUM ( / ) -buM lb) 2bl
bliFilrt)zS(\lb)+br\('^) 2B1
bliM ( 4) =buM l fl ) 2B1
boM ( LU ) =bK ( 1 J ) +brs l 1 1 ) +bK 114) 2B1
bOM( Li ) — SUi'm ( 1C) 2B1
bl>M(l2J — brxll2)+bt\(13)+bK(lti) 2B1
bijM 1 i b ) — bUPi ( 1 2 ) 2h 1

bUM ( 14 ) =aM 14 ) +brv ( lb ) 2b 1

bliM ( Lb) — bUiv
i ( 14 ) 2bl

bi jM (ib) — boiv
i ( 1 ) 2FL

1

btjM ( i 7 ) =bUi“i ( 2 ) 2dl
bUM (ill) =jOi'-. I 12 ) 2bl
bl)M ( i4 ) — bUPi ( 1U ) 2B1
bUM ( 2U ) — bUl4 ( 4 ) cbl
ll- (lTK— 1.) 17*1^*24 2p)l

12 OO 1 > 1-1*20 2bl
it- (bUivid)) 14*10*14 2b 1

C IN S I a TEiwtuT b 20 Y aMo 20o uP lb THt OlSTKlbUTIuN FaCToK.U 2B1
1 6 oP (1 ) — u • 2B1

oo To 15 2dl
1 4 OF ( I ) =bK U ) /bUM( i ) 2bl
C I HE .mLxT b i A T tMEivlT Ib wHlRl bK HtCOMES FlM. 2B1
lb bK(l)=w(l)*bTi)*b(i)*(l»+6«*b(l)+6»*b(i)*B(l))/12« 2bl

WR 1 Tc. ( 3 * 4t> ) 2d 1

00 In i=i*20 2B1
lb wkITc 15*h4) Sk

(

1 ) * A l 1 ) * uF t I ) * cOP ( 1 ) 2B1

2.B.1 - 2





L 1 K- u . kbl
bu To 11 kbl

17 bO lb i-i »tU kbl
C lN Tilt. Nt-X 1 b f m T cJviKil 1 S t l>AL KEKRtStN TS bALnNLL A NO DM IS Tht kbi
C 0 i ST a ioU 1 oL i"iOi»iEi jT • hL,l K.A I HtK J*oNFUSI|\iG » bUT uECLSS Ah Y • kbl

l>aL ( i ) =i >r ( i ) * ( U . -SUM l I ) ) kbl
18 Un ( 1 ) — bK l 1 ) + i->al { i. ) kbl
19 Ln) A U i — i. It!) kbi

UO A.) L^iidi^ kbl
it ( i — l_ ) ^ci^l >2u kbl

kG CuN T X i jUL kbl
C T t it- NLaT b 1 A 1 t-O'iLi't 1 lb KHc^t SK btCOhitS CaRkYoVoR* kbl
kl St\ ( 1 ) -uALU + i ) *CuT ( 1 + 1 ) kbi

bu T \j kb kbl
kt br\ ( I ) —bAl_ l i — 1 ) *CuF l 1 — 1 1 kbl
k3 U 'l\ 1 i NUt kbi

U 1 R

—

d. % kbi
uo Tu J. 1 kbi

^4 Uu kb 1 -

1

t c.

U

kbi
buLU) —Oh l i ) + l u . -SUM tlx) kbl

kb U h; ( 1 > -uM l 1 1 + O K l I ) +dAl ( J. ) kbl
U i h h .

v
i — U • knl

Uu bo 1-1 » <- 0 kbi
IK ( I xl 1 1 1 J ) 2G»h7rk7 kbl

kt> 2= 0 . -ON ( i ) kbl
Go 1 u kb kbl

k / h =OM l i ) kbi
kb ih ( UK l I X ) 29 » OU » 3U knl
k4 XU(» . -bl\ ( 1 ) kbl

bU 1 o b

1

kbl
30 X = Sh l 1 ) kbl
31 l K l 1 1 A L ( i ) ) b k # b b » b 3 cbi
5k ltd.

—

uhL l i

)

kbi
GO T u b4 kbl

bb Y -hAu ( i

)

kbl
b4 ulFh-x-Y kbi

IK (uihFl jb»«iDibh kbi
bb o I F F = 0 . —o i h F kbl
bb tl/lFh—ulhh- • UUUb + k kbi

lh ( uihFivi—LUlFh ) 3 7 » 5 7 * 3o kbi
57 0 1 F F i-i— c_ Lx i h T kbi
bb Loot lNot kbl

ih l u 1 h F i
v

i ) 59

»

59 » 19 kbl
b9 A k 1 r C. l 3 » 5 lx ) kbi

Lax 4ij ilircQit kbl
C In Ti iL Ni_xl 1 Wu b T aToMoN I S t b iS RfotTlwEu TO RtPRtShNT T hit kbi
C UISTmIjuE FA- T w Ch.li-lF.m_l MtF> Oh tviL-lHtitR-S-» kbi

b ( 1

)

-b l I ) +M ( 1 ) +A l 1 + 1 ) kbi
40 S< l + l)=Sl 1

)

kbi
Oli 4a 1 — i.tcO kbi
1(- (j, (i)X H 1 > 4 2 f 4 2 kbi

41 W(I)bU.-rtll) kbi
4k toklT+ ( b » b 1 ) jJhlLi). kbi

IT ( uM (I)) 4 b » h4 » 44 kbi
4b ON ( 1 ) =u • “Li to l 1 ) kbi
44 wRlTt (At A/) Si I ) »UMl 1 ) t .< ( 1

)

kbi
call txl

1

kbl
c kbi
45 F (jRFiaT— Lh 7 7 »4j F 7 » b f Fco^b+F 7^-4 tFb-«_5-)._ kbl
4b FORMaT (hh>«3»Fb»b»F6«4»Fb.k»hfo»4»F f • b t T 4 • 3 ) kbi
47 FoRMaT l h 7

•

b * h 9 •

j

t h 7

3

) kbl
4b F oRM A T ( 15A3hihtl'/l9XlHA9A2TiDh7x5HCuF/ ) kbl

2.B.1 - 3





49 h ( / K N' A ] 2bl
bO h ( )RW a 1 ( / i ) <^bl

bl ('LRWA I ( h 1 1 . b ) ^hl
cr:l i Chi

// LAJK

*S i OWfc. kuS UA l'
,i^ril

// aOT A,2hx

2.B.1 - 4





FF_ M A

916.ANH 3 »

-9 1 6.644 3.

9 1 6 . 644 3 .

- 916.694 3 •

916.644 3 .

-916.644 3 .

305.548 3

.

-305.548 3.

9U. 644 3 .

-9 1 6.644 3

.

916.644 3

.

-9 1 6.644 3 .

9 1 6.644 3 .

-916.644 3

.

305.548 3.

-305.548 3.

,000 3 .

.000 3.

.000 3.

.000 3 .

DM

466 .934

1 108 .059
10 12 .75 1

10 12 .751
1 100 .859
-466 .934
466 .934

-466 .93 4

466 .934
1 108 .859
10 12 .75 1

10 12 .75 1

1 108 .859
-466 .934
466 .934

-466 .934
96 • 108

-96 . 108
96 . 1 08

-96 . 1 08

OF COF

5 00 0 ,8154
333 3 .8154
3333 .0154
3 33 3 .0154
3333 .815‘‘

5000 .8154
5 0 0 0 ,6 154
5 000 ,8 154
50 00 .8154
3 3 3 3 .8154
333 3 .8164
3333 .8154
3333 .8154
5000 .8154
5 0 0 0 .8154
5000 .8 154
3333 .8154
3333 .6154
3333 ,8 154
3333 ,8154

1 90

1 9 0

1 9 0

1 9 0

190

] 90

1 90

1 90

1 90

1 90

1 90
190
190
190
1 90

1 90

1 90

1 90

1 90
190
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LISTING AND SAMPLE OUTPUT

FOR PROGRAM 2.B.2

CONCRETE FRAME ANALYSIS - PART II





// job i

// h Oj<

*IOtS(tAhl>» 1 ib^FK In I tR H 1 1 br\ )

LibT ALL
E but. Mb AND MOMtl\iT ANAtYblb t-uK l-> 2 - » OR 3-CtL.L tONDEllTS UR 2b2
E EuLVtKlb EuMPE>btu Uh UNIFORMLY LuAutu PR i SMA F I C aNU/Uk HAUNCbEu ZB2
E hitMb r_Kb » KUTHUUT biUtvMMY - PhR I 2bc.

UiMtNblOiM b ( 2 U ) » A l 2 U ) • I ( tO ) t CoFi^n) r uM ( 2lJ ) * uF (2 U ) » W ( EU ) 2 b <l

HMtwbiOu v(20)» 0h(<

V

A ( Z 0 ) » C(ZU)> eOFA( 2U) 2b2
1 00 2 1=1»2U zB2
2 KlAIJ ( t » ) l(j.)»COFllJrL'hlI)fM(l)»CE>hA(x)»E(II 2b 2

UU 5 1-1 » EE 2B2
5 ALAl) Iz»JE) b l l ) > Uiv i ( 1 ) » W 1 1 ) Eb 2

Ub 4 l— 1 »<<u»E 2B2
E In 1 1 it NlA i b I m T c. ;'t in I » V

m

Ktbht.bc.iNlb Tht L)lhh tKtNCt bt F WttN EB2
C 1‘ioMtul h mI Ubbubilc tNub Oh MEhibtR * ZB2

VA ( 1 ) =UMl 1 1 -Uhl l 1 + 1 ) EB2
V ( I ) -W ( I 1 *b ( 1 ) /2.+ l \/m ( 1 ) /s l I ) ) 2B2

4 V 1 1 + 1 ) =wm *b ( i )

/

p . - 1 Vh u ) /b 1 1 ) ) 2b 2

EALL UAlbvv (l»Nbbi) 2ti2

Ou l‘j ( b » o ) t NbS J. 2B2
b wkITc lAroi) 2b2

oe> 1 j / ebe
o iftRlTc l3»bb) 2B2
7 Uo 1 4 2B2

irV K He. ( 2 t 0 7 ) UM (i) »

l

)h ( x ) » A ( I ) » COr A ( I ) » « ( x ) » C ( 1 ) » I (1) » b ( I ) EbE
E IN Trlt I- i‘Jt b 1 m FMEN T b h OtLOw iNu t T RtPhEbEulb uEPTh To THE ERE
E 1 1 N T t K Od bTttLf E Rc-hKEbEuTb bbtAK hT EnI) Oh HAUNEH* 2b2
C Vh KuhKtur.iMTb bHfcAK mT I-aCl» Vm KEPRtbtN I b bHEMh AT POINT UF Zb2
C llihlNllt i> MlMu A KtPRtbtNlb SmFhR BtFWEtN VA and bHEMR AT EnI) Oh 2b 2
0 1 (it iiAONEH. IuAlLED Vatu LAJRiNG PRINT—OUT.) Zb2

i (D^fm-ui) ab2
Vh (ll— \z(i)“(rt(i)*Dh ( 1 ) / 2 • ) 2b 2
VAtlCvlil-UlilfAllj) 2B2
Eli)— VllJ — lw(l)*l ( UF l 1 i/2. i +LOh All))) 2b2
m ( I ) - ( V A 1 1 ) + E ( 1

)

) /2 . 2b2
i h ( .v ( i

)

> t r i u »

a

2b

2

E IN Trie hui_LO«vIigG b T A i Fi viEnT » b KEPRLbtNl b T tit QUANTITY UNDEk RAuI'-A2B2
0 E»r 1 r it OuAuKM I xC EulJm T x Oi'j . 2b2
O b ( 1 ) -V ( 1 ) **2- ( 2 . *uivi ( i ) *to 1 1 ) ) 2B2

lh ( b ( x ) ) i0»b»9 2b2
E In Tilt NtX I b 1 A f t_MEN I * b hECuMtb Tbt DibiANCt 10 ZtRO MOi^IENT • 2b2
9 blI)-UU)-SQRI (b(I) ) )/wlI) 2b2
C uivi i-juw HtEEMcb VkE ( but A k mT POInT OF EOimTRAFLEXiJRE ) • 2b2

UM ( I ) = \J ( i ) - ( A ( i ) *b l I ) ) 2b2
00 lO 11 Eb2

lU b(l)-b. 2b2
DM ( I ) =0 . Eb2

11 ihhITi-. lt*Jo) V 1 I ) » i/F U ) * v 4 1 1 ) i E l x ) » b 1 1 ) 2bP
EmLL DATbW ( 1 * NSb 1 ) 2H2
OO Tu lldf ii)

i

Nbbl 2b2
12 VvhlTt (3rb£t) V 1 I ) t Mb ( I ) * u'Vi l I ) 2H2

00 Tu 14 .

' 2B2
15 akITcl (3»b4) V l 1 ) t VA l I ) * A ( 1 ) » C 1 I ) »L)M ( 1 ) 2B2
C 1 im 1 rit Ni_X I bTa TEMEN I » M btCE»Mtb DlbT ANCt TO ZtRO MOMENT. 2b2
14 V(I)-btl) 2H2

EaEL UATbim (<i»Nbb2) Eb2
OO Tu (2bfib )

*

Nbb2 2BZ
lb EaEL UaTA»«N 1 1 » ivSbl ) Zb2

00 To (lo»l7)» Nbbl 2b2
lb iftKlTc. I3#bbl 2b2

00 19 1H 2B2
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17 wkITc. (3/oP) 2B2
lH UU 27 l = i»£-U 2B2
C liv TnE llc_ A I 1 u/0 bTMTt.Mi.iJlS/ S ibEbQMEb A.bPTH TO CENTER OF S 1 EEL 2b2
b mT hnCtf AuD VP uEbOwP b UliiT SHEmR AT u/2 FROM FaCE. 2B2

Sill Si iJLl+bUEill _ - 2ti2

Vp (1 (x)-W(I>*b(x)/2*)/(b(x)*l44.) 2 b 2

b IN Tnc fk_Al t-UUR S T A I EkEnT b t S lb KL-ueF INlD To REPREbENT uEPTh 2b2
C To L c_H T t r\ Oh b i £cL Ai POiNI OF IimFIuITE i » Vm oEbOMEb UbA z 2b2
b I hE bYMbOL A bECOMEb USAtJIz b oELOFiEb USlHz aNu WE ARE 6ET I ING 2b2
b PRET iY M X a t.D UP OUKSr.LVEb • 2b2

S ( 1 ) sf 1

1

) + i CoF l

I

) * l 1 . -

l

CoF l 1 J / ( T 1 1 ) *2 . 1 ) 1 1 2b2
V A < 1 > -V A ( 1 > / ( 144 . *B ( X ) ) 2B2
A ( 1 ) =M ( I ) *2./ ( l T II) +S( i

)

) *144. ) 2E2
b(I)-Cll)/ll44.*(T (Ii )

)

2b2
b 1 (-it mEaT b REPREbEiJTb HALF THE WXUlH OP MDJAbENT MEMbER. 2b2

b ( 1 ) -Uh ( X ) / 2 . 2b2
IF ( v ( X ) -S l I ) ) 1 ^ » 1 9 z 2 0 2b2

1 9 DM ( 1 J Su . 2B2
00 To c^ 2b2

b I HE i-jEaT b ticbU-'lt-b Trit. OxPPERENbE bE I WEen uibTMNCE 1U ZERO MOMENT 2B2
C mn() FrttVxi/ubLY Rt_—uPF iHEu bz III OAbE YolJ ARE SI ILL READING. 2b

2

2u bd)-Vm-b(i) 2b 2
IF (tUi-AiU-bU)J 22 z 22 z 2l 2R2

o I i-iF ,IXT b Ib bOlHXNo FiOrE THAim PARTIAL riAONoH DEPTH. 2B2
21 b(I)-(L0PM(I)-V(i)+(oFtl)*.5) )*COFlI)/b0FAU) 2b2
b liiF. r-icxT b* HUrtEwERr BECOMES LiEP I H TO BTlEe AT P.C. rtlTHIN THE 2B2
b HaUNlH* mi-jo The one mFIER IhhT bECOMEb FilE UeP I H Tu bTEEL OUT— 2B2
b bllit 1 hF Hm Uh b m mT P.C./ BUT ForiUnATeLY NONE OF TpiE OTHER 2B2
b V a R 1 m bL F_ b mKc MARiNO P bbcb OF IHEMbEuVEb. 2B2

b ( 1 ) sT l I ) +b ( 1 ) 2B2
oo To 2 b 2B2

2^ b( 1 )=r l I ) 2B2
25 DM ( I ) -DM ( 1 ) / l

1

a 4 • *b ( x )

)

2b2
24 bALL UnTbw (1/iibbl) 2B2

00 T kj (2oz<£.b) » l-lbbl 2B2
2b to K 1 T c. (3/ 5b) \/F ( X ) » Dm ( X ) 2B2

bo To cl 2B2
2b to F( IT l (3/40) \za(x)/A11)/l(X)/ Ui*i l X ) 2B2
27 LoNTiNOL 2B2

ou 1 o 1 2B2
2ti bONTXNUt 2B2
0 2B2
29 FoRMa I ( F 7 • 3 / F 7 . 4 / F 7 . 3 / Fo . o / F 7 • 4 / Fb . 5 ) 2b2
5U FoRMaT (p7.3»F9.ozr7.3) 2b2
01 FoRMmI ( 2bXlHVlOX2H\/P 1 UXOHVPb/ ) 2B2
52 FoRMaT ( F 29 . 3 / r 1 2 • 5 / F 1 2 . o

)

2B2
53 FoRMm I ( x5a1HV10a2H\/m9X4hVmEH9x3piVEH9X5HvPC/ ) 2B2
54 PoRMmT ( F x 7 . 5 / F 1 2 .

5

/

f

12 . o / F 12 5 / F 12 • 5 ) 2B2
5b FORMmT ( /29XbhoSu2P 6X4nU5Pb/ ) 2B2
5b FuRMmT ( F 54 . 5 / F 1 0 . 5 ) 2b2
57 FoRMmI (FP.5»F7.5/Fb.3»F’7.4/F7«3/Fb.5»F7.3»F7.5) 2H2
58 FORMmT (PP.5»Fp.bzP9.3/FV.5/F7.3) 2B2
59 FORMmT ( /2UX3HOSMbXbHUbALHoX4F1ObEHoX4HUbRC/ ) 2B2
4U FORMmT (P24 . 5/F It) . 3/ P i U . 3/ F lU . 5) 2B2

END 2B2
// DUP
blORE tob UA M2d2
// XOT M2h£

2.B.2 - 2





J V i\ V AtLH VlH VPC

64 i . 5 / tl i. 1 5 . 140 7>j . 593 54.0 4 6 143.950
jj! .<472 205.234 10 3 * 586 124.141 143.950
uOOt'tub 135. 187 1 1 8 . o 4 0 79.093 24.761
266-425 1 35 .187 118.540 79.093 24.781
oil . 472 2 u 3 » 2 54 163 • 088 124.141 143.950
241.378 113.140 73.593 34 • 046 143.950
93.473 32.729 39.547 2b • 3c

5

.000
95.475 32.789 39 • 547 26 • 36 5 .000

t_ 4 1 . O / 6 115.140 75 • 593 34.046 143.950
ool .472 205.234 1 53 . 686 124. 14

1

143.950
ooo . *+25 i 38 . 187 118.540 79.095 24 . 7bl
250 • 423 x 38 • 1 87 11^,. 640 79.093 24 • 7b 1

oil .4 /2 2 0 5 . d 3 4 165.688 124.141 143.950
^4 1 • 57 6 ix3. 140 75.395 34 • 04b 143.950
93.47o 32.729 39.347 26. 3 6 5 .000
93.475 52.729 59.547 25 • 3r>5 .000

. UuO .0 00 .000 .000 .000

.000 . 0 0 0 .0 00 .UO0 • uuO

.ouo • uOO .000 .UOO .000

.000 . u o 0 .000 . 0 G 0 .000

Ub A U3ALH USEH USPC

» 124 .095 . 054 .140
• 22o .212 . 195 .204
. X /4 . x 33 .124 .639
. 1/4 . 155 . 124 . 0 39
. 223 .21

2

. 195 .2 04
• 124 .095 .054 . 140
• 056 • 05i . 041 .000
.0 36 • 051 . 041 .UOO
. 124 .0 95 .054 . 140
* 22J .212 . 195 .204
.174 . 155 .124 . 039
.1/4 . x 33 . 124 .0 39
. C-C. 5 .212 .195 .204
. 1 d4 . 0 9 3 . 054 .140
• 036 .051 . 04 1 .UOO
• U3o • u5i .041 .000
.000 • 0 0 0 • OUO .000
• 0 o u • UUO . 000 .000
• uou • uuO . OuU .000
.Ouo .000 .000 .000
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LISTING AND SAMPLE OUTPUT

FOR PROGRAM 2.B.3

CONCRETE FRAME ANALYSIS - PART III





/ / UUU |

/ / f Ok
* 1 uCb (

C

aPD » 1 13lPR INTER »DlSr\

)

*LibT ALL
L Pi>Ll ij_jKUc 1 Uh^L PkOURaM bCP-b-3 _ 2b3
L bhtMK aNu MOMEkiT AnAu Y u I b l- OK l-» 2-» UK 3-CELL CONDUITS Ok Lb3
C UjLVc.K|b COMHUbtU OF UNIFORMLY LUAuLU PRAStoATlL AND/OK HAUNChED 2B3
C MEMbcKb# vuATHOdT blUtSwAi — PART 3. 2B3

DItoE.jbJ.OiM Uto l 2u ) > xF(2U)r A(2U)» XEH(20)» rt(2U)r C(20)» XMPOb ( 20 ) » 2B3
1 Sl2u> 2B3
DltoEubiOH V ( <^U If VF ( 20 ) f Va ( 20 ) » VeH l 2u ) » XMZEK(2U)» 1(20) 2b3

1 Du 4 1^1»2U lB3
L Ah Nufo bt-CUMtb UiblAisiCD 10 FACbf ANU XLH BECOMES 2B3

Kt AL» ( L » £l ) DMlI)rXF(I)»A(A)»XtHlI)»to(A)»C(I)»T(l)»S(I) 2B3
Kt.AU ( L » c_2 ) V ( A ) » VF ( i ) t Va ( i ) r VEH l I ) » XMZEK ( i ) 2B3

C UISThNcE iu Eijl uF HmIInCH, <;H3

AF ( 1 > -XF LL ) /2 » 2B3
XLH ( i )=XF U ) +XtH II) 2b3
Ah (w(a)J ctOftL Lb3

2 XMPOb ( i ) —V ( 1 ) /w ( i ) 2B3
Ou Tu 4 2B3

3 X.v,HOb ( i ) -U

.

2B3
4 LuNTaNue 2b3

Call unTbw (i»ubbi) 2B3
Uu 1 u (b»b)r Nbb A 2B3

5 w K IT t_ 1 3 »

2

7

)

2B3
bb Tu / 2B3

t> v«k!1c (3*lo) 2Bu
7 uu 1 j. a = a»cU lB3

C aLL Da

T

bit* ( 1 * Nbb 1 ) 2b 3
bu 1 u (8#9J * Nbb i 2B3

H bhiTc. l3»2b) S (I ) f XF ( I ) t XMZEK ( A ) * XMPOS( i ) 2h3
bU Tu AO 2B3

y WKiTu 13»24) b l I ) » XF ( I ) » A ( A

)

» XtH ( I ) » XMZEK ( 1 ) » XtoPuS ( I

)

2b3
C 1 ivi ThL NuXI FOUK ST a I EtoENTb * VF REPRESENTS MOMENT CORRECTION* 2r3
C XF KuFKEbENTb MOMENT A I FACE* A KEFRESEIMIS MOMENT AT A* 2B3
C AND aEN KEPREbtNIS MOlMt.Nl AT END OF HAUNCH. 2B3
10 VF ( I ) -XF ( J ) * l V ( I ; +V/F ( I ) ) /b. 2b3

Xh ( I ) =UMl A ) -VF l

I

l *3 . 2b S
A ( I ) -DM ( A )”((( V ( A ) + V m ( i ) ) /2. ) *A ( A ) ) LB3

11 XeH( a )=D!vU^1-( l ( v ( a )+VfcHlI.)J./a. )*XtHU ) ) 2B3
Du 1 4 A=i»tU»^ LB3
ih UU)) j.2fi3fl2 2Bb

C from HeKc- UN UUT f XMPOb kEPReSen I S DISTANCE TO MaX POSITIVE mOMEnTlB3
12 XMPOb ( 1 ) =jjM 1 1 ) - ( l V 1 1 ) *V ( A ) ) / (2. *ioi U L) ) 2H3

bu To 14 2b3
13 AwPOb> Li ).£Q-» 2B3
14 XMPOb ( i+A ) =XMPuS U ) 2B3

CaLL UmTjVv U*NSbl) 2B3
00 Tu (lb'ib)r Nbbl 2R3

lb WKlTc (3 *l9) <;[i3

00 Tu 17 2B3
lb kmJ. Ie 1.3 f 2b 1 2B3
17 Du 2u 1— A»2U 2B3

OaLL DaT bln (lHMSbl) 2B3
Ou Tu (lb»A9)» Nbbl 2B3

lti IftRllt. 1

3

1 30 ) L)M(A) »Xt ( A) rXMPOSli) rVF(l) 2B3
bO TO 20 2B3

19 WrITu ( 3 f Lu

)

DM ( A ) »XF l A ) t A 1 1 ) » XEh ( A

)

t XMPuS ( I

)

t VF ( I ) 2h3
20 CuNTANUE 2B3— OD- Tu 1 .. _ _ ... 2hb

2u3C
2.B.3.- 1





21 (h <^«3»P7«b»hb»b»F/tH»F7«b»Fb«b»F7#3»F7»b) e\lb
22 h uHM« f ( F y • 3 * F S • O » h 9 • 3 » F 'i • O » F 7 • 3 ) 2Bb
2b Fl>HMaT ( l.iAlHb ,iX.6HAFhXlHM9A3hXc.HoXbHXivl^EK5XbHXl''lPuS/ ) 2bb
2 A FoUFiaT (Hb*J»l‘lu..5rrlu.O*|-lU,Jt|-lUi3»l-lu.J) bH b
2

b

FoKMaI (/ HX^HuMsJX bHbHF rtAbnUJARoXAHUVlLtibX:}HL,NlPOShXbFlL)[''iC.QK/

)

bbb
^b FuHMaI ^hb
27 huHKJ (c:lAlHbS#X«:HAF /XbHAMZ£j<5A±>nXWPoi»/ ) bp,b
2b FOK^IhT (r/b,J»(-lU.^»hlu,J»Hu.OJ bpb
2^ FoHi*i«! ( / i‘+A<ihu!'/liUX3niJi''iFoXbHiJi'/!P0b7AbHUI«!CvJH/ ) bbb
b 0 F OR (Mm I (bl^»brFl<^»b»hl2.0»Fl2»b) bb b

bhU bbb
// blJP

biObb rtS UA l
vi2ub

// XUT |.|?h,i

2.B.3 2





S XF A

1 4 . 250 2.375 3,190

l 4 . 250 2.375 3,190
1 4 .250 2 .375 3.190
1 4 . 250 2.375 3,190
1 *4 .250 2.375 3,190
1 4 .250 2.375 3.190
1 *4 . 250 2.375 3.190
1 *4 . 250 2.375 3,190
1 *4 . 250 2.375 3.190
1 *4.250 2.375 3.190
1 <4 .250 2.375 3.190
14.250 2.375 3.190
1 *4 . 250 2.375 3,190
1*4.250 2.375 3.190
1 *4 .250 2.375 3.190
1 *4 . 250 2.375 3.190
1 4.250 2 .375 3.190
1 4 . 250 2.375 3,190
1 4 .250 2.375 3.190
14.250 2.375 3.190

DM D M F DMA

466.934 7.038 -98.522
1 1 OB . 859 4 3 *4 • 9 9 0 256.003
1012.751 445,868 303,595
1012.751 445.868 303.595
1 108.859 43*4 . 990 256.003
466.934 7.038 -98 . 522
466.934 277,973 230.549
466.934 277.973 230.549
466.934 7,038 -98,522

1 108.859 43*4 . 990 256.003
1012.751 445,868 303.595
1012.751 445.068 303.595
1108.859 434,990 256.003
466.934 7.038 -98 . 522
466.934 277.973 230.549
466.934 277.973 230.549
96.108 96,108 96,108
96 . 108 96,108 96.108
96.108 96,108 96.108
96.108 96,100 96.108

XEH XMZE R XMPOS

.157 2 .424 6 .004

. 157 4 ,665 8 .246

. 157 6 .509 7 . 1 25

.157 6 .50 9 7 . 1 25

.157 4 .665 0 .246

.157 2 ,424 6 .004

. 157 .000 7 . 1 25

. 157 .000 7 . 1 25

. 157 2 .424 6 ,004

. 1 57 4 .665 8 .246

. 157 6 .509 7 . 125

. 157 6 .509 7 . 125

. 157 4 .665 8 .246

. 157 2 .42*4 6 ,004

. 157 .000 7 . 1 25

. 157 .000 7 . 1 25

.157 .000 ,000

.157 .000 .000

. 157 .000 .non

. 157 .000 ,000

0 M £ H D M P 0 5 DMCOR

-2*43.316 -257 .734 153.299
-66,053 -257 .734 224 . 623
70.171 -7 .638 188,961
70.171 -7 .638 188.961

-66.053 -2 57 .729 224 . 623
-243 . 3 l

6 -257 .729 153.299
152.739 1 26 .804 62.987
152.739 126 .804 62.987

- 2 *4 3 . 3 1 6 -257 .73*4 153.299
-66.053 -257 .734 224 . 623
70.171 -7 .630 188,961
70.171 -7 .638 188.961

—66*053 -257 .729 224 . 623
-243.316 -257 .729 153,299

l 52.739 1 26 .004 62.987
152.739 1 26 .804 62.987
96.108 .000 .000
96.100 .000 .000
96 . i oe .000 .000
96.108 .Oon .000

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

3
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