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ABSTRACT

This study deals with the problem of plastic 

analysis and design of symmetrical tapered or uniform 

gable frames of the portal type subject to usual loads. 

In the course of this study, a fully automatic 

plastic design procedure, based on an original conversa­

tional computer program written by H. B. Harrison, was 

developed and implemented on the UNIVAC 1108 computer. 

Input data was made free-format in order to eliminate the 

inconvenience present in using a fixed-format input. 

Another new feature of the program is the capability of 

dealing with tapered-column gable frames.

The procedure for analysis and design in the 

modified program accounts for the strength reduction in 

the plastic moment capacity caused by the presence of 

axial thrust in the frame members. The program also checks 

for the limiting width-to-thickness ratios of web and 

flange as given by the 1971 AISC specifications which serve 

to prevent local buckling failures.
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NOMENCLATURE

bf Flange width

d1 Depth of member at the first end.

d^ Depth of member at the second end.

dn Depth of member at distance x from the first end.

F Specified minimum yield stress of type of steel being 

used (ksi).

Ag Used in AISC Specification

F A form factor for internal pressure.

h The column height in a rigid industrial frame.

L Length of a member; span of a portal frame.

M Bending moment at apex of a portal frame.

M The full plastic moment of a resistance of a section.

M PC Reduced plastic moment capacity of a section.

P An axial force, axial thrust, or a concentrated apex

load.

P Plastic axial load; equal to profile area times 

specified minimum yield stress.

R The horizontal thrust at the apex of a frame.

r Vertical rise from eaves to apex of an industrial 

rigid frame.

S The vertical shear force at the apex of a frame.

t Flange thickness.

w Web thickness.

viii



ix 
y Distance from neutral axis, when the section is under -1 o

pure elastic moment, to the upper part of the assumed 

stress distribution, due to axial thrust.

Distance from neutral axis, when the section is under 

pure plastic moment, to the neutral axis of the con­

dition under consideration.

Z Plastic section modulus.

£ The relative value of the distance from the neutral n
axis to the upper surface of a section and the section 

depth.

Ty Shear yield stress = y/ 3.

(Jy Is the Yield stress = in any specified units.

Y The angle between the two flanges.

6 Angle of inclination of rafter.

cm Centimeter = 0.3937 inches.

in Inches - 1/12 foot.

kip 1000 pounds.

kg Kilograms = 2.20462 pounds.

lb Pounds

ksi Stress in kips per square inch.

tons metric = 2204.62 pounds.

<|) Angle of slope at diagonal stiffener.

Y^ Angle of taper at rafter.

Y2 Angle of taper of column.



CHAPTER I

INTRODUCTION

1.1 Background

Plastic design, ultimate strength design, and limit 

design are terms which imply consideration of inelastic 

action. These techniques are now being employed in the 

design of continuous beams and building frames of one or 

two stories which sustain static loads. Furthermore, the 

principles of plastic theory justify many of the provisions 

in specifications formulated for elastic structures.

An engineering structure is satisfactorily designed 

if it can be built with the needed economy and if, through­

out its useful life, it carries its intended loads and 

otherwise performs its intended function.

In the plastic analysis of an indeterminate struc-
3 ture three conditions must be considered:

1. Mechanism condition;

2. Equilibrium condition;

3. Plastic-moment condition.

When all three of these conditions are satisfied, then the 

resulting analysis for ultimate load is correct because the 

two limit theorems basic to the plastic method are satisfied. 

These theorems can be stated as: theorem I (lower bound) 

1
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which is a statement of the ability of the material to 

adjust itself to carry the applied load if at all possible 

and gives the lower bound on, or safe value of, the 

ultimate loading. The maximum lower bound is the limit, 

or the ultimate load itself. Theorem II (upper bound), 

is a formal statement of the fact that if a path to 

failure exists, the structure will not stand up. Thus a 

load computed on the basis of an assumed mechanism will 

always be greater than, or at least equal to, the true 

ultimate load. The theorem so deals with the upper bound 

on, or unsafe value of, the plastic limit load. The
2 minimum upper bound is the ultimate load itself.

1.2 Stating the Problem

The problem consists of the plastic analysis and 

optimum plastic design of tapered gable frames under 

practical loading conditions using the modified computer 

program and the technique which has been previously used by 

H. B. Harrison. The problem can be described as the 

design of a frame, with a given geometry and certain 

ultimate loads, such that its cost can be minimized.



CHAPTER II

THE PLASTIC ANALYSIS OF THE

STRUCTURE

2.1 Assumptions

The basic concepts and assumptions for the plastic 

analysis with regard to the plastic behavior of a structure
3are as follows:

1. The material is ductile. It has the capacity of 

absorbing plastic deformation without the danger of fracture 

(Fig. 2.1).

Fig. 2.1. Stress-strain curve of A7 structural steel, 
idealized.

2. Each section of a member has a maximum capacity, 

which causes plastification throughout the section.

3. Because of the steel ductility a plastic hinge

3
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will be formed.

4. The deformations are so small that the equilib­

rium equations can be formulated for the undeformed struc­

ture .

5. The structure will reach its ultimate load when 

the mechanism of failure is created.

6. No instability will occur before the structure 

reaches its ultimate load.

7. Loads increase in proportion.

8. Sufficient number of plastic hinges have to be 

formed before the mechanism of failure is created.

2.2 Statical Method of Analysis

The objective of this method is to find an equilib­

rium moment diagram in which M/<MP such that a mechanism is
2 formed. The procedure is as follows:

1. Select redundants.

2. Find moment diagram for the determinate struc­

ture .

3. Find the moment diagram for the structure 

loaded by redundants.

4. Adding the two moment diagrams in such a way 

that a mechanism is formed.

5. Check M/<MP.

After the mode of failure has been assumed, four 

linear simultaneous equations can be formulated to represent 

this mode of failure which can be solved to find M , (see
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Appendix A). Then the moment at every section can be 

checked to see if it exceeds the reduced moment capacity of 

this section. If it does, the mode of failure has to be 

modified.

2.3 Analysis Procedure

The most efficient method for performing plastic 

analysis in the case of tapered rigid gable frames is the 
twin-cantilever, statical method of analysis. With 

reference to Fig. 2.3 the gable is cut at the apex, and 

the bending moment, shear force and axial thrust at any 

point in the frame are then evaluated statically in 

terms of the loads and the reactants M , S , and R. In a 

graphical representation, as in Fig. 2.4 and 2.5, it is 

convenient to separate the diagrams, the bending moment, 

the shear force and the normal force diagrams, into a 

determinate (Fig. 2.4 a, b, c) and indeterminate ones 

(Fig. 2.5 d, e, f). Then a plastic moment capacity distri­

bution throughout the frame has to be assumed, or in other 

words, the section depth, the width and thickness and the 

web thickness has to be assumed. Next, a mechanism of 

failure is assumed, e.g. four locations are chosen at which 

the moment, of appropriate sign, are equal to the full 

plastic moment capacity at these sections. On the other 

hand, if the bases are pinned only two locations have to be 

nominated, and the four simultaneous equations expressing 

this mechanism can be formulated and solved for the three
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w

P1 = 0.8p

p2 = (1.2 Sin 0-0.4) p

P3 = 0.4p

PU = 0.4p 
7 where p = (Wind Vel.) /400

F = (-0.2 or 0.4)p for openings / 10%

F = (-0.4 or 0.8)p for openings / 30%

Fig. 2.2. Typical pressure distributions—wind and verti­
cal loading.
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Apex - point load: P

Reactants: M, R, S

Fig. 2.3. Rigid frame twin cantilevers representations.
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(a)

(c )

Fig. 2.4. Representation of determinate (a) bending 
moment diagram; (b) shear force diagram; 
(c) normal force diagram.
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Fig. 2.5. Graphical representation of bending moment 
caused by reactants: M. R. S.
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redundants M, S, and R. For the case of both bases 

pinned two of this four equations express the condition of 

zero moment at these locations. (In the case of one base 

is pinned and the other is fixed only three locations need 

to be nominated, and the fourth equation express the zero 

moment at this base, but this case is not available in the 

computer program represented in Appendix C. Although, 

this case can be programmed and a command for it can be 

added between lines 212 and 213.) Then the bending moment 

diagram, which corresponds to the assumed mechanism, can 

be found; using this diagram the normal and the shear 

force at any section can be determined, and the reduced 

plastic moment capacity can be evaluated. Then the evalu- 

ated plastic moment capacity can be used for the next 

iteration.



CHAPTER III

COMPRESSION MEMBERS

3.1 Reduction of the Plastic Moment Capacity of Tapered 
Members Due To Axial Thrust

The presence of axial force tends to reduce the 

magnitude of the section plastic moment capacity in addi­

tion to causing column instability. Therefore, the moment 

capacity must be modified to account for this influence. 

Three different conditions can be discussed according to 

the location of the neutral axis.

The Plastic Modulus Of A Tapered Member

To find the member plastic modulus, the neutral 

axis of the section has to be located. Referring to Fig. 1 

the factor 3n _< 0.5, where f>n is the relative value of the 

neutral axis depth and the section depth, can be determined 

by taking the summation of the horizontal forces equal to 

zero.

Fig. 3.1. Stress due to pure plastic moment.
11
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I H = 0

so T = - T.c t
3 = 0.5 - t (1 - cosy)(bf + w/cosy)/2 dn w (3.1)

where

d£ ~ d1 ---L X + d. (3.2)n L 1

-1 y = tan
d£ - d1

L
(3.3)

so, the plastic modulus of the section will be:

Z = I (6ndn-t)2 + 1 dn ' " +

b.t [g d + cosy d (1 - g ) - t] (3.4)f L n n 1 n n

for the first condition, as shown in Fig. 2, the total 
3stress-distribution, sketch (a), may be divided into two

parts: a part that is associated with the axial force, 

sketch (b), and a part that is associated with the bending

moment, sketch (c). o

(a) (b) (c)

Fig. 3.2. The first condition, neutral axis in web. Re­
presentation of (b) stress due to axial force 
and (c) stress due to bending moment for a com­
pletely plastic cross section subjected to mo­
ment and axial force.
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In this case the neutral axis is in the web (y_ > 3 d -t). o — n n
Because the section is in equilibrium, the axial force P

is given by:

P = 2a y w (3.5)y-'o

where a^. is the yield stress, yQ is the distance from the 

neutral axis of this condition to the neutral axis when the 

section undergoes pure plastic moment, and w is the web 

thickness. The corresponding bending moment is given by 

the following expression and represents plastic moment 

modified to include the effect of axial compression force.

2Mpc = °y < Z - w Yo1 (3-6)

where Z is the plastic modulus of the section. Then, by 

substituting the value of yQ obtained from Eq. (3.5) into 

Eq. (3.6), the bending moment may be expressed as a function 

of the axial force P,

2M = M - P /4a w, P < 2 wa (3d -t). pc p y — y n n

This relationship can be written in nondimensional form by 

dividing both sides by = a^Z. Thus:

2 2
mpc/mp = 1 “ k2 (p/py) z4 z w <3-7)

where 0 <_ P/Py £ 2 w (6ndn-t)/K2

K2 = t (1 + cosy)(bf - w/cosy) + w dn

Py=OyK2 (3.8)
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The second condition, when the neutral axis is in

the web but yo > Bndn - t and < (1 - gn) dn - t/cosy, 

could be discussed using the same technique. An expression

for M as a function of P can be determined. Thus, the pc
two forces P-] and P2, which are in equilibrium with P, can 

be determined (Fig. 3) .

Fig. 3.3. The second condition, neutral axis in web and 
yo 1 Ki•

Representation of (b) stress due to axial force and (c) 

stress due to bending moment for a completely plastic 

cross section subjected to bending moment and axial force.

? = + P2

where P is applied in the neutral axis of the case in which 

the section undergoes pure plastic bending moment. The re­

lationship of yQ and y^ with P can be found by setting the 

moment of P^ and P2 at C, where C is the neutral axis of 

the case of pure moment, equal to zero.
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Mp1 = Mp2

/ bf 2 2 bfhence Yl = / yo + (3^-t) (1-—) (3.9)

or

/2 2
+ k; (,-ko> (3-io)

where

Ko = bf/w (3.11)

K1 = (endn-t) (3.12)

So P , the resultant of and P2, is equal to:

p - SX- [y, + K1 + Ko (y^Kpi (3.13)

From Eq. 3.10, Eq. 3.13 and 3.8 yQ and y^ can be determined, 

and an expression for MpC, the reduced plastic moment capa­

city, as a function of P/Py can be determined. The result­

ing equations are:

2 2Moc/MD = 1 - [w KV + (1 - K )]/Z (3.14)

where

/2[K_ + 2 K^K (K -1)]/Ky = j 1 U (3.15) 
(Ko - D

K3 = (K2/w) P/Py (3.16)

K1, K„, and Z are defined above. 1 2 o
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By the same procedure, an expression for MpC as a 

function of P/P^. can be determined when the neutral axis is 

in the flange instead of the web (Fig. 4).

Fig. 3.4. The third condition, neutral axis is in flange. 
Representation of (b) stress due to axial force 
and (c) stress due to bending moment for a com­
pletely plastic cross section subjected to mo­
ment and axial force.

The relationship of y^ and y with P/P ^o ' y is given by the

equations 3.17 and 3.18,

1 7 2y. = ----  / K, + y1 cosy / 5

K ± cosy / K + K K,-(1-cos y)

Kq (1-cos y)

(3.17)

(3.18)
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where

y * 0

K4 = dn ~ t/cosy

2 1 2 2 1K = K (—!--- 1) + K (cos y - = )
5 1 Ko 4 Ko

2Kg = K1 (Kq-1) + K^ (Kq cos Y - 1)

K„ = K_, + K, 7 3 6

Thus, the non-dimensional expression for the reduced

plastic moment of the section, when (1 - Bn) dn >. j>

Z

and 3 d > y n n — Jo M /M is equal to: 1 pc' p
(K1 + Koyo " K1 Ko)wM /M = 1 1 ° ° 1pc' p (3.19)

where Kq , and yQ are given above.

3.2. Discussion of The Int . raction Formulas:

After the relationships of Z, and M with the angle 

Y, the angle between the two flanges has been determined 

(see Eqs. 3.4, 3.7, 3.14). Representations of this rela­

tionship are shown in Figs. 3.5 through 3.10. In this re­

presentation numerical data, for the section depth flange 

width and thickness and the web thickness, has been as­

sumed, and by using the computer, subroutine three, the 

solution for this equation has been achieved.

In figures 3.5 through 3.7 the relationship of 

Z^,/Zo, where Z^, is the plastic section modulus when the 

angle between the two flanges is Y and ZQ is the plastic
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Fig. 3.5. Reduction of Z , modulus of plasticity with the 
increase of y,Yangle of taper, in column-beams.
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Fig. 3.6. Reduction of Z , modulus of plasticity with the 
increase of y,’'angle of taper, in column-beams.
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Fig. 3.7. Reduction of Z , modulus of plasticity with the 
increase of y, angle of taper, in column-beams.
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section modulus when y is zero, with y has been represented. 

These figures demonstrate how decreases with the increase 

of y, and it can be found that the decrease would not 

exceed 6 percent if y is less than 20°, but the reduction 

in the modulus of plasticity will be 30 percent if the y is 

equal to 45°. In this case an increase in the flange area, 
2 to retain the same modulus of plasticity, can be suggested. 

It had been found that this needed increase in the flange 

area would not exceed 6 percent if y is less than 20°. For 

practical purposes, both flanges should be made equal.

Using the same procedure a representation of the relation­

ship of MpC/Mp with P/Py can be seen in Figs. 3.8 through

3.10.
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Fig. 3.9. Reduction of fully plastic moment by normal forces
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Fig. 3.8. Reduction of fully plastic moment by normal force
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Fig. 3.10. Reduction of fully plastic moment by normal force.



CHAPTER IV

ADDITIONAL DESIGN CONSIDERATIONS

This chapter considers important factors which must 

be evaluated when the plastic theory is applied in the de­

sign of a structure, just as in the case of allowable-stress 

design. Besides the influence of the applied normal forces 

on the plastic moment capacity of the section, which have 

been discussed in the previous chapter, the influence of 

shear force, local buckling of flanges and webs, lateral in­

stability, and repeated loading have to be evaluated.

4.1. Shear Force

No reduction of plastic moment due to shear is re­

quired if the magnitude of the shear force V at the ulti­

mate load does not exceed

V < 0.55 F w d (4.1)- y

where w is the web thickness, and d is the section

depth. On the other hand if the member is reinforced by 

diagonal stiffeners or a doubler plate, the web does not
4need to correspond to the previous limitation.

4.2. Local Buckling

The problem of elastic and inelastic buckling below

25
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the yield stress in flanges has been discussed and analyzed

theoretically by G. 2Haaijer and B. Thurlimann. The width­

thickness ratio for flanges of built-up sections which have

one web and undergo axial thrust and hinge rotation under

ultimate loading shall not exceed the following values,

which have been recommended by the American Institute of
3Steel Construction m 1973:

F V2
36 8.5

42 8.0

45 7.4

50 7.0

55 6.6

— 60 6.3

65 6.0

Also the depth-thickness ratio of members subjected to 

plastic bending shall not exceed the value given by the 

formula 4.1 or 4.2.

4.3. Connections

d _ 412 M 
w F U 

y
p p-1.4 ) when <0.27 (4.2)
y y

d = 257
W Fy

P when > 0.27 (4.3)
y

In the design of connections for portal frames, both
strength and rigidity are prime requirements, but these qualities
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have to be achieved without either undue fabrication cost
7 or difficulty during erection.

The various types of connections which are typical 

of those that might be encountered in portal frames are as 

designated in Fig. 4.1.

1 - corner

2 - splice

3 - column anchorage

4 - miscellaneous

Fig. 4.1. Types of connections in portal frames.

Primary attention is given herein to corner con­

nections (the other types can be found in Ref. 4). Method 

of analysis are based on the assumption of stress distribu­

tion at ultimate load which satisfies the equilibrium but 

does not violate the plasticity conditions. Thus, the 

solution constitutes lower bound to connection capacity.

The maximum possible forces in the two flanges and 

the diagonal stiffener can be determined from an equilibrium 

of horizontal components of these forces as follows:

(4.4)

OyAs cos - cTybf t costY.j+a) + tfyAf t sin y2 = 0. 

cos(y14-6) - siny-jA„ = b. t [----- !------t---- -S f COS(J>
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Fig. 4.2. Diagonal stiffener forces in a corner connection
of tapered gable frame.
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in which

Ag = area of symmetrical pair of diagonal stiffeners 

bf = flange width 

t = flange thickness

6 = angle of inclination of rafter

<j) = angle of slope of diagonal stiffener

= angle of taper of rafter

Y2 = angle of taper of column

In Fig. 4.2 (b) the maximum possible forces at outer corner

F are shown. Equalibrium of horizontal components gives:

Oybf cosO
w d

- t ---— cos(d) + 6) cos 6 - a A cos d)-0y cos Y y s Y 

Substituting = a^/3 and solving for the required stif-

fner area gives

br- t w d .cos (d> + 6)A= = [-£-------- £i!----- ------ 1 cos e (1.5)
s 7 2costj) J 3 cos (j)

in which w is web thickness dc^ depth of column at 

section EB, (see Fij. 4.2). If Eq. 4.5 should result in 

zero or negative value for Ag, the implication is that the 

shear capacity of the web is adequate to transmit the outer 

flange force and the diagonal stiffeners are needed only to 

transmit the unbalanced force of the inner flange. Since 

in any case the web will carry some force. Eq. 4.4, which 
. 9is based on equilibrium at the inner corner, will control.



CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

The computerized plastic analysis and design of 

tapered, or uniform, gable frames, when both bases are 

fixed or pinned, under practical loading conditions has 

been developed and presented in Chapter II.

The plastic section modulus of taper members 

(variable depth web) has been derived in Chapter III. 

Also, three interaction equations to evaluate the reduced 

plastic moment capacity, the reduction caused by the 

axial thrust only, have been derived and checked by using 

Subroutine SUB3, see Appendix C. Graphs representing these 

three equations have been provided.

A list of the developed computer program has been 

given in Appendix C. This program has the capability of 

performing the analysis of tapered gable frames in addi­

tion to uniform ones and can also check for the validity 

of the AISC recommended design criteria for premature 

failure due to local buckling.

Conclusions

It is found in studying the results of the 

numerical example given in Appendix C that the developed 

30
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computer program has the capability of handling the 

analysis of tapered gable frames in addition to uniform 

ones. In using the free-field format to input the numerical 

data in addition to using both subroutine SUB1 and sub­

routine UNITS to input the alphanumerical data resulted in 

giving the program the desired flexibility to minimize some 

of the common mistakes usually made while inputing data in 

a rigid, specified format. Also, subroutine units made it 

possible to have the output in any specified units (see 

Appendix C). By inspecting the user's manual, provided in 

Appendix B, it can be seen that this program does not re­

quire in its use any great understanding of the computer.

The computer program can be modified to account for 

more than the studied base conditions or other loading 

configurations.

On the other hand, the same technique can be used 

to solve gable frames with nonuniform cross sections other 

than or in addition to these already included. All that 

is needed, to study another type, is a subroutine that will 

calculate M as a function of X, where X is the relative pc 
location of the section with respect to one end of the 

member. A command f<.r this type of modification may be 

easily added.
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APPENDIX A

Solution of Linear Equations

A system of linear algebric equations in N unknowns 

can be written as the following single matrix equation:

or simply 

A X = C

where A is the coefficient matrix, X is the unknown 

vector and C is the constant vector. Using this notation 

the solution will be as follows:

X = A~1 C (3)

This solution can be achieved by using Gauss reduction
9 technique and the resulting equations can be written as 

k a. .k] = 1/ak-1 kk

follows:
k-1 , k-1 . , . ka. . /a, , , 3 / k; a, .kk kk J kk (4)
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k-1 a4 •k a. . k-1 ka ., a. . ik kj j T5 k;

k-1 k-1 k . , . . , .alk = "aik akk' 1 * k' 3 * k (5)

flow chart for this solution is presented in Fig. A.l.
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APPENDIX B

User’s Manual

DFRAP

Primary Purpose

The program DFRAP, as listed in Appendix C, has 

been restricted to deal with symmetrical rigid frames of the 

portal type. However, the analysis capabilities fall into 

two categories. The first one is the analysis of symmetrical 

uniform rigid frames of the portal type. The second capa­

bility is the analysis of symmetrical tapered frames of the 

portal type, when both bases are fixed or pinned.

Conventions

All 80 columns of a card can be used for the input 

of the alphanumerical data. A free-field format has been 

used to allow free-field input, which employ a standard G 

type editing code with no fixed fields; in other words, 

free-field input is a set of external fields separated by 

comas. The end of the input image is a field end.

1■ Problem Initiation

This card must be the first one in the data deck.

It can be any alphanumeric name, which has been chosen by the 

user to identify his problem, and has a maximum length of

36
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70 characters.

Example

JOB # 1. DESIGN OF TAPERED GABLE FRAME.

2. Problem Type

This command is used to classify the frame members, 

as tapered or uniform sections.

Example

TAPERED

UNIFORM

or alternatively in abbreviation form.

TAP

UNIF

3. Units

The following are the only available units for the 

system:

Length unit: INCHES, FT., CM, or METERS

Force unit: LB., KIPS, KG., or metric TONS

Angular unit: DEGREES. (This unit does not

need to be specified.)

Example

LB FT

The user must specify the units otherwise the system will run
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terminated.

4. Frame Dimensions Input

To input the dimensions of the frame, four variables 

must be specified at this stage. These variables are the 

span, the eave height, the degrees of pitch, and the frame 

spacing. The input record must be in the following format 

and order:

SPAN, EAVE HEIGHT, DEGREE OF PITCH, AND FRAME SPACING.

Example

72. , 33. , 15. , 24.

This record describes a frame with 72.0 length units span, 

33.0 length units, eave height, 15.0 degrees of pitch and 

24.0 length units spacing of frames.

5. Working Load Data Input

The working load is the uniform vertical loading 

intensity measured in the chosen units.

Example

10.0

Which describes the intensity of 10.0 force units per 

square length units.

6. Wind Forces Input

These forces are normal to the covering and optional. 

To input these forces the user will be asked if there are 



39

any pressures normal to covering; the answer must be YES or 

NO. According to the answer the control will be transfered 

to the next step e.g.: YES—so the next record has to 

specify four normal surface pressures for the left-hand 

column, left-hand rafter, right-hand rafter and right-hand 

column respectively.

Example

24. , 6.289 , 0.0 , 0.0

7. Vertical Concentrated Apex Load and Load Factor Input

Example

0.0 , 1.4

This record will specify a zero concentrated apex load and

1.4 load factor.

8. Concentrated Loads Other Than the Apex Load Input

If there are any concentrated loads other than the 

apex load the user must input YES. Otherwise he has to 

input NO. Then the user will be asked if there are any 

horizontal concentrated loads on the left-hand column. The 

answer must be YES or NO. If the answer is YES, the user 

has to answer the next question: How many? And on the 

next cards the magnitude and the point of application of 

these loads must be given.
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Example

3

500.0 , 2.0

1000.0 , 6.0

1200.0 , 15.0

Fig. B.l. Horizontal concentrated loads.on left-hand 
column.

The same procedure is applicable for any horizontal load 

applied on the right-hand column with a positive sign if 

acting inwards.

9. Concentrated Vertical Loads Acting On the Rafter Input 

The user will be asked if there is any vertical

loading on the left-hand rafter, if the answer is YES the 

user will be asked: How many? On the next cards the 

magnitude and the point of application of these loads must 

be given.
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Example, Fig. B.2

YES

2

500.0 , 5.0

500.0 , 10.0

Fig. B.2. Vertical concen­
trated loads on 
left-hand rafter.

The same procedure is applicable if there is any concen­

trated vertical loads on the right-hand rafter.

10. Gantry Crane Loads Input

The user will be asked if there are any gantry 

crane loads. If the answer is YES, the user has to input 

the height of the crane rails and the offset on the first, 

record, the magnitude of vertical reactants of both left 

and right-hand columns respectively on the following 

record. On the third record he has to input the horizontal 

reactants of the gantry crane rails on left and right-hand 

column respectively.
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Example, Fig. B.3

27.0 , 2.0

10000.0 , 4000.0

500.0 , 200. Fig. B.3. Gantry crane loads.

11. At this stage, the user will be asked if he wants to 

see the twin cantilever bending moment distribution. The 

answer must be YES or NO.

12. Input the Base Supports

The user has to specify the bases condition as 

FIXED or PINNED. The left-hand base first, each base on a 

separate record.

Example

FIXED , or PINNED

or alternatively in abbreviation form:

FIX , or PIN.

13. At this stage the computer, if the frame type is 

tapered, will read one record. This record has to specify 

the section depth at four locations, at the column base and 
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top, the rafter near the column and the rafter near the 

apex respectively. This record also has to specify the 

thickness of the web and the flange, the width of the 

flange, and the specified minimum yield stress of the type 

of steel used (F in ksi), as used in the AISC specifica­

tion.

Example, Fig. B.4.

Di , D2 , D3 , D4 , w , t , bf , Fy

This record can be written on more than one record if needed. 

This can be done by skipping the rest of the card. The 

units must be the same as specified above at stage three 

except that F must in in ksi.

14. Nomination of Plastic Hinges Positions

The nomination of two plastic hinges is required if 

both bases are PINNED, or four positions have to be nomi­

nated if both bases are FIXED. These positions have to be 

assigned an integer constant with sign which serves to 

indicate the sign at the assumed hinge.

15. The Bases Reactions

If the user wants to see the bases reactions he has 

to input YES; otherwise he has to answer NO.

16. At this stage the user will be asked if he wants to 

try another hinge pattern. The answer must be YES or NO; 

if it is YES, he has to repeat step 14; on the other hand.
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Fig. B.4. Representation of tapered gable frame sections.
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if the answer is NO, the operator will transfer the control 

to step 17.

17. The user at this stage will be asked if he has another 

frame to be considered. If YES it will transfer the control 

to step one above—otherwise the computer run will stop.
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9 2D.L. 5 lb/ftZ + LL 5 Ib/ft

Fig. b.5- Plastic design example.

The solution for this problem is presented in Appendix C.
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2-37 • L.J ( 4 , 4 ) =MPN ( J11 2 )
2 4,3. 135 1F ( I H 1 ) 140,1‘3 0,145
2*1 V» 1 *30 £.<<3,41 = 1
z bU * E i. < 3,4 1 = - 1
25 1 • Ln ( 4 , 41=-1
252* 145 Ln >3,41=-!
253 • L , ( 4 , 4 1 = 1
2bM • Go TO 240
, l_> •
2D6 ♦ C ANALYSIS FllK hlXh.1) e,3 SOS. C
2-•>7* C • • • • *•«•••, ee*ee«»e.
2-3*1* c •• • • ............................. ..
259* C NO i isate Position of rour plastic hinges c
2AJ-
26 1 • 150 A ,< 1 T F 16,174)
262* 1 7*3 FuF'-hH' UUMINATE P0S11I0S uF FOUR PLASTIC HlNbfS y. 1T ri SIGN Tu 1 NO
263* 11CATL THE HOHL* T slGt.'1//)
264* hLAL 15,1) I 1-1 , 1 m2,1 H3 • 1 H4
265- •.KITE (6, 1551 1 H 1 , 1'|2,1 r|3 , 1 H4
20 D • 155 EbRlATl ’ THE FOUR NOMINATED POSITIONS OF PLASTIC HINGcS WITH SIGN
2n / • I*///,' TO I'lDlCATt THE l-.OHEI.T SIGH are :•///, 4 15///1
2 6 3 • Uni = IAdS < 1H1 >
269« Jn2=IaMS<1H21
2/u* Jr.3= I AdS ( 1 H3 1
z ? 1 » Jr.4= I AtiS < I H4 1
27 2* Uu 16U 1=1,4
2 7 3* 160

U1
NJ



<_ '/H* c., 1 1 i2)=1f 1
z 7 5 • L <1 1 ,31= «c t 51Jh। I
2 76* tu < 1 > 5 1 x-GT-lS ( JH 1 )
2 7 7* Li, ( 2,2 > =Kt AR < Jl<2 >
2 7 rt ♦ £..<?,3>=’lt.AS< Jr, 2>
2 79* t , < >' , b ) =-uT MS ( ..lh 2 )
2^j* L „ 1 j , 2 ) = - / |> ( J >. 3 )
2 fi i • L - < J , 3 ) = 1. ■ 5 1 J ■ ‘ 1 I
2d2* L , 1 3,5 1 =-|. THS I Jh3 )
? 3 J ♦ t . 1 4,2 ) = K L < J • 4 1
2 d '< • L, I 4 , j ) = < A 5 ( jnb 1
2 3 b • c. „ i 4 , 5 ) = - J 1 I.| S ( J H 4 )
/ o 6 • 1 1 1 1 IYP.1 ... t!,| I r ) „ J TO 2 7 1
2'i 7 « 1 l c f H 1 J 1 / . , 1 ) , I „ ,
Z O rl * 1 7D tu < 1 , s 1 = "r'. ( Ju I )
/ o 9 • 8 U T (i 19b
Z 9* 1 «0 l , < I , h ) x-.tP>| C J * ! >
29 I * 17u 1 h" 1 1 H z 1 2 , , , 2 j.) , 1 y 5
27?* 175 , m > = - ■' " -j < J II 2 1
£* J* G, T u 2 7 :t
/ V H « 21. j l ( 2,4 > = '•: p.. ( J: i 2 )
2 7!,* 2 2 u 11- 1 1 H 3 > 2 3 t ,23^,24.
2 7 6* 23G L ., < 3 , 4 > = Mp„ ( Jh 3 )
2 7 7* l=u Tu 2:>l;
2 7 >-. • 240 L , ( 3 , i > =-'■ PM < Jf'3 1
2 7 9* 2 5? 1 r 1 1 H 4 ) 2 o. ■ , 2 o > , 2 /
3 ui u • 26Q L , ( 4 , 4 ) = -I r 1 ( J rl *• )
3L 1 • b U T , .1 Z 8 L
3u2* <70 LMt4,4)=-'>PN(jbH>
3 J3* b u TO 2H0
3U*I« 27 1 1 f < I H1 > 2/2,2 72,273
3u5* 272 L „ ( 1 , q 1 = 1
3u6* G u TO 2 7 4
3 a 7* 273 L 1, 1 1 , 4 1 = - 1
3Cd* 274 1h(IH2> 275,275,2/6
3u9* 275 Lti 1 2 , 4 > = 1
3 1 U* bu TO 277
3 1 1 * 276 t< 2,41=-1
3 12* 2 7 7 1 I- <1 H 3 1 2 7 8,2 78,2 /9
3 1 3* 278 L j ( 3 , M ) = 1 . i,
3 14* G U TO 2 8 1
3 1 5* 279 i-y 1 3,4 1 =- 1.0
3 16* 28 1 1 F < 1 H4) 2o2,282,2o3
3 17* 282 Ly < 4,H) = 1 .u
3 1b* U u T U 2 all
3 17* 283 t <I 4,q)=-1 . J

cn
U)



I

3 2u* 2R0 Du 39u I = 1 , R
j2I» If 1=1+1
322* I L H P = A >> 5 ( E <? < I . 1 ) 1
j2 3* K= 1
32H« Du 3UL J =1 1f
32S* If- 1 A h S 1 f 'J 1 J t I > > - T ‘-i P > Jl.u,3uu,29U
326* 290 K = J
3 2 7 » TtAP = AhSltU(Ji 1 > >
3 2 3* 3U0 C u r. T 1 14 U f
329 • 1 M 6 -If 3 1 IJ > 3 3 0 , j 1 0
3 u * 3 10 L j 3 2 L J = I , !>
331» T l b P = L , 1 I . J >
3 3 2* Lull,J) =L01K,J)
3 J j ♦ 32u Lulk.jIzTLPP
3 J 4 ♦ 330 1h < I 3( 1 , I > ) 3^0,0JU, 3bU
3 3 S • 35U 1 c h 0 = 1 . u / r.'? 1 1 • | >
3 3 6 • Uu 3 6 2 J— I , 0
3 J7* 363 L .. I 1 , J > = E ., ( I , J > . T L < 1P
3 j o ♦ Ou 39U J=1,R
33V» 1 f- 1 I - j ) 3/L,39l’,37U
3‘iU* 370 7 c.hp =Eu I J , I >
JH 1 • UU 3hll K=1P1 ,S
342* 3 Sil L 1 1 J , K ) = r.1 J » K > - T t u p • E U 1 1 , K >
34J* 39u Cun T 1 f:Uf
344* UU 39b I= 1,1u
34b* JZ = 21 - 1
34/,* JJ= 32-I
34 /• Jl= 92-1
3'ib» b.,i . i- ( 1) = SU 1 I 1 -L .v ( 2 , u- I
34 V 1 >■ '.->1 1 1 1 = I" 1 1 ) +1 . 1 3 , b 1
350* S,,L t |. ( J 7 ) = bil 1 j2 , - f 1, (3,b>/5EC-FL.(2,R)«( UbC
34 i • l,i,"bTlj2>= Tjlj?) +E •, I 3,0 ) » CUbC-t 1 Z , c 1 2bF C
352* Si-l A !■ ( J3 > = SH 1 J 3 ) + Es. ( 3 , ) / bl. C + 1 n ( 2 , b 1 »C "Sc
3 5 3 • 7 >1R 11 b 1 I J 3 1 = 1 U I j 3 1 - 1 1. I u , b I • C 0 b r - l 0 I 2 , / b t C
3‘->h * b,,L A K I J, I = S''I,'«)»L |<2,U>
J‘-» > • 1 pl-1|‘>1 I JI 1 - 7 rf I ju 1 -> 1 3 , b I
3‘>6 • 39S •Cut T I .-.u.
3 5 7 * I TE I ,, , bVn >
35a* 396 UMAK 1 X ,S5 1 • - • I , / • bLCTlUN Nf>. • bHEAP
359* 1 ,/ bbl I >
3 6 J * bbl. AR ( 2 1 1=9 H <21 )+LU(3,b)/SLC + EU<z,bl«CuSC
36 1 • 71, t- f '■ S T I 2 1 I = T P I z 1 >+L'<3,9)»CGSCJ-Ev,i2,£>>/cLC
3 6 2* . U A V 7 1 = 1 , ‘1 1
J (’3* 397 -rlTE (6,39p.) j, bf.fAI-tll, T H *+U S 7 < I )
3 0'1 • 39f. F u M A T < Sx.jS.E-x.z.ulb.M)
3 6 b • •• I T F I 6,3 9 9 I

• , 8 A » 1 T H k U S T •

U1
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J b o • 
jt 7*

399 FuM-AT(1X,55(,-«)/) 
1>u 4 2U 1 = 1,41

j o d • 42u d L 5 - I I > - D T > S ( I > ♦ L < 1 , 5 1 t K t A r ( 1 > • L 4 < 2 , b 1 ♦ K t k 4 ( I 1 . E 4 < 3 » 5 >
3 6V* c**** • *........................................................... ........................................
370- c LOCATION *. FlNult G Mu Ml NT hT>nP L
371* (••••
3 7 2* .■LITE 16,222 1
37 3* 222 1-uoriAT I 2/2 1 I.ULaTION Of bLfulMb MUlifNT i'T >MPc:* / / 2 • 1 X , 60 ( • * * > 2 ,
3 7 H • I* ErCTIor: uo. • , I33,’ PLASTIC iIL'-ilNT CAPACITY •,/ •1a,6U(,-,>>
3 7'j* If 1 L r Y P . f • U' I F 1 GO To 4 19
3 7 a... C„LL SUd3(Cu51,C0S2,t)l,|)2,U3,D4,„,Bf,Tl5lC-MAlbi8A5,LBAS,FY)
3 7 7 * bu TO 412
37(1* 4 1 9 k 1, P N = L U < 4,5 >
3 /V* 430 f i, K M A T (//2X,T3 3,ul5.b,4X,A51'.,»Ab//l
3dG* f-KlTt: (6,430) A MP'I , FCiCCL , LF. Nbl H
3d 1 • Du 4uV 1=1,41
3b2* IF <A RS I KE 3M( I > >-0. 79*AMPU ) 406,4 05,4 05
303* 405 Ip < A b s 1 F F 5'". ( I ) >-I . 0 1 • A M P N I 407,408,406
30*4* 406 Ah5< I 1= Mu
3d5* Ou TO 411
306* 407 A,. 5 ( 1 1 =AS FF
307 • i>l Tu 4 1 1
3 b b • 40b A|,S( 1 >=YFF
3-9* IF (LH A5•tu. PIN) Aa5( 1 1=N0
3 'U* if (i<has*l'«. pin) anS(61)=mo
3 V | « 4 1 1 I. K I T F (6,421)1, n L 5 '< ( 1 ) , A f 5 ( I >

4 1.9 Cu'.T I ,, Jt
393* Ou TO 4 2's
394 • 4 1 2 L> u 4 10 1 = 1,41
3 9 3 • 4 1 0 ■<K 1 TL ( 6 , 42 1 ) I ,f:F 3 -1 ( I ) , ANS ( I > • fl P U < I >
3 9b* 42 1 Fuh'fAT(l5,5X,O12*3»4>,A3,lLX ,015.3)
3 9 7 * c»*.. ..........c
3 9d* c f A if Kt AC T I '■”,5 L
39V« ( • • • •
11. * 425 *iRlTL(6,423)
4x1* 423 FQPpAT (55 I '-•>,///
402* 1 • DO YOU V.AMT Tu bEE THE BASE KLACTluuS? •///)
4U3* LhLL 5U|< 1 ( riUF' )
4 u 4 • 1F (Ouu-Nt. LU • AOO • r.UM . i.'E . YF 5 > r-U TU 4/5
4Ub* •• , 1 ’ F ( 6 , H 1 NUN
4 u 6 • IF (liUH-VL5)44l',42o,44u
-I u 7 * 426 VA=PP/2.0*(A*d)«SpAL/2.U-FU(3,b)*vL*SVL
4 U f • VL = PP/2.u*(U*C>*5pai./2.0 +VA + SVP *EG<3,5)
hu9* Hl = -l .HT-C’H + t1. < 2 , •_ ) < Hh * Sl:h
4 1 j* h^ = ,i*iiT *h*P-E' ( 2,5 1 ♦HL*b:iL
4 I 1 • . IF;" ( , 4 ?7 > '■ A , .. ■ , V 1 , l.r
4 1 2 * 427 I.M.'.Tl/Hn V 1 = , 9.4,2 > , -,H Ml= ,c-9.4,2a,
« I 3* 15,, V*.|= , .4 ,7 > , u, H41= ,',V.4//)

CH
U1



‘1 1 H « 
11
S 1 6* 
i 1 / ♦ 
M I j • 
‘I I S • 
-i2l« 
-I? I • 
l2 7*

11? 1 1 i < 6,1 j.I
HSu Foh''Al( 1 l,u Y'fi „«Ll 1 U IVY /iNolhtK H 1 i- G l P A T T I, R H "? • / / )

I „n 5Ur I I I UM )
It ( .,i:v . '■ t . '■ J . r N . . ■'l‘Kt. YiS) GU I U *ur

1 I I. I f> , '' ) 'ujf
Il ( ■ Ur' - Y I j ) I'iu . i-U , 'I •>..

....... 
C ASK IF THFl'L IS AfiOnlH’ Fl.A'it C
C. . . ......... . ................................................................................

h Z3- Ht'j ... IT I I I, , ’ / L I
M 2 • L^LI su ■ I Ir u")
h Zb • H7u F uh-A I ( 1 IO Y "lu .. ANT 1 1. Ai.ALYSt AilOTliLP FRAME? •///)
1 V 6 • •>.< I T F (6,9) "".-I
hZ7* I r I (I UM . NL . ' u • A Nu . UUM.r.E.YFS) GU TO *1/5
H 2 p-: • It (fiUF. -YESISCui 5, bOD
•i 2 v • h75 R L A < I _> , 1 > > ( f ( 1 I > . I 1 = 1 , L )
H3u* A Hu t u 1. M A I ( « U >■ I )
H3 1 • mJ If 1 6 . R 9 j > < r < I I> .11=1,bu)
h32» S 90 F u R A 1 ( • 1 * 1 1 b c A <' j•./1X,bUA1,/ * DUES EOT CURkFSpUND lU INPUT POU
q 3 3 • 1 1 i r.- E • , / R < T 1 b . b 1 • •. A R M t, G • • ) ) )

sec stop

4 35* 6 C l> ■•l.ITE (c.,<.l>j>
-1 3o * 6 S U F uk" A T c b x , • 7 L K'1 0 1 V I 5 IUw IN t OUaT 1 ON * )
h37* Gu TO HZb

7 I U i" a I T E ( 6,6 u u )
H J Y • bPU F uU.AT ( • I I.PU1 THt height uf the gantry crane rails adv1/

1 • the offset nF The Cl< At t KA 1 LS • 1
‘1 H 1 • K L A 0 ( b , 1 ) H C ,FC

..n 1 TE ( 6,72i. > h C , L F hi- T it, E C , L F Ng I h
Y43» 72C FlR"AF( * UEluFT uF CkAI E RAIL =' . b15.b,AH , ///• OFFSET OF CRANE
‘1 '< H • 1 i< A 1 L = * • G 1 r' • S i « H /// )

c. . .. . . ......................................................................................... ...
YU* C INPUT toVKlnG VALUES uF vertical CKAhL FOKLES LEFT-HANU COLUMN FIRST c
H'i 7 • C • • »  ....................................................... .......................................................................... ... .  ..............
YYB. I Th ( 6,6o„ )
‘<R9» o6L FuR'aTI* Il'PUT /O.klNF, VaLUlS OF VFKT1CAL GANTRY CkANL FORCES LEF
Hb-.i* IT-HANu COLUMN F|RbT • ///)
*4 b I • K L A I U , 1 ) V L , V A
HbZ. »-blTt (6. 78F,) V L , F Oft L E , V h , F UR C L
Hbj. 78U FuK"AT<’ iJ.'kHliiA vALUFb UF VERTICAL ChAF'L FORCES •///,• AORKIhG VE
45'1* li'IICAL C'-’Aft. FI’vCl Ul L|FI-,.AMO CULUmI.= * . G1 5 • S , A-1 . / / / • AIKKING

7 VERTICAL C K A FuKCE Ul. i-' I i,H T-h A i.l' CulI'Hn= '.GlS.b , AH ///)
HS6• c»
Hbz* c Input h)i.mi.(i values uF uorizcntal crane fufces left-hand column t irst 
•ibd*

Ln 
cn



Hv1• . ................................................................................................................... .. • • *c
*iV2« C HORIZONTAL LOADS ON left-hand COLUI'r.? C

•i 1>9 • «L*r (cv> 1 ) riL , Ht.
S6U« wnllt (oio.aSI HLiF OhCcit
*161 • 6US FuK'-AII" „<iPK|fr, ,ALUIb OF HUrIZUhUL CPAr.t FOkCEs •///,•
H 6Z • IHOKIZuNTAL CbAt'r FORCE ON LEFT-HAND COlI'I-IN ='>615.b,A4 «///•
H6J« 2 HORIZONTAL C^ANE FORCE ON R|uhT-HAuP COLUNN=' ,Glb.b,A4 ///I
16-I* Vl=Z»VL
*1Od» V .< = z • V i<
1 6 6 • riL = Z*HL
■16 / • Hi. = Z*nK
AtH* Du F. 2(1 1 = 1,11
S o V * Ar.= FLOAT ( I 1 / 1... -U . 1
1 Zu* H A h ••• = h C - A N • H T
H?l* 1 F < hAM-i ) 8 2 J , *• I . , 8 1 a
T TZ- b 1 1. L ( NS ( I ) = ■> 1 ' S I 1 ) - Vu .1 ( - H( *,<A- M
■U 1* Sh I I 1 =Si. 1 i > ♦I'L
M Z M * 1 n 1 1 > = r-1 < 1 1 - 0 L
17$. L2U L(;N T 1 IUI

476* Uo 84G 1=1,11
ak= float(i>/ij. -u.i

4 7 8 • haKm = iic-ak*ht

*i79* IF < H A R H > 840,0 30100 0
H 8G* B30 0=42-1
Hti 1 • U|MS(J 1= OTMS(J)-vh*EC *Hk*HARM
482* Sh<J1=SH<Jl+HR
483* T|1<J) = TH<J>-VR
484* 04G Continue
485* bu TO S2
4B6* ............................. ....................................*.............................................. ........................... ... ...................................................................... ...
4U 7* C HORIZONTAL CONCFHTrA I LD LOADS ON COLUMN AKF POSITIVE IF ACTING C
4 bd • C INWARDS. VERTICAL CONCENTRATED LOADS ON RAFTERS ARE POSITIVE IF C
M b 9 • C ACTING DUANIVAKDS . C
iVG* ................................ .. ........................... ........................... ....................................... ................................................. .................. ... c

493* . ..............................................
4 94* 845 FoRMATl* ARF TI<eRl ANY HORIZONTAL loads Oh left-hand column? •///)
49b* 650 WKlTE(6,fl4b>
4 96* CaLL SUH 1 <NUM>
497* 1F (NUM.NE. NO.ANu.HUM.hL.YES 1 GO TO 475
498* WRlTE(6,fl) NUN
499* 1F< NUM-YLS) 91u,860,910
SOO* 860 V.R I TE ( 6,865 1
SGI • 865 FORMAT! * HOW MaNY? •/)
SU2* read<s, i> npl
5U3* WrITE(6,1 1NPL

U1



suq* 
sus* 
S06* 
5L7* 
SU8 • 
SU9* 
SJ 0*
51 I* 
5 I 2*

J • 
b 1 H • 
SIS* 
b 1 6 • 
5 1 7 * 
b 1 8* 
5 19* 
S20*
52 1 ♦ 
522* 
523* 
529* 
S2b* 
526*
52 7 * 
52.3* 
529* 
530*
53 1* 
S3Z* 
533* 
539*

536* 
S37*

538* 
<39* 
b^O* 
58 1 * 
L-82* 
593* 
b9‘<* 
595* 
5H6* 
5H7* 
588* 
58 9* 
ssu* 
551 •

5hL=0.u
* K 1 T E ( 6,9 2 q )
U u 9UJ 1 = 1,NPL
Rt AO(5 , 1 ) SP,HP
AkITE(6,87J)SP,pOnCE,HP , LENGTH

d70 F uH A T ( ' THE MAGNITUDE" OF THE F 0h L E = * , b 1 0 • 5 , A6 , / / / • THE POINT OF*
1'aPPLICaTI0N=*ig15.5,A6///)
Sp=Z*SP
SnL = biiL*SP
Du 90C. J= 1 , 1 1
Ak = FLOAT < J)/1u- ~u• 1
HAkf: = hP-AK«Hl
1f<HARM I,0l,890,890

6 9u UTMS(J>=I'TMS<J>-5p*HARm

5n < J)= 5HI J)+SP
900 LuMli.U

................................ ..................................................................................................... ...
C HOhlZOMAL LOADS ON H1GHI-HAND COlUhAi L
. ........................................................................................................................... ...

910 <.81TEI6,915)
915 IvS’ATl' ARE ThfRE ANY nOklzONTAL LOADS ON RIGHT~HAND COLUMN? •//) 

call s u n 1 < n u m )
11 (NUM-NE. NO-aNU, NUM. nE.YES) GO TO 87S
ii K !1 T E I 6,8 ) N J N
IF (NU'1-YES)9b 5,9 2 0,950

920 ,.n|1 T E (6,925)
9 2 5 F U p '-i A T ( ’ HOY M A |J Y ? • / I

h L A f> ( 5,1 > N P R
l'-K I IE ( 6 , 1 ) IJPR
SnK = U . J

928 FuK'iAT (' INPUT Thf FORCE A.'iD THE P0IM UF APPLICATION*) 
I T t < b , 9 £ 8 )

0 0 8 c I = 1 , N P R
hl AD(b, j ) SP,HP

»>< 1 TE ( 6,8 2u I SP , FC.<CL" , PH .LENuTH
Sp = 2 *SP
SH'< = 5hR*Sp
U-U 1% J= 1 , 1 1
**»rLuATtJI/lJ.7-u.1
H M -8 i- =HP”AK*hI
If <HAHrl)?8U,93J,93u

930 K=82-J
UTi SIn)=OTMS<K>♦5P*HARN
S-> t f > = sh (> ) -$r

980 Cu^TInUF
. ........................................................................................................................................
C V Lt 11 cal loads o>., left-hand rafter c
c**«*.*.**.,».•♦.•••..•«•••••.•*.,*.»«**,••*c Ln

00



bb2« 95u V> •< 1 T f ( 6,9 5 5 )
bb3» 955 luh'r'All • A^E T h L 1-E ANY HOnlZOh'TAL UUApS 0'1 LtFT-HAND KAFTE*' 1
5bM« Cali 5Uf 1(NUM)
bbb* If (Nun.'IL* NO » aNu . l.l'N . ;,E . Y E S ) GU TO 9/5
bb6* >,K 1 T £ ( 6,8 ) NUN
bb7. IF (NUN-YES 1 1U00,96J,lOuu
5 D t • 960 -KlTEld^zb)
bbv« htAO 1 5, 1 )UPL
5 6 u * -KITE(6 , 1 INPL
b6 1 • b v L = u . J
S62- hrtlTE(6,92‘l)
b63» bu 99b 1=1,MPL
b6H« Hl A'? (5, 1 )SP,Hp
b65» >'RiTE<6,ti7u)5p,F0KCE.hp,length
b66» St- = 7 *5P
b6/« 5 V L = S VI » b -
b6b ♦ hp = ABS ( 1
569* Du 99g J=1,11
5/u» Aa = PLO AT < U ) / 1 U. (j-U. 1
57 1* K = 1 j * U
572* H„ R r = SP HU / 2 . U-HP -AK « SPA 1, / 2 . u
573* 1 r 1 hA Rh 1 VY'J , VFL , Y bu
57h* 980 DTPS ( K ) = L’TmS (K )-bP* ( SPaN*0.5-HP )
575* 1 H < K. ) =Th < K ) -SP*cObC
57 6* Si, ( K ) =bH ( K ) ♦SP/SF.C
b 7 7 • 990 C U N T 1 I U £
S7d* Lu 995 U= 1 , 13
b/9* 995 b INS 1 U > = D 1 F'S < U>-Sr • ( SPAN/2 .u-HP )
SB J* U u 9 9 e j = 1 , I u
bbl* 996 Th(U)= TH(j)-SVl
502* 1 000 n 1 T E 1 6,9 9 7 )
5 6 3* 997 FuKMATl* A*t" TI'ERe any VEkTILAL LLAUS UN RIGHT-HAND RaFTLR,//>
bdb* Cali bUi 1 ( ilUM )
Sbb* Ip 1NUH.nl* ........................  GO TO H75
Sd6* V'|< 1 T £ 1 6,8 ) Nu:<
bd7* C»..e
b H B • c VLhTICAL LuAOS ()(! nluHT-HAND RAFTER L
bB9*
59J* 1 F ( ' IU -1 - Y 1 5 1 H 9,1 C 1 j , 19
bV 1 • 101 u h IT E ( 6,9 2 5 )
5 92* REAp15 , 1 ) hpR
593* '• R I T £ ( 6 , 1 1 N P P
5 99* b 7 h — u . u
595* I T E ( 6,9 2 H )
596* Uu 1 u‘<u 1 = 1 , Nl R
597* • •ix I T I ( 6 , A 7 i, ) SF- , FO. LE , HI- , Lf I)., 1 l|
598* Rl A 0 ( b , 1 ISPHiP
b99* S>F' = Z *SP

U1 
k£>



6Uue 
6-U 1 ♦ 
602* 
o u 3 •

1 u.3u J= 1 , 1 1
*k = r LU A T(J)/1U., -_. 1
h ' ■. * J

CUM- h A i' * = A A • S I- /, -x / 2 • -m'
o u 5 • 1 r < H A ;< M > I . •> „ , I 2 , I '.j 2 u
6 J o • 1 C 2 U u ( M S ( n. ) = |) 1 " s ( ^ ) _ s• n A k h
6 Li 7 • Sn < K ) =Sh < r. ) -SP/SFC
6 u <1 • T ,i < ► ) = T|< ( f, ) -SP« c OiC
r. u V • 1 030 CuMTILUF
b 1 <;• Uu 1uk j J=32iH1
<.11* luHO U 1 MS ( J > =0Ti S I J ) - Sr- • ( SPA.-./2 . J-HP )
(. 1 ? • Ou 1 J5o J=32>-11
6 1 J* 1C50 Th 1 J> = Th(J)-Svn
t 1 h • Ou TO H9
6 1 i • Lni)

Ei'O of compilation: ,':o oialuostics.

o



1 • 
2»

Suc'POuTINE SUB! ( N u 'i 1 
C u h M 0 H M P N < 4 1 > , R L S M < 4 1 ) • A N S < 4 1 ) • H ( 8 0 I

3* Integer ves , y ,f ,s,u ,no . BLANK
4» 1 .F.P.X.FIX.PIIJ.EkR
5* 2 •A.TAP»U.T.UN 1F
6* Data blank/* '/.rtb/'YES •/,NO/*NO*/, FIX/'FIXEO'/.PIN/'PINNED*/
7 * 1 .p/’P'/.F/’F’/il/'l’/iX/'X’/iN/'h’/iJ/’O’/i Y/*Y*Z. E/’E*/
a» 1 »S/,S*/1Er-x/*EPR*/
9* 2 ,U/•U*/•T/*T*/,A/* A */l1AP/*TAP*/• UN|P/eUNlF*/

10* R L A D ( 5 • 1 u u > H
11 • 1 oo Format< boai)
1 2* Du 3U J=1 . 79
13* IF (F, < J) .he .8L«nK ) GO TO 39 - #
14* 30 Continue

15* 39 lFlJ.(,E.79) GO JO 4o
16* IF <m( J> .E'j.Y .AnD. m(J+1).E<S. L .Ano. NIJ*21 .eq. S JGO TO 4?
1 7* IPIMUI.EG. F .AnD. MIJ»1).EU. 1 .AND. M(J*2) .LN. X IGO TO 43
lb* iFlMljl.EQ. P . Ai.U. MI J* 11. EG. I .ANU. Ml J* 2 I -EQ. N IGO TO 44
19* I 1 (-i I J I . Eu . T • ANp • I'l I J* 1 ) . E J . A • A NO • h ( j*2 1 . EU . P I GO TO &u
23* Ip I m I J I . E u . U • A r, o . r. I J ♦ 1 I . E . a • A N o • M < J * 2 > .El. I . A N1 ■ • i I < J ♦ 3 1 • L U • F 1
21 • 1 u 0 TO 6 U
22* 40 IptMlJI.Ey. N .AnU. M(J+1).E&. u > UO TO 45
23* Nul'. = ERK
24* WRITE (6.100> M
25* Go TO 46
26* 4 2 N u i-l - Y L 5
27* Go TO 46
26* 4 3 N u M = F 1 A
29* Go TO 46

3U» 44 1 u
3 1 • bj TO 16
32* 45 •M u 1*’ e H 0
33* u u T u t s
34« 50
3-a* la u T u M '•
36* 60 W jF* * U u I ►
37* 46 Kt Turn

34 • t ,.D

F><1, OF COMP 1 L A T 1 C im ; m n l* I A u f'10 5 T l c •



1 * 
2» 
3« 
*1 * 
5« 
6» 
7 • 
«• 
y •

11 ♦ 
12* 
13* 
11* 
IS* 
16* 
17* 
1 S*
1 9* 
2u*
2 1 • 
22* 
23* 
21*

26* 
2 /. 
2 o • 
29* 
30*

lSUh'AslL3As!cdS:^US2^r'AN,LENGTH,CF,CL,D1*D2'D31D‘,l*1T*5EGPA*RF* 

Common mPnimii , Rt si- < h i ) , Ans < m 1 > , n < 8u )
11\ T r 6 E P I *i । Ho < 5
RlAL mPn
UhU P 1 0/• P 1 UNCo • /
For.(Nb«.T,BF,C6MI=0.5-| T / ( 2.0 • ON * A ) ). ( 1 . G - C GM ) . ( bF ♦ A / C G M )
Fp.pn.DN.T, -V. PF, COSG ,30 ,= lRB.U.i-n..2*»/2.C*u.5.T.bF.l2.0*Bh.

2 *U~-^ZCOSG) ’'■'•''■T/C0Sf-,,,2,li + rl-b*RF,T,C^G* (2.0*1 1 .U-PN)

KsSrc.SPAl.iO.S
10 Fok'iATI )

HEAD (5.10) 01 , VZ ,03 , UH T,bF,FY
AilTL(S,lz) L,1.LLIJi’TH»l,2.LENGTH,u3,L£.1(,TH,rVl,uFNGYH»,A,LLNGTH,T,

1 L t Ou T ri, BF , L E NG T h , F Y
2 FukMAT (' SECTION OLPTfi Al :•///,

1' C30 0 Mi eASf ',T2U, , = ,,T27,ul5.5,A 5,///
2* COLUMN TOP1, T2j,•=•,T27,615.5,A5,///
3* COLUMN TOP „HjCn • / , • C Ol< R L S P 0 NUb TO THE',/* RaFIER B 0 T T 0 M • , / T 20 .
H - » T2 7•o15•b , ft 5 , // /
5 * a F E X * T 2 0 , • = • , T 2 / , U 1 5 . b , A 5 , / / /
6 * E ri 1 H I o K NE 5 S • , I z j , ' = • , r 2 7 , r, 1 6 • 5 > A S , / / /
7* FLANGE THICK! ESb* ,T2u, * = • , T?7 , u15.5,a5,///
8 * FLA..GE a 1 DTHi , | 2 j , • = • , J27,61 b.b , AS ,///
9 * SrEEL*»T2U,* = *,T27,Glb.5,*KS|*///) 

SLGtiA = FY*CF/(Cl . Co )
dr T = L . 5* I' F / T
It IFY.O ■..J<...,.^U.^.S*lF/T .LE.P.b) GO TO 3o

F (FY.tN.H2.0.Arm.u.5*BF/T . L E •• u 1 Go To 30
IFlFY.Es.H5.0.AfD.u.5*BF/T .LC.7.HI GU To 30

<T> 
M



3 1 . 11 t F Y . l r, . 5k . U . . u . 5* ol /T . LL • 7 . u ) Go TO 3 u
3?* 
33» 
3h* 
3b« 
36* 
37 « 
38* 
39 • 
HL« 
9 I • 
92* 
93* 
99» 
95» 
96» 
97* 
9.-I* 
99*

30

I F I F Y . c • b 5 . G . A f> D . u . 5 • M / T . L F • 6 • o )
1F (FY.E:'.6k.k.AmD.>j.5»l.F/T . LF *6 • 3 > 
It < F Y . t .< • 6b. U. Ht'.i) • u .5* uF / 1 .LF,.6.u>
gu tu b;.
CuSl =rtT/b ,PF r T*»2* <02-01 ) .*2) 
CdS2 = R/ SNaT<l'**2t<03-D9)**21 
Ou 9u 1=1,11
JI=92-1
Jz=22-1
J 3 = 7 U + 1
X=FL0aT(I>/1U.1 -1.3 
bul=1G2-D1>•X+h1 
Dh.2=(u3-D9)*X*D9 
bt. 2 = Fcn(DN2,5,T ,BF ,C0S2> 
bn 1 = FbN 1 Di; 1 , n , T , Br , CCS 1 ) 
11 < 1 .EG. 1 I > G'J TO 35
MF-iKI >= t Ff’P‘a Ok 1 , T , A , BF , CUS 1 ibNl 
HPN(J 1 )= MPNI J >

5 U T u 3 0 
GU 10 3d 

u 1 u 3 u

>1•SEGMA

S j» 
b 1 • 
5 2 •

35
90

MrN(J2>= 1 FMp-i ( Dn2 ,T »« ,oF ,COSZ ,BN2
M1 N ( J 3 > = M P N ( J 2 ) 
Go TO luU

1>•5EGMA

b3« 
59 « 
S5« 
56* 
57* 
ba* 
59* 
6U*

SO 1F < FY.Ew•3&.u.OK•
1 F Y . Eu-92.0.UK.
1 FY.Er.rB.u.OR.
1 FY.F'J.SG.U.OR.
1 FY.EQ.55.U.0K.
I F Y . Lu). AU. J • OR.
J FY.Ew.aS.U > G G T 0 7 0
»nITL(6,6b1 F Y

6 1 • 
62* 
63* 
69*

65

70

FuRMATt* ThI5 STEEL DOES not CORRESPONDS
ICaTIONS OF 1973 FY-^.Glb.S,* KS1 ') 

STOP
<•« I TE 1 A , 7S > dF 1

TO THE AISC SPECIF!

65* 
6 6 * 
67* 
6b* 
69* 
/u* 
71* 
72*

75

100

FuRPATl* THjS StCTIuN UNDERGOES
1 , • IN FLAI.GE*
i,//* change bf/Zi* ,,=,,Gis.b) 

stop

It 1RBAS .LU.PIN) MPN(91)=J.U
1 F < L b A S . E • p 11 ) Il P N 1 11=0.0
KlTUHN
Li,U

failure due Tu LOCAL BUCKLING*

END OF COMPILATION: no diagnostics.

w



*<FAC1 + FACH*CGM + T > > 
( 1.j-CGM)•(BF + V ZCGMI

1 • Subroutine s u a 3ic o si.c o s 2, d1.o 2, U3,Di,
2» Common nPn(h1) ,RlSk<H1)»ams<m 1 ) , Fi ( 8 0 I

3» 
H*

Integer yes,mo, AnS.astk ,pim , 
Real hpi.

k b A S

6 • 
7«

UaTa ASTh/'«..,/, uO/' r,U* / , yes/ 
UaTa p 1m/ ’P 11" IF 0* /
Z I FAC 1 , F ACM ,CG'1 , T 1 =

• Y t S * /

8* 1 • ((FAC1»FAC1 + TACH»FACH)*O«S + F A C 0 •

V*
10* 
1 1 • 
12’

FON ( ON » • T , be , c l,m ) = G»S-<T/(2.u»
F aC0 = bF/A
U u M 1 U J = 1 , 4 1
1 F I J - 1 j ) 1 1 G • 1 1 u i 1 2 U

DIM 1. > >

13* 
I'M 
1 5 •
16*

1 10 XdFLOAT IJI/lO.-u* 1
i>i,= ( u; -i> 1 ) • x + o )
C^F' = CC.S 1
to J T.> 17 0

17* 120 1t lJ-z11 130•1?C,11u
1 h» 
1 9« 
20* 
21* 
22*

130 ..‘.l-lu
X = F E0 AT1 J 1 1/1U•G -L • 1 
Ui, = n3-103-OH > • X 
CuN=CuS2 
Gu TU 170

23* 1 H 0 1 F I J - 3 I ) 1 S 0 • 1 S u , 1 6 0
2'1*
2S>*
26*

ISO J 1=J-/1
X = FIOAT (J 1 >/ 1 U•b 
Di: = D H ♦ < 0 3-D H ) »x

,BFiTiSEGMA.RBAb,LBAS»FY)
, THKUST ( H 1 > ,SHEAK<*<1>

<T> 
4=



27*
28* 1 60

C6h=CuS2 
31 =J-31

29» 
30* 
3 1 • 
32* 
33* 
31* 
35* 
36* 
37* 
3d* 
39*

1 70

XsFLOAKJll/lU.O
U;, = 02 - 1 L'2-') 1 > • X
C G t' = C 0 S 1
bn = F bt; ( bN > V 11.1 F f i'k: 1
F A C I = b N • 0 N - T
A u T = [) N / b
FmC2= r* 1 1 .O*Cr,M>* <6F-e./CtiM)*W*DN
FrG = ALS(TH|/u5T ( j) 1 ZFAC2
FPY = PPG/SF. GtlA
FkCH= (1.u-hp>•on-I/cgm

FaC5 = -(FAC1**2*(FaCU-!.0>-FaCH**2*(FACu*CGM**2-1* 1 )ZF ACO
Htj* 
*f 1 * 
42* 
*i3* 
MM* 
HS* 
Hu* 
H7 • 
HR* 
H9* 
50* 
51* 
52* 55

FaCA=FAC1*<FACO-1.u)*FACH*<FAcO*CGM**2-I.O)
FaC3=( F AC2/V.' ) * (PpY 1
Z 1 = Z < F A C 1 > F A C H , c G i > . 1 >
F aL 1 C= S<:ii'T<<2.u*FACl*FAC3*tFACC-1.0>*FAC3**2>/FAC0)
Yo=n.5*FAC3
Y 1 =Y0
IF < YU.LF »FAC 1 > GO TO HU
U( CGM .tU» 1•G> GO TO 75
Yu= 1 FAC3 + FAC 1 • (FmCO-1 •U>- FAC 10 I/IFACG-1.0)
If <YO«LT.FAC1.Ok* YO.GT.bN*UN> GU TO b5
Y 1 = S<<HT(FACO*Yo*.2 + FACl**2*(l.O-FACO>)
IfIYU.LE-FN^DN.aNu.YI.LE-FACH) GO TO 6C
Yo= (FAC3 + FAC 1•(FACO-1 .u>+ FAC10>/ (FACU- 1.0>

S3* 
bH* 
Sb* 
56* 
b7* 
by* 
b9* 
6J* 
6 I •

HH

It< Yu-LT. FAC1 .uK. Yu »GT. ph*Uh ) GO To HH
Y 1 = S'JKT<FACO*YG».2 + FACI**2*(1.C-FACO)>
1 F<YO .LE• M.*0n.aNu•Y1 •LL•FACH> Gu TO 60
FaC7=FAC3*FaC6
FaC9= FAC7»*2tFACU**2*FACb*(1.0-CGM**2 1
F n I F = 5 » R T < F A C 9 )
YU=( FaC7*CGM*FAC8)/(FaC0*(1.U-CGM**2>)
Yl= SGRTl FACS* Yu**2)/LGH
IF <Yl.GE*FACH.ANu*Yl.LE.(l.U-bN»*Dt!*AI»n.YCi.GE.FACl.ANU.YO*LE

62* 
63* 
69*
65*

lb|,*nb) GO TO frF.
Yo= ( FAC7-CGM*FACb)/(F"AC0*(l.U-CGM**2>)
Yl= SuRTl FACS* Yu**2)/CGm
IF < Y 1 . GE . F aCH.aNl*Y1 • LF. • < l«u-BN)»L>N*AND*YO*faE*FACl eANb.YO.LE

66* 
67* HO

lbO»PNl GO TO 6c
Mpb ( J ) = StGNA*<Zl-lFAC2**2»F'PY**2>/<H.o*«. 11

68*
69* 60

Gu TO til.
Mplv < J 1 = SEGMA* I 7 I-Ai* I F ACO* YQ**2*F AC 1 •»Z* < 1 .0-FACO) > )

70* 
71 • 75

Gu TO 8U
Yu=<G.5*FAC3*FAcl*(FAC0-1.0)>/FAC0

CTi
U1



72* Y 1 = Y 0
73* GO TO 60
7‘)» 60 1F <6 BAS . tii.Pl.M) HPf! ( H 1 > =c . u
7b» IFILBaS .EG. Pit') HPB'I 1 1=0.0
76» 1=0
77» If < AUS I SHE ar < J > > • LE • O.b5.5tGMA*ir.*DN) GO TO 90
7b* n E < 6,2 20 1 J
79* 220 Fo 1'1 ATI 1 SFCTIqN hO.’.lb,’ V. Lt' NEED Tu 8E STIFFENED’/ »• BECAUSE t
bij* HE SHEaR FuFCF Is > THF A L L U1..A BL F • / » • .d S* F Y • i. *Ub= • i G 1 5 .6 )
8 1 « 90 IF IPPY.GT.0•27) GO TO 1 BE
82* Urh=H12.0e(l.b-l.H*PPYI/SGRT<FY)
83* 180 UTH = 25 7 .G/SoRTIp Y)
8H* G u TO 19 u
85* 190 IF IDU/a.GT .|)Th> Gi, TO 2l'b
8 t> • Gl TU H,, 1
87* zuO K 1 T E I 6 > ? 1 u > 1 . / u I , U T H
88* 2 1 0 FuKKAT ( 1 X , 1 2 (•»•)/, • • iiAFhlNG ♦ '/.1A , 1 2 I’*’),/

89* 1 • SECTlOl- 00*, IE., • Ur.OLKGOES failuri Due to local uUfkL
90* 11 nG In I- E b 1 / / > 1 uu/6° * i b 15 »5 t /1 T H E k L L 0 >. A b L E IS = ’ i ti 1 b . 5 / / )
91* HOI 1F I ABS I RE SM I 1 > )-u« 99* ,1PN I 1 ) ) H;.6,H0S,H (_ b
92* HUS IF I AbS ( RESM < 1 > ) - 1 . L 1 •1-itM 1 > )HL.7,Hu8,H(8
V3* H06 A.<S I I ) =';0
9-4* G u T U H 1 0
98* HG7 A ij S I 1 ) = A 5 T K
96* bu TO H10
97* H08 A h S I I ) = Y E" S
98* H 1 0 LOUT 1GUF
99* k L T 11P G

I Ui)* Ego

ENU OF COMPILATION: MO DIAGNOSTICS.

or



1 • SubKUi :i’'t ul. 1 Is 1 L L'iGT H , FuKc L , CF • CL )
7 • D 1 MF.N5 1' •! H I 1 bu |
3* 14.1FGEf- FUKCE > r M > 1 ON , T,O,B,H»C. .bLANk.G ,P>F,S
H • UaTA KG/,kG'/,ToN/,TON‘/,Lb/,Lb,Z.r/,T,/,G/ 'b'/.u/’O'/.B/'B'/i
5« iFT/’FT'/jIt/'l'.’/.Cil/'Cf’/.C/’C’/H'LAI.^/' •/,I/,I,/,KJPS
6» 2/' F I Pb ' / • F / * F ' / , PZ • P • / , SZ ' S • / , K/• r. ' / , L/• L • / .IZ’N’Z .HZ'M'Z
7« hlap(5• 1 > nI
b« 1 F uh' AT <HOk 1 )
9* J2= I

10« Kl= 1
1 1 * b uu 1G J 1 =J2> Hu
12» 1 F I P 1 < J 1 । ~ 1 L A N K ) 2 li , 1 C , 2 u
1 3« 1 G C u t< T 1 N U F
m» 20 IF ( MllJll .EC.K .AND.M(Jl*l >.Ew. 61 GO Tn 40
15* 1F < MllJll.FU»F»AHD»M1<JI*1),EG•!.AND.M(JI*2).Ew.P»ANU»HI(Jl*3)
16* 1 • L . S ) Gu TO Lo
1 7* IF 1 ril<Jl> •Lr,.L • AMD . M t J 1 ♦ 1 ) . LG ■ Bl GO Tn 6l.
1 b« If < 1 ( J 1 1 .f J.T* A'.D.P 1 < JI ♦ I > .f n. v AHi:.ilH Jl *2 ) .E:j.M 1 GO TO 7C
I 9 • If ( nl(Jl) F . AF'D . 1 1 J I + 1 1 . L« • T) GO TO CL
20* If < M I < J 1 1 • E1.'. C . A F F . r-. 1 ( J 1 ♦ 1 1 . L (. • Ml r. 0 TO 9 U
21* If I :i 1 < J 1 ) • L I. . I . A L u • 1 ■ 1 1 J 1 ♦ 1 ) . t L, • N ) r, u TO 1 0 U
22* 1F < MllJll • L1'. M1 GO TO 1 1 u
23* i'. I-. IT E I , 3 J 1
24* 33 F uRxaT < 1 X ,G5l • • • 1 ,/• UbEl< uDES MUI SF’LcHIEn •< 1 < H I IJNITb’.Z
25* . 1 1 A . 1 ' • * 1 1
26* b 1 UP
27 • 4 0 F U«CE = M:



28* Cf=‘<53.cl92
29» Ou TO IPO
30* 5u F uHCL = KI PS
31 • Lf = I ...
3 2* bU 10 I/O
33* 60 FuhCE= LR
3h» C f = 1 u. • C • J
3S< Uu TO 120
36* 7U FjKCE =TON
37* C F = b • 9 b 3 5 V 2
3ti* i>u TO 12 0
39* 80 Lt t.CTH = > T
•W* Cl= 1.0/12.0
*< 1 • 0u TO 120
‘<2* 90 L l N C T h = Ch
‘IS* C L = 2 • 5 1 J 0 1
*1 H • Ou TO 120
95* 1 00 L L r. 6 T H = IN
H6‘ Cl= 1.0
9 7* 1>U TO 120
9»* 1 10 LlnGTH= m
99* c L = u • U 2 b 9 .3 0 1
5U* 1 2u LL =KL*1
51* 1F I KL.0T • 21 GO TO 2 0 0
52* OU 13u J2 = J 1 , PQ
53* 1f < PI (J 2 >-R L A N K) 13 d, 5,13d
59* 1 30 Cul.T 1 NUE
5b* 200 hn1TE(6,99L) FORCE•LENtilH
56* 99Q F u k ►! A T (//IX, • F u K C F LN IT • .Al,/ LENGTH UNIT • , A9 >
57* kt Turn

58* EhD

end of compilation; UO I'I AUNOST I C5 .

cn 
co



CXQT PROb.ANttA

PROELEH INITIATION

PLASTIC bESlG'i OF INOuSIKIAL RIGID FRAMES

ANALYSIS NG 1 

type of member say tapeRed,or uniform 

type tap

INPUT the SPECIFIED UNITS .LENGTH AND FORCE

ft* ce unit lb

length unit ft 
INPUT THE FRAME DIMENSIONS SPAN,EAVES HIEGHT .DEGREE OF PITCH aNO FRAMES SPACING

SPAN « 72.000 FT

EAVS HEIGHT ■ 33.000 F T

DEGREE OF PITCH * 15.000 degree

FRAME SPACING e 2*1.000 F 1

INPUT THE WORKING LOAD DATA vertical uniform loading intensity
cttco



WORKING LoAn
"I

VERTICAL UNIf uRM L 0 A 0 IN U Ih T L N S1T Y = 1u.uuu L "i / $ '> u a E FT

ARE THERE PRESSURES NqRi-.AL TO COVERING ?

YES

input four normal surface pressurls for tue 
LEFT-HAND COlOmNtLLFI-HaNU kAETEk , R I GHf-nA ND RAFTER 
AND RlGHT-hANU COLUMN vl I T H PRESSURE POSITIVE IF 

ACTING 1 N Ak E S ON the BuL0 I NG •

PRESSURE ON THE LEFT-HaNo COLUMN = ZH•3OU LB /SQUARE F T

PRESSURE ON THE LEFT-HANu RAFTER = fc.289u Lb /SQUARE FT

PRESSURE ON THE RIGHT-HANL R A F T E R = . u o o o u LB /SOU AhE F T

PRESSURE ON THE RIGHT-HAND COLUMN- . ouoou LB / S G U A R I• FT

INPUT VERTICAL CONCENTRATED APE X LOAD aNu LOAD F AC TUR

CONCENTRATED APEX load = .OUUOO Lb

load factor- i.hoou

o



are the he any other CONCENTRATED loads?

NO

are There any GANTRY CRAnE loads?

YES

INPUT the height OF the gantry CKANf RaIlS ANU 
The offset OF Th! CRAnl KAILS

HEIGHT UF crane RAIL = 27.CLU Fl

OFFSET OF CRANE RAIL = Z.UOOC FT

input ruRKiNG values of'vertical gantry crane forces left-hand coluhn first

working valufs of vertical CRANE FORCES

working vertical crane force on left-haNu column=

WORKING VERTICAL CRANE FORCE ON RIGHT-hAhD COLUMN*

WORKING VALUES OF HORIZONTAL CRANE FORCES

HORIZONTAL CRANE FORCE ON LEFT-HAND COLUMN =

HORIZONTAL CRANE FORCE ON RIGHT-HAND COLUMN*

1UOOU. CH

-FOOU.O LB

SOU.OU LE

200.00 LB



DO YOU want TO SEE The Twin CANTILEVER MUMENT?

YES

the twin cantilever moment shear and thrust :

SECTION NO. M 0 M E N T shear thrust

1 - .92323*06 29682. -337u3•
2 -.82972*06 26988. -337U3.
3 -.78511»U6 28293. -33 7u3•
4 • • b 6 93 8*u 6 21599. -33703.
s — •6G2S5*u6 1B9u5. -33703.
6 -.58861*U6 16210. -33703.
7 -.89557*06 13516. -33/03.
8 -.85581*u6 1C621. -33703.
S -.828!8*u6 8127.1 -33 7u3•

10 -.37566*u6 8732.7 - 1 9703.
1 1 -.368 8y*j6 19559. -3130.7
12 -.29528*06 176j3. -2b17.6
1 3 -.23327*u6 15687. - 2 5 o 8.5
1 R ■ • 17B6[j*u6 13692. -2191.5
1 S -.13122*06 11736. -1878.8
1 6 -91122. 9779.7 -1565.3
1 7 -58318. 7823.7 -1252.3
1 8 -321108 . 5367.8 - 9 3 'z . 2 u
19 -18580. 3911.9 -6<b. M
20 -3688.9 1955.9 -313-O7
21 .uOOOO .uOuOO • U bU J|>



22 -2177.3 -116b.1 -313.J/
23 -6709.1 -2336.8 -626.19
2*» - 1959 6. -350b.2 -939.20
25 -31636. -1673.5 -1^52.3
26 -51932. -5611.9 -1545.3
27 -78382. -7Clo.3 -1d78.1
28 —.10669*u6 -d 1 7o . 7 -2191.5
29 -.1393S+u6 -939 /. 1 -25.. 1.5
30 -.17636*06 -10515. — 2 d 1 7 • 6
3 1 -.21773*„6 -11689. -313u.7
32 -.21773*u6 . u 0 u u j -12^96.
33 — •22o7(- + t?6 280.0 J - 1 769o.

3M -. 2278-1*06 260.LO - 1 7696.
35 -.22691+ub 280.00 - 1 769o.
36 -.22599*06 280.00 - 1 7696.
37 -.225U6*u6 280.UO -17696.
38 -.2211«*u6 2 b 0•uO - 1 7696 .
39 -.22322*o6 280.00 -17696.
80 -.22229+06 2tiO.uU - 1 7 6 9 6 .
*1 I -.22137*u6 283.00 -17696.

WHAT kind of bases?

INPUT FIXED or Pinned ,LEFT-HAmO BASE rlbST

LEFT-HAND BASE is fixed 

right-hand base is fixed

INPUT THE 5Ect I ON DIMENSIONS,DltU2iD3,D*ff»»T.BF»FY 
SECTION DEPTH AT I

COLUMN BASE .86000 FT

COLUMN luP 1.3500 FT



column Tu? which 
0PRE5P0N05 To the 
haftek bottom

■ 1.2000 FT

APEX »= •BSOOO rT

WEB THICKNESS .HSOGu-ClFT

flange thickness = .52G?j-r.U 1

flange WIDTH - ■ .SCOOO FT

STEEL 3 6.000 k SI

NOMINATE. POSITIOS OF FOUR PLASTIC HINGES WITH SIGN TO INDICATE THE MOMENT SIGN

THE FOUR NOMINATED POSITIONS OF PLASTIC hinges with sign

to indicate the moment sign are :

-1 17 -31 Hl



SECTION NO. shear ThRuST

1 • 1bb7*C5 -.267o+U5
2 .1568+05 -.2670+05
3 •1319+05 -.267^+05
4 • 1089 + ub -.26 7u + 05

7 797 . -. 267u«-(j5
Q 5 1 U3 • -.267u*u5
7 2 8 Ub • -.26.70 + 05
d -286.u -.267u+05
9 -29«u« -.2670+05

1 0 ■ 6 3 7 • - . 1 2 7 u ♦ 0 5
I 1 99 1 ti • - . 1 2 0 b + U 5
i; 7 9 6 2 • - . 1 1 7 j + j 5
1 3 6u*->o • -• 1 1 8 z + 05
i 4 805u- -. 1 | 1 i +jb
lb 20*8 • -.Jf79+ub
1 6 1 3b . u - . 1 C 8 0 ♦ 0 5
1 7 - 1 t- 1 D • -.1017+05
1 b -3778. -9:-55.
1 9 -573^,. -95m2.
23 - 7 6 8 0 • -9229.
2 1 96*12. -8916.
22 8h7j. -•1?Bu*jb
23 73Ub. -.1317+05
Z4 6 1 3ti • - . 1 3 8 b + u 5
25 896O . -. 1 3 79+ 115
26 3 f* u u • -.1911*05
27 2631 . -. 1 9*12 +05
28 1 86j. -.l<l 73 + 05
2V 29*1.6 -.ISOb+OS
JU -b7J•h ■ • 1 S 3 0 ♦ u 5
31 -2C8Z. - . 156 7 + 05
32 .1111+05 - . 1 9 1 k. + U 5
33 .1139+05 -.297u+05
38 • 1 139 + 05 -.297m+05
35 • 1 139 + uS -.297V+Ub
36 • 1 1j9 + l5 -.297^+05
37 • 1 1J9 + U5 -.267u+u5
3d .11j9+u5 ".2^ 7^ +jb
39 • 1 139 + 05 -.297u+05
*«U •1139+05 -.297u+o5
91 • 1 >39 + 05 -.297u*U5



LOCATION of P LND1NG M0MLNT MT >MPc I

SECTION Hl). PLASTIC MOMENT CAPACITY

1 -.987+05 NO . 1 8 2 + u 6
2 -.519+C5 NO . 153 + U6
3 . 6 0 o ♦ 0 H NO .168+06
*1 .891+05 HO • 1 7 6 + u 6
5 .753+05 NO • 1 6 H + u 6
6 .966+05 NO • 2 Ij i. + u 6
7 . 1 u 9 + 0 6 NO .212+06
e .113+06 NO .225+06
9 .107+06 NO » 2 3 b ♦ u 6

1C .119+06 NO • 2 5 2 + 06
1 1 .935+05 NO .225+06
12 .127+06 NO •216+06
1 3 .153+06 NO .207+06
IM .172+06 NO .198+06
15 .183+06 NO .169.06
I 6 • 1 6 7 + u 6 YFS •181+06
17 . 1 P8 + 06 YF5 .172+06
1 8 .178+06 YES .168.U6
19 • 1 5 6 + 0 o • • • • 1 5 6 + ij 6
2u .131+06 NO .18o+O6
2 1 .986+05 NO . 1 8 o + 0 6
22 . 8 1 9-.U5 NO . 8 ,j 1 + o 6
23 .609.05 NO . 3>, 8 ♦ 06
2*1 .355+05 fi 0 • 3 o 9 + 0 6
25 .575+08 NO • 3 b 3 + G 6
26 -.268.05 NO • 3 3 8 + o 6
27 - .666 + 05 NO .323+06
2o — • 1 1 u + 0 6 NO . J 0 d . o 6
29 -. 157 + 06 NO • z9 8♦u6
3u - . 2 u 8 + 0 6 NO .279+06
31 —.268+06 • • • • 2 6 5 + 06
32 -.226+06 NO .252+06
33 -.202+06 NO .238+06
3*< -.168+06 NG .2z5+u6
35 -.127+06 NO • 2 1 2 ♦ o 6
36 -.892+05 NO .2 10+06
37 -.516+05 NO .166+06
38 -.18u+05 NO .176+06
39 .236+05 NO .108+06
'1u .o12+05 NO • 15 3 + 06
8 1 .967+05 NO • 1 8 2 + o 6



DO YOU WANT To SEE the ease reactions?

YES

VI- .1M6O*US Hl= .1BS7*US V1 = .1261+j5 H <. J = .l1JV + tj5

DO YOU V.ANT TU try ANOTHth hIbL,F P A T T F r< N ?

YES

NOMINATE PuSmOS UP FoUr pLaSTIc HlNC,fS AT T H SIGN T0 INuICAIe Tnt MOMENT SIGN 

the FOUR NoMjnaTed POSITJONS OF PLASTIC HINGES WITH SIGN 

TO INDICATE THE MOMENT SIGN ARe;

-1 1? -33 *fl



S^CTIO-J NO. SHE Ar thrust

1 • 1bu2 + 05 -.2722 + 1^5
2 • 1bj2*u5 ■• 2 7 2 z * uS
3 • 12 6 3*05 -.2722*9.5
4 ?93j. -.2722*35
5 72 Jo • -.2722*05
6 M5M4 • -.2724*05
7 iabu. -.272z*j5
8 -844.7 -.2/22*05
S' - 3 1 J v . -.2724*1.5

1U -69 33• -. 1 322*115
11 • Iu2d + 05 -•1274*05
1 2 8324 • - . 1 ?*t 1 +05
1 4 6 3 9b* ■- -.121o*OS
I 4 1 2* “•!17o + ij5
15 4 *1 b b • - . 1 1 M / ♦ u 5
1 6 b u u • 1 ■ • 1 1 1 0 * U 5
1 7 — 1 t* b 6 • - . 1 0 B 4 * 0 5
1 8 -3412• -.1053*05
1 s -5360• -.1024*05
2U -7324. - v 9 r, 4 .
21 9 2 bu . - 9 L. 9 1 .
22 Bill. -.1326*35
23 6 9 4 3 . -.1357*05

5774 . -.13B9+U5
2b S <■ u o • - . 1 42^*u5
26 34 J~. - • 1 m 5 i ♦ .. 5
2 7 22uv • - . 1404*1.5
2b 1 1 u 1 . -.1514+35
29 -67 • 49 -.154j+ub
3.1 ■ 1 ? 4 O • ” • 1 r, 7 0 + u b
3 I -24U4• “ • J 6 C 6 ♦ G 5
32 • 1 1 0 7 * u 5 -. 1 hSl *..1'
33 . 1 1 9 b ♦ u b - . 2<i 1 c * ,5
34 • J 1 9 S ♦ u b -.2410*15
3b • 1 1Vbtub -.2410*05
36 • 1 1 y5*CS -.2o10*05
37 • 1195*u5 -.2418*35
38 .1 I95»u5 -.24 1 b*l.5
39 • 1 1 9 5 ♦ u 5 -.241o*G5
MU • 1 19b*bb ■ • 2 m 1 d * 0 S
Ml . 1 1 95 + U5 -.24 1 6* (.5

00



LOCATION Of RENDING MUhLJl mt >mpc:

section no. PLASTIC NOIIENT CAPACITY

1 118+06 KO . 1 92 + 06
2 -.626+05 NO .153+06
3 16H+C5 NO .169+06

.208+05 NO .176+06
b .491+05 NO .188+06
6 .686+05 NO • 2Lb + U6
7 .791+05 NO .212+u6
8 • 8 j 8 ♦ u 5 NO .225+06
9 .735+05 NO .238+06

10 .835+05 NO .252+06
1 1 .562+05 NO .225+06
1 2 .909+05 NO • 2 1 6 * u fa
13 .118+06 NO .2u7+U6
IH .138+06 MO .198+06
15 .151+06 NO .189+06
1 6 .157+06 NO .181+06
1 7 .155+06 NO .172+u6
1 8 . 1 ‘16 + 06 NO • 1 6 4 ♦ u b
19 .129+06 NO • 1S 6 *U6
20 .106+06 NO . 1 98 + u6
2 1 .7h8»u5 NO . r9u + bh
22 .6L 6 + 05 MG .901+06
23 .820+05 MO .3H9+u6
28 .19u+G5 NO .369+06
25 -.832+09 n n .353+06
26 -.400+05 NO .338+06
27 -.760+U5 NO .323*06
28 -.116+06 NO • 3 u cJ * L 6
29 -.161+06 NO .299+06
30 -.210+06 NO • Z. 7 S’ + u A
31 -.264+06 • • • .265+06
32 -.225+06 NO . 252 + 06
33 -.198+06 NO .238+06
34 -.158+06 NO .225+06
35 -.119+06 NO • 2 1 2 ♦ u fa
36 -.795+05 NO • 2 u u ♦ u fa
37 -.4UC+05 NO .168+06
36 -608. NO .176+06
39 .388+05 NO .169*06
*10 .7a2+05 NO .153+06
9 1 .118+06 NO • H 2 ♦ u k

DO YOU CiANT Tu SEE THE dASE REACTIONS? WD



YES

Vl= .1513*05 Hl= .lbU2*u5 V*fl= . 1 ?0a*05 H-il= .119b*G5

00 YOU «At<T TO TRY AfjOTHtK H]NuE PATTERN?

YES

NOMINATE P0SIT1O5 OF FOUr PLASTIC HlNvpS »ITH SIGN 10 INUICATl TmE MOMENT SIGN 

THE FOUR NOMINATED POSITIONS OF PLASTIC HINGES WITH SIGN 

to indicate the moment sign are:

-1 IM -33 <11

section NO. SHE Ak THRUST

1 • 1 b<17 + G5 -.271u*U5
2 . 1 5 78 + ub -.271o*u5
3 . 13J9.U5 -.271u*uS
H .1ujV*u5 -.?71o+05
5 7^7. -.77lu*05
6 Slu2.' -.27lo*u5
7 23Ud . -.271o*Ub
8 -3P6.3 -.?71o*o5

co 
o



9 -3C 9 i . - . 2 7 1 ~ +i b
1U "64 7 a • -. 1 31u + ub
1 1 • 1 uzb»05 -.122d+05
1 2 832 1 . -.1193+05
1 3 6 3 6b. -.1162+05
11 Hui. -. 1 1 3 1 + /b
1 5 2lb j . - • 1 (. 9 ■/ + u F
1 A 197.2 -. 1 j 6-j+ 1.5
1 7 - 1459. -.1537+05
1 8 -3llb. -.10Uu+o5
1 9 -5371 . - V 7 u 2 .
2u -732 / . -9429.
21 9 2 8 z • - 7 1 16.
22 Hill. — • 1 2 c1 d ♦ 0 5
23 6916 . -.131o+u5
24 57 7 7 . -. 1 3 4-1 + 05
2b 46uV . -. 1 379 + 05
26 311 j . - . 1 4 1u + U?
27 227/. -.111)+05
28 1 1 u -t • - . 1 4 7 _> + j 5
29 - 6 4 • b 7 -.15ui+u5
30 -1283. -•153b*05

3 1 -2lu1. -.1567+05 
-.Irt7u+U532 •1121+05

j 3 .1119+ub —.2430*05
3 8 • ) 1 ‘ll + ub -.zi3o + .j5
3b • 1 119♦ub -.2l3u+b5
36 .1119+ub -.243o+ub
37 .1149.05 -.2l3u+05
38 .I 1 49 + 05 -.2l3v+05
J V •1189+05 -. 243u*L5
10 .1149+jb -.?43u+U5
1 1 • 1 149 + Ob ~.243u+OS

00



LOCATION OF RLNDINfa MOmEnT MT >MPc:

SECTION no. PLASTIC MOMENT CAPACITY

1 113+06 NO .142+U6
2 ■*565*05 NO . 153 + UA
3 -.687+09 NO .164+06
4 .299+uS NO ♦ 1 ?6 + U6
5 .597+35 NO .188+06
6 .807,+ 05 NO .2uU+U6
7 .927+05 NO .212+06
8 .959+05 NO .22 5 + 06
9 .902+05 NO .238+06

10 .102+06 NO • 252 + 06
1 1 .759+05 NO .225+06
12 .111+06 NO .2 I 6 + 06
13 .138+06 NO • 2 j 7 * u 6
1 *» .158+06 NO . 1 V 8 + U 6
IS .171+06 NO .189+06
1 6 • 1 7 6 * u 6 NO .181+06.
1 7 .174+06 YES .172+06
1 8 • 16 5*06 • e ♦ . 164 + 06
19 .149+06 NO • 1 *3 6 + U6
20 .125+06 NO .148+06
21 .944+05 NO .140+06
22 .792+05 NO .4u1+06
23 .597+05 NO .384+06
24 .359+05 MO • 3 6 9 * u 6
2S .766+04 NO • 3 b 3 * 6 6
26 -.249+05 NO .338+06
27 -.618+05 NO .373+06
28 -.103+06 NO • 3 u b * 0 6
29 -.149+06 NO .294+06
30 -.199+06 NO .279+06
31 -.253+06 NO • 2 o b * L A
32 -.216+06 NO .2b2tu6
33 -.190+06 NO • 23b + u6
39 -.152+06 NO • 225 + 06
35 -.114+06 NO .212+08
36 -.764+05 NO • 200 + 06
37 -.385+05 NO .148+06
38 -579 . NO • 1/6*u6
3*? .373+05 NO . 16 4 + 06

.752+05 NO • 1 5 3 + b 6



Hl .1 13 + u6 NO . 1H2 * u6

DO YOU H.ANT 10 SFt THt cASE ^EACTJUnS?

YES

V 1 = . 1 SU0*U5 Hl- . 1 8‘I 7 *05 VH 1 = .1221*05 HH 1 = . 1 1 SV + u5

DO YOU WANT TO TRY ANOTHtk HINGE PATTERN?

YES

NOMINATE POSiTIOS OF FoUk PLASTIC HlNGpS WITH SIGN 10 INUICATl ThE MOMENT SIGN 

the FOUH NOMINATED POSITIONS OF PLASTIC hinges with sign 

to indicate the moment sign are:

-1 12 -33 Hl

SECTION no. SHfAR 1HKuST

1 . 1VbH + OS -.268u + li5
2 . 1 6t'5*U5 ■•268u*LS
3 • 1HIStuS - . 2 A 8 u ♦ U c.
M .1146.U5 - . 2 6 8 „ ♦ u 5
5 876H . -.268u*uS
6 6c7u. - . 7 6 H u * U 5
7 337b. -.2a8u*u5
8 6 8 U • 7 -.26«u*u5

00 
co



9 -2G18- -•zbb^ + 'jb
10 -5 9 u o• -.128u+u5
1 1 ■ 1 02 7»u5 - . 1 1 1 9 ♦ 1'5
1 2 83 15. - • 1 v 8 J + J 5
1 3 63^9 • -. lu'31+05
1 9 H '• 0 -i . - . 1 G2o + o5
1 S 2m9o . - 9 c R .
1 6 991.6 - 9 '• 7 8 .
I 7 - 1 969 • -9262.
lb -392O. - 8 9 q 9 .
1 9 •53 7 0• -0636.
20 -7332- -8323.
Z 1 9 2 8 c • - 0 1 u .

'< 1 2„ . - . 1 1 8 , +.ib
23 69^>1 . - . 1 ?? 1 +l'5
2M b7«J. -. I 286 + 05
25 9/. 1 5 • - . 1 ? n J + 0 5

26 3996. -. 1 3 10 + 1.15
2 7 2 2 1 0 ■ -.1396+05

28 1 1 U9 • - • 1 3 7 / + u 5

29 -59.^2 - • 1 ‘I 3 v + j 5

JU .-12^/. - . 1 9 ‘1 k . 5

31 -2396• - . 1 9 7 1 +l.5

32 .1u19*05 -.1699+05
•1092+05 -.?95v + ur-

39 .1o92+05 -.’959+'!l5

3b . 1u92 + ub -.295/+ .'

36 .1o92+u5 - . 2 9 5 t + u 5

37 . 1 0 9 z + J 5 - . 2 9 5 9 + u 5

3b . | 092 + 05 -.2959+05

39 •1092+05 -.2959+05

1U . 1 0 9 2 + U 5 -.2959+U5

9 1 .1092+05 -. 2957 + ii5



location of pending moment mt >mpc:

section no. PLASTIC MOMENT CAPACITY
I T

■ • 103*06 NO .192+06
2 -.425+05 NO .153+06
3 .866+09 NO .169+06
4 .509+05 NO • 1 7 6 * U 6
5 .893+05 NO . 1 1-.H + G6
6 .109+06 NO « 2Uu* U6
7 .129+06 NO . 212 + u6
8 .131+06 NO .225+66
9 .129+06 NO .238+06

10 .199+06 NO .252+06
1 1 .122+06 1 NO .225+06
12 .156+06 NO .2 I 6 + 06
1 3 .169+06 NO • 2 u / * u 6
1 *♦ .2u9+06 YES . 1 9' >J + u 6
IS .216+06 YES . 1 V + U 6
1 6 .222+06 YES . 1 E 1 + 06
1 7 .220+06 yes .172+06
18 .211+06 YFS .169+06
19 .195+06 YES .156+06
20 .171+06 YES .198+U6
21 • 1 4 U ♦ U 6 ♦ • ♦ .190+06
22 .123+06 NO .901+06
23 • 10 1*06 NO .3b9+u6
21 .751+05 NO .369+06
25 .998+05 NO • 3 *3 J * u 6
26 .102+05 NO .338+06
27 -.288+05 NO .323+06
28 -.722+05 NO • 3 u d * u 6
29 -.12o+06 NO .299+06
30 -.172+06 NO .279+06
3 1 -.228+06 NO e 2 <> 6 ♦ G 6
32 -.195+06 N 0 . 2 3 2 + 0 6
33 -.172+06 iJO • Jb *u6
31 -.138+06 NO • 2 2 L’ ♦ U 6
35 -.109+06 NO .212+06



36 -.693+05 HO . 2 j L + u 6
37 -.349+05 NO . 1 bb + u6
38 -526. un . 1 76 + U6
39 .339+05 fif . 1 64-f 06
40 • 6 8 3 * U b NO . 1 3 » u 6

4 1 . 1l3*Co NO . 1 H2 + u6

DO YOU AAflT TO SEE THE OASE REACTIONS?

YES

Vl« .lq?l*OS Hl» .1954+05 V41= .125u+U5 H41= .1042+05

do you want to try another hinge pattern?

YES

NOMINATE POSITIOS of four PLASTIC HINGeS with sign TO INUlCATt- The moment sign 

the four nominated positions of plastic hinges with sign 

to indicate the moment sign are :

-1 12 -25 Hl

00
<n



SECT I Of.' nO. SHE Ait thRust

1 • 1S76 + 0S -.253j+05
2 • 1 36 ♦ u S -.?53j+C5
3 • 1 UJ7 + 05 -.2533+55

767, . -.7533+05
5 H 9 7 t> . - . 20 33 + 05
6 220j. ■•/'53j4u5
7 -M1 1 . 2 -.253j+u5
8 -31U6. -•2533+ub
S -SyLu* -.2533+55

1 0 -9 i 9y . ■« 1 I 3j*u5
1 1 7 8 6 7 . - • 1 M H £. * U 5
12 5911. ■ • 1 M 1 g + u 5
1 3 39b3. -. 1379 + 65
1 H 1 99*. -.139 +05
IS H 2 • oH " • 1 3 1 0 + u 5
16 -1913- -. 1 280 + 55
1 7 *• 3 h 0 y • - . 1 2 5 8 + . 5
1 8 -582b• - . 1 7 ? , +. 5
1 9 -7/b 1 . -.1191+u5
20 -973 7 . -.116u+Ub
2 1 • 1 1 6 9 + U 5 - . 1 1 2 , + jb
22 . 1052*05 -. 1 59j + <,5
23 93S6 . ■ • 1 6 2 b * iJ 5
ZH 8 1 0 0 . " • 1 t C-i c ♦ I
2S 711 V. - • 1 6 11 / + ub
26 5bS J . -.171 V + ..'b
27 -1682. -. I75L + U5
2H 3 5 1 ‘I • -.1781+05
29 23*16 • - • 1 8 1 * U 5
3U 1 1 7 / • -. 1 H9-1+05
3 1 b. ,j9 - . 1 h 7 b +1:5
3 2 • 1 393 + 05 - . 2 e 9 7 + U -■
33 • 1 Hz 1+u5 -.2607+05

• 1 *12 1 +U5 — < 2 6 G / * U S
35 . 1 *12 1 +05 -.2607+05
36 . 1 *12 1 +ub - • V f v 7 + u 5
37 • 1921+05 • • 2f>U / *u5
3<j •1921+05 -.2607+05
39 .1921+u5 -.2607+05
Hu • 19 z i + 05 "’•7AD7 + 05
H 1 .1921+05 ••/6C7*,Cl5

00



LOCATION OF rLNDING MOhEhT MT >MPc:

SECTION no. PLASTIC MOMENT CAPACITY
-T----------------------

1 *195 + 06 NO .192+06
2 - . 1 92 + 0*1 NO . 1 5 3 + u 6
3 • 3 o 7 + 0 5 NO .165+06

.665+05 NO .176+06
5 .87*1 + 05 NO • i d B ♦ u 6
6 .999+05 NO .200+06
7 .1u2+06 NO .212+06
8 .966+05 NO .2?5+u6
9 .819+05 NO • 2 3 6 * u 6

1 u .895+05 KO .252+06
11 .*197 + 05 NO .225+06
12 . 75*l + 05 NO .216+06
1 3 .937+05 NO .207+06
1H • 1 0 S + U 6 HI) . I V d + 06
15 • 1 J 9 ♦ J 6 NO .129+06
1 6 .105+06 NO .161+06
17 .99*« + D5 NO .172+06
1H • 7 6 3*05 n n .169+06
1 s .510+05 NO .156+06
20 .183+05 NO « 1 lt H + u A
21 -.216+05 NO • M * u 6
22 -.905+05 NO • I u u ♦ u 6
23 -.637+05 NO . 3 h 9 + 0 6
2*4 -.913+05 ND • 3 611 ♦ u 6
25 -.123+06 NO . 353 + u6
26 ■ • 1 6 L ♦ G 6 NO .331+06
27 - . 2Ll ♦U6 NO • 3 / 3 * u #>
28 ■e2,f5*06 NO • 3... fj * u A
29 -.295+06 ♦ e • .293+06
3L -.358+06 YF5 • 2 7 V * u 6

fl'

00
00



31
32

-.A06+06 
-.36et06

YELS 
YFb

. 2 6 5 ♦ u 6 

.252*06

33 -,326»06 YES . 23H*U6

3*1 -.279*06 YES . 2 z b* u 6
35 -.232*06 YES .212*u6

36 -.1 Sb*06 IxO . 2 J u * u 6

37 -.138*06 NO • 1 a b * u 6
38 -.911*05 NO .176*U6

39 -.A A 3*05 NO . 1 t,A*u6
AO ,262*CA NO . 153*06

A 1 . A-#5*05 NO .1A2*u6

DO YOU «*AnT to SEE the base reactions?

YES

vl= .lazn + OS Hl= . 1576*<35 VAI- .139a + 0S HH1= .1A21+0S

DO YOU AaNT TO Try ANOTHER hinge pattern?

NO



DO YOU BANT to analyse AnOTHEH FkAME?

YES

plastic uesiok ue jntuSirial kiuic fkahls

PROELEM INITIATION

ANALYSIS no ?

type OF MEhPfK Say TaPeKEU.ON uHIEORii

type UNlF

INPUT the SPECIFIED UNJb .LENoTri ANO FOkCE

CD 
O



FORCE UNIT LB

LENGTH unit ft
INPUT THC FRaNE DlilENSjOhS S^AJ. LAVES |< 1 l Ii ‘IT , u L 6:: L F OF HICK ahO FRAHlb SPACIhG

SPAN = 72.000 f- T

EAvS HEIGHT 33.OUu F T

DEGREE OF PITCH = Ib.OOu u E (a R E E

frame spacing ■ 2H.000 FT

INPUT THE V.OPKING LOAD DaTa VERTICAL UhlFORM LOADING INTLNSITT

WORKING LOAD 

VERTICAL UN I FORd LOADING INTENSITY = 1U.0JU LP /SQUARE FT

are there pressures normal to covering ?

YES

INPUT four Normal SURFACE PRESSURES FOR IHE 
LEFT-HAND COLUMN.LEFT-HAND RaFTER ,r1ght-hand rafter 
and right-hand column with pressure positive if 
acting Inwards on the bUlding•



»
pPtSSURL On the LEFT-HAND column = z-f.soo Lb /SQUARE FT

PRESSURE. on the left-hand RAFTER = t> . 2 F 9 u Lt> /SQUARE F T

PRESSURE On ThE RIGHt-hAhO RAF tER = .JOOOu L8 /SQUARE ft

pressure on the right-hAi^u columns .MiiC-Uu Lb / S x U A R t| FT

INPUT VERTICAL CONCENTRATED APEX LOAD aNu LCAi) FaCTOP

CONCE'TrtATEO APEX LOAD = . uf. Ll

LOAD FACTOrf 1.AOOU

A PE THERE ANY OTHER COnLlnTRaFFD LOADS?

NO

ApE there any GANTRY CRAixE loads?

YES

INPUT THE HEIGHT OF TH? GANTRY CRANE RaIlS AND 
the offset of the crane, rails

HEIGHT OF CRANE RAIL = 27.000 Fj

OFFSET OF CRANE RAIL = 2.0U00 FT

V0



INPUT WORKING VALUES OF VERTICAL GANTpY CRANE FORCES lLFT-HanA COLUMN FikST

WORKING VALUES OF VERTICAL CRANE FORCES

WORKING VERTICAL CRANE FORCE OH LEFT-HaNu COLUhN= luULO. j_p

WORKING VERTICAL CRANE FORCE ON RIGHT-hANO COLUMN- HGOO.n LB

WORKING VALUES OF HORIZONTAL crane FORCES

HORIZONTAL crane FORCE ON LEFT-HAND COLUMN « 500.00 LB

HORIZONTAL CRANE FORCE ON RIGHT-hAND COLUMN- 2UU.0U LH

oo you want to see The t(>in cantilever moment?

YES

the twin cantilever homEnt shear and thrust :

LO 
u»



SECTION NO. moment Shea" THRUST

1 -.92323*u6 29682. -33703.
2 -.c.2972*u6 26988. -33/u3.
3 -.7851 i♦_ t 28283. -33703.

-.6 6938*'lj6 21599. - 3 3 / u J •
5 ••oL2S5*ut 1 8 9 0 5 . -337u3.
6 - .58861 +u6 1 6 2 I u • -33703.
7 -.89557tu6 13516. -3 3 7u3•
8 -.85581*^0 10821. -3 3/u 3.
9 -.828 18 + L 6 8127.1 -33703.

1 0 -.37566+u6 8732.7 -19703.
11 -.36889*06 19559. -3130.7
12 -.29528♦u 6 176u3. -2817.6
1 3 -.23327*^6 15657. -?5'j8.5
1 8 -.17B60*u6 13692. -2191.5
15 13122*v6 1 1 736. - 1 a 7 E*. 8
16 -91122. 9779.7 -IbtS.3
1 7 -58318. 7623.7 -1252.3
1 B -32808. 5867•8 -939.20
19 - 1 8580. 3911.9 -626.18
2U -3688.9 1955.9 -3 1'3.0 7
2 1 •uOQdL •OO00O •ulJuu
22 -2177.3 -1168.8 -313.j7
23 -8709. 1 -2336.8 -626.18 •
2H -19596, -3505.2 -939.20
25 -38836. -8673.5 -1252.3
26 -58832. -5881.9 "1 ist S • 3
27 -78382. - 7 J 1 0 • 3 -1678.8
28 -. 10669*06 -a 1 7d • 7 -2191.5
29 -. 1 3935 + 06 -9387. 1 -250 8.5
30 — • 1 7 6 3 6 * U t> -10515. -2h17.6
3 1 -.21773+06 -11688. -3130.7
32 -.21773+u6 .oUOCJ -12096.
33 -•22876+u6 2 b 0 • u j -1/696.
38 -.22788+u6 280.00 - 1 7 0 9 6 .
35 -•2269|+o6 . 280.uj -17696.
36 -.22599+l6 230.00 -17696.
3 7* -.22506+06 28O.uO -1/696.
3R -.22818*06 280.CO -17696.
39 -.22327*u6 2 b u • j 0 -1769a.
80 -.22229*06 2 b 0 • U U -17696.
8 1 -.22137+o6 280.00 -17696.

VO 
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WHAT KIND of BASES?

input fixed oh pinned ,llft-hand iasl- rihiT

lfft-hand base is fixed

right-hand base is fixfd

NOMINATE POSlTlOS UF Ff.iU,; F'L/.STIC HlN'ifS . 111. SliJI Io 1 <« U I C A 7 t il H L I'Ui'lNI Slu

THE FOUa NOMINATED POSITIONS OF PLASFIr ..L'.GFs ..jTm sign

TO INDICATE the MOt-El.T sig, AK'L :

-I 17 -3 1 -II

UD
U1



SCC1ION NO. SHE An THKobT

1 . 1 Vu7»05 -.2b77+oS
2 • 1637*05 -.287/+G5
J • 136e*bb -.287/+J5
M ■ 1 v y b + G b -.2b7/+eb
5 fc ; v L . -.287/*ob
6 SS^d. -.287/+05
7 2902 • ■•2y7/+u5
8 207.1 -.2877+05
? -2987. - . 7 8 7 / * L 5

10 -5882. - . 1 9 7 7 + 0 b
1 1 • 12ub*C5 -.121l+bb
1 2 • 1vuV + Ob - . 1 17v + o5
13 813 = . 1 1 Ho + US
1 H 6 17 9. -.1117+05
1 b H223* -. l(;8b + L'S
1 6 226 7 . -. lobv + uS
1 7 3 11.0 -. 10 2 3 + 05
1 8 - 1AHb• - V V 1 b .
IV -3601. -9602.
20 -bbb/. -V2R9.
2 1 751o. -8976.
22 63*1 M . -.1189+ob
23 5 1 7 o • -.1216*05
2q MC Ud • -.1287+05
2S 21< 3 v • -.127b+05
26 1671. -.1309+05
27 5o2.5 - . 1 3 H 1 * C 5
28 -66b.V -.137^*05
<. y -1135. - . 1 q L = * i. b
30 -3C.U3. -. 1 q3b + 05
3 1 -9171. -. 1q 6 6 + u5
32 •1061+05 -.170=+C5
33 .1OoV+GS -.226=+ub
JH .1ooV+Cb -.226=*u5
35 .10e9*05 -.2263*1.5
36 • 1 ObV + uS - .2-26 3 + o 5
37 .1OdV+05 -.2263+05
3b • 10oV + C5 -. 2263 + i,5
3V . 1 0 t; V * o b -.2263+o5
HO . 1 0 f V * 0 b -. 2 26 = *i;5
H 1 • 1 M n V * L 5 -.226=+ob

LOCATION OF PLNDIt'U KObLuT b T >'FC:



section no. ELASTIC NU N F M T CAPACITY

• 1 7 j 3/♦Uo tri .FT

1 173 + 06 • e
2 • 1 1 b + u 6 NO
3 -.653+05 hn
4 -.296+05 NO
S .725+09 NO
6 .302+05 NO
7 .942+05 NO
6 .993+05 NO
9 .955+05 NO

1G .590+05 NO
1 1 .351+05 NO
1 2 .7^9+05 NO
1 3 .110+06 NG
1 1 .137+U6 NO
15 .156+06 NO
1 6 .169+56 NO
17 .173+06 • 4
1 « .171+06 NO
19 .161+06 NO
20 .199+06 NO
2 1 .120+06 NO
22 • 1 1u + u 6 NO
23 .959+05 NO
29 .775+05 NO
25 .597+05 NO
26 .276+05 NO
27 -.358+09 NO
2 8 -.397+05 NO
29 -.799+05 NO
30 -.129+06 NO
31 -.173+06 • •
32 -.138+06 H 0
33 -.119+06 1.0
3H -.763+05 NO
35 -.929+05 NO
3 b -.699+09 NO
37 .295+05 NO
3e .055+35 KO
39 .101+06 rm
HO .137+06
<11 .173+06 • •



DO YOU WANT to see the base reactions?

YES

Vl= .2877+OS Hl= .1907+05 VH1= .226j+Q5 H91= .10E9+05

DO YOU want to Try ANOTHER hinge pattern?

YES

NONINATL P0SIT10S OF F0Un PLaSTIl HInGFS wITH SUn To INuICATl The MUHEMT SIGN 

the four nominated posi.tions of plastic hinges with siLn

to indicate the moment Sign are:

-1 19 -3 1 «I1

00



10 
*11

1GsVtuS 22?.tOS 
2 2 7 2 ♦ u 1>

LOCATION OF p.tNDINb MOmLuT MT >MPC i

SECTION NO. ELASTIC EUnFNT CaPaC] I *

1 17L + G6 • e ♦
2 -.111+06 NO
3 -.606+05 NO
4 -.192+05 NO
5 .133+05 NO
6 .368+05 ’ NO
7 .515+05 NO
8 .573+05 NO
9 .542+05 NO

10 .684+05 NO
1 1 .452+05 NO
12 .863+05 NO
13 .120+06 NO
18 .147+06 NO
15 . 166 + 06 NO
1 6 . 178 + 06 Vf 5
17 .183+06 VFS
1 6 . 1 8 U ♦ 0 6 YFS
19 . 170 + 06 • » e
2G .153+06 NO
21 .128+06 NO
22 .118+06 NO
23 .103+06 NO
28 .845+05 NO
25 .612+05 NO
26 .336+05 NO
27 .158+04 NO

. j Al V7 11)6 Lb • E T
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28 -.3HM+US hO
29 -.755+05 i-.n
30 -.121+C6 Nr
31 -.170+06 •«
32 -.136+06 ri 0
33 -.112+06 NO
3H -.7 7u.U5 h(-
35 -.H17+ub I'lP
36 -.6HH+UH N n
37 .286-.C5 NO
36 .691+05 NO
39 .999+05 NO
HU . 1 3 5 + 0 6 NO
H 1 . 1 7 0 ♦ v 6

DO YOU AAnT to SEE the rASF REACTIONS?

YES

Vl= .2868+05 hl« .1927+05 VH1= .2?72+U5 HH1= .1069+Ob

qO you aaNt tu try another hinge eaTterii?

YES

NOMINATE POSiTjOS OF FoUr PLASTIC HINGeS >. ITH SIGN To INdlCATt THE HONENT SIGN

THE FOUR NOMINATED POSITIONS OF PLASTIC hinges with s|gn

TO INDICATE the MONENT Sign are:

-1 20 -31 Hl



section NO. SHE Ak TpRubT

1 • 1? b6 + Ub -.2p54+o5
2 • 1 6o<* + ub -.2b54 + ur-
3 • 1 *> 1 7 ♦ u b - e 2 n 5 M ♦ »j <>
H . 1 1 l7*Ub -.2p54+ub
b 87bb. -.2854+05
6 61,60 . -.2854+05
7 33*2. - • 2 t- 5 b + । 5
8 6 9 7.3 -.2 8, 54 + 0 5
9 -19*/. “•2 p b n♦uS

1 u -539 1 • -.1454+05
11 • 1 196 + 05 -. 1 15/ + C5
1 2 .1UuU+05 -.112o+05
1 3 dL-lb. - . 109j + o5
1 H 6089 • -. lf,6 i + i,5
lb 4 ) J j e -. 10 3z + .j5
1 6 2 I 7 7 • - • 100 1+05
1 7 22U . b -9696.
1 b -173b. -93b 3.
1 V -36*1• -v; 75.
20 -bo-i / . -8757.
2 1 7 6 W j • - b q h h .
22 6 M 3 b • -.1183+05 ,
23 b 2 0 0 • -.1174+05
ZH 8 U * 6 . -.12Cb+ub
2b 2929 . - . 1 ?37 + u5
ZL 1701. - . 1 + ,5
i 1 b S 1 • 6 - . 1 ? 9 ■, + _ 5
Z b -b7b » b -.1331+05
z.^ -1784. -. 1 36.+i.5

30 -2913. -.1393+55
3 1 -8Gb1 • - • I 424 + US
32 • 1u12 + Ob -.172b+u5
33 . M U ♦ u b - • V 2 H b ♦ r'
3b e | U 1 u ♦ U 5 - . / 2 H 3
35 • 1 u 4 u ♦ u j -.zp-p+.b
36 • I u H u ♦ U S -.PpOb+ub
37 • 1uiL*ub -.PpBb+ub
3 b • 1 u i u ♦ 0 5 - . 7 2 U b • u 5
39 •JuiLlUb - . 2 ? 8 b + 0 5
*10 • 1 l/4^ + u5 -.2p8b+ j5
*» 1 • 1U4C + Cb -.Z28a+b5
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SECT 1 Oh

1
2
3
H
b
6
7
b
9

1C
1 1
12
1 3
1 H
lb
1 6
1 7
1 6
1’
20
2 1
22
23 
2*1
25
26
27
28
29
30
3 1
32
33

LOCATION OF fiLNOlNG HOflLt.T MT >MPC

-.......... i —
L A 5 1 1 c u m e n r capacity

. 1 6 I: 23*06 Ld *E T

- . 165*06 • • ♦
-.105*06 NO
-.539*05 NO

116*05 NO
.21h*C5 NO
.463+05 k n
.620*05
,6A7+05 r; n
•666+05 IJO
.816*05 hO
.594*05 NO
• 100* u6 N 0
.134*06 h 0
• 1 6 u + U 6 i. 0
.179*06 TES
.191*06 Yr s
.196*06 VOS
.193*06 YF 5
.183+06 Y £. i
.165*06 • » 4
.181*06 no
.13u*06 NO
.114*06 NO
.995*05 NO
• 7 C 5 ♦ U 5 NO
.921*05 NO
.933*04 NO

-.278*05 NO
-.692*05 NO
-.115*06 ND
-.165*06 ♦ » •
-.132*06 nn
-.109*06 N3
-.751*05 h '



35 - . R U H Y U 5 ND
3t> -.6HH-*UH H 0
3 7 .279+US nu
39 . 6 2 2 ♦ d 5 MJ
3? •966*05 r.n
HU .131+06 M)
H 1 .165*06 • •

to YOU >.AUT Tu SEl THE bASE REACTIONS?

YES

Vl= .285r*05 Hl- .19b6*C5 VH 1 = .228'=*US H*<1= .lOHU + Ub

DO YOU RANT TO Try ANOTHER HINGE PATTERN?

t.O

DO YOU I.ANT TU ANALYSE ANOTHER FRAME?

NO

tr
OL
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