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SUMMARY Structural design presents a formidable calculation task to the engineer. In the late 1950's civil engineers began to use computers for the solution of computational problems. Later analysis programs were developed by integrating the computational programs. More recently the trend in engineering computer utilization has been to provide the engineer with a means of communicating with general purpose analysis programs in a familiar language. Typical of these programs are COGO, STRESS, and ICES. The use of these programs in the design process has been referred to as "computer-aided" design. In this environment the engineer would make design decisions, relay these decisions to the com­puter, and allow the computer to analyze his design. Structural design is an iterative process. At.the end of each iteration either the trial design must be modified if the specifications have not been met, or it may be modified in an attempt to obtain a more economical design. A design which meets the specifications and which cannot be improved economically is the optimum design. This process may be automated through the use of recently developed optimization pro­cedures if an objective function and the limits of the design parameters can be stated. This thesis presents a general procedure for the development of automated optimum structural design systems. Also presented is an auto­mated optimum design system for single span, variable section, steel frames. 
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The p r o c e d u r e f o r t h e d e v e l o p m e n t of a n a u t o m a t e d optimum s t r u c ­

t u r a l d e s i g n s y s t e m i s b a s e d on t h e c l a s s i f i c a t i o n of t h e v a r i a b l e s and 

p a r a m e t e r s of s t r u c t u r a l d e s i g n problemso Computer r o u t i n e s mus t b e 

w r i t t e n f o r e a c h c l a s s i f i c a t i o n , , The c l a s s i f i c a t i o n s u s e d a r e p r o b l e m 

v a r i a b l e s , p r o b l e m c o n s t r a i n t s , d e s i g n p a r a m e t e r s , and d e s i g n c o n s t r a i n t s . 

P r o b l e m v a r i a b l e s s p e c i f y t h e r e q u i r e m e n t s of t h e p r o b l e m w h i l e 

p r o b l e m c o n s t r a i n t s a r e t h e l i m i t a t i o n s w i t h i n w h i c h t h e p r o b l e m 

r e q u i r e m e n t s mus t b e meto P r o b l e m v a r i a b l e s t o g e t h e r w i t h t h e p r o b l e m 

c o n s t r a i n t s i n c l u d e a l l t h o s e i t e m s n e c e s s a r y f o r a c o m p l e t e d e f i n i t i o n 

of t h e s t r u c t u r a l d e s i g n p r o b l e m . They a r e g e n e r a l l y d e t e r m i n e d b y t h e 

o w n e r , t h e a r c h i t e c t , b u i l d i n g c o d e s , s p e c i f i c a t i o n s , o r v e n d o r s . 

D e s i g n p a r a m e t e r s and d e s i g n c o n s t r a i n t s a r e c o n t r o l l e d b y t h e 

e n g i n e e r s D e s i g n p a r a m e t e r s a r e t h o s e i t e m s w h i c h when a s s i g n e d v a l u e s 

r e d u c e t h e d e s i g n p r o b l e m t o one of l i n e a r s e l e c t i o n f o r t h e r e m a i n i n g 

i t e m s , w h i c h a r e t h e n d e f i n e d a s d e s i g n c o n s t r a i n t s . The modes of 

v a r i a t i o n of t h e d e s i g n p a r a m e t e r s a n d c o n s t r a i n t s a r e r e f e r r e d t o a s 

c o n s t a n t , a r r a y , i n c r e m e n t a l , o r c o n t i n u o u s i 

The g o a l of t h e s t r u c t u r a l d e s i g n p r o c e s s i s s t a t e d a s f o l l o w s : 

From t h e p r o b l e m c o n s t r a i n t s s e l e c t t h a t s e t of d e s i g n p a r a m e t e r s w i t h 

i t s a s s o c i a t e d d e s i g n c o n s t r a i n t s w h i c h s a t i s f i e s t h e p r o b l e m r e q u i r e ­

m e n t s and o p t i m i z e s t h e o b j e c t i v e f u n c t i o n . 

I n i t i a l i z a t i o n and i n p u t compute r r o u t i n e s a r e r e q u i r e d f o r t h e 

p r o b l e m v a r i a b l e s and c o n s t r a i n t s . The i n i t i a l i z a t i o n r o u t i n e s u p p l i e s 

common v a l u e s a s d e f a u l t o p t i o n s . The i n p u t r o u t i n e p r o v i d e s f o r u s e r 

c o m m u n i c a t i o n w i t h t h e s y s t e m . Use of k e y w o r d s and d e f a u l t o p t i o n s 

w i l l e l i m i n a t e t h e n e e d f o r r i g i d i n p u t r e q u i r e m e n t s . 
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Optimizing routines are used for the design parameters. The functions of these routines are to set the initial values of the design parameters, change the values of the design parameters, and determine when the Optimum values of the design parameters have been obtained. The function of the routines handling the design constraints is to determine if the specifications have been met and if so would a smaller value also satisfy thespecifications. If the specifications are not met then a larger value is used if available„ If no larger value is available then the set of design parameters is marked as a non-feasible solution. These routines together with an analysis rou­tine may be organized according to the outline in this work into successful automated optimal design systems. Optimum searching methods allow the optimization of functions whose analytical form is unknown. Since the objective function of a structural design problem usually cannot be stated directly in terms of the design parameters, these methods will be used. Optimum searching subroutines applicable to structural design problems are presented. These subroutines use two search plans, namely, orthogonal and diagonal searching. Orthogonal searching is the orthogonal application of one dimensional search techniques to multi-dimensional problems. The one dimensional techniques used are the golden section search for con­tinuous variation and lattice search for incremental or array variation. Diagonal searching is used to check the points on the non-orthogonal vectors adjacent to the optimum Indicated by orthogonal searching. Variable classifications for the single span, variable section steel frame design problem are listed along with the names and functions 
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of t h e s u b r o u t i n e s r e q u i r e d f o r e a c h of t h e c l a s s i f i c a t i o n s . The 

c o m p l e t e FORTRAN s o u r c e l i s t i n g f o r t h i s s y s t e m a l o n g w i t h an e x a m p l e 

p r o b l e m l i s t i n g i s i n c l u d e d . T h i r t y - o n e c o n t r o l c a r d s a r e p r o v i d e d by 

t h i s s y s t e m f o r p r o b l e m s p e c i f i c a t i o n . Only t h r e e c a r d s a r e a b s o l u t e l y 

n e c e s s a r y t o t h e s y s t e m . Where c a r d s a r e o m i t t e d t h e s y s t e m w i l l 

s u p p l y commonly u s e d v a l u e s f o r t h e v a r i a b l e s . T h e s e c o n t r o l c a r d s 
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i s p r e s e n t e d . 

Use of optimum s e a r c h i n g t e c h n i q u e s i m p l i e s t h a t t h e ob j e c t i v e 

f u n c t i o n i s u n i m o d a l . The s y s t e m p r e s e n t e d i n t h i s work h a s b e e n u s e d 

t o e x a m i n e t h e v a r i a t i o n of t h e o b j e c t i v e f u n c t i o n . I t w a s found t h a t 

d i s c o n t i n u i t i e s and l o c a l m i n i m a o f t e n o c c u r i n t h e o b j e c t i v e f u n c t i o n 

due t o d i s c r e t e c h a n g e s i n t h e d e s i g n c o n s t r a i n t s a s t h e d e s i g n p a r a ­

m e t e r s a r e v a r i e d . The s e a r c h t e c h n i q u e s u s e d a l l o w t h e o b j e c t i v e 

f u n c t i o n t o b e e x a m i n e d o n l y a t d i s c r e t e i n t e r v a l s . When e x a m i n e d i n 

t h i s f a s h i o n t h e f u n c t i o n g e n e r a l l y a p p e a r s t o b e u n i m o d a l . 

I t i s c o n c l u d e d t h a t : 

( a ) V a r i a b l e s and p a r a m e t e r s of s t r u c t u r a l d e s i g n p r o b l e m s c a n 

b e c l a s s i f i e d a c c o r d i n g t o who o r w h a t c o n t r o l s t h e i r v a l u e s and com­

p u t e r r o u t i n e s w r i t t e n f o r e a c h c l a s s i f i c a t i o n . 

( b ) T h e s e r o u t i n e s t o g e t h e r w i t h a n a n a l y s i s r o u t i n e c a n b e 

o r g a n i z e d a c c o r d i n g t o t h e o u t l i n e p r e s e n t e d t o c r e a t e s u c c e s s f u l a u t o ­

m a t e d optimum s t r u c t u r a l d e s i g n s y s t e m s . 

( c ) D i s c o n t i n u i t i e s and l o c a l m i n i m a may o c c u r i n t h e o b j e c t i v e 
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CHAPTER I 

INTRODUCTION 

H i s t o r i c a l R e v i e w 

S t r u c t u r a l d e s i g n p r e s e n t s a f o r m i d a b l e c a l c u l a t i o n t a s k t o t h e 

e n g i n e e r , , The p r o c e s s of p e r f o r m i n g t h e s e c a l c u l a t i o n s h a s a d v a n c e d 

from l o n g h a n d and l o g a r i t h m s t o t h e s l i d e r u l e , d e s k c a l c u l a t o r , and 

f i n a l l y t o t h e e l e c t r o n i c compu te r ( 6 ) „ I n t h e l a t e 1 9 5 0 T s c i v i l e n g i ­

n e e r s b e g a n t o u s e c o m p u t e r s f o r s o l u t i o n of t h e r e p e t i t i v e c a l c u l a ­

t i o n s r e q u i r e d by c l a s s i c a l me thods of d e s i g n „ Computer p r o g r a m s 

a v a i l a b l e a t t h e t i m e w e r e a b l e t o e x e c u t e o n l y p a r t i c u l a r c o m p u t a t i o n ­

a l t a s k s s u c h a s f i n d i n g t h e l a t i t u d e s and d e p a r t u r e s of a t r a v e r s e , 

p e r f o r m i n g moment d i s t r i b u t i o n , o r compu t ing s t i f f n e s s c o e f f i c i e n t s of 

v a r i a b l e s e c t i o n b e a m s 0 L a t e r t h e s e i n d e p e n d e n t c a l c u l a t i o n p r o g r a m s 

w e r e i n t e g r a t e d i n t o a n a l y s i s p r o g r a m s ( 8 ) „ T y p i c a l p r o g r a m s of t h i s 

e r a c o v e r e d s u c h t o p i c s a s t r a v e r s e c l o s u r e , r i g i d f r ame a n a l y s i s , 

t r u s s a n a l y s i s , and w a t e r n e t w o r k d i s t r i b u t i o n analysiso 

More r e c e n t l y t h e t r e n d i n e n g i n e e r i n g compute r u t i l i z a t i o n h a s 

b e e n t o p r o v i d e t h e e n g i n e e r w i t h a means of c o m m u n i c a t i n g w i t h g e n e r a l 

p u r p o s e a n a l y s i s p r o g r a m s i n a f a m i l i a r l a n g u a g e ( 9 ) „ T y p i c a l of t h e s e 

p r o g r a m s i n t h e c i v i l e n g i n e e r i n g f i e l d a r e COGO, STRESS, and ICES 

( 3 , 7 , 1 1 ) . 

The u s e o f g e n e r a l a n a l y s i s p r o g r a m s s u c h a s STRESS o r COGO i n 

t h e d e s i g n p r o c e s s r e q u i r e s t h e t r a n s f e r of a l a r g e amount of i n f o r m a -
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t i o n b e t w e e n t h e e n g i n e e r and t h e c o m p u t e r , and v i c e v e r s a 0 The r o l e 

of t h e e n g i n e e r i n t h i s e n v i r o n m e n t w o u l d b e t o make d e s i g n d e c i s i o n s , 

r e l a y t h e s e d e c i s i o n s t o t h e c o m p u t e r , and a l l o w t h e compute r t o 

a n a l y z e h i s d e s i g n . T h i s p r o c e s s h a s b e e n r e f e r r e d t o a s c o m p u t e r -

a i d e d d e s i g n ( 1 2 ) o C o m p u t e r - a i d e d d e s i g n i m p l i e s u s e of a g e n e r a l 

a n a l y s i s p r o g r a m s u c h a s STRESS o r STRUDL by a d e s i g n e n g i n e e r . The 

e n g i n e e r ' s r o l e i s , . f i r s t , t o s p e c i f y ^ a n i n i t i a l . d e s i g n a r idosubmi t i t 

t o t h e compute r p r o g r a m f o r a n a l y s i s . S e c o n d , a c t i n g on o u t p u t from 

t h e a n a l y s i s p r o g r a m , t h e e n g i n e e r d e c i d e s on a c o u r s e of a c t i o n t o 

i m p r o v e t h e d e s i g n , and s u b m i t s a p p r o p r i a t e d e s i g n c h a n g e s t o t h e p r o ­

gram f o r a n a l y s i s of t h e m o d i f i e d d e s i g n . The r e s p o n s i b i l i t y f o r 

i n t e l l i g e n t d e s i g n j u d g m e n t i s s o l e l y t h a t of t h e e n g i n e e r , and t h e 

d e s i g n i s r e p e a t e d l y r e f i n e d u n t i l t h e p r o c e s s i s t e r m i n a t e d by t h e 

e n g i n e e r . 

S t r u c t u r a l d e s i g n i s an i t e r a t i v e p r o c e s s r e q u i r i n g t h a t one of 

two t y p e s of d e c i s i o n s b e made a t t h e end of e a c h i t e r a t i o n . The t r i a l 

d e s i g n mus t b e m o d i f i e d i f t h e s p e c i f i c a t i o n s h a v e n o t b e e n m e t , o r i t 

may b e m o d i f i e d i n an a t t e m p t t o o b t a i n a more e c o n o m i c a l d e s i g n . A 

d e s i g n w h i c h m e e t s t h e r e q u i r e d s p e c i f i c a t i o n s and w h i c h c a n n o t b e 

i m p r o v e d e c o n o m i c a l l y i s t h e n t h e optimum d e s i g n . A u t o m a t i o n of t h i s 

p r o c e s s r e q u i r e s t h a t some t y p e of o p t i m i z i n g r o u t i n e r e p l a c e t h e e n g i ­

n e e r a s t h e d e c i s i o n m a k e r . I f some o b j e c t i v e f u n c t i o n c a n b e w r i t t e n 

u n d e r w h i c h t h e m e r i t of a p a r t i c u l a r t r i a l d e s i g n m i g h t b e e v a l u a t e d , 

and i f t h e c o n s t r a i n t s and t h e l i m i t s of v a r i a t i o n of t h e d e s i g n p a r a ­

m e t e r s c a n b e s t a t e d , t h e n some t y p e of o p t i m i z a t i o n p r o c e d u r e m i g h t 

i n d e e d b e u s e d . 
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U n t i l r e c e n t l y t h e o n l y known me thods of h a n d l i n g o p t i m i z a t i o n 

p r o b l e m s w e r e t h e c l a s s i c a l d i f f e r e n t i a l and v a r i a t i o n a l c a l c u l u s . 

W i t h t h e r i s e of " o p e r a t i o n s r e s e a r c h " o t h e r me thods of o p t i m i z a t i o n 

h a v e b e e n d e v e l o p e d (14). T h e s e me thods i n c l u d e s u c h t e c h n i q u e s a s 

l i n e a r p r o g r a m m i n g , n o n - l i n e a r p r o g r a m m i n g , d y n a m i c p r o g r a m m i n g , and 

optimum s e e k i n g p r o c e d u r e s . S t r u c t u r a l d e s i g n e r s a r e now b e g i n n i n g t o 

u s e t h e s e m e t h o d s . G r i d s e a r c h e s and d y n a m i c p rogramming t e c h n i q u e s 

h a v e b e e n u s e d i n d e s i g n i n g p l a t e g i r d e r s (10). N o n - l i n e a r p rogramming 

me thods h a v e b e e n u s e d t o a i d i n t h e d e s i g n of p r e s t r e s s e d c o n c r e t e 

beams (4). L i n e a r p rogramming t e c h n i q u e s h a v e b e e n u s e d i n t h e s e l e c ­

t i o n of l e a s t w e i g h t members f o r p l a s t i c a l l y d e s i g n e d f r a m e s (2,13). 
The o b j e c t i v e f u n c t i o n of mos t s t r u c t u r a l d e s i g n p r o b l e m s c a n n o t 

b e s t a t e d d i r e c t l y i n t e r m s of t h e d e s i g n p a r a m e t e r s . The d e s i g n 

e n g i n e e r t h e n mus t e x p e r i m e n t i n o r d e r t o f i n d i t s optimum v a l u e and 

t h e a s s o c i a t e d v a l u e s of t h e d e s i g n p a r a m e t e r s . O p t i m a l s e e k i n g p r o c e ­

d u r e s make p o s s i b l e t h e o p t i m i z a t i o n of a f u n c t i o n whose a n a l y t i c a l 

form i s unknown. Thus t h e s e p r o c e d u r e s may c o n t r i b u t e t o t h e a u t o m a ­

t i o n of s t r u c t u r a l d e s i g n p r o b l e m s . 

I n J a n u a r y 1966 t h e S t r u c t u r a l D i v i s i o n R e s e a r c h Commit tee of 

t h e A m e r i c a l S o c i e t y of C i v i l E n g i n e e r s s t a t e d : 

P r e s e n t e f f o r t s t o i n c r e a s e t h e u s e f u l n e s s of e l e c t r o n i c com­
p u t e r s t o s t r u c t u r a l e n g i n e e r s by t h e g e n e r a t i o n of s i m p l i f i e d 
compu te r l a n g u a g e s ( s u c h a s FORTRAN) and p r o g r a m s ( s u c h a s 
STRESS and STRUDL) mus t b e c o n t i n u e d . However , p r o b a b l y t h e 
s i n g l e most s i g n i f i c a n t a d v a n c e m e n t i n s t r u c t u r a l e n g i n e e r i n g 
w o u l d b e t h e d e v e l o p m e n t of c o m p l e t e compu te r d e s i g n p r o c e s s e s . 
I t i s n o t u n r e a s o n a b l e t o i m a g i n e t h a t , i n t i m e , an e n g i n e e r 
n e e d o n l y s p e c i f y l o a d s , g e n e r a l g e o m e t r i c fo rm, and c o n t r o l l i n g 
g e o m e t r i c c o o r d i n a t e s f o r a s t r u c t u r e , and t h e n r e l y on t h e com­
p u t e r t o c a r r y o u t t h e d e s i g n , i n c l u d i n g t h e p r e p a r a t i o n of 
d r a w i n g s , o p t i m i z i n g t h e d e s i g n w i t h i n t h e f r amework of any 
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s e l e c t e d s e t of s p e c i f i c a t i o n s o r o t h e r r e s t r i c t i o n s t h a t n e e d b e 
imposedo ( 1 ) 

The c o m m i t t e e e s t i m a t e s t h a t a r e a s o n a b l e r e s e a r c h p r o g r a m i n t h i s a r e a 

w o u l d c o s t $ 2 0 5 m i l l i o n p e r y e a r f o r a t l e a s t t h e n e x t d e c a d e 0 Among 

t h e b e n e f i t s w h i c h w o u l d a c c r u e from s u c h a c a p a b i l i t y w o u l d b e a r e d u c ­

t i o n i n t h e t i m e r e q u i r e d t o p r e p a r e d e s i g n s and an i n c r e a s e d a b i l i t y t o 

c o n s i d e r a l t e r n a t e d e s i g n s . I t i s s u g g e s t e d t h a t a s y s t e m s u c h a s 

p r o p o s e d by t h e S t r u c t u r a l D i v i s i o n R e s e a r c h Commit tee m i g h t f i n a l l y b e 

an i n t e g r a t i o n of many s u b - s y s t e m s , e a c h f o r a p a r t i c u l a r g e o m e t r i c 

fo rm. 

O b j e c t i v e 

I t i s t h e p r i m a r y o b j e c t i v e of t h e p r e s e n t work t o p r e s e n t a 

g e n e r a l method f o r t h e d e v e l o p m e n t of a u t o m a t e d optimum s t r u c t u r a l 

d e s i g n s y s t e m s . T h i s method w i l l b e u s e d t o d e v e l o p an a u t o m a t e d 

o p t i m a l d e s i g n s y s t e m f o r a s t r u c t u r e of a p a r t i c u l a r g e o m e t r i c fo rm. 

A f l o w c h a r t of t h e s t r u c t u r a l d e s i g n p r o c e s s i s shown i n F i g u r e 

1 . The mos t t e d i o u s and t i m e consuming p o r t i o n of t h i s p r o c e s s i s 

i n v o l v e d i n t h e a n a l y s i s , t h e q u a n t i t a t i v e e v a l u a t i o n , and t h e c h a n g i n g 

of p a r a m e t e r s t o s a t i s f y t h e d e s i g n r e q u i r e m e n t s o r t o o p t i m i z e t h e 

o b j e c t i v e f u n c t i o n . Computer p r o g r a m s now e x i s t w h i c h w i l l h a n d l e t h e 

a n a l y s i s p o r t i o n of t h i s p r o c e s s . 

T h i s work w i l l i l l u s t r a t e how s y s t e m s can b e d e v e l o p e d t o h a n d l e 

t h e q u a n t i t a t i v e e v a l u a t i o n and t h e c h a n g i n g of p a r a m e t e r s t o a r r i v e 

a u t o m a t i c a l l y a t an optimum d e s i g n . The p a r a m e t e r s common t o s t r u c t u r a l 

d e s i g n p r o b l e m s w i l l b e e x a m i n e d s o t h a t t h e y may b e c l a s s e d and 

a s s i g n e d t o t h e v a r i o u s s e c t i o n s of t h e d e s i g n p r o c e s s f o r r e s p o n s i -
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b i l i t y . The modes of p o s s i b l e v a r i a t i o n of t h e s e p a r a m e t e r s w i l l b e 

e x a m i n e d s o t h a t o p t i m i z i n g r o u t i n e s s u i t a b l e t o t h e s e modes may b e 

s u g g e s t e d . F i n a l l y , s i n c e s y s t e m s s u c h a s t h e s e a r e d e v e l o p e d f o r t h e 

u t i l i t y of t h e e n g i n e e r , an a t t e m p t s h o u l d b e made t o make t h e i r u s e a s 

e f f o r t l e s s and a s u n r e s t r i c t i v e a s p o s s i b l e . , S e v e r a l me thods w h i c h 

h a v e b e e n d e v e l o p e d b y r e c e n t s t u d i e s i n man-rmachine c o m m u n i c a t i o n w i l l 

b e s u g g e s t e d a s w a y s t o a c c o m p l i s h t h i s . 
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Establish the design] requirements 
I 
Develop a model 
Analysis Change the model 

Change the parameters to satisfy the design requirements or to optimize the objective function 
Evaluate quantitatively 
Evaluate qualitatively 
Accept des ign 

Figure 1. Simplified Flow Chart of the Structural Design Process 
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CHAPTER I I 

PROCEDURE 

O r g a n i z a t i o n of t h e S t r u c t u r a l D e s i g n P r o c e s s 

I n o r d e r t o o r g a n i z e a s t r u c t u r a l d e s i g n p r o c e d u r e i t i s n e c e s ­

s a r y t o c l a s s i f y t h e p r o b l e m v a r i a b l e s and p a r a m e t e r s . The f o l l o w i n g 

c l a s s i f i c a t i o n s w i l l b e u s e d h e r e . 

1 0 P r o b l e m V a r i a b l e s 

2 . P r o b l e m C o n s t r a i n t s 

3 . D e s i g n P a r a m e t e r s 

4 . D e s i g n C o n s t r a i n t s 

P r o b l e m v a r i a b l e s s p e c i f y t h e r e q u i r e m e n t s of t h e p r o b l e m . They 

i n c l u d e s u c h i t e m s a s h e i g h t s of s t o r i e s , s p a n , b a y w i d t h , number of 

s t o r i e s , number of b a y s , o r v a l u e of l o a d s . I n g e n e r a l , t h e s e a r e s i n ­

g l e v a l u e d v a r i a b l e s . W h i l e t h e r e may b e more t h a n one s t o r y , a s i n g l e 

s t o r y w i l l h a v e o n l y one h e i g h t . 

P r o b l e m c o n s t r a i n t s a r e t h e l i m i t a t i o n s w i t h i n w h i c h t h e p r o b l e m 

r e q u i r e m e n t s mus t b e m e t . T h e s e may i n c l u d e s u c h i t e m s a s t h e r o l l e d 

s h a p e s a v a i l a b l e , p l a t e t h i c k n e s s e s and l e n g t h s , a v a i l a b l e , y i e l d 

s t r e n g t h s a v a i l a b l e , and t h e u n i t c o s t s of v a r i o u s m a t e r i a l s . G e n e r a l ­

l y t h e p r o b l e m c o n s t r a i n t s w i l l b e m u l t i - v a l u e d . They a r e u s u a l l y 

c o n c e r n e d w i t h m a t e r i a l a v a i l a b i l i t y and c o s t s . 

P r o b l e m v a r i a b l e s t o g e t h e r w i t h t h e p r o b l e m c o n s t r a i n t s i n c l u d e 

a l l t h o s e i t e m s n e c e s s a r y f o r a c o m p l e t e d e f i n i t i o n of t h e s t r u c t u r a l 
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Resign p r o b l e m . G e n e r a l l y t h e s e a r e i t e m s w h i c h a r e s p e c i f i e d by 

someone o t h e r t h a n t h e s t r u c t u r a l e n g i n e e r . W h i l e i n some c a s e s t h e 

e n g i n e e r may h a v e a v o i c e i n t h e d e t e r m i n a t i o n of some of t h e s e v a r i ­

a b l e s , t h e y a r e g e n e r a l l y d e t e r m i n e d b y t h e o w n e r , t h e a r c h i t e c t , 

b u i l d i n g c o d e s , s p e c i f i c a t i o n s , o r v e n d o r s . 

D e s i g n p a r a m e t e r s and d e s i g n c o n s t r a i n t s , on t h e o t h e r h a n d , a r e 

c o m p l e t e l y s u b j e c t t o t h e c o n t r o l o f t h e s t r u c t u r a l e n g i n e e r . The 

d i s t i n c t i o n b e t w e e n t h e two i s somewhat a r b i t r a r y a s i t e m s may b e i n t e r ­

c h a n g e d b e t w e e n them. D e s i g n p a r a m e t e r s a r e t h o s e i t e m s w h i c h when 

a s s i g n e d v a l u e s r e d u c e t h e d e s i g n p r o b l e m t o e s s e n t i a l l y a l i n e a r 

s e l e c t i o n p r o b l e m on t h e r e m a i n i n g i t e m s ! , w h i c h a r e t h e n d e f i n e d a s t h e 

d e s i g n c o n s t r a i n t s . A t r i a l d e s i g n i s s p e c i f i e d by g i v i n g v a l u e s t o 

b o t h t h e d e s i g n p a r a m e t e r s and t h e d e s i g n c o n s t r a i n t s . 

As a n e x a m p l e , i n a p l a t e g i r d e r d e s i g n , once t h e d e p t h of t h e 

g i r d e r and t h e w i d t h of t h e f l a n g e s a r e s e t , t h e n t h i c k n e s s e s of t h e 

f l a n g e s and web may b e o b t a i n e d by an e s s e n t i a l l y l i n e a r s e l e c t i o n from 

t h e a v a i l a b l e p l a t e s i z e s . I n t h i s e x a m p l e t h e s p a n of t h e g i r d e r and 

t h e l o a d s t o b e c a r r i e d w o u l d b e c l a s s e d a s p r o b l e m v a r i a b l e s w h i l e 

a v a i l a b l e p l a t e s i z e s and t h e i r c o s t s w o u l d b e c l a s s e d a s p r o b l e m c o n ­

s t r a i n t s . The d e p t h of t h e g i r d e r and w i d t h of t h e f l a n g e s a r e t a k e n 

a s d e s i g n p a r a m e t e r s w h i l e t h e t h i c k n e s s e s of t h e web and f l a n g e s a r e 

t a k e n a s d e s i g n c o n s t r a i n t s . I t i s o b v i o u s t h a t t h e t h i c k n e s s of t h e 

f l a n g e and i t s w i d t h c o u l d b e i n t e r c h a n g e d a s t o c l a s s . 

Of i m p o r t a n c e i n s e v e r a l of t h e s e c t i o n s t h a t f o l l o w w i l l b e t h e 

mode of v a r i a t i o n of t h e v a r i o u s p a r a m e t e r s . V a l u e s of t h e s e p a r a m e t e r s 

may b e 
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1 . a c o n s t a n t . 

2 . a member of an a r r a y , 

3 . a member of a s e t of numbers d e f i n e d a s 

f. = f + i ( h ) f o r i = 1 t o no 1 o 

4. a c o n t i n u o u s v a r i a b l e w i t h i n s p e c i f i e d l i m i t s . 

I n f u t u r e r e f e r e n c e s t h e s e modes of v a r i a t i o n w i l l b e r e f e r r e d t o a s 

c o n s t a n t , a r r a y , i n c r e m e n t a l , and c o n t i n u o u s r e s p e c t i v e l y . 

I n o r d e r t o c h o o s e b e t w e e n two f e a s i b l e t r i a l d e s i g n s t h e i r 

j 
r e l a t i v e m e r i t s mus t b e compared . T h e r e a r e a l w a y s some u n d e s i r a b l e 

c h a r a c t e r i s t i c s a s s o c i a t e d w i t h any t r i a l d e s i g n . T h e s e m i g h t i n c l u d e , 

f o r e x a m p l e , c o s t o r w e i g h t . The r e l a t i o n s h i p b e t w e e n t h e s e c h a r a c t e r ­

i s t i c s and t h e d e s i g n p a r a m e t e r s i s d e f i n e d a s t h e o b j e c t i v e f u n c t i o n . 

I t i s t h e p u r p o s e of t h e s t r u c t u r a l e n g i n e e r t o o p t i m i z e t h i s o b j e c t i v e 

f u n c t i o n o r t o m i n i m i z e t h e u n d e s i r a b l e c h a r a c t e r i s t i c s . I n t h i s work 

t h e o b j e c t i v e f u n c t i o n i s a s sumed t o b e a u n i m o d a l f u n c t i o n , i . e . , i t i s 

a s sumed t h a t t h e r e a r e no l o c a l min imums. A more d e t a i l e d d i s c u s s i o n of 

t h i s a s s u m p t i o n and i t s l i m i t a t i o n s w i l l b e made i n t h e c h a p t e r on 

o p t i m i z a t i o n . 

The g o a l of t h e s t r u c t u r a l d e s i g n p r o c e s s may now b e s t a t e d a s 

f o l l o w s : From t h e p r o b l e m c o n s t r a i n t s s e l e c t t h a t s e t of d e s i g n p a r a ­

m e t e r s w i t h i t s a s s o c i a t e d d e s i g n c o n s t r a i n t s w h i c h s a t i s f i e s t h e 

p r o b l e m r e q u i r e m e n t s and o p t i m i z e s t h e o b j e c t i v e f u n c t i o n . F i g u r e 2 

i s a f l o w c h a r t of a p r o c e d u r e t o b e f o l l o w e d i n a c c o m p l i s h i n g t h i s g o a l . 

Each of t h e s t e p s i n t h i s p r o c e d u r e s e r v e s a p a r t i c u l a r f u n c t i o n w i t h 

r e s p e c t t o e i t h e r one o r two c l a s s e s of t h e p a r a m e t e r s o r v a r i a b l e s . 

A u t o m a t i o n of t h e s t r u c t u r a l d e s i g n p r o c e s s r e q u i r e s a d e t a i l e d e x a m i n a -
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I n i t i a l i z e 
p r o b l e m 
p a r a m e t e r s 

A c c e p t 
i n p u t 

Comple t e 
" ^ i n i t i a l i z a t i o n 

PROBLEM VARIABLES ANl CONSTRAINTS 

ANALYSIS 

A n a l y z e 
t r i a l 
d e s i g n 

DESIGN 
CONSTRAINTS 

E v a l u a t e 
t r i a l 
d e s i g n 

S e t i n i t i a l 
v a l u e s of 
d e s i g n p a r a m e t e r s 

DESIGN PARAMETERS 

I n c r e a s e 
d e s i g n 
c o n s t r a i n t 

Change 
d e s i g n 
p a r a m e t e r s — a — 

D e c r e a s e 
$ f s i g n 
c o n s t r a i n t 

y e s 

F i g u r e 2 . Expanded S t r u c t u r a l D e s i g n P r o c e s s Flow C h a r t 
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t i o n of t h e f u n c t i o n of e a c h s t e p and i t s a c t i o n on t h e d i f f e r e n t 

c l a s s e s of v a r i a b l e s . Computer r o u t i n e s mus t b e c a p a b l e of p e r f o r m i n g 

e a c h of t h e s e f u n c t i o n s . 

P r o b l e m V a r i a b l e s and C o n s t r a i n t s 

The f u n c t i o n of t h e i n i t i a l i z a t i o n and i n p u t s t e p s i s t o d e f i n e 

t h e s t r u c t u r a l d e s i g n p r o b l e m ; t h e r e f o r e , t h e s e s t e p s d e a l w i t h t h e 

p r o b l e m v a r i a b l e s and c o n s t r a i n t s . V a l u e s mus t b e a s s i g n e d t o b o t h . 

T h e s e v a l u e s may b e a s s i g n e d e i t h e r by d e f a u l t t o commonly u s e d v a l u e s 

a s s i g n e d by t h e i n i t i a l i z a t i o n r o u t i n e o r by t h e u s e r t h r o u g h t h e i n p u t 

r o u t i n e . When a t a l l p o s s i b l e t h e most commonly u s e d v a l u e s of t h e 

p r o b l e m v a r i a b l e s and c o n s t r a i n t s s h o u l d b e s u p p l i e d . C e r t a i n l y t h e 

u s e r mus t h a v e t h e a b i l i t y t o o v e r r i d e t h e s e d e f a u l t o p t i o n s . 

The i n p u t r o u t i n e p r o v i d e s f o r u s e r c o m m u n i c a t i o n w i t h t h e s y s t e m . 

I t s h o u l d n o t i m p o s e r i g i d r e q u i r e m e n t s f o r t h e form of i n p u t . The u s e r 

s h o u l d h a v e c o m p l e t e c o n t r o l o v e r t h e s p e c i f i c a t i o n of t h e p r o b l e m and 

t h e t y p e of o u t p u t . One method of e l i m i n a t i n g t h e n e e d f o r r i g i d i n p u t 

r e q u i r e m e n t s i s t h e u s e of k e y w o r d d e s c r i p t i v e i n f o r m a t i o n on t h e d a t a 

c a r d s . T h i s i n f o r m a t i o n s h o u l d b e i n t h e l a n g u a g e of t h e u s e r . T h i s 

t o g e t h e r w i t h t h e u s e of d e f a u l t o p t i o n s w i l l a l l o w a minimum of d a t a 

i n p u t t o s p e c i f y a p r o b l e m and w i l l n o t r e q u i r e any f i x e d o r d e r of i n p u t . 

A c o n v e n i e n t method of c o d i n g d a t a i s t h e u s e of a " f r e e - f o r m " f o r m a t i n 

w h i c h t h e d a t a may b e w r i t t e n i n any column of t h e c a r d w i t h e a c h i t e m 

b e i n g d e l i m i t e d by a b l a n k s p a c e . The i n p u t r o u t i n e mus t a l l o w f o r i n p u t 

of c o n s t a n t , i n c r e m e n t a l , a r r a y , and c o n t i n u o u s d a t a . The f o l l o w i n g 

e x a m p l e s show how t h i s c o u l d b e i m p l e m e n t e d . 
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1 . C o n s t a n t 

DEPTH OF GIRDER 3 6 , 0 INCHES 

Only one n u m e r i c v a l u e on t h e c a r d i n d i c a t e s a c o n s t a n t . 

2 . A r r a y 

DEPTH OF GIRDER 2 4 . 0 2 7 . 0 2 9 . 0 OR 3 3 . 0 INCHES 

More t h a n one v a l u e on a c a r d and t h e a b s e n c e of t h e k e y w o r d 

"TO" i n d i c a t e s t h a t t h i s i s an a r r a y of d a t a . 

3 . I n c r e m e n t a l 

DEPTH OF GIRDER 2 4 . 0 TO 3 6 . 0 BY 2 . 0 INCHES 

The k e y w o r d s "TO" and "BY" and t h e p r e s e n c e of t h r e e n u m e r i c 

v a l u e s i n d i c a t e t h a t t h i s i s i n c r e m e n t a l d a t a . 

4 . C o n t i n u o u s 

DEPTH OF GIRDER 2 4 . 0 TO 3 6 . 0 INCHES 

C o n t i n u o u s d a t a i s i n d i c a t e d b y two n u m e r i c v a l u e s and t h e 

k e y w o r d "TO". 

The i n p u t r o u t i n e d e v e l o p e d i n t h e a p p l i c a t i o n p o r t i o n of t h i s work 

w i l l u s e t h e a r r a n g e m e n t o u t l i n e d a b o v e . 

D e s i g n P a r a m e t e r s 

C o n t r o l of t h e d e s i g n p a r a m e t e r s i s a c c o m p l i s h e d t h r o u g h t h e u s e 

of a n o p t i m i z i n g r o u t i n e . Such a r o u t i n e mus t a l l o w f o r any of t h e 

f o u r modes of p a r a m e t e r v a r i a t i o n . The t e c h n i q u e s u s e d i n t h i s r o u t i n e 

s h o u l d b e t h o s e w h i c h w i l l s e a r c h o u t t h e optimum v a l u e s f o r p a r a m e t e r s 

of t h e v a r i o u s modes i n an e f f i c i e n t m a n n e r . T h i s r o u t i n e mus t r e c e i v e 

t h e c u r r e n t v a l u e of t h e o b j e c t i v e f u n c t i o n a t t h e end of e a c h d e s i g n 

t r i a l . A l s o i t mus t p e r f o r m t h r e e p r i m a r y f u n c t i o n s w i t h r e s p e c t t o 
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t h e d e s i g n p a r a m e t e r s . 

1 . S e t i n i t i a l v a l u e s of t h e d e s i g n p a r a m e t e r s . 

2 . Change t h e v a l u e s of t h e d e s i g n p a r a m e t e r s b e t w e e n d e s i g n 

t r i a l s . 

3 . D e t e r m i n e when t h e optimum v a l u e s of t h e d e s i g n p a r a m e t e r s 

h a v e b e e n o b t a i n e d . 

A g e n e r a l i z e d o p t i m i z i n g r o u t i n e h a s b e e n d e v e l o p e d and w i l l b e d i s c u s s e d 

i n C h a p t e r I I I . 

D e s i g n C o n s t r a i n t s 

V a l u e s f o r t h e d e s i g n c o n s t r a i n t s a r e s e l e c t e d from t h e p r o b l e m 

c o n s t r a i n t s i n a l i n e a r d e t e r m i n a t i o n . The r e q u i r e m e n t on w h i c h t h i s 

d e t e r m i n a t i o n i s made i s t h a t t h e s m a l l e s t v a l u e w h i c h w i l l s a t i s f y t h e 

s p e c i f i c a t i o n s s h o u l d b e u s e d . Thus the ' f u n c t i o n of t h e r o u t i n e s h a n d ­

l i n g t h e s e v a r i a b l e s i s t o d e t e r m i n e i f t h e s p e c i f i c a t i o n s h a v e b e e n met 

and i f s o w h e t h e r a s m a l l e r v a l u e w o u l d a l s o m e e t t h e s p e c i f i c a t i o n s e 

I f t h e s p e c i f i c a t i o n s h a v e n o t b e e n met t h e n a l a r g e r v a l u e i s u s e d i f 

a v a i l a b l e . I f no l a r g e r v a l u e i s a v a i l a b l e , t h e n t h e s e r o u t i n e s mus t 

ma rk t h e p a r t i c u l a r s e t of d e s i g n p a r a m e t e r s a s a n o n - f e a s i b l e s o l u t i o n 

and r e t u r n c o n t r o l t o t h e o p t i m i z i n g r o u t i n e f o r t h e n e x t t r i a l d e s i g n . 

New v a l u e s of t h e d e s i g n c o n s t r a i n t s a r e d e t e r m i n e d b y moving 

f o r w a r d o r b a c k w a r d i n a t a b l e of a v a i l a b l e v a l u e s a s r e q u i r e d , f o r w a r d 

i f an i n c r e a s e i n t h e v a l u e i s r e q u i r e d , b a c k w a r d i f a d e c r e a s e i s r e ­

q u i r e d . T h i s r e q u i r e s t h a t t h e p r o b l e m c o n s t r a i n t s f rom w h i c h t h e 

v a l u e s a r e s e l e c t e d b e i n i n c r e a s i n g s e q u e n t i a l o r d e r . I n i t i a l v a l u e s 

of t h e s e p a r a m e t e r s a r e s e t by t h e i n i t i a l i z i n g r o u t i n e s s o t h a t a 
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b e g i n n i n g a n a l y s i s may b e o b t a i n e d . S u b s e q u e n t i t e r a t i o n s w i l l u s e t h e 

l a s t e s t a b l i s h e d v a l u e s a s a b e g i n n i n g p o i n t . I n s t a t i c a l l y d e t e r m i n a t e 

p r o b l e m s t h e c h a n g i n g of t h e s e v a l u e s h a s no e f f e c t on t h e s h e a r s , 

moment s , and a x i a l f o r c e s d e t e r m i n e d b y t h e a n a l y s i s r o u t i n e . S i n c e 

t h i s i s n o t t h e c a s e w i t h s t a t i c a l l y i n d e t e r m i n a t e p r o b l e m s , an i t e r a ­

t i v e p r o c e d u r e i s r e q u i r e d t o i n s u r e t h a t v a l u e s a r e s e l e c t e d b a s e d on 

s h e a r s , a x i a l f o r c e s , and moments w h i c h w i l l r e s u l t from t h e s e same 

s e l e c t e d v a l u e s . 

U s e r ' s Guide R e q u i r e m e n t s 

No s y s t e m i s c o m p l e t e w i t h o u t a c l e a r , c o n c i s e g u i d e d e s c r i b i n g 

t h e s y s t e m ' s f u n c t i o n s , t h e b a s i s of i t s o p e r a t i o n , t h e me thods u s e d , 

t h e r e q u i r e m e n t s f o r i t s u s e , and i l l u s t r a t i v e e x a m p l e s . C o m p l e t e 

l i s t i n g s of t h e r o u t i n e s u s e d i n t h e s y s t e m s h o u l d b e i n c l u d e d a s an 

a p p e n d i x t o t h i s m a n u a l . Any m a c h i n e d e p e n d e n t code s h o u l d b e n o t e d 

f o r t h e c o n v e n i e n c e of t h o s e who mus t c o n v e r t t h e s y s t e m f o r u s e on 

o t h e r m a c h i n e s . A l i s t i n g of t h o s e v a r i a b l e names u s e d i n t h e code and 

t h e i r m e a n i n g s w o u l d b e . o f u s e i n m o d i f y i n g t h e r o u t i n e s , Chang ing t h e 

d e f a u l t o p t i o n s , o r i n c o r p o r a t i n g i n d i v i d u a l r o u t i n e s i n t o o t h e r s y s t e m s . 

P r o c e d u r a l O u t l i n e f o r t h e Development of a S t r u c t u r a l D e s i g n S v s t e m 

1 . D e t e r m i n e and c l a s s a l l v a r i a b l e s and p a r a m e t e r s a s s o c i a t e d 

w i t h t h e p r o b l e m . Where p o s s i b l e t h e mos t commonly u s e d v a l u e s of 

t h e s e v a r i a b l e s s h o u l d b e n o t e d f o r u s e a s d e f a u l t o p t i o n s . 

2 . Deve lop a r o u t i n e t o i n i t i a l i z e t h o s e v a l u e s w h i c h w i l l b e 

p r o v i d e d a s d e f a u l t o p t i o n s . I n some c a s e s i t w i l l b e n e c e s s a r y t o 

c o m p l e t e i n i t i a l i z a t i o n a f t e r p r o g r a m i n p u t h a s b e e n a c c e p t e d . For 
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e x a m p l e , w i n d l o a d i n g c o e f f i c i e n t s c a n n o t b e i n i t i a l i z e d u n t i l a f t e r t h e 

s p a n and h e i g h t of t h e s t r u c t u r e h a v e b e e n d e t e r m i n e d o C a r e mus t b e 

t a k e n t o i n s u r e t h a t i n i t i a l i z a t i o n s u b s e q u e n t t o p r o b l e m i n p u t d o e s n o t 

o v e r r i d e u s e r s p e c i f i c a t i o n 0 The i n i t i a l i z a t i o n r o u t i n e s h o u l d a l s o s e t 

i n i t i a l v a l u e s f o r t h e d e s i g n c o n s t r a i n t s . 

3 . Deve lop an a n a l y s i s r o u t i n e t o d e t e r m i n e s h e a r s , moments , and 

a x i a l f o r c e s f o r t h e d i f f e r e n t l o a d s , and combine them i n a c c o r d a n c e 

w i t h t h e l o a d i n g c o m b i n a t i o n s d e s i r e d . 

4 . Deve lop an o p t i m i z a t i o n r o u t i n e f o r t h e f u n c t i o n s r e q u i r e d t o 

h a n d l e t h e d e s i g n p a r a m e t e r s . The r o u t i n e d e v e l o p e d i n t h e p r e s e n t 

w o r k i s a g e n e r a l one and m i g h t b e u s e d . 

5 . D e v e l o p r o u t i n e s f o r t h e f u n c t i o n s r e q u i r e d t o h a n d l e t h e 

d e s i g n c o n s t r a i n t s . 

6 . W r i t e a r o u t i n e t o d e t e r m i n e t h e v a l u e of t h e o b j e c t i v e 

f u n c t i o n . 

7 . W r i t e a m a i n c o n t r o l r o u t i n e t o c a l l t h e v a r i o u s r o u t i n e s i n 

t h e o r d e r r e q u i r e d t o a t t a i n t h e g o a l of t h e d e s i g n p r o c e s s . 

8 . W r i t e t h e U s e r ' s M a n u a l . 
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CHAPTER I I I 

OPTIMIZATION 

G e n e r a l 

O p t i m i z a t i o n i s t h e p r o c e s s of f i n d i n g t h a t s e t of p a r a m e t e r s 

w h i c h p r o d u c e s a minimum ( o r maximum) v a l u e of an o b j e c t i v e f u n c t i o n 0 

O p t i m i z a t i o n t e c h n i q u e s i n c l u d e t h e me thods of c l a s s i c a l c a l c u l u s , 

l i n e a r p r o g r a m m i n g , n o n - l i n e a r p r o g r a m m i n g , and d i r e c t s e a r c h i n g „ W i t h 

t h e e x c e p t i o n of t h e s e a r c h i n g methods a l l of t h e a b o v e r e q u i r e t h a t 

t h e o b j e c t i v e f u n c t i o n b e s t a t e d in< c l o s e d form i n t e r m s of t h e p a r a ­

m e t e r s . Optimum s e a r c h i n g methods a l l o w t h e o p t i m i z a t i o n of f u n c t i o n s 

whose a n a l y t i c a l form i s unknown and r e q u i r e o n l y t h a t t h e v a l u e of t h e 

f u n c t i o n can b e o b t a i n e d by some means f o r any c o m b i n a t i o n of t h e i n d e ­

p e n d e n t p a r a m e t e r s . S i n c e t h e o b j e c t i v e f u n c t i o n of a s t r u c t u r a l d e s i g n 

p r o b l e m u s u a l l y c a n n o t b e s t a t e d d i r e c t l y i n t e r m s of t h e d e s i g n p a r a ­

m e t e r s , optimum s e a r c h i n g methods a p p e a r most u s e f u l and w i l l b e u s e d i n 

t h e p r e s e n t w o r k . 

Optimum s e a r c h i n g methods a s s u m e t h a t t h e o b j e c t i v e f u n c t i o n i s 

u n i m o d a l ; t h a t i s , i t i s a s sumed t h a t no s u b - o p t i m a e x i s t s . W h i l e t h i s 

w o u l d a p p e a r t o b e a s e r i o u s r e s t r i c t i o n on t h e s e m e t h o d s , t h i s o b s t a c l e 

may b e overcome by p a r t i t i o n i n g t h e s e a r c h a r e a and s e a r c h i n g e a c h 

p a r t i t i o n f o r i t s opt imum. E x a m i n a t i o n of F i g u r e 3 r e v e a l s how p a r t i ­

t i o n i n g m i g h t b e u s e d t o i s o l a t e s u b - o p t i m a . R o u t i n e s d e v e l o p e d w i t h 

t h i s w o r k w i l l s e a r c h one p a r t i t i o n , l e a v i n g p a r t i t i o n i n g t o t h e 



F i g u r e 3 . P a r t i t i o n i n g t o I s o l a t e Sub-^opt ima 
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d i s c r e t i o n of t h e u s e r . 

Two b a s i c s e a r c h p l a n s w i l l b e p r e s e n t e d i n t h i s w o r k , n a m e l y , 

o r t h o g o n a l and d i a g o n a l s e a r c h i n g , , 

O r t h o g o n a l S e a r c h i n g 

O r t h o g o n a l s e a r c h i n g i s t h e o r t h o g o n a l a p p l i c a t i o n of one 

d i m e n s i o n a l s e a r c h t e c h n i q u e s t o m u l t i - d i m e n s i o n a l p r o b l e m s - An o p t i ­

mum v a l u e w i l l b e found f o r e a c h p a r a m e t e r i n t u r n , h o l d i n g t h e o t h e r s 

c o n s t a n t . B e c a u s e of t h e p o s s i b l e i n t e r a c t i o n of t h e v a r i o u s p a r a m e ­

t e r s , i t i s n e c e s s a r y t o r e p e a t t h i s p r o c e s s u n t i l no p a r a m e t e r c a n b e 

c h a n g e d t o t h e a d v a n t a g e of t h e o b j e c t i v e f u n c t i o n . An e x a m p l e of t h i s 

method i s i l l u s t r a t e d i n F i g u r e 4 . I n t h i s two d i m e n s i o n a l e x a m p l e x 

and y a r e b o t h i n c r e m e n t a l p a r a m e t e r s . The c o n t o u r s i n t h i s f i g u r e 

r e p r e s e n t t h e v a l u e s of t h e o b j e c t i v e f u n c t i o n . The f i r s t s e a r c h i s 

made w i t h x = x ^ , and t h e optimum v a l u e of y i s found t o b e The 

s e c o n d s e a r c h i s made w i t h y = y ^ f i n d i n g t h e optimum v a l u e of x t o b e 

x ^ . The t h i r d s e a r c h w i t h x = x ^ s e t s y = y ^ . The f o u r t h s e a r c h 

r e v e a l s t h a t no improvemen t can b e made i n t h e v a l u e of t h e o b j e c t i v e 

f u n c t i o n b y c h a n g i n g x . Thus t h e optimum h a s b e e n found a t x = x ^ , 

y = y 5 ° 

I n some i n s t a n c e s , p a r t i c u l a r l y w i t h i n c r e m e n t a l o r a r r a y t y p e 

p a r a m e t e r s , o r t h o g o n a l s e a r c h i n g w i l l i n d i c a t e a f a l s e optimum ( 1 4 ) . 

Such a c o n d i t i o n i s i n d i c a t e d i n F i g u r e 5 . I n t h i s e x a m p l e x and y a r e 

once a g a i n i n c r e m e n t a l p a r a m e t e r s . The f i r s t s e a r c h i s made w i t h 

x = Xg, and a n optimum v a l u e of y i s found t o b e y ^ . The s e c o n d s e a r c h 

f i n d s t h a t no improvemen t c a n b e made w i t h r e s p e c t t o x 9 t h u s a f a l s e 



x 2 x 3 x 4 X5 
S e a r c h Orde r Optimunuaff 
1 . 

A long Y w i t h X = x3 Y 
4 2. 

Along X w i t h Y 
X 4 

3. 
Along Y w i t h X ~\ Y 

5 4. 
Along X w i t h Y = Y 

5 
\ 

F i g u r e 4, O r t h o g o n a l S e a r c h 
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F i g u r e 5 . F a l s e Optimum by O r t h o g o n a l S e a r c h 
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optimum h a s b e e n i n d i c a t e d a t x ^ , T h i s t r a p w i l l b e e l i m i n a t e d b y 

a n o n - o r t h o g o n a l o r " d i a g o n a l " s e a r c h w h i c h w i l l b e e x p l a i n e d l a t e r . 

S e a r c h r o u t i n e s f o r s t r u c t u r a l d e s i g n p r o b l e m s must s e r v i c e b o t h 

c o n t i n u o u s and a r r a y o r i n c r e m e n t a l t y p e p a r a m e t e r s . The methods 

s e l e c t e d f o r u s e h e r e a r e t h e g o l d e n s e c t i o n s e a r c h f o r c o n t i n u o u s 

p a r a m e t e r s and a l a t t i c e s e a r c h , b a s e d on t h e F i b o n a c c i n u m b e r s , f o r 

a r r a y and i n c r e m e n t a l p a r a m e t e r s . Only a b r i e f o u t l i n e of t h e s e 

me thods w i l l b e p r e s e n t e d h e r e . A d e t a i l e d e x p l a n a t i o n h a s b e e n made b y 

W i l d e ( 1 4 ) . 

Golden S e c t i o n S e a r c h 

The g o l d e n s e c t i o n s e a r c h i s a method d e v e l o p e d by K i e f e r ( 5 ) 

b a s e d on E u c l i d ' s g o l d e n s e c t i o n . The g o l d e n s e c t i o n i s t h e d i v i s i o n 

of a l i n e i n t o two p a r t s s u c h t h a t t h e r a t i o of t h e l o n g e r p a r t , x , t o 

t h e w h o l e , L , e q u a l s t h e r a t i o of t h e s h o r t e r p a r t , L - x , t o t h e 

l o n g e r p a r t . 

x L - x 
L = x 

f = 0 .61804 ^ - S - = 0 .38196 

i-i Li 
When u s i n g t h i s method t o l o c a t e an optimum v a l u e of an o b j e c t i v e f u n c ­

t i o n w i t h i n some r a n g e , L , of t h e i n d e p e n d e n t v a r i a b l e , t h e f i r s t two 

d e t e r m i n a t i o n s of t h e f u n c t i o n v a l u e s h o u l d b e made a t p o i n t s L - x 

from each, end of t h e r a n g e . S i n c e t h e f u n c t i o n i s a s sumed t o b e u n i -

m o d a l , t h e r a n g e c o n t a i n i n g t h e optimum may b e r e d u c e d b y d i s c a r d i n g 

t h a t r e g i o n t o t h e r i g h t o r l e f t of t h e h i g h e r f u n c t i o n v a l u e , t o t h e 
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r i g h t i f t h e r i g h t v a l u e i s h i g h , t o t h e l e f t i f t h e l e f t v a l u e i s h i g h . 

T h i s p r o c e s s i s c o n t i n u e d u n t i l t h e r a n g e c o n t a i n i n g t h e optimum h a s 

b e e n r e d u c e d t o some a c c e p t a b l e v a l u e . Use of t h e g o l d e n s e c t i o n 

r e q u i r e s t h a t o n l y one a d d i t i o n a l f u n c t i o n e v a l u a t i o n b e made f o r e a c h 

r a n g e r e d u c t i o n a f t e r t h e f i r s t . T h i s p r o c e s s i s i l l u s t r a t e d i n F i g u r e 

6 . 

L a t t i c e S e a r c h 

The l a t t i c e s e a r c h i s a n o t h e r t e c h n i q u e d e v e l o p e d b y K i e f e r ( 5 ) . 

T h i s s e a r c h p l a n i s u s e f u l w h e r e t h e i n d e p e n d e n t v a r i a b l e c a n n o t v a r y 

c o n t i n u o u s l y b u t mus t t a k e on d i s c r e t e v a l u e s . Use i s made of t h e 

F i b o n a c c i numbers w h i c h a r e d e f i n e d a s f o l l o w s : 

F 0 " F l - 1 

F n = F

n - 1 + F n - 2 f o r n = 2 , 3 , 4 , 5 , . . . . . . 

I n t h i s p l a n t h e number o f d i s c r e t e v a l u e s of t h e i n d e p e n d e n t v a r i a b l e 

mus t b e one l e s s t h a n a F i b o n a c c i number . I f t h i s i s n o t t h e c a s e , 

dummy v a l u e s mus t b e a d d e d t o m e e t t h i s r e q u i r e m e n t . The two numbers 

whose sum p r o d u c e d t h e F i b o n a c c i number one l a r g e r t h a n t h e number of 

d i s c r e t e v a l u e s of t h e i n d e p e n d e n t v a r i a b l e a r e t a k e n a s t h e i n d i c e s of 

t h e f i r s t two s e a r c h e s . R a n g e r e d u c t i o n i s a c c o m p l i s h e d a s w i t h t h e 

g o l d e n s e c t i o n me thod . Once a g a i n o n l y one f u n c t i o n e v a l u a t i o n w i l l b e 

r e q u i r e d f o r e a c h r a n g e r e d u c t i o n a f t e r t h e f i r s t . T h i s method i s 

i l l u s t r a t e d i n F i g u r e 7 . 
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Figure 6. Golden Section Search 
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D i a g o n a l S e a r c h i n g 

As p r e v i o u s l y shown, o r t h o g o n a l s e a r c h i n g w i l l n o t n e c e s s a r i l y 

p r o d u c e an optimum v a l u e of t h e o b j e c t i v e f u n c t i o n . To i n s u r e t h a t a n 

optimum s o l u t i o n h a s b e e n r e a c h e d i t w i l l b e n e c e s s a r y t o c h e c k t h e 

p o i n t s on t h e n o n - o r t h o g o n a l v e c t o r s a d j a c e n t to t h e i n d i c a t e d opt imum. 

I f none of t h e s e p o i n t s p r o d u c e s a b e t t e r v a l u e of t h e o b j e c t i v e f u n c ­

t i o n , t h e n t h e optimum h a s b e e n l o c a t e d f o r a u n i m o d a l f u n c t i o n . I f a 

b e t t e r v a l u e i s f o u n d , t h e n d i a g o n a l s e a r c h i n g c o n t i n u e s a l o n g t h i s 

v e c t o r one s t e p a t a t i m e a s l o n g a s e a c h s t e p p r o d u c e s an improvement 

i n t h e o b j e c t i v e f u n c t i o n . D i a g o n a l s e a r c h i n g w h i c h p r o d u c e s an i m p r o v e ­

ment i n t h e o b j e c t i v e f u n c t i o n w i l l b e f o l l o w e d by o r t h o g o n a l s e a r c h i n g . 

O r t h o g o n a l s e a r c h i n g i s a l w a y s , f o l l o w e d by d i a g o n a l s e a r c h i n g . D i a g o n a l 

s e a r c h i n g of p o i n t s a d j a c e n t t o t h e i n d i c a t e d optimum w i t h no i m p r o v e ­

ment i n t h e o b j e c t i v e f u n c t i o n t e r m i n a t e s t h e s e a r c h , a s t h e optimum 

w i l l h a v e b e e n o b t a i n e d . T h i s o v e r a l l p r o c e s s i s i l l u s t r a t e d i n 

F i g u r e 8. 

S e a r c h i n g S u b r o u t i n e s 

Two s u b r o u t i n e s h a v e b e e n d e v e l o p e d t o a c c o m p l i s h t h e s e a r c h 

p l a n o u t l i n e d i n t h i s c h a p t e r . B e c a u s e of t h e i r i m p o r t a n c e i n t h e 

p r a c t i c a l a p p l i c a t i o n of optimum d e s i g n and b e c a u s e of t h e i r g e n e r a l 

a p p l i c a b i l i t y t o o t h e r o p t i m i z i n g p r o b l e m s , t h e i r f u n c t i o n s and 

r e q u i r e m e n t s w i l l b e d i s c u s s e d i n d e t a i l . 

T h e s e s u b r o u t i n e s , OPTMUM and SEARCH, a r e w r i t t e n i n b a s i c 

FORTRAN and may b e c a l l e d a s f o l l o w s ; 

CALL OPTMUM (KIN) 



2 6 

X X 2 X3 
S e a r c h Order x4 

X. X 6 X-

1 . O r t h o g o n a l s e a r c h X = X 
3 

2 . O r t h o g o n a l s e a r c h Y 
" Y 3 

3 . D i a g o n a l s e a r c h a r o u n d X^, 

4 . D i a g o n a l s e a r c h of X^, Y^ 

5 . D i a g o n a l s e a r c h of X . Y 
6 0 

6 . O r t h o g o n a l s e a r c h X 
• X 5 . 

7 . O r t h o g o n a l s e a r c h Y 
" Y 5 

8 . O r t h o g o n a l s e a r c h X = X 
6 

9 . D i a g o n a l s e a r c h a r o u n d X . , Y,. 
0 J 

F i g u r e 8 . O v e r a l l S e a r c h P l a n 
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CALL SEARCH (SWTCH) 

KIN and SWTCH a r e i n d i c e s u s e d b o t h by t h e c a l l i n g p r o g r a m and by t h e 

s u b r o u t i n e s t o c o n t r o l t h e s e a r c h p l a n . D a t a c o m m u n i c a t i o n b e t w e e n t h e 

c a l l i n g p r o g r a m and t h e s e s u b r o u t i n e s i s t h r o u g h t h e COMMON a r e a . The 

c a l l i n g p r o g r a m m u s t c o n t a i n a COMMON s t a t e m e n t s i m i l i a r t o t h e f o l l o w ­

i n g : 

COMMON A ( 9 , 1 7 ) , O P T L ( 6 ) , O P S A V ( 1 0 ) 

The t a b l e s e s t a b l i s h e d by t h i s s t a t e m e n t a r e i l l u s t r a t e d i n F i g u r e 9 . 

P r i o r t o t h e u s e of t h e s e t a b l e s t h e i t e m s c h e c k e d i n t h i s f i g u r e mus t 

b e s u p p l i e d . The o t h e r i t e m s w i l l b e s u p p l i e d a s n e c e s s a r y upon t h e 

f i r s t c a l l t o OPTMUM. I t s h o u l d b e n o t e d t h a t e a c h p a r a m e t e r t o b e 

o p t i m i z e d i s a s s i g n e d t o a l i n e i n t h e A m a t r i x . For c o n v e n i e n c e , t h e 

names of t h e s e p a r a m e t e r s i n t h e c a l l i n g p r o g r a m may b e s e t e q u i v a l e n t 

t o t h e i r p r e s e n t v a l u e s i n t h e A m a t r i x . 

EQUIVALENCE ( C 0 L U , A ( 3 , 2 ) ) , ( R A F T , A ( 5 , 2 ) ) 

S u b r o u t i n e OPTMUM h a s two p r i m a r y f u n c t i o n s : i n i t i a l i z a t i o n of 

t h e t a b l e s r e q u i r e d f o r t h e o p t i m i z a t i o n p r o c e s s and t h e c o n t r o l of t h e 

o r t h o g o n a l s e a r c h p a t t e r n . I t u s e s t h e g o l d e n s e c t i o n method f o r c o n ­

t i n u o u s p a r a m e t e r s and t h e l a t t i c e s e a r c h method f o r a r r a y and i n c r e ­

m e n t a l p a r a m e t e r s . I t t a k e s no n o t i c e of c o n s t a n t p a r a m e t e r s . The 

i n i t i a l c a l l i s made t o OPTMUM w i t h KIN == 1 . At t h i s t i m e t h e A t a b l e 

i s c o m p l e t e d , t h e OPSAV and OPTL t a b l e s i n i t i a l i z e d , and c o n t r o l of t h e 

s e a r c h g i v e n t o OPTMUM. A r e t u r n from OPTMUM w i t h KIN = 2 o r 3 r e q u e s t s 

t h e c a l l i n g p r o g r a m t o e v a l u a t e t h e o b j e c t i v e f u n c t i o n f o r t h e p r e s e n t 

p a r a m e t e r v a l u e s i n d i c a t e d i n t h e A t a b l ^ e , s t o r e t h i s v a l u e a s t h e new 

f u n c t i o n v a l u e i n t h e OPTL t a b l e , and r e c a l l OPTMUM. A r e t u r n from 
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1 2 3 4 5 6 7 8 9 10 
V 
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&v / / 
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The ' A ' T a b l e 

Type of Parameter Codes 

0 - C o n s t a n t 

1 - A r r a y 

2 - I n c r e m e n t 

3 - C o n t i n u o u s 

y P r e s e n t Old Old , 
Number of New P a r a m e t e r New F u n c t i o n P a r a m e t e r P a r a m e t e r F u n c t i o n 
P a r a m e t e r s l v a l u e V a l u e Number V a l u e V a l u e 

The 'OPTL' T a b l e 

Optimum P a r a m e t e r V a l u e s F u n c t i o n 
V a l u e 1 2 3 4 5 6 7 8 9 

F u n c t i o n 
V a l u e 

The 'OPSAV' T a b l e 

F i g u r e 9 . C o n t r o l T a b l e s f o r t h e O p t i m i z i n g S u b r o u t i n e s 



29 

OPTMUM t o t h e c a l l i n g p r o g r a m w i t h KIN = 4 i n d i c a t e s t h a t o r t h o g o n a l 

s e a r c h i n g h a s b e e n c o m p l e t e d . 

S u b r o u t i n e SEARCH c o n t r o l s t h e d i a g o n a l s e a r c h p a t t e r n . S e a r c h 

c o n t r o l i s g i v e n t o SEARCH w i t h SWTCH = 0 . 0 , R e t u r n from SEARCH t o t h e 

c a l l i n g p r o g r a m w i t h a n e g a t i v e v a l u e of SWTCH i n d i c a t e s t h a t d i a g o n a l 

s e a r c h i n g h a s b e e n c o m p l e t e d w i t h o u t improvement of t h e o b j e c t i v e f u n c ­

t i o n . R e t u r n w i t h SWTCH = 0 . 0 i n d i c a t e s t h a t d i a g o n a l s e a r c h i n g d i d 

i m p r o v e t h e o b j e c t i v e f u n c t i o n . R e t u r n w i t h a p o s i t i v e v a l u e i s a 

r e q u e s t t o t h e c a l l i n g p r o g r a m t o e v a l u a t e t h e o b j e c t i v e f u n c t i o n f o r 

t h e p a r a m e t e r v a l u e s i n d i c a t e d i n t h e A t a b l e , s t o r e t h i s v a l u e i n t h e 

OPTL t a b l e , and r e c a l l SEARCH. 

At t h e c o m p l e t i o n of e i t h e r d i a g o n a l o r o r t h o g o n a l s e a r c h i n g t h e 

optimum v a l u e s of t h e p a r a m e t e r s and t h e a s s o c i a t e d v a l u e of t h e o b j e c ­

t i v e f u n c t i o n a r e c o n t a i n e d i n t h e OPSAV t a b l e . The o v e r a l l c o n t r o l of 

t h e s e a r c h p l a n i s l e f t t o t h e c a l l i n g p r o g r a m i n t h a t i t h a s c o n t r o l 

o v e r t h e o r d e r i n w h i c h OPTMUM and SEARCH a r e c a l l e d . A c o m p l e t e l i s t ­

i n g of t h e FORTRAN s t a t e m e n t s f o r t h e s e s u b r o u t i n e s i s c o n t a i n e d i n t h e 

A p p e n d i x . 
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CHAPTER IV 

APPLICATION 

S y s t e m D e s c r i p t i o n 

The t y p e of s t r u c t u r e s e l e c t e d t o d e m o n s t r a t e t h e p r o p o s e d 

method i s a s i n g l e s p a n g a b l e d f r ame c o n s t r u c t e d of b u i l t - u p s e c t i o n s „ 

A t y p i c a l f r ame of t h i s t y p e i s i l l u s t r a t e d i n F i g u r e 1 0 0 A compu te r 

s o f t - w a r e s y s t e m h a s b e e n d e v e l o p e d f o r t h e a u t o m a t e d optimum d e s i g n of this t y p e of frame. This system i s written in b a s i c FORTRAN and h a s 

b e e n s u c c e s s f u l l y r u n on a 1 3 1 , 0 7 2 b y t e IBM 360 Mode l 40 c o m p u t e r . A 

l i s t i n g of t h e FORTRAN s o u r c e s t a t e m e n t s f o r t h i s s y s t e m i s i n c l u d e d i n 

t h e A p p e n d i x t o t h i s p a p e r . S i n c e t h e c a p a b i l i t y of t h e s y s t e m w i l l 

become a p p a r e n t w i t h t h e p r e s e n t a t i o n of t h e U s e r ' s G u i d e , o n l y t h e 

o r g a n i z a t i o n of t h e s y s t e m w i l l b e p r e s e n t e d h e r e . Deve lopment of t h i s 

s y s t e m w a s a c c o m p l i s h e d f o l l o w i n g t h e o u t l i n e p r e s e n t e d i n C h a p t e r II- . 

V a r i a b l e C l a s s i f i c a t i o n 

The f i r s t s t e p i n t h e d e v e l o p m e n t of an a u t o m a t e d s t r u c t u r a l 

d e s i g n s y s t e m i s t h e i d e n t i f i c a t i o n and c l a s s i f i c a t i o n of t h e p a r a m e t e r s 

and v a r i a b l e s a s s o c i a t e d w i t h t h e p r o b l e m . For t h i s s y s t e m t h e f o l l o w ­

i n g c l a s s i f i c a t i o n s w e r e m a d e . 

P r o b l e m V a r i a b l e s 

( 1 ) S p a n of t h e f rame 

( 2 ) H e i g h t of t h e f r ame a t t h e e a v e 

( 3 ) Loads and t h e i r l o c a t i o n s 



100' Wind Coefficients 
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Part.̂2, "30.0" 
Part 1 
12.0" 

* 

Part 3 
sart 

•6.0" 
Part Length Inside Flange Web Outside Flange 1, 10* 0" 10" x 3/8" 1/4" 10" x 1/4" CM
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Figure 10. Typical Frame 
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( 4 ) G i r t and p u r l i n d e p t h s 

( 5 ) Y i e l d s t r e n g t h s of t h e s t e e l s 

( 6 ) C o s t s of t h e s t e e l s 

P r o b l e m C o n s t r a i n t s 

( 1 ) P l a t e t h i c k n e s s e s 

( 2 ) P l a t e l e n g t h s 

D e s i g n P a r a m e t e r s 

( 1 ) L e n g t h of t h e p a r t s 

( 2 ) Depth of t h e s e c t i o n a t t h e e a v e 

( 3 ) S l o p e of t h e r a f t e r 

( 4 ) Depth of t h e s e c t i o n a t t h e column b a s e 

( 5 ) Depth of t h e s e c t i o n a t t h e r i d g e 

( 6 ) Wid th of t h e r a f t e r f l a n g e s 

( 7 ) Wid th of t h e column f l a n g e s 

( 8 ) L o c a t i o n of any c h a n g e i n g e o m e t r y i n t h e r a f t e r 

( 9 ) Depth of t h e s e c t i o n a t any c h a n g e i n g e o m e t r y i n t h e r a f t e r 

( 1 0 ) Minimum A/H r a t i o f o r web s t i f f e n e r s 

D e s i g n C o n s t r a i n t s 

( 1 ) Web t h i c k n e s s e s 

( 2 ) I n s i d e and o u t s i d e f l a n g e t h i c k n e s s e s 

I n i t i a l i z a t i o n and I n p u t R o u t i n e s 

Four s u b r o u t i n e s w e r e w r i t t e n t o h a n d l e t h e i n i t i a l i z a t i o n and 

i n p u t of t h e p r o b l e m v a r i a b l e s and p r o b l e m c o n s t r a i n t s . The names of ; 

t h e s e s u b r o u t i n e s a l o n g w i t h a b r i e f d e s c r i p t i o n of t h e i r f u n c t i o n s a r e 

l i s t e d belowo 
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NITIAL - i n i t i a l i z e s t h e p r o b l e m v a r i a b l e s and c o n s t r a i n t s . T h i s 

r o u t i n e a l s o s e t s t h e i n i t i a l v a l u e s of t h e d e s i g n c o n s t r a i n t s . 

INPUT - a c c e p t s t h e u s e r ' s d a t a . 

LOOK - s c a n s an i n p u t r e c o r d f o r one of a l i s t of k e y w o r d s . 

SCAN - s c a n s i n p u t r e c o r d s f o r n u m e r i c d a t a . 

WIND - computes w i n d l o a d i n g c o e f f i c i e n t s i f n o t s p e c i f i e d by 

t h e u s e r . 

I n t h e a n a l y s i s a h o r i z o n t a l r e a c t i o n i s s e l e c t e d a s t h e r e d u n -

w h e r e M s i s t h e moment i n t h e s i m p l e f r ame w i t h t h e r e d u n d a n t r e a c t i o n 

r emoved . I n t e g r a t i o n i s a p p r o x i m a t e d u s i n g S i m p s o n ' s R u l e w i t h s e v e n 

s e c t i o n s p e r f r ame p a r t . The t r a p e z o i d a l r u l e i s u s e d t o a c c o u n t f o r 

t h e e x c e s s p o r t i o n s of t h e f r ame a t t h e e a v e s and r i d g e . S h e a r s , 

moments , a x i a l f o r c e s , and r e a c t i o n s a r e combined i n t h e c o m b i n a t i o n s 

r e q u e s t e d f o r t h e d e s i g n . The f o l l o w i n g s i x s u b r o u t i n e s a r e u s e d i n 

t h e a n a l y s i s s e c t i o n of t h e s y s t e m . 

GEOM - computes t h e x and y c o o r d i n a t e s and d e p t h s of e a c h 

s e c t i o n . 

UNIF - computes r e a c t i o n s , s h e a r s , moments , and a x i a l f o r c e s a t 

e a c h s e c t i o n f o r u n i f o r m l y d i s t r i b u t e d l o a d s . 

A n a l y s i s 

d a n t r e a c t i o n and i t s v a l u e i s computed a s 

H = 
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CGNCEN - computes r e a c t i o n s , s h e a r s , momen t s , and a x i a l f o r c e s 

a t e a c h s e c t i o n f o r c o n c e n t r a t e d l o a d s . 

COMBIN - combines r e a c t i o n s , s h e a r s , moments , and a x i a l f o r c e s 

i n t o t h e r e q u e s t e d d e s i g n c o m b i n a t i o n s . 

UNSUL - computes u n s u p p o r t e d l e n g t h s . 

LOCATE - l o c a t e s p u r l i n s and g i r t s . 

M a n i p u l a t i o n of t h e D e s i g n P a r a m e t e r s 

M a n i p u l a t i o n of t h e d e s i g n p a r a m e t e r s t o d e t e r m i n e an optimum 

d e s i g n i s c o n t r o l l e d b y t h r e e s u b r o u t i n e s . T h e s e a r e : 

PARTS - s e l e c t s a n optimum c o m b i n a t i o n of p a r t l e n g t h s f o r 

column and r a f t e r t o m i n i m i z e ^ m a t e r i a l w a s t e . 

OPTMUM - i n i t i a l i z e s d e s i g n p a r a m e t e r s and c o n t r o l s o r t h o g o n a l 

s e a r c h i n g t o m i n i m i z e t h e o b j e c t i v e f u n c t i o n . 

SEARCH - c o n t r o l s d i a g o n a l s e a r c h i n g . 

E v a l u a t i o n of t h e D e s i g n C o n s t r a i n t s 

For e a c h t r i a l d e s i g n t h e minimum v a l u e s of t h e d e s i g n c o n ­

s t r a i n t s w h i c h w i l l mee t t h e r e q u i r e d s p e c i f i c a t i o n s mus t b e s e l e c t e d . 

The f o l l o w i n g s u b r o u t i n e s a r e u s e d f o r t h i s f u n c t i o n . 

SELECT - s e l e c t s minimum v a l u e s of d e s i g n c o n s t r a i n t s w h i c h w i l l 

s a t i s f y t h e A m e r i c a n I n s t i t u t e of S t e e l C o n s t r u c t i o n s p e c i f i c a t i o n s . 

SSTRES - computes t h e a l l o w a b l e s h e a r s t r e s s a t a s e c t i o n . 

STRESS - c o o r d i n a t e s a l l o w a b l e b e n d i n g and a x i a l s t r e s s compu­

t a t i o n . 

BSTRES - computes a l l o w a b l e b e n d i n g s t r e s s a t a s e c t i o n . 

FINDER - i s u s e d t o d e t e r m i n e t h e i n d e x of t h e d e s i g n c o n s t r a i n t 
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c u r r e n t l y b e i n g u s e d . 

CSTRES - computes a l l o w a b l e c o m p r e s s i v e s t r e s s . 

INERT - computes moment of i n e r t i a and s e c t i o n m o d u l i a t a l l 

s e c t i o n s of a p a r t . 

M a i n C o n t r o l P r o g r a m 

The m a i n c o n t r o l p r o g r a m d i r e c t s t h e f l o w of t h e p r o b l e m by 

c a l l i n g t h e v a r i o u s s u b r o u t i n e s . T h i s r o u t i n e a l s o c o n t r o l s t h e e v a l u ­

a t i o n of t h e o b j e c t i v e f u n c t i o n . I n t h i s c a s e t h e o b j e c t i v e f u n c t i o n 

i s t h e u n i t c o s t of t h e s t e e l t i m e s t h e w e i g h t of t h e f r ame p l u s t h e 

number of s t i f f e n e r s t i m e s a f i x e d c o s t p e r s t i f f e n e r . 

P r i o r t o l i s t i n g t h e o u t p u t any u n n e c e s s a r y i n n e r f l a n g e b r a c e s 

a r e removed and r e q u i r e d web s t i f f e n e r s a r e l o c a t e d . T h e s e f u n c t i o n s 

a l o n g w i t h t h e f o r m a l o u t p u t a r e h a n d l e d by t h e m a i n c o n t r o l p r o g r a m 

and t h e f o l l o w i n g s u b r o u t i n e s : 

STFNER - l o c a t e s web s t i f f e n e r s . 

PRINT - p r i n t s s h e a r s , r e a c t i o n s , moment s , and a x i a l f o r c e s f o r 

t h e i n d i v i d u a l l o a d s and f o r t h e d e s i g n c o m b i n a t i o n s . 

OUTPUT - p r i n t s t h e s t r e s s e s f o r t h e d e s i g n c o m b i n a t i o n s . 

CHECK - computes t h e d e s i g n f a c t o r f o r t h e f l a n g e b r a c e r e m o v a l 

r o u t i n e . 

The r e l a t i o n s h i p b e t w e e n t h e m a i n c o n t r o l p r o g r a m and t h e 25 

s u b r o u t i n e s i s shown i n F i g u r e 11. Flow of t h e p r o b l e m i s t h r o u g h t h e 

i n i t i a l i z a t i o n and i n p u t r o u t i n e s , t h e a n a l y s i s s e c t i o n , t h e r o u t i n e s 

t o s e l e c t v a l u e s f o r t h e d e s i g n c o n s t r a i n t s , t h e o p t i m i z i n g s e c t i o n , 

l o o p i n g b a c k t o t h e a n a l y s i s s e c t i o n u n t i l a n optimum i s a c h i e v e d , t h e n 

f i n a l l y t o t h e o u t p u t s e c t i o n . ; 
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CHAPTER V 

USER'S GUIDE 

P r o b l e m S p e c i f i c a t i o n 

T h i s c h a p t e r w i l l e x p l a i n how a u s e r s p e c i f i e s h i s p r o b l e m t o 

t h e s y s t e m d e s c r i b e d i n C h a p t e r IV, An a t t e m p t h a s b e e n made t o make 

t h i s s p e c i f i c a t i o n a s s i m p l e a s p r a c t i c a b l e y e t p r o v i d e t h e u s e r w i t h 

c o m p l e t e c o n t r o l o v e r t h e a c t i o n of t h e s y s t e m . T h i r t y - o n e c o n t r o l 

c a r d s a r e p r o v i d e d by t h e s y s t e m f o r p r o b l e m s p e c i f i c a t i o n 0 Only t h r e e 

c a r d s a r e a b s o l u t e l y n e c e s s a r y t o t h e s y s t e m . T h e s e a r e t h e SPAN, 

HEIGHT, and EXECUTE c a r d s . Where c a r d s a r e o m i t t e d t h e s y s t e m w i l l 

s u p p l y commonly u s e d v a l u e s f o r t h e v a r i a b l e s . S i n c e a l l s u c h d e f a u l t 

a c t i o n i s t a k e n i n s u b r o u t i n e NITIAL, i t w o u l d b e a s i m p l e m a t t e r f o r a 
- • 

u s e r t o c h a n g e t h e d e f a u l t v a l u e s p r o v i d e d by t h e s y s t e m . 

Each of t h e 3 1 c o n t r o l c a r d s i s i d e n t i f i e d by a k e y w o r d . T h i s 

k e y w o r d mus t b e g i n i n column one of t h e c a r d and a t l e a s t t h e f i r s t f o u r 

c h a r a c t e r s s u p p l i e d . The e n t i r e word o r p h r a s e may b e s u p p l i e d i f 

d e s i r e d , and comments may b e w r i t t e n on t h e c a r d p r o v i d e d t h e y c o n t a i n 

no n u m e r i c c h a r a c t e r s . The r e q u i r e d n u m e r i c i n p u t d a t a may b e w r i t t e n 

i n any column a f t e r t h e f o u r t h . Each v a l u e i s d e l i m i t e d b y a non-

n u m e r i c c h a r a c t e r o r b l a n k s p a c e . For t h i s p u r p o s e t h e p l u s s i g n , t h e 

m i n u s s i g n , and t h e d e c i m a l p o i n t a r e c o n s i d e r e d n u m e r i c c h a r a c t e r s . 

W h i l e t h e d a t a may a p p e a r i n any column of t h e c a r d , i t mus t b e i n t h e 

o r d e r s p e c i f i e d f o r t h a t t y p e of c a r d . 
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The t y p e of p a r a m e t e r v a r i a t i o n i s s p e c i f i e d on t h e c a r d a l o n g 

w i t h t h e d a t a . C o n s t a n t s a r e i n d i c a t e d by t h e p r e s e n c e of o n l y one 

n u m e r i c v a l u e on a c a r d . A r r a y s of d a t a a r e i n d i c a t e d by t h e p r e s e n c e 

of two o r more n u m e r i c v a l u e s on t h e c a r d and t h e a b s e n c e of t h e k e y w o r d 

" T 0 " o I n c r e m e n t a l v a r i a t i o n i s i n d i c a t e d by t h r e e n u m e r i c v a l u e s and 

t h e k e y w o r d s "TO" and "BY" . C o n t i n u o u s v a r i a t i o n i s i n d i c a t e d by two 

n u m e r i c v a l u e s and t h e k e y w o r d "TO". Examples of e a c h of t h e s e w i l l b e 

u s e d i n t h e e x p l a n a t i o n of t h e c o n t r o l c a r d s . 

W i t h two e x c e p t i o n s , t h e r e i s no s p e c i f i c o r r e q u i r e d o r d e r f o r 

t h e c o n t r o l c a r d s . When a PARTS c a r d i s u s e d , t h e n i t mus t b e i m m e d i ­

a t e l y f o l l o w e d b y one d e s c r i p t i v e c a r d f o r e a c h p a r t of t h e f r a m e . The 

o t h e r e x c e p t i o n i s t h e EXECUTE c a r d w h i c h m u s t b e t h e l a s t i n p u t c a r d 

f o r t h e p r o b l e m . 

An e x a m p l e p r o b l e m i l l u s t r a t i n g b o t h u s e r i n p u t and s y s t e m o u t ­

p u t i s i n c l u d e d i n t h e A p p e n d i x . 

C o n t r o l C a r d s 

The g e n e r a l form of e a c h of t h e 3 1 c o n t r o l c a r d s a l o n g w i t h t h e i r 

o p t i o n s , u n i t s , and d e f a u l t v a l u e s w i l l b e p r e s e n t e d i n t h e a l p h a b e t i c a l 

o r d e r of t h e k e y w o r d s . 

ALTERNATE STEEL 4 2 0 0 0 . 0 PSI COST 0 . 1 6 DOLLARS 

T h i s c a r d s p e c i f i e s t h e y i e l d s t r e n g t h and c o s t of a s e c o n d 

s t e e l . I t i s u s e d i n c o n j u n c t i o n w i t h t h e VARY c a r d . T h e r e i s no d e ­

f a u l t o p t i o n a v a i l a b l e f o r t h i s t y p e c a r d . 

ANALYZE ONLY 

An ANALYZE c a r d s p e c i f i e s t h a t o n l y an a n a l y s i s i s d e s i r e d . 
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Analysis output should be requested or defaulted. The frame to be analyzed must be completely described using PARTS cards. If the system is to design the frame, this card is omitted. 
AOH 2.0 TO 3.0 RATIO This card specifies the minimum A/H ratio the system may use for web stiffeners. The data may be constant, array, incremental or contin­uous. Omitting this card specifies that web stiffeners are not to be used. 
BASE DEPTH 7.0 9.0 11.0 INCHES The depth of the frame at the column base is described by this card. The data is in inches and may be constant, array, incremental or continuous. The default option if this card is omitted is shown in the example shown above. 
BAY 20.0 FEET This card indicates the spacing of the frames in feet. This is a problem variable and is constant. If this card is omitted, 20 feet is assumed. 
BRACE AT 20.0 AND 30.0 FEET This card specifies the horizontal distances from the center of the column base at which inside flange braces will be placed for pur­poses of erection. The distances may be approximate as the system will place the brace on the closest purlin. It is assumed that these braces will be left in place and are suitable for lateral support of the inside flange. This card may be omitted if not applicable. The default 
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option specifies that no erection braces are left in place0 The data supplied with this card must be a constant or an array. COLUMN WIDTH 5.0 6o0 7.5 9.0 10.0 12o0 INCHES The data for the column width is supplied by this card. It may be constant, incremental, array, or continuous. In the event this card is omitted the array shown in the example above is assumed. 
COMBINATION 1.0 1.0 0.0 0.75 0.0 0.0 0.0 RATIO Up to four of these cards may be used to specify the load com­binations desired for the design. Seven numbers must be provided on each such card. These numbers represent respectively the portion of each of the following loads to be included in the particular design combination. 1. Dead load 2. Live load 3. Wind load 4. Concentrated load number one 5. Concentrated load number two 6. Concentrated load number three 7. Concentrated load number four 
COST OF STIFFENERS 2.00 DOLLARS This card indicates the cost of web stiffeners. If this card is not supplied a value of zero is assumed. Data supplied must be a con-s tant. 
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DBREAK 20o0 TO 36.0 BY 2.0 INCHES 

D a t a f o r t h e d e p t h of t h e f r ame a t any c h a n g e i n g e o m e t r y i n t h e 

r a f t e r i s s u p p l i e d b y t h i s t y p e c a r d . I t may b e i n c r e m e n t a l , c o n s t a n t , 

a r r a y , o r c o n t i n u o u s , , T h i s c a r d mus t b e s u p p l i e d o n l y i f an XBREAK 

c a r d i s s u p p l i e d . 

DEPTH OF GIRT 7.5 INCHES 

The d e p t h of t h e g i r t s t o b e u s e d i s i n d i c a t e d t o t h e s y s t e m a s 

shown a b o v e . T h i s i s a p r o b l e m v a r i a b l e and t h u s i s a c o n s t a n t , , I t s 

v a l u e d e f a u l t s t o 7.5 i n c h e s i f t h i s c a r d i s n o t s u p p l i e d . 

EAVE DEPTH 36.0 TO 48.0 INCHES 

T h i s c a r d s u p p l i e s t h e d a t a f o r t h e d e p t h of t h e f r ame a t t h e 

e a v e . T h i s d a t a may b e c o n s t a n t , a r r a y , i n c r e m e n t a l , o r c o n t i n u o u s . 

O m i s s i o n of t h i s c a r d c a u s e s t h e s y s t e m t o p r o v i d e c o n t i n u o u s d a t a w i t h 

l i m i t s o f two and one h a l f p e r c e n t t o t h r e e and one t h i r d p e r c e n t of 

t h e s p a n . 

EXECUTE 

The EXECUTE c a r d i n d i c a t e s t h a t a l l t h e p r o b l e m d a t a h a s b e e n 

s u p p l i e d . T h i s c a r d mus t b e t h e l a s t c a r d of t h e p r o b l e m i n p u t and 

c a n n o t b e d e f a u l t e d . 

FLANGE THICKNESSES .1875 .25 .3125 .375 ,4375 .5 .5625 .625 INCHES 

The a v a i l a b l e f l a n g e t h i c k n e s s e s a r e s u p p l i e d b y a c a r d of t h i s 

t y p e . The d a t a mus t b e an a r r a y . The v a l u e s s u p p l i e d i n t h e e v e n t 

t h i s c a r d i s o m i t t e d a r e t h o s e shown i n t h e e x a m p l e a b o v e , 
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GIRT LOCATION 0 . 5 3 . 0 8 . 0 1 2 . 0 1 6 . 0 FEET 

The h e i g h t s of t h e g i r t s a b o v e t h e b a s e of t h e column a r e 

i n d i c a t e d w i t h t h i s c a r d . I f t h i s c a r d i s o m i t t e d g i r t s a r e a s sumed a t 

one h a l f f o o t , t h r e e f e e t , e i g h t f e e t , and a p p r o x i m a t e l y e v e r y f o u r 

f e e t a b o v e e i g h t f e e t . The d a t a s u p p l i e d mus t b e an a r r a y . The e a v e 

s t r u t i s c o u n t e d a s b o t h a p u r l i n and a g i r t . 

HEIGHT OF THE EAVE 2 0 . 0 FEET 

The h e i g h t of t h e e a v e m e a s u r e d i n f e e t a l o n g t h e s i d e w a l l 

s h e e t i n g i s s p e c i f i e d a s shown a b o v e . T h i s c a r d must c o n t a i n a c o n ­

s t a n t and must be s u p p l i e d . I t cannot be d e f a u l t e d . 

LOAD 

T h e r e a r e s e v e r a l t y p e s of LOAD c a r d s . Each w i l l b e d i s c u s s e d 

i n d i v i d u a l l y and e a c h may b e i n d i v i d u a l l y d e f a u l t e d . 

LOAD DEAD 4 . 0 POUNDS PER SQUARE FOOT 

The d e a d l o a d i s i n d i c a t e d w i t h t h i s t y p e of LOAD c a r d . The 

d a t a mus t b e a c o n s t a n t and h a s a d e f a u l t : of f o u r pounds p e r s q u a r e 

f o o t . The k e y w o r d DEAD mus t a p p e a r on t h e c a r d b u t i n no p a r t i c u l a r 

co lumn. I t d o e s n o t h a v e t o p r e c e e d t h e v a l u e of t h e l o a d . 

LOAD LIVE 2 0 . 0 POUNDS PER SQUARE FOOT 

The l i v e l o a d i s i n d i c a t e d t o t h e s y s t e m i n t h e same manne r a s 

t h e d e a d l o a d b u t w i t h t h e k e y w o r d LIVE. The d e f a u l t v a l u e f o r t h e 

l i v e l o a d i s 20 pounds p e r s q u a r e f o o t . 

LOAD WIND 

One of f o u r w i n d l o a d c a r d s may b e s u p p l i e d d e p e n d i n g on t h e 
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t y p e of w i n d l o a d a p p l i c a t i o n d e s i r e d . I f no w i n d l o a d c a r d i s s u p ­

p l i e d t h e n t h e s y s t e m a s s u m e s a w i n d l o a d of 25 pounds p e r s q u a r e f o o t 

a p p l i e d i n a c c o r d a n c e w i t h t h e s p e c i f i c a t i o n s of t h e M e t a l B u i l d i n g 

M a n u f a c t u r e r ' s A s s o c i a t i o n . 

LOAD WIND ASCE 

T h i s c a r d s p e c i f i e s t h a t t h e w i n d l o a d and method of a p p l i c a t i o n 

a r e t o b e i n a c c o r d a n c e w i t h t h e r e c o m m e n d a t i o n s of t h e A m e r i c a n 

S o c i e t y of C i v i l E n g i n e e r s . 

LOAD WIND PROJECTION 20„0 POUNDS PER SQUARE FOOT 

S u p p l y i n g t h i s c a r d c a u s e s t h e s y s t e m t o a p p l y a w i n d f o r c e of 

t h e i n d i c a t e d m a g n i t u d e t o t h e v e r t i c a l p r o j e c t i o n of t h e b u i l d i n g . 

LOAD WIND MBMA 2 0 . 0 POUNDS PER SQUARE FOOT 

A w i n d l o a d c a r d w i t h t h e k e y w o r d MBMA c a u s e s a w i n d l o a d of t h e 

i n d i c a t e d m a g n i t u d e t o b e a p p l i e d i n a c c o r d a n c e w i t h t h e s p e c i f i c a t i o n s 

of t h e M e t a l B u i l d i n g M a n u f a c t u r e r ' s A s s o c i a t i o n . 

LOAD WIND ARRAY 2 0 . 0 PSF 0 . 7 0 - 0 . 3 4 - 0 . 3 4 - 0 . 5 0 - 0 . 5 0 - 0 . 4 0 

The k e y w o r d ARRAY on t h e w i n d l o a d c a r d i n d i c a t e s t h a t t h e s i x 

w i n d l o a d c o e f f i c i e n t s a r e s u p p l i e d on t h e c a r d f o l l o w i n g t h e m a g n i t u d e 

of t h e l o a d . T h e s e c o e f f i c i e n t s a r e s u p p l i e d i n t h e f o l l o w i n g o r d e r 

w i t h a m i n u s s i g n i n d i c a t i n g s u c t i o n . 

1 . H o r i z o n t a l c o e f f i c i e n t f o r w i n d w a r d w a l l 

29 H o r i z o n t a l c o e f f i c i e n t f o r w i n d w a r d r o o f 

3 . V e r t i c a l c o e f f i c i e n t f o r w i n d w a r d r o o f 

4 . V e r t i c a l c o e f f i c i e n t f o r l e e w a r d r o o f 
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5. Horizontal coefficient for leeward roof 60 Horizontal coefficient for leeward wall LOAD CONCENTRATED 2 20.0 OoO 5000.0 0.0 0.0 RIGHT RAFTER LOAD CONCENTRATED 4 0.0 5.0 0.0 2000.0 0.0 LEFT COLUMN A maximum of four concentrated loads may be specified. Each load may have a horizontal and vertical component and a moment. The data is supplied on the card in the following order. 1. Concentrated load number 2. Horizontal distance from column base to point of load 
3 . V e r t i c a l d i s t a n c e from column b a s e t o p o i n t of l o a d 4. Vertical component of load in pounds 5. Horizontal component of load in pounds 6. Applied moment in foot pounds RIGHT or LEFT COLUMN or RAFTER must be specified according to where the load is to be applied. The system applies all loads at the neutral axis of the section. If either item two or three above is zero the load will be shifted vertically or horizontally to the neutral axis without change in the moment. If both the horizontal and vertical location of the load are specified the load will be shifted to the neutral axis with appro­priate change in the moment. 

OMIT DIAGONAL SEARCHING Inclusion of this card will cause the system to terminate searching after completing the orthogonal search. No diagonal search­ing would be performed. 
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OUTPUT PATH ANALYSIS DESIGN 

The OUTPUT c a r d a l l o w s t h e u s e r t o s e l e c t t h e t y p e o u t p u t l i s t ­

i n g s h e d e s i r e s . One o r a l l of t h e k e y w o r d s PATH, ANALYSIS, o r DESIGN 

may b e s p e c i f i e d . PATH w i l l c a u s e t h e v a l u e of t h e o b j e c t i v e f u n c t i o n 

a l o n g w i t h t h e v a l u e s of t h e d e s i g n p a r a m e t e r s t o b e p r i n t e d f o r e a c h 

t r i a l d e s i g n . ANALYSIS c a u s e s t h e s y s t e m t o l i s t t h e r e a c t i o n s , 

s h e a r s , a x i a l f o r c e s , and moments f o r e a c h l o a d and e a c h c o m b i n a t i o n of 

l o a d . The s t r e s s e s f o r e a c h c o m b i n a t i o n of l o a d and t h e a l l o w a b l e 

s t r e s s e s w i l l a l s o b e l i s t e d . DESIGN c a u s e s t h e f r ame d e s c r i p t i o n to 

b e l i s t e d . I f t h i s c a r d i s o m i t t e d , ANALYSIS and DESIGN a r e a s s u m e d . 

PARTS 2 4 1 

T h i s c a r d a l o n g w i t h a s s o c i a t e d c a r d s w h i c h mus t f o l l o w i t a r e 

u s e d t o d e s c r i b e a f r a m e t o t h e s y s t e m f o r a n a l y s i s . The d a t a on t h e 

c a r d i n d i c a t e s : 

1 . Number of f r a m e p a r t s i n t h e co lumn. 

2 . Number of f r ame p a r t s i n t h e e n t i r e r a f t e r . 

3 . Number of f r ame p a r t s i n t h e r a f t e r b e t w e e n t h e column and a 

c h a n g e i n g e o m e t r y of t h e r a f t e r . 

One p a r t d e s c r i p t i o n c a r d f o r e a c h p a r t mus t i m m e d i a t e l y f o l l o w t h i s 

c a r d . P a r t d e s c r i p t i o n c a r d s h a v e t h e f o l l o w i n g form. llbO 0 . 3 7 5 0 . 1 8 7 5 0 . 3 1 2 5 

T h e s e c a r d s h a v e no k e y w o r d s , and t h e a r r a y of d a t a mus t b e s u p p l i e d i n 

t h e f o l l o w i n g o r d e r . 

1 . L e n g t h of t h e p a r t i n f e e t . 

2 . T h i c k n e s s of o u t s i d e f l a n g e i n i n c h e s . 
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3. Thickness of web in inches. 4. Thickness of inside flange in inches. PEAK DEPTH 6.0 INCHES This card specifies the data for the depth of the frame at the peak or ridge. This data may be constant, array, incremental, or con­tinuous. For frames with slopes of one and a half in 12 or larger the default is a constant of six inches. For frames with slopes smaller than one and a half in 12 the default for this card is the same as for the EAVE card. 

PLATE LENGTHS 16.0 11.0 8.0 FEET The plate lengths available are indicated to the system with this card. The data is an array of one to three values with the lar­gest listed first. The default values are the same as those-shown in the example above. 
PURLIN 11.0 60.0 INCHES Data from this card is used to locate the purlins. The first value specifies the distance along the outer flange from the center of the frame to the first purlin. The second value specifies the basic horizontal spacing between the purlins. The default values for this card are the same as shown above. 
RAFTER WIDTH 5.0 6.0 7.5 9.0 10.0 12.0 INCHES The data for the rafter width is supplied by this card. It may be constant, incremental, array, or continuous. In the event this card is omitted the array shown in the example above is assumed. 
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SLOPE I S 2 . 0 IN TWELVE 

The s l o p e of t h e f r ame i s i n d i c a t e d w i t h t h i s c a r d . W h i l e t h i s 

w i l l u s u a l l y b e a c o n s t a n t , t h e s y s t e m w i l l a l l o w any t y p e d a t a . I f 

t h i s c a r d i s o m i t t e d a s l o p e of two i n 12 i s a s s u m e d . 

SPAN 1 2 0 . 0 FEET 

T h i s c a r d mus t b e i n c l u d e d i n t h e i n p u t of e v e r y p r o b l e m . I t 

i n d i c a t e s t h e s p a n of t h e f r a m e m e a s u r e d i n f e e t from s i d e w a l l s h e e t t o 

s i d e w a l l s h e e t . T h i s c a r d c a n n o t b e d e f a u l t e d . 

STEEL YIELD STRENGTH 3 6 0 0 0 . 0 P S I COST 0 . 1 5 DOLLARS 

T h i s c a r d s p e c i f i e s t h e y i e l d s t r e n g t h and c o s t p e r pound of t h e 

p r i m a r y s t e e l u s e d i n t h e d e s i g n . The d e f a u l t v a l u e s f o r t h i s c a r d a r e 

3 6 , 0 0 0 pounds p e r s q u a r e i n c h and 16 c e n t s p e r pound . 

TITLE PROBLEM NUMBER 3 2 / 1 1 / 6 8 

T h i s c a r d a l l o w s t h e u s e r t o s p e c i f y a t i t l e t o b e p r i n t e d on 

e a c h p a g e of h i s o u t p u t . I f t h i s c a r d i s o m i t t e d , no t i t l e w i l l b e 

p r i n t e d . The 75 c h a r a c t e r s i n co lumns s i x t h r o u g h 80 w i l l b e r e p r o ­

d u c e d a t t h e t o p of e a c h p a g e . T h i s c a r d may c o n t a i n a l p h a b e t i c , 

n u m e r i c , and s p e c i a l c h a r a c t e r s . 

VARY 2 5 6 

T h i s c a r d l i s t s t h e numbers of t h e p a r t s w h i c h a r e t o b e f a b r i ­

c a t e d w i t h t h e a l t e r n a t e s t e e l . I f t h i s c a r d i s s u p p l i e d , t h e n t h e 

ALTER c a r d mus t a l s o b e s u p p l i e d . I f t h i s c a r d i s o m i t t e d , o n l y one 

s t e e l w i l l b e u s e d i n t h e d e s i g n . 
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WEB THICKNESSES 0 . 1 2 5 0 . 1 8 7 5 0 . 2 5 0 . 3 1 2 5 0 . 3 7 5 INCHES 

The a v a i l a b l e web t h i c k n e s s e s a r e s u p p l i e d b y a c a r d of t h i s 

t y p e . The d a t a mus t b e an a r r a y . The v a l u e s s u p p l i e d i n t h e e v e n t 

t h i s c a r d i s o m i t t e d a r e t h o s e shown i n t h e a b o v e e x a m p l e . 

XBREAK 2 0 . 0 TO 2 6 . 0 FEET 

The h o r i z o n t a l d i s t a n c e from t h e c e n t e r of t h e column b a s e t o 

any c h a n g e i n g e o m e t r y i n t h e r a f t e r i s s p e c i f i e d w i t h t h i s c a r d . Only 

one c a r d of t h i s t y p e may b e s u p p l i e d a s t h e s y s t e m a l l o w s o n l y one 

c h a n g e i n g e o m e t r y of t h e r a f t e r . I f t h i s c a r d i s s u p p l i e d , a DBREAK 

card must a l s o b e s u p p l i e d . Omission of t h i s card i n d i c a t e s a s t r a i g h t 

t a p e r i s t o b e u s e d f o r t h e r a f t e r . 
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CHAPTER VI 
DISCUSSION A procedure has been presented for the development of automated optimum design systems. The basis of the procedure is the classifica­tion of the variables and parameters according to who or what controls their values; the owner, the vendors, the engineer, or the specifica­tions. Computer routines can be developed for each class. These 

r o u t i n e s t o g e t h e r w i t h a n a n a l y s i s r o u t i n e may b e o r g a n i z e d a s shown in Figure 2 to create an automated optimum structural design system. How well such a procedure works can be measured only in the performance of the systems thus developed. This procedure has been used to develop an automated optimum design system for variable section, single span steel frames. The resulting system has been described in the previous chapters and the appendix. This system was developed following the procedure outlined in Chapter II and then was used in its own improve­ment. For example, when the system was first developed only ortho­gonal searching capability was included. Experience with the system indicated that this search technique does not guarantee an optimum solution; therefore, diagonal searching was added. It was found, however, that̂diagonal searching was considerably slower than ortho­gonal searching and seldom produced an appreciable improvement in the objective function. Therefore, the system was modified to give the user the option of including or omitting diagonal searching. 
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The i n p u t and i n i t i a l i z a t i o n r o u t i n e s f o r t h i s s y s t e m w e r e 

d e s i g n e d t o g i v e t h e u s e r c o m p l e t e c o n t r o l o v e r p r o b l e m s p e c i f i c a t i o n , 

t h e mode and r a n g e of v a r i a t i o n of t h e d e s i g n p a r a m e t e r s , and t h e t y p e 

of o u t p u t d e s i r e d . A l l i n p u t t o t h e s y s t e m i s i n " f r e e - f o r m " f o r m a t 

w i t h e a c h c a r d b e i n g i d e n t i f i e d by a k e y w o r d . T h i s r e l i e v e s t h e u s e r 

of t h e n e c e s s i t y of p l a c i n g h i s d a t a i n p a r t i c u l a r co lumns of t h e c a r d s 

and t h e c a r d s i n a p a r t i c u l a r o r d e r . 

The s u c c e s s of optimum d e s i g n s y s t e m s d e p e n d s upon t h e p e r f o r ­

mance of t h e o p t i m i z i n g r o u t i n e s . Use of optimum s e a r c h i n g t e c h n i q u e s 

i m p l i e s t h a t t h e o b j e c t i v e f u n c t i o n i s u n i m o d a l . The s y s t e m d e v e l o p e d 

i n t h i s w o r k h a s b e e n u s e d t o e x a m i n e t h e v a r i a t i o n of t h e o b j e c t i v e 

f u n c t i o n w i t h r e s p e c t t o e a c h of t h e d e s i g n p a r a m e t e r s . The form of 

t h i s v a r i a t i o n w a s found t o b e t h e same w i t h r e s p e c t t o e a c h of t h e 

p a r a m e t e r s . F i g u r e 12 i s a p l o t of t h e r e l a t i o n s h i p b e t w e e n t h e v a l u e 

of t h e o b j e c t i v e f u n c t i o n and one of t h e s e p a r a m e t e r s , t h e d e p t h of t h e 

f r a m e a t t h e e a v e . I t i s a p p a r e n t from t h i s f i g u r e t h a t d i s c o n t i n u ­

i t i e s and l o c a l m i n i m a o f t e n o c c u r i n t h e o b j e c t i v e f u n c t i o n due t o t h e 

d i s c r e t e c h a n g e s i n t h e d e s i g n c o n s t r a i n t s a s t h e d e s i g n p a r a m e t e r s 

a r e v a r i e d . W h i l e t h e o b j e c t i v e f u n c t i o n i s n o t a smooth c o n v e x s u r ­

f a c e , t h e s e a r c h t e c h n i q u e s u s e d a l l o w t h e f u n c t i o n t o b e e x a m i n e d o n l y 

a t d i s c r e t e i n t e r v a l s . When e x a m i n e d i n t h i s f a s h i o n , t h e f u n c t i o n 

g e n e r a l l y a p p e a r s t o b e u n i m o d a l . S h o u l d t h e r e b e any doub t a s t o 

w h e t h e r t h e s y s t e m h a s found t h e optimum w i t h r e s p e c t t o some p a r a m e t e r , 

i t i s a s i m p l e m a t t e r t o s e a r c h t h a t p a r a m e t e r o v e r w h a t e v e r a d d i t i o n a l 

r a n g e m i g h t b e d e s i r e d . 

A number of p r o b l e m s h a v e b e e n r u n on t h e s y s t e m . The s y s t e m 



Depth of t h e Frame a t t h e Eave i n I n c h e s 

F i g u r e 1 2 . P a r t i a l V a r i a t i o n of t h e O b j e c t i v e F u n c t i o n 
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w a s found t o b e e a s y t o c o n t r o l and c o n v e n i e n t t o u s e . I n no c a s e h a s 

d i f f i c u l t y b e e n e n c o u n t e r e d i n t h e s y s t e m ' s o b t a i n i n g a d e s i g n . 
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CHAPTER VI I 

CONCLUSIONS 

1 . V a r i a b l e s and p a r a m e t e r s pf s t r u c t u r a l d e s i g n p r o b l e m s c a n b e 

c l a s s i f i e d a c c o r d i n g t o who o r w h a t c o n t r o l s t h e i r v a l u e s and compute r 

r o u t i n e s w r i t t e n f o r e a c h c l a s s i f i c a t i o n . , 

2. T h e s e r o u t i n e s t o g e t h e r w i t h a n a n a l y s i s r o u t i n e c a n b e 

o r g a n i z e d a c c o r d i n g t o t h e o u t l i n e p r e s e n t e d i n , t h i s work t o c r e a t e 

a u t o m a t e d optimum s t r u c t u r a l d e s i g n s y s t e m s . 

3 . The u s e r of s u c h s y s t e m s c a n b e p r o v i d e d w i t h c o m p l e t e c o n ­

t r o l o v e r p r o b l e m s p e c i f i c a t i o n , t h e mode and r a n g e of v a r i a t i o n of t h e 

d e s i g n p a r a m e t e r s , and t h e form of o u t p u t . 

4. The u s e of k e y w o r d s and " f r e e - f o r m " r e l i e v e s t h e u s e r of t h e 

n e c e s s i t y of p l a c i n g h i s d a t a i n p a r t i c u l a r co lumns of a c a r d o r t h e 

c a r d s i n a p a r t i c u l a r o r d e r . 

5 . D i s c o n t i n u i t i e s and l o c a l m i n i m a may o c c u r i n t h e o b j e c t i v e 

f u n c t i o n of s t r u c t u r a l d e s i g n p r o b l e m s due t o t h e d i s c r e t e c h a n g e s i n 

t h e d e s i g n c o n s t r a i n t s a s t h e d e s i g n p a r a m e t e r s a r e v a r i e d . 

6 . W h i l e t h e o b j e c t i v e f u n c t i o n s f o r s t r u c t u r a l d e s i g n p r o b l e m s 

may n o t b e u n i m o d a l i t h e y w i l l g e n e r a l l y d e m o n s t r a t e a s u f f i c i e n t l y 

c o n v e x t r e n d t o a l l o w s u c c e s s f u l u s e of optimum s e a r c h i n g t e c h n i q u e s . 

7. A s u c c e s s f u l s y s t e m h a s b e e n d e v e l o p e d f o l l o w i n g t h e o u t l i n e 

p r e s e n t e d i n t h i s work f o r t h e a u t o m a t e d optimum d e s i g n of s i n g l e s p a n , 

v a r i a b l e s e c t i o n s t e e l f r a m e s . 
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CHAPTER V I I I 

RECOMMENDATIONS 

1 . The u t i l i z a t i o n of e l e c t r o n i c c o m p u t e r s by e n g i n e e r s i s i n 

i t s i n f a n c y . Two c u r r e n t me thods u t i l i z e d b y e n g i n e e r s a r e c o m p u t e r -

a i d e d d e s i g n and a u t o m a t e d d e s i g n . T h e r e i s m e r i t i n b o t h a p p r o a c h e s , 

and i n t h e f u t u r e some e f f o r t s h o u l d b e e x p e n d e d i n c o m b i n i n g t h e b e s t 

of t h e t w o . For e x a m p l e , STRESS o r STRUDL w o u l d b e g r e a t l y i m p r o v e d 

i f t h e y c o u l d h a n d l e p r o b l e m and d e s i g n c o n s t r a i n t s , and d e s i g n p a r a ­

m e t e r v a r i a t i o n t o o b t a i n a n optimum d e s i g n . 

2. T h e s e s y s t e m s , b o t h c o m p u t e r - a i d e d and a u t o m a t e d , s h o u l d n o t 

s t o p w i t h j u s t t h e s t r u c t u r a l d e s i g n of t h e m a i n f r a m e . They s h o u l d 

b e e x p a n d e d t o i n c l u d e s u c h i t e m s a s t h e d e s i g n of c o n n e c t i o n s , b r a c i n g , 

and s e c o n d a r y f r a m i n g , and t h e u s e of g r a p h i c d e v i c e s f o r a i d i n g i n t h e 

p r e p a r a t i o n of d e s i g n d r a w i n g s and p l a n s . 

3 . S y s t e m s s u c h a s t h e one d e v e l o p e d i n t h i s work s h o u l d b e u s e d 

t o c o n d u c t p a r a m e t e r s t u d i e s t o g e n e r a l i z e t h e a r e a of opt imum s o l u t i o n s 

i n t e r m s of t h e p r o b l e m v a r i a b l e s . 
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APPENDIX 



EXAMPLE PROBLEM INPUT DATA ALTERNATE STEEL 42000.0 PSI 0,10 DOLLARS AOH 1.0 TO 4.0 BY 1.0 COLUMN WIDTH 5.0 6.0 7.5 COMBINATION 1.0 \ 1.0 0.0 loO 1*0 0.0 0.0 COMBINATION 0.75: 0.0 0.75 0.75 0.75 0.0 0.0 COST OF ST1FFENERS 2.00 DOLLARS EAVE DEPTH 18.0 TO 24.0 BY 0.5 •HEIGHT • • 14-..©- U: FEET LOAD CONCENTRATED 1 10̂0 0.0 5000»0 0.0 0.0 RIGHT RAFTER LOAD CONCENTRATED 2 10.0 0.0 5000.0 0.0 0.0 LEFT RAFTER OUTPOT PATH ANALYSIS DESIGN RAFTER WIDTH 5.0 6.0 7.5 SPAN 60.0 FEET STEEL YIELD STRENGTH 36000.0 PSI COST 0.08 DOLLARS TITLE EXAMPLE PROBLEM VARY 1 2 EXECUTE 
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E X A M P L E PROBLEM O U T P U T 

E A V E S L O P E B A S E PEAK R A F T C O L U X B R E D B R E A / H C O S T 
E X A M P L E P R O B L E M 

ORTHOGONAL S E A R C H 

24.00 2.00 11 .00 6.00 7.50 7.50 0 .0 0.0 3.00 173.79 21.50 2.00 11 .00 6.00 7.50 7.50 0.0 0.0 3.00 190.18 24.00 2.00 11 .00 6.00 7.50 7.50 0.0 0 .0 3.00 173.79 22.50 2.00 11.00 6.00 7.50 7.50 0.0 0.0 3.00 182.99 23.50 2.00 11 .00 6.00 7.50 7.50 0.0 0.0 3.00 175.86 24.00 2.00 11.00 6.00 7.50 7.50 0.0 0.0 3.00 173.79 24.00 2.00 11 .00 6.00 7.50 7.50 0.0 0.0 3.00 173.79 24.00 2.00 9.00 6.00 7.50 7.50 0.0 0.0 3.00 173.15 24.00 2.00 7.00 6.00 7.50 7.50 0.0 0.0 3.00 171.67 24.00 2.00 7.00 6.00 7.50 7 . 50 0.0 0.0 3.00 171.67 24.00 2.00 7.00 6.00 6.00 7.50 0.0 0.0 3.00 166.49 24.00 2.00 7.00 6.00 5.00 7.50 0.0 0.0 3.00 163.03 24.00 2.00 7.00 6.00 5 .00 7.50 0 . o 0 .0 3 .00 163.03 24.00 2.00 7.00 6 .00 5.0.0 6.00 0.0 0.0 3.00 160.02 24.00 2.00 7.00 6.00 5.00 5.00 0.0 0.0 3.00 160.52 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 3.00 160.02 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 2.00 99999.94 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 21.50 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 99999.94 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 22.50 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 99999.94 23.50 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 165.47 24.00 2.00 7.00 6.00 5.00 6 .00 0.0 0.0 4.00 160.02 24.00 2.00 11 .00 6.00 5.00 6.00 0.0 0.0 4.00 167.85 24.00 2.00 9.00 6.00 5 .00 6.00 0.0 0.0 4.00 163.37 24.00 2.00 7.00 6.00 5 .00 6.00 0.0 0 .0 4.00 160.02 24.00 2.00 7.00 6.00 7.50 6.00 0.0 0.0 4.00 168.66 24.00 2.00 7.00 6.00 6.00 6.00 0.0 0 .0 4.00 163.48 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 24.00 2.00 7.00 6.00 5.00 7.50 0.0 0.0 4.00 163.03 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 24.00 2.00 7 .00 6.00 5.00 5.00 0.0 o.o 4.00 162.38 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 3.00 160.02 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 2.00 99999.94 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 21.50 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 99999.94 24.00 2.00 7.00 6.00 5.00 6.00 0.0 0.0 4.00 160.02 
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E X A M P L E P R O B L E M 

PEAK R A F T G©LU 

6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 7 . 5 0 6 . 0 0 
6 . 0 0 6 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 7 . 5 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 5 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 

6 . 0 0 6 . 0 0 7 . 5 0 
6 . 0 0 6 . 0 0 7 . 5 0 
6 . 0 0 6 . 0 0 7 . 5 0 
6 . 0 0 6 . 0 0 7 . 5 0 
6 . 0 0 5 . 0 0 7 . 5 0 
6 . 0 0 5 . 0 0 7 . 5 0 
6 . 0 0 5 . 0 0 7 . 5 0 
6 . 0 0 5 . 0 0 7 . 5 0 
6 . 0 0 6 . 0 0 5 . 0 0 
6 . 0 0 6 . 0 0 5 . 0 0 
6 . 0 0 6 . 0 0 5 . 0 0 
6 . 0 0 6 . 0 0 5 . 0 0 
6 . 0 0 5 . 0 0 5 . 0 0 
6 . 0 0 5 . 0 0 5 . 0 0 
6 . 0 0 5 . 0 0 5 . 0 0 
6 . 0 0 5 . 0 0 5 . 0 0 
6 . 0 0 6 . 0 0 6 . 0 0 
6 . 0 0 6 . 0 0 6 . 0 0 
6 . 0 0 6 . 0 0 6 . 0 0 
6 . 0 0 6 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 
6 . 0 0 5 . 0 0 6 . 0 0 

X B R E D B R E A / H 

0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 4 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 2 . 0 0 
0 . 0 0 . 0 4 . 0 0 

0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 
0 . 0 0 . 0 3 . 0 0 

C O S T 

9 9 9 9 9 . 9 4 
1 6 5 . 4 7 
1 6 0 . 0 2 
1 6 7 . 8 5 
1 6 3 . 3 7 
1 6 0 . 0 2 
1 6 8 . 6 6 
1 6 3 . 4 8 
1 6 0 . 0 2 
1 6 3 . 0 3 
1 6 0 . 0 2 
1 6 2 . 3 8 
1 6 0 . 0 2 99999.94 
1 6 0 . 0 2 

1 6 6 . 5 7 
1 6 5 . 7 4 
1 6 5 . 7 5 
1 6 6 . 4 9 
1 6 6 . 9 5 
1 6 6 . 3 7 
1 6 5 . 4 7 
1 6 3 . 0 3 
1 6 7 . 2 3 
1 6 5 . 4 6 
1 6 5 . 7 5 
1 6 3 . 9 8 
1 6 6 . 9 5 
1 6 3 . 8 7 
1 6 5 . 4 7 
1 6 0 . 5 2 
1 6 7 . 2 3 
1 6 4 . 9 5 
1 6 5 . 7 5 
1 6 3 . 4 8 
1 6 6 . 9 5 
1 6 3 . 3 7 
1 6 5 . 4 7 

E A V E S L O P E B A S E 
ORTHOGONAL S E A R C M 

2 2 . 5 0 2 . 0 0 7 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 1 1 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 , 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 

D I A G O N A L S E A R C H 
2 3 . 5 0 2 . 0 0 9 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 
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E X A M P L E P R O B L E M 

EAVE S L O P E B A S E PEAK R A F T 
D I A G O N A L S E A R C H 

2 3 . 5 0 2 . 0 0 9 . 0 0 6 . 0 0 6 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 6 . 0 0 6 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 6 . 0 0 6 . 0 0 
2 4 . 0 0 2 . 0 0 7 . 0 0 

6.0 0 

6 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 6 . 0 0 5 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 

6.00 5 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 6 . 0 0 5 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 6 . 0 0 

6.00 2 4 . 0 0 2 . 0 0 9 . 0 0 6 . 0 0 

6.00 2 3 . 5 0 2 . 0 0 7 . 0 0 6 . 0 0 6 . 0 0 

24.00 2 . 0 0 7 . 0 0 6 . 0 0 

6.00 23.50 2 . 0 0 9 . 0 0 6 . 0 0 5 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 6 . 0 0 5 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 6 . 0 0 5 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 6 . 0 0 6 . 0 0 
2 4 . 0 0 2 . 0 0 9 . 0 0 6 . 0 0 6 . 0 0 
2 3 . 5 0 2 . 0 0 7 . 0 0 6 . 0 0 6 . 0 0 
2 3 . 5 0 2 . 0 0 9 . 0 0 6 . 0 0 5 . 0 0 

COLU X B R E D B R E A / H C O S T 

7 . 5 0 0 . 0 0 . 0 4 . 0 0 1 6 6 . 5 7 
7 . 5 0 0 . 0 0 . 0 4 . 0 0 1 6 5 . 7 4 
7 . 5 0 0 . 0 0 . 0 4 . 0 0 1 6 5 . 7 5 
7 . 5 0 0 . 0 0 . 0 4 . 0 0 1 6 6 . 4 9 
7 . 5 0 0 . 0 0 . 0 4 . 0 0 1 6 6 . 9 5 
7 . 5 0 0 . 0 0 . 0 4 . 0 0 1 6 6 . 3 7 
7 . 5 0 0 . 0 0 . 0 4 . 0 0 1 6 5 . 4 7 
5 . 0 0 

0.0 
0 . 0 4 . 0 0 1 6 7 . 2 3 

5 . 0 0 0 . 0 0 . 0 4 . 0 0 1 6 5 . 4 6 
5 . 0 0 

0.0 
0 . 0 4 . 0 0 . 1 6 5 . 7 5 

5 . 0 0 0 . 0 

0.0 4 . 0 0 

163.98 5 . 0 0 

0.0 
0 . 0 4 . 0 0 1 6 6 . 9 5 

5 . 0 0 0 . 0 0 . 0 4 . 0 0 1 6 3 . 8 7 
5 . 0 0 0 . 0 0 . 0 

4 . 0 0 1 6 5 . 4 7 
6 . 0 0 0 . 0 0 . 0 4 . 0 0 1 6 6 . 5 7 

6.00 0 . 0 0 . 0 4 . 0 0 1 6 2 . 7 3 
6 . 0 0 0 . 0 0 . 0 4 . 0 0 1 6 5 . 7 5 
6 . 0 0 0 . 0 0 . 0 4 . 0 0 1 6 6 . 9 5 
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EXAMPLE PROBLEM PAGE 
SPAN 60.0 HEIGHT 14.0 SLOPE 2.0 

SUMMARY BAY 20.0 DEAD LOAD 4.0 LIVE LOAD 20.0 WIND LOAD COEFFICIENTS •*#**WIN.DWARD*'*#* •̂••LEEWARD***** HORIZONTAL VERTICAL HORIZONTAL WALL ROOF ROOF ROOF ROOF WALL 0.70 -0.55. TO.55.-0.50. -0.50 -0.40 
NO X Y 
1 10.00 14.38 
2 1 0 . 0 0 1 4 . 3 8 LOADING COMBINATION NO DEAD LOAD LIVE LOAD WIND LOAD CONCENTRATED LOAD NO 1 LOAD NO 2 

CONCENTRATED LOADS HORIZONTAL VERTICAL MOMENT 0.0 5.0 0.0 0.0 5.0 0.0 
1 1 .00 1 .00 0.0 1.00 1 .00 

2 0.75 0.0 0.75 0.75 0.75 COLUMN WIDTH RAFTER WIDTH A/H RATIO 
6.0 5.0 4.0 PLATE THICKNESSES OUTER INNER PART FLANGE WEB FLANGE LENGTH YIELD 1 0.3750 0.1875 0.5000 11 .80 42 .0 2 0.4375 0.1875 0.6250 6.10 42.0 3 0.1875 0.1875 0.3750 10.99 36.0 4 0.2500 0.1250 0.1875 10.91 36.0 

WIND LOAD 25.0 

LOCATION RIGHT 
LEFT 



§1 EXAMPLE PROBLEM PART SEC x ••Y DEPTH 1 1 0.0 0.0 7.00 1 2 0.12 1.96 9.83 1 3 0.24 3.93 12.67 1 4 0.35 5.89 15.50 1 5 0.47 7.85 18.33 1 6 0.59 9.81 21.17 1 7 0.71 11 .78 24.00 2 1 1.54 12.76 24.00 2 2 2.54 12.95 23.35 2 3 3.54 13.15 22.69 2 4 4.54 13.34 22.04 2 5 5.54 13.53 21 .38 2 6 6.54 13.72 20.73 2 7 7.54 13.91 20.0 8 to 1 7.54 13.91 20.08 3 2 9.34 14.26 18.90 3 3 11 .14 14.60 17.72 3 4 12.93 14.95 16.54 3 5 14.73 15.29 15.37 to 6 16.53 15.64 14.19 3 7 18.33 15.98 13.01 4 1 18.33 15.98 13.01 4 2 20.12 16.33 11.84 4 3 21.90 16.67 10.67 4 4 23.69 17.01 9.51 4 5 25.47 17.35 8.34 4 6 27.26 17.70 7.17 4 7 29.04 18.04 6.00 

PAGE 2 MOMENT SECTION MODULUS AREA INERTIA OUTER INNER 6.40 59.3 15.41 18.81 6.93 125.5 23.29 28.21 7.46 219.3 31.74 38.07 7.99 342.9 40.75 48.39 8.52 49 8.4 50.29 59.18 9.0 5 688.1 60.38 70.44 9.59 914.1 70.99 82.18 9.61 908.1 69.44 83.13 9.49 852.7 66.97 80.34 9.37 799.4 64.53 77.58 9.25 748.0 62.12 74.84 9.12 69 8.7 59.7 3 72. 13 9.00 651.3 57 .38 69.44 8.88 605.8 55.05 66.78 6.47 378.8 33.23 43.66 6.25 328.3 30 .48 40.41 6.03 282.1 27.81 37.24 5.81 240.1 25.24 34.15 5.59 202.1 22.76 31. 15 5.37 167.9 20.38 28.23 5.15 137.5 18.09 25.39 3.76 109.2 18.21 15.56 3.61 88.5 16.26 13.82 3.47 70.2 14.37 12.13 3.32 54.3 12.53 10.51 3.17 40.7 10.74 8.95 3.03 29.2 9.00 7.45 2.88 19.8 7.32 6.01 

PROPERTIES SECTION 
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E X A M P L E P R O B L E M P A G E 3 

L E F T S I D E R I G H T S I D E 
PART S E C A X I A L S H E A R MOMENT A X I A L S H E A R MOMENT 

1 .1 - 2 . 4 0 -1 . 9 1 

0 . 0 - 2 . 4 0 
-1.91 

0 . 0 

1 2 - 2 . 4 0 -1 . 9 1 - 3 . 4 6 - 2 . 4 0 - 1 . 9 1 - 3 . 4 6 

1 3 = 2 . 4 0 - 1 . 9 1 - 6 . 9 1 - 2 . 4 0 "•• - 1 . 9 1 = - 6 . 9 1 

1 4 - 2 . 4 0 . - 1 . 9 1 ' - 1 0 . 3 7 - 2 . 4 0 
-1.91 

- 1 0 . 3 . 7 
1 5 - 2 . 4 0 

-1.91 
- 1 3 . 8 3 ' - 2 . 4 0 

-1.91 
- 1 3 . 8 3 

1 6 - 2 . 4 0 
-1.91 

- 1 7 . 2 9 - 2 . 4 0 - 1 . 9 1 - 1 7 . 2 9 
7 - 2 . 4 0 -1 . 9 1 - 2 0 . 7 6 - 2 . 4 0 - 1 . 9.1 - 2 0 . 7 6 

2 1 - 2 . 2 5 1.93 - 2 0 . 7 1 - 2 . 2 5 1 . 9 3 - 2 0 . 7 1 
2 2 - 2 . 2 4 1 . 8 5 - 1 8 . 8 4 ' - 2 . 2 4 

•1.85 
- 1 8 . 8 4 

2 3 - 2 . 2 3 , 1 . 7 7 - 1 7 . 0 5 ' - 2 . 2 3 1 . 7 7 - 1 7 . 0 5 
2 4 - 2 . 2 1 1 . 7 0 - 1 5 . 3 4 - 2 . 2 1 1 . 7 0 - 1 5 . 3 4 
2 5 - 2 . 2 0 1 . 6 2 - 1 3 . 7 1 ' - 2 . 2 0 •1.62 

- 1 3 . 7 1 
2 6 - 2 . 1 9 1 . 5 4 • - 1 2 . 1 6 - 2 . 1 9 :• 1 . 5 4 - 1 . 2 . . 1 6 
2 7 - 2 . 1 7 1 . 4 6 - 1 0 . 6 9 - - 2 . 1 7 1 . 4 6 - 1 0 . 6 9 

3 1 - 2 . 1 7 1 . 4 6 - 1 0 . 6 9 . - 2 . 1 7 1 . 4 6 - 1 0 . 6 9 
3 2 - 2 . 1 5 

1.32 
- 8 . 2 4 - 2 . 1 5 1 . 3 2 - 8 . 2 4 

3 3 - 2 . 1 3 1 . 1 8 - 6 . 0 6 - 2 . 1 3 

1.18 
- 6 . 0 6 

3 4 - 2 . 1 0 1 . 0 3 - 4 . 1 3 - 2 . 1 0 

1.03 
- 4 . 1 3 

3 5 - 2 . 0 8 0 . 8 9 - 2 . 4 6 - 2 . 0 8 0 . 8 9 - 2 . 4 6 
3 6 - 2 . 0 6 0 . 7 5 

-1.05 
- 2 . 0 6 0 . 7 5 - 1 . 0 5 

3 7 - 2 . 0 3 0 . 6 1 0 . 1 0 - 2 . 0 3 0 . 6 1 0 . 1 0 

4 1 - 2 . 0 3 0 . 6 1 0 . 1 0 - 2 . 0 3 0 . 6 1 0 . 1 0 
4 2 - 2 . 0 1 0 . 4 7 0 . 9 9 - 2 . 0 1 0 . 4 7 0 . 9 9 
4 3 - 1 . 9 9 0 . 3 3 1 . 6 2 

-1.99 
0 . 3 3 1 . 6 2 

4 4 -1 . 9 6 

0 . 1 8 2 . 0 0 - 1 . 9 6 0 . 1 8 2 . 0 0 
4 5 

-1.94 
0 . 0 4 2 . 1 2 ; - 1 . 9 4 0 . 0 4 2 . 1 2 

4 6 -1 . 9 2 

- 0 . 1 0 1 . 9 8 - 1 . 9 2 - 0 . 1 0 1 . 9 8 
4 7 

-1.89 
- 0 . 2 4 1 . 6 0 

-1.8.9 
- 0 . 2 4 1 . 6 0 

R E A C T I O N S 
L E F T R I G H T 

V E R T I C A L 2 . 4 0 2 . 4 0 
H O R I Z O N T A L - 1 . 9 1 - 1 . 9 1 

DEAD LOAD - F O R C E S 
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E X A M P L E P R O B L E M 

L I V E LOAD - • F O R C E S 

L E F T S I D E 
PART S E C A X I A L S H E A R MOMENT 

1 •1 - 1 2 . 0 0 - 9 . 5 3 0 • 0;. 
1 2 - 1 2 . 0 0 - 9 . 5 3 " " . - 1 7 • 2 8 
1 3 - 1 2 . 0 0 - 9 . 5 3 - 3 4 • 5 7 
1 . 4 = - 1 2 . 0 0 - 9 . 5 3 - 5 1 • 8 7 
1 5 - 1 2 . 0 0 - 9 . 5 3 -69 • 1 7 

• 1 6 - 1 2 . 0 0 - 9 . 5 3 - 8 6 • 4 7 
.1 7 - 1 2 . . 0 0 = 9 . 5 3 - 1 0 3 . 7 8 

2 1. - 1 1 . 2 7 9 . 6 6 - 1 0 3 • 5 3 
2 2 - 1 1 . 2 0 9 . 2 7 - 9 4 • 1 8 
2 3 - 1 1 . 1 4 8 . 8 7 - 8 5 . 2 4 
2 4 - 1 1 . 0 7 8 . 4 8 - 7 6 . 6 9 
2 5 - 1 1 . 0 1 8 . 0 8 - 6 8 . 5 4 
2 6 - 1 0 . 9 4 7 . 6 9 - 6 0 . 7 9 
2 7 - 1 0 . 8 7 7 • 3 0 - 5 3 • 4 4 

3 1 - 1 0 . 8 7 7 . 3 0 ^ 5 3 . 4 4 
3 2 - 1 0 . 7 6 6 . 5 9 . - 4 1 • 21: 
3 3 - 1 0 . 6 4 5 . 8 8 - 3 0 • 2 8 
3 4 - 1 0 . 5 2 ; 5 . 1 7 - 2 0 • 6 4 
3 5 - 1 0 . . 4 0 4 . 4 6 - 1 2 • 3 0 
3 6 - 1 0 . 2 8 3 . 7 5 - 5 . 2 5 
3 7 - 1 0 . 1 6 3 . 0 4 0 . 5 1 

4 1 - 1 0 . 1 6 3 . 0 4 0 . 5 1 
4 2 - 1 0 . 0 5 2 . 3 3 4 . 9 4 
4 3 = 9 . 9 3 1 . 6 3 8 • 1 0 
4 4 - 9 . 8 1 0 . 9 2 9 • 9 8 
4 5 - 9 . 6 9 0 . 2 2 1 0 . 5 9 
4 6 - 9 . 5 8 - 0 . 4 8 9 . 9 2 
4 7 = 9 . 4 6 = 1 . 1 9 . 7 . 9 8 

R E A C T I O N S 
L E F T R I G H T 

V E R T I C A L 1 2 . 0 0 1 2 . 0 0 
H O R I Z O N T A L - 9 . 5 3 - 9 . 5 3 

P A G E 4 

RIGHT SIDE . A X I A L S H E A R MOMENT 
- 1 2 . 0 0 - 9 . 5 3 0 . 0 
- 1 2 . 0 0 - 9 . 5 3 - 1 7 . 2 8 
- 1 2 . 0 0 - 9 . 5 3 - 3 4 . 5 7 
- 1 2 . 0 0 - 9 . 5 3 - 5 1 . 8 7 
- 1 2 . 0 0 - 9 . 5 3 - 6 9 . 1 7 
- 1 2 . 0 0 - 9 . 5 3 - 8 6 . 4 7 
- 1 2 . 0 0 - 9 . 5 3 - 1 0 3 . 7 8 

- 1 1 . 2 7 9 . 6 6 - 1 0 3 . 5 3 
- 1 1 . 2 0 9 . 2 7 - 9 4 . 1 8 
- 1 1 . 1 4 8 . 8 7 - 8 5 . 2 4 
- 1 1 . 0 7 8 . 4 8 - 7 6 . 6 9 
- 1 1 . 0 1 8 . 0 8 - 6 8 . 5 4 
- 1 0 . 9 4 7 . 6 9 - 6 0 . 7 9 
- 1 0 . 8 7 7 . 3 0 - 5 3 . 4 4 

- 1 0 . 8 7 7 . 3 0 - 5 3 . 4 4 
- 1 0 . 7 6 6 . 5 9 - 4 1 . 2 1 
- 1 0 . 6 4 5 . 8 8 - 3 0 . 2 8 
- 1 0 . 5 2 5 . 1 7 - 2 0 . 6 4 
- 1 0 . 4 0 4 . 4 6 - 1 2 . 3 0 
- 1 0 . 2 8 3 . 7 5 - 5 . 2 5 
- 1 0 . 1 6 3 . 0 4 0 . 5 1 

- 1 0 . 1 6 3 . 0 4 0 . 5 1 
- 1 0 . 0 5 2 . 3 3 4 . 9 4 

- 9 . 9 3 1 . 6 3 8 . 1 0 
- 9 . 8 1 0 . 9 2 9 . 9 8 
- 9 . 6 9 0 . 2 2 1 0 . 5 9 
- 9 . 5 8 - 0 . 4 8 9 . 9 2 
- 9 . 4 6 - 1 . 1 9 7 . 9 8 
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E X A M P L E P R O B L E M PAGE 5 

L E F T S I D E R I G H T S I D E 
PART S E C A X I A L S H E A R MOMENT A X I A L S H E A R MOMENT 

1 1 8 . 9 7 1 0 . 7 3 0 . 0 

6.80 
3 . 1 6 0 . 0 

1 2 8 . 9 7 1 0 . 0 4 1 9 . 3 3 

6.80 
3 . 5 5 5 . 7 9 

1 3 8 . 9 7 9 . 3 6 3 7 . 3 2 

6.80 
3 . 9 4 1 2 . 3 5 

1 4 8 . 9 7 8 . 6 7 5 3 . 9 6 

6.80 
4 . 3 4 1 9 . 6 8 

1 5 8 . 9 7 7 . 9 8 6 9 . 2 5 

6.80 
4 . 7 3 2 7 . 7 9 

1 6 8 . 9 7 7 . 3 0 8 3 . 2 1 

6.80 
5 . 1 2 3 6 . 6 7 

1 7 8 . 9 7 6 . 6 1 9 5 . 8 1 6 . 8 0 5 . 5 2 4 6 . 3 2 

2 1 6 . 8 2 - 7 . 5 3 9 4 . 9 8 6.63 - 5 . 4 0 4 6 . 0 7 
2 2 6 . 8 3 - 7 . 2 5 8 7 . 7 6 6 . 6 3 - 5 . 1 5 4 0 . 9 8 
2 3 6 . 8 3 - 6 . 9 6 8 0 . 8 1 

6.64 
- 4 . 8 9 3 6 . 1 3 

2 4 

6.84 
- 6 . 6 8 7 4 . 1 2 

6.65 
- 4 . 6 4 3 1 . 5 2 

2 5 6 . 8 5 - 6 . 4 0 6 7 . 6 9 

6.65 
-4- . . 3 8 2 7 . 1 5 

2 6 6 . 8 5 - 6 . 1 2 6 1 . 5 3 6 . 6 6 - 4 . 1 3 2 3 . 0 2 
2 7 6 . 8 6 - 5 . 8 4 5 5 . 6 3 6 . 6 7 - 3 . 8 8 1 9 . 1 3 

3 1 6 . 8 6 - 5 . 8 4 5 5 . 6 3 6 . 6 7 - 3 . 8 8 1 9 . 1 3 
3 2 6 . 8 7 - 5 . 3 4 4 5 . 6 9 6 . 6 8 - 3 . 4 2 1 2 . 7 4 
3 3 6 . 8 9 - 4 . 8 3 3 6 . 6 0 6 . 6 9 

- 2 . 9 6 7 . 1 2 
3 4 6 . 9 0 - 4 . 3 3 2 8 . 3 8 

6.70 
- 2 . 5 0 2 . 2 9 

3 5 6 . 9 1 - 3 . 8 2 2 - 1 . 0 1 6 . 7 1 - 2 . 0 4 - 1 . 7 7 
3 6 6 . 9 2 - 3 . 3 2 1 4 . 5 0 6 . 7 2 - 1 . 5 9 - 5 . 0 5 
3 ,7 6 . 9 3 - 2 . 8 1 8 . 8 5 6 . 7 3 - 1 . 1 3 - 7 . 5 5 

4 1 6 . 9 3 - 2 . 8 1 8 . 8 5 6 . 7 3 - 1 . 1 3 - 7 . 5 5 
4 2 6 . 9 5 - 2 . 3 1 4 . 1 0 6 . 7 4 - 0 . 6 7 - 9 . 2 5 
4 3 6 . 9 6 - 1 . 8 1 0 . 1 9 6 . 7 5 - 0 . 2 2 - 1 0 . 2 0 
4 4 6 . 9 7 - 1 . 3 1 - 2 . 8 8 6 . 7 7 0 . 2 3 - 1 0 . 3 7 
4 5 6 . 9 8 - 0 . 8 1 - 5 . 0 9 6 . 7 8 0 . 6 9 - 9 . 7 8 
4 6 7 . 0 0 - 0 . 3 1 - 6 . 4 6 6 . 7 9 1 . 1 4 - 8 . 4 2 
4 7 7 . 0 1 0 . 1 9 - 6 . 9 8 6 . 8 0 1 . 6 0 - 6 . 2 9 

R E A C T I O N S 
L E F T R I G H T 

V E R T I C A L - 8 . 9 7 - 6 . 8 0 
H O R I Z O N T A L 1 0 . 7 3 3 . 1 6 

WIND LOAD - F O R C E S - ; 
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E X A M P L E P R O B L E M P A G E 6 

L E F T . S I D E ' • ' R I G H T S I D E 
VRT S E C A X I A L S H E A R MOMENT A X I A L ' S H E A R MOMENT 

1 . 1 - 0 . 8 6 - 1 . 4 3 0 . 0 - 4 . 1 4 - 1 . 4 3 0 . 0 
1 2 - 0 . 8 6 - 1 . 4 3 - 2 . 7 1 - 4 . 1 4 " - 1 . 4 3 - 2 . 3 2 
1 3 - 0 . 8 6 - 1 . 4 3 - 5 . 4 2 - 4 . 1 4 - 1 . 4 3 - 4 . 6 4 
1 4 - 0 . 8 6 - 1 . 4 3 - 8 . 1 2 - 4 . 1 4 - 1 . 4 3 - 6 . 9 6 
1 5 - 0 . 8 6 - 1 . 4 3 - 1 0 . 8 3 - 4 . 1 4 - 1 . 4 3 - 9 . 2 8 
1 6 - 0 . 8 6 - 1 . 4 3 - 1 3 . 5 4 - 4 . 1 4 - 1 . 4 3 - 1 1 . 6 0 
1 7 - 0 . 8 6 - 1 . 4 3 - 1 6 . 2 5 - 4 . 1 4 - 1 . 4 3 - 1 3 . 9 2 

2 1 - 1 . 5 5 0 . 6 1 - 1 6 . 9 4 - 2 . 0 9 3 . 8 5 - 1 1 . 8 8 
2 2 - 1 . 5 5 0 . 6 1 - 1 6 . 3 6 - 2 . 0 9 3 . 8 5 - 8 . 0 1 
2 3 - 1 . 5 5 0 . 6 1 - 1 5 . 7 7 - 2 . 0 9 3 . 8 5 - 4 . 1 5 
2 4 - 1 . 5 5 0 . 6 1 - 1 5 . 1 9 - 2 . 0 9 3 . 8 5 - 0 . 2 9 
2 5 - 1 . 5 5 0 . 6 1 - 1 4 . 6 0 - 2 . 0 9 3 . 8 5 3 . 5 7 
2 6 - 1 . 5 5 0 . 6 1 - 1 4 . 0 2 - 2 . 0 9 3 . 8 5 7 . 4 4 
2 7 - 1 . 5 5 0 . 6 1 - 1 3 . 4 3 - 2 . 0 9 3 . 8 5 1 1 . 3 0 

3 1 - 1 . 5 5 0 . 6 1 - 1 3 . 4 3 - 2 . 0 9 3 . 8 5 1 1 . 3 0 
3 2 - 1 . 5 5 0 . 6 1 - 1 2 . 3 8 - 2 . 0 9 3 . 8 5 1 8 . 2 5 
3 3 - 1 . 5 5 0 . 6 1 - 1 1 . 3 3 - 1 . 2 7 - 1 . 0 8 1 9 . 5 2 
3 4 - 1 . 5 5 0 . 6 1 - 1 0 . 2 8 - 1 . 2 7 - 1 . 0 8 1 7 . 4 8 
3 5 - 1 . 5 5 0 . 6 1 - 9 . 2 3 - 1 . 2 7 - 1 . 0 8 1 5 . 4 4 
3 6 - 1 . 5 5 0 . 6 1 - 8 . 1 7 " - 1 . 2 7 - 1 . 0 8 1 3 . 4 0 
3 7 - 1 . 5 5 0 . 6 1 - 7 . 1 2 - 1 . 2 7 - 1 . 0 8 1 1 . 3 6 

4 1 - 1 . 5 5 0 . 6 1 - 7 . 1 2 - 1 . 2 7 - 1 . 0 8 1 1 . 3 6 
4 2 - 1 . 5 5 0 . 6 1 - 6 . 0 8 - 1 . 2 7 - 1 . 0 8 9 . 3 4 
4 3 - 1 . 5 5 0 . 6 1 - 5 . 0 3 - 1 . 2 7 - 1 . 0 8 7 . 3 1 
4 4 - 1 . 5 5 0 . 6 1 - 3 . 9 9 - 1 . 2 7 - 1 . 0 8 5 . 2 9 
4 5 - 1 . 5 5 0 . 6 1 - 2 . 9 4 - 1 . 2 7 - 1 . 0 8 3 . 2 7 
4 6 - 1 . 5 5 0 . 6 1 - 1 . 9 0 - 1 . 2 7 - 1 . 0 8 1 . 2 4 
4 7 - 1 . 5 5 Q . 6 1 - 0 . 8 6 - 1 . 2 7 - 1 . 0 8 - 0 . 7 8 

R E A C T I O N S 
L E F T R I G H T 

V E R T I C A L 0 . 8 6 4 . 1 4 
H O R I Z O N T A L - 1 . 4 3 - 1 . 4 3 

C O N C E N T R A T E D LOAD N O . 1 - F O R C E S 
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E X A M P L E P R O B L E M P A G E 7 

L E F T S I D E R I G H T S I D E 
PART S E C A X I A L S H E A R MOMENT A X I A L S H E A R MOMENT 

1 1 - 4 . 1 4 - 1 . 4 3 0 . 0 - 0 . 8 6 - 1 . 4 3 0 . 0 
1 2 - 4 . 1 4 - 1 . 4 3 - 2 . 3 2 - 0 . 8 6 - 1 . 4 3 - 2 . 7 1 
1 3 - 4 . 1 4 - 1 . 4 3 - 4 . 6 4 - 0 . 8 6 - 1 . 4 3 - 5 . 4 2 
1 4 - 4 . 1 4 - 1 . 4 3 - 6 . 9 6 - 0 . 8 6 - 1 . 4 3 - 8 . 1 2 
1 5 - 4 . 1 4 - 1 . 4 3 - 9 . 2 8 - 0 . 8 6 - 1 . 4 3 - 1 0 . 8 3 
1 6 - 4 . 1 4 - 1 . 4 3 - 1 1 . 6 0 - 0 . 8 6 - 1 . 4 3 - 1 3 . 5 4 
1 7 - 4 . 1 4 - 1 . 4 3 - 1 3 . 9 2 - 0 . 8 6 - 1 . 4 3 - 1 6 . 2 5 

2 1 - 2 . 0 9 3 . 8 5 - 1 1 . 8 8 - 1 . 5 5 0 . 6 1 - 1 6 . 9 4 
2 2 - 2 . 0 9 3 . 8 5 - 8 . 0 1 - 1 . 5 5 0 . 6 1 - 1 6 . 3 6 
2 3 - 2 . 0 9 3 . 8 5 - 4 . 1 5 - 1 . 5 5 0 . 6 1 - 1 5 . 7 7 
2 4 - 2 . 0 9 3 . 8 5 - 0 . 2 9 - 1 . 5 5 0 . 6 1 - 1 5 . 1 9 
2 5 - 2 . 0 9 3 . 8 5 3 . 5 7 - 1 . 5 5 0 . 6 1 - 1 4 . 6 0 
2 6 - 2 . 0 9 3 . 8 5 7 . 4 4 - 1 . 5 5 0 . 6 1 - 1 4 . 0 2 
2 7 - 2 . 0 9 3 . 8 5 1 1 . 3 0 - 1 . 5 5 0 . 6 1 - 1 3 . 4 3 

3 1 - 2 . 0 9 3 . 8 5 1 1 . 3 0 - 1 . 5 5 0 . 6 1 - 1 3 . 4 3 
3 2 - 2 . 0 9 3 . 8 5 1 8 . 2 5 - 1 . 5 5 0 . 6 1 - 1 2 . 3 8 
3 3 - 1 . 2 7 - 1 . 0 8 1 9 . 5 2 - 1 . 5 5 0 . 6 1 - 1 1 . 3 3 
3 4 - 1 . 2 7 - 1 . 0 8 1 7 . 4 8 - 1 . 5 5 0 . 6 1 - 1 0 . 2 8 
3 5 - 1 . 2 7 - 1 . 0 8 1 5 . 4 4 - 1 . 5 5 0 . 6 1 - 9 . 2 3 
3 6 - 1 . 2 7 - 1 . 0 8 1 3 . 4 0 - 1 . 5 5 0 . 6 1 - 8 . 1 7 
3 7 - 1 . 2 7 - 1 . 0 8 1 1 . 3 6 - 1 . 5 5 0 . 6 1 - 7 . 1 2 

4 1 - 1 . 2 7 - 1 . 0 8 1 1 . 3 6 - 1 . 5 5 0 . 6 1 - 7 . 1 2 
4 2 - 1 . 2 7 - 1 . 0 8 9 . 3 4 - 1 . 5 5 0 . 6 1 - 6 . 0 8 
4 3 - 1 . 2 7 - 1 . 0 8 7 . 3 1 - 1 . 5 5 0 . 6 1 - 5 . 0 3 
4 4 - 1 . 2 7 - 1 . 0 8 5 . 2 9 - 1 . 5 5 0 . 6 1 - 3 . 9 9 
4 5 - 1 . 2 7 - 1 . 0 8 3 . 2 7 - 1 . 5 5 0 . 6 1 - 2 . 9 4 
4 6 - 1 . 2 7 - 1 . 0 8 1 . 2 4 - 1 . 5 5 0 . 6 1 - 1 . 9 0 
4 7 - 1 . 2 7 - 1 . 0 8 - 0 . 7 8 - 1 . 5 5 0 . 6 1 - 0 . 8 6 

R E A C T I O N S 
L E F T R I G H T 

V E R T I C A L 4 . 1 4 0 . 8 6 
H O R I Z O N T A L - 1 . 4 3 - 1 . 4 3 

C O N C E N T R A T E D LOAD N O . 2 - F O R C E S 
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E X A M P L E P R O B L E M - P A G E 8 

L E F T S I D E R I G H T S I D E 
PART S E C A X I A L S H E A R MOMENT A X I A L S H E A R MOMENT 

1 1 - 1 9 . 4 0 - 1 4 . 2 9 0 . 0 - 1 9 . 4 0 - 1 4 . 2 9 0 . 0 
1 2 • - 1 9 . 4 0 - 1 4 . 2 9 - 2 5 . 7 7 - 1 9 . 4 0 - 1 4 . 2 9 - 2 5 . 7 7 
1 3 - 1 9 . 4 0 - 1 4 . . 2 9 " - 5 1 . 5 4 - 1 9 . 4 0 - 1 4 . 2 9 - 5 1 . 5 4 
1 4 - 1 9 . 4 0 - 1 4 . 2 9 - 7 7 . 3 3 - 1 9 . 4 0 - 1 4 . 2 9 - 7 7 . 3 3 
1 5 - 1 9 . 4 0 - 1 4 . 2 9 - 1 0 3 . 1 2 - 1 9 . 4 0 - 1 4 . 2 9 - 1 0 3 . 1 2 
1 6 - 1 9 . 4 0 - 1 4 . 2 9 - 1 2 8 . 9 1 - 1 9 . 4 0 - 1 4 . 2 9 - 1 2 8 . 9 1 
1 7 - 1 9 . 4 0 - 1 4 . 2 9 - 1 5 4 . 7 1 - 1 9 . 4 0 - 1 4 . 2 9 - 1 5 4 . 7 1 

2 1 - 1 7 . 1 7 1 6 . 0 6 - 1 5 3 . 0 5 • - 1 7 . 1 7 1 6 . 0 6 - 1 5 3 . 0 5 
2 2 - 1 7 . 0 9 1 5 . 5 8 - 1 3 7 . 3 9 - 1 7 . 0 9 1 5 . 5 8 - 1 3 7 . 3 9 
2 3 - 1 7 . 0 1 1 5 . 1 1 - 1 2 2 . 2 1 - 1 7 . 0 1 1 5 . 1 1 - 1 2 2 . 2 1 
2 4 - 1 6 . 9 3 

14.64 - 1 0 7 . 5 0 - 1 6 . 9 3 1 4 . 6 4 - 1 0 7 . 5 0 
2 5 - 1 6 . 8 5 1 4 . 1 6 - 9 3 . 2 8 - 1 6 . 8 5 1 4 . 1 6 - 9 3 . 2 8 
2 6 - 1 6 . 7 7 1 3 . 6 9 - 7 9 . 5 3 - 1 6 . 7 7 1 3 . 6 9 - 7 9 . 5 3 
2 7 - 1 6 . 6 9 1 3 . 2 2 - 6 6 . 2 6 - 1 6 . 6 9 1 3 . 2 2 - 6 6 . 2 6 

3 1 - 1 6 . 6 9 1 3 . 2 2 - 6 6 . 2 6 - 1 6 . 6 9 1 3 . 2 2 - 6 6 . 2 6 
3 2 - 1 6 . 5 5 1 2 . 3 7 - 4 3 . 5 9 - 1 6 . 5 5 1 2 . 3 7 - 4 3 . 5 9 
3 3 - 1 5 . 5 9 6 . 5 8 - 2 8 . 1 4 - 1 5 . 5 9 6 . 5 8 - 2 8 . 1 4 

. 3 4 - 1 5 . 4 5 5 . 7 3 - 1 7 . 5 6 - 1 5 . 4 5 5 . 7 3 - 1 7 . 5 6 
3 5 - 1 5 . 3 0 4 . 8 8 - 8 . 5 4 - 1 5 . 3 0 4 . 8 8 - 8 . 5 4 
3 6 - 1 5 . 1 6 4 . 0 3 - 1 . 0 7 - 1 5 • 1 6 4 . 0 3 - 1 . 0 7 
3 7 - 1 5 . 0 2 3 . 1 8 4 . 8 5 - 1 5 . 0 2 3 . 1 8 4 . 8 5 

4 1 - 1 5 . 0 2 3 . 1 8 4 . 8 5 - 1 5 . 0 2 3 . 1 8 4 . 8 5 
4 2 - 1 4 . 8 8 2 . 3 3 9 . 1 9 - 1 4 . 8 8 2 . 3 3 9 . 1 9 
4 3 - 1 4 . 7 4 1 . 4 8 1 2 . 0 0 - 1 4 . 7 4 1 . 4 8 1 2 . 0 0 
4 4 - 1 4 . 6 0 0 . 6 4 1 3 . 2 8 - 1 4 . 6 0 0 . 6 4 1 3 . 2 8 
4 5 - 1 4 . 4 6 - 0 . 2 1 1 3 . 0 3 - 1 4 . 4 6 - 0 . 2 1 1 3 . 0 3 
4 6 - 1 4 . 3 2 - 1 . 0 5 1 1 . 2 5 - 1 4 . 3 2 - 1 . 0 5 1 1 . 2 5 
4 7 - 1 4 . 1 8 - 1 . 9 0 7 . 9 4 - 1 4 . 1 8 - 1 . 9 0 7 . 9 4 

R E A C T I O N S 
L E F T R I G H T 

V E R T I C A L 1 9 . 4 0 1 9 . 4 0 
H O R I Z O N T A L - 1 4 . 2 9 - 1 4 . 2 9 

C O M B I N A T I O N N O . 1 - F O R C E S 
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E X A M P L E P R O B L E M PAGE 9 

. L E F T S I D E . • R I G H T " . S I D E 
B E N D I N G , B E N D I N G 

PART S E C A X I A L ^SHEAR O U T E R I N N E R A X I A L S H E A R O U T E R I N N E R 
1 1 - 3 . 0 - 1 2 . 4 . 0 . 0 0 . 0 - 3 . 0 - 1 2 . 4 0 . 0 0 . 0 
I 2 - 2 . 8 - 8 . 3 1 3 . 3 - 1 L . 0 - 2 . 8 - 8 . 3 1 3 . 3 - 1 1 . 0 
1 3 - 2 . 6 - 6 . 2 ' 1 9 . 5 - 1 6 . 4 - 2 . 6 - 6 . 2 . 1 9 . 5 - 1 6 . 4 
1 4 - 2 . 4 - 5 . 0 2 2 . 8 - 1 9 . 3 - 2 . 4 - 5 . 0 2 2 . 8 - 1 9 . 3 
1 5 - 2 . 3 - 4 . 2 , 2 4 . 6 - 2 1 . 1 - 2 . 3 - 4 . 2 2 4 . 6 - 2 1 . 1 
1 6 = 2 . 1 - 3 . 6 2 5 . 6 - 2 2 . 1 - 2 . 1 - 3 . 6 2 5 . 6 - 2 2 . 1 
1 7 - 2 . 0 - 3 . 1 2 6 . 2 - 2 2 . 8 - 2 . 0 - 3 . 1 2 6 . 2 - 2 2 . 8 

2 1 - 1 . 8 3 . 7 2 6 . 4 - 2 2 . 1 - 1 . 8 3 . 7 2 6 . 4 - 2 2 . 1 
2 2 - 1 . 8 3 . 7 2 4 . 6 - 2 0 . 6 - 1 . 8 3 . 7 2 4 . 6 - 2 0 . 6 
2 3 - 1 . 8 3 . 7 2 2 . 7 - 1 8 . 9 - 1 . 8 3 . 7 2 2 . 7 - 1 8 . 9 
2 4 - 1 . 8 3 . 7 2 0 . 8 - 1 7 . 3 - 1 . 8 3 . 7 2 0 . 8 - 1 7 . 3 
2 5 - 1 . 8 3 . 7 1 8 . 7 - 1 5 . 5 - 1 . 8 3 . 7 1 8 . 7 - 1 5 . 5 
2 6 - 1 . 9 3 . 7 1 6 . 6 - 1 3 . 8 - 1 . 9 3 . 7 1 6 . 6 - 1 3 . 8 
2 7 - 1 . 9 ' 3 . 7 1 4 . 4 - 1 1 . 9 - 1 . 9 3 . 7 1 4 . 4 - 1 1 . 9 

3 1 - 2 . 6 3 . 6 2 3 . 9 - 1 8 . 2 - 2 . 6 3 . 6 2 3 . 9 - 1 8 . 2 
3 2 - 2 . 6 3 . 6 1 7 . 2 - 1 3 . 0 - 2 . 6 3 . 6 1 7 . 2 - 1 3 . 0 
3 3 - 2 . 6 2 . 0 - 1 2 . 1 - 9 . 1 - 2 . 6 2 . 0 : 1 2 . 1 - - 9 . 1 
3 4 - 2 . 7 1 . 9 8 . 4 - 6 . 2 - 2 . 7 1 . 9 8 . 4 - 6 . 2 
3 5 - 2 . 7 1 . 7 4 . 5 - 3 . 3 - 2 . 7 1 . 7 4 . 5 • - 3 . 3 
3 6 - 2 . 8 1 . 6 0 . 6 - 0 . 5 - 2 . 8 1 . 6 0 . 6 - 0 . 5 
3 7 - 2 . 9 ; .1 . 4 - 3 . 2 2 . 3 - 2 . 9 1 . 4 - 3 . 2 2 . 3 

4 1 - 4 . 0 2 . 0 - 3 . 2 3 . 7 - 4 . 0 2 . 0 - 3 . 2 3 . 7 
4 2 - 4 . 1 1 . 7 - 6 . 8 8 . 0 - 4 . 1 1 . 7 - 6 . 8 8 . 0 
4 3 - 4 . 3 1 . 2 - 1 0 . 0 1 1 . 9 - 4 . 3 1 . 2 - 1 0 . 0 1 1 . 9 
4 4 - 4 . 4 0 . 6 - 1 2 . 7 1 5 . 2 - 4 . 4 0 . 6 - 1 2 . 7 1 5 . 2 
4 5 - 4 . 6 - 0 . 1 - 1 4 . 6 1 7 . 5 - 4 . 6 - 0 . 1 - 1 4 . 6 1 7 . 5 
4 6 - 4 . 7 - 1 . 2 - 1 5 . 0 1 8 . 1 - 4 . 7 - 1 . 2 - 1 5 . 0 1 8 . 1 
4 7 - 4 . 9 - 2 . 6 - 1 3 . 0 1 5 . 9 - 4 . 9 - 2 . 6 - 1 3 . 0 1 5 . 9 

C O M B I N A T I O N N O . 1 - S T R E S S E S 
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EXAMPLE PROBLEM COMBINATION NO. 2 - FORCES 
LEFT SIDE PART SEC AXIAL SHEAR MOMENT 1 1 1.18 4.47 0.0 1 2 1.18 3.9 6 8.13 1 3 1.18 3.44 •.'•T15.26 1 4 1.18 2.93 :•• 21.37 1 5 1.18 2.41 26.48 •1 6 1.18 1 .90' 30 .58 1 7 1 .18 1 .38 33.66 2 1 0.69 -0 .85 34.10 2 2 0.71 -0.70 33.42 2 3 0.72 -0.55 32.88 2 4 0.74 -0.40 32.48 2 5 0.75 -0 .24 32.21 2 6 0.77 -0.09 32.09 2 7 0.78 0.0 6 32.11 3 1 0.78 0.06 32.11 3 2 0.81 0. 33 32.49 3 3 1 .45 -3.10 29.05 3 4 1.48 -2.82 23.59 3 5 1 .50 -2.55 18.58 3 6 1.53 -2.28 14.01 3 7 1 .56 -2.01 9.90 4 1 1 .56 -2.01 9.90 4 2 1.59 -1.74 6.26 4 3 •1.61 -1.47 3.07 4 4 1.64 -1.20 0.32 4 5 1.67 -0.93 -1.99 4 6 1.69 -0.66 -3.85 4 7 1.72 -0 .39 -5.27 REACTIONS LEFT RIGHT VERTICAL -1.18 0.45 HORIZONTAL 4.47 -1.21 

PAGE 10 
RIGHT SIDE AXIAL SHEAR MOMENT -0.45 -1.21 0.0 -0.45 -0.91 ' r -2.02 -6.45 -0.62 -3.47 -0.45 -0.32 -4 . 34 -0.45 -0.03 -4.62 -0.45 0.27 -4.33 -0.45 0.56 -3.45 0.55 0 .74 -2.59 0.56 0.88 -1.67 0.58 : i.oi -0.63 0.59 1.14 0.53 0 .60 1 .27 1.81 0.62 1.40 •3.21 0.63 1.53 4.73 0.63 1.53 4.73 0.66 1.77 7.77 1 .30 -1.69 6.95 1.33 -1.45 4.02 1.35 -1.22 1.49 1.38 -0.98 -0.65 '1.41 -0.74 -2.40 1.41 -0 .74 -2.40 1.43 -0.51 -3.7 5 1.46 -0.27 -4.72 1.48 -0.04 -5.31 1.51 0.20 -5.50 1.54 0.43 -5.32 1.56 0.67 -4.75 
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EXAMPLE PROBLEM 

COMBINATION NO.. 2 - S T R E S S E S 

LEFT SIDE 
BENdING 

PART SEC AXIAL SHEAR OUTER INNER AXIAL 
1 1 0 . 2 3 . 9 ; 0 . 0 0 . 0 - 0 . 1 
1 2 0 . 2 2 . 3 - 4 . 2 3 . 5 - 0 . 1 
1 3 0 . 2 1 . 5 - 5 . 8 4 . 8 - 0 . 1 

. 1 4 0 . 1 1 . 0 - 6 . 3 5 . 3 - 0 . 1 
1 5 0 . 1 0 . 7 - 6 . 3 5 . 4 - 0 . 1 
1 6 0 . 1 0 . 5 f - 6 . 1 

5 . 2 - 0 . 0 
1 7 0 . 1 0 . 3 - 5 . 7 5 . 0 - 0 . 0 

2 1 0 . 1 - 0 . 2 - 5 . 9 4 . 9 0 . 1 
2 2 0 . 1 - 0 . 2 - 6 . 0 5 . 0 0 . 1 
2 3 0 . 1 - 0 . 1 . . - 6 . 1 5 . 1 0 . 1 
2 4 0 . 1 - 0 . 1 - 6 . 3 5 . 2 0 . 1 
2 5 0 . 1 - 0 . 0 - 6 . 5 5 . 4 0 . 1 
2 6 0 . 1 - 0 . 0 - 6 . 7 5 . 6 0 . 1 
2 7 0 . 1 0 . 0 - 7 . 0 5 . 8 0 . 1 

3 1 0 . 1 0 . 0 - 1 1 . 6 8 . 8 0 . 1 
3 2 0 . 1 0 . 1 - 1 2 . 8 9 . 7 0 . 1 
3 3 0 . 2 - 0 . 9 - 1 2 . 5 9 . 4 0 . 2 
3 4 0 . 3 - 0 . 9 - 1 1 . 2 8 . 3 0 . 2 
3 5 0 . 3 - 0 . 9 - 9 . 8 7 . 2 0 . 2 
3 6 0 . 3 - 0 . 9 - 8 . 2 6 . 0 0 . 3 
3 7 0 . 3 - 0 . 8 - 6 . 6 4 . 7 0 . 3 

4 1 0 . 4 - 1 . 3 - 6 . 5 7 . 6 0 . 4 
4 2 0 . 4 - 1 . 2 - 4 . 6 5 . 4 0 . 4 
4 3 0 . 5 - 1 . 1 - 2 . 6 3 . 0 0 . 4 
4 4 0 . 5 - 1 . 1 - 0 . 3 0 . 4 0 . 4 
4 5 0 . 5 - 0 . 9 2 . 2 - 2 . 7 0 . 5 
4 6 0 . 6 - 0 . 8 5 . 1 - 6 . 2 0 . 5 
4 7 0 . 6 - 0 . 6 8 . 6 - 1 0 . 5 0 . 5 

PAGE 1 1 

BENDING 
SHEAR OUTER INNER 

- 1 . 1 0 . 0 0 . 0 
- 0 . 5 1 . 0 - 0 . 9 
- 0 . 3 1 . 3 - 1 . 1 
- 0 . 1 1 . 3 - 1 . 1 
- 0 . 0 1 . 1 - 0 . 9 

0 . 1 0 . 9 - 0 . 7 
0 . 1 0 . 6 - 0 . 5 

0 . 2 0 . 4 - 0 . 4 
0 . 2 0 . 3 - 0 . 3 
0 . 2 0 . 1 - 0 . 1 
0 . 3 - 0 . 1 0 . 1 
0 . 3 - 0 . 4 0 . 3 
0 . 4 - 0 . 7 0 . 6 
0 . 4 - 1 . 0 0 . 9 

0 . 4 - 1 . 7 1 . 3 
0 . 5 - 3 . 1 2 . 3 

- 0 . 5 - 3 . 0 2 . 2 
- 0 . 5 - 1 . 9 1 . 4 
- 0 . 4 - 0 . 8 0 . 6 
- 0 . 4 0 . 4 - 0 . 3 
- 0 . 3 1 . 6 - 1 . 1 

- 0 . 5 1 . 6 - 1 . 9 
- 0 . 4 2 . 8 - 3 . 3 
- 0 . 2 3 . 9 - 4 . 7 
- 0 . 1 5 . 1 - 6 . 1 

0 . 2 6 . 2 - 7 . 4 
0 . 5 7 . 1 - 8 . 6 
0 . 9 7 . 8 - 9 . 5 

RIGHT SIDE 



E X A M P L E P R O B L E M 

A L L O W A B L E S T R E S S E S 

B E N D I N G 

O U T E R I N N E R 
2 5 . 2 0 2 5 . 2 0 
2 5 . 2 0 2 5 . 2 0 
2 5 . 2 0 2 5 . 2 0 
2 5 . 2 0 2 5 . 2 0 
2 5 . 2 0 2 5 . 2 0 
2 5 . 2 0 2 5 . 2 0 
2 5 . 2 0 2 5 . 2 0 

PART S E C 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 

2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 

3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 

4 1 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 

S H E A R 
1 6 . 8 0 
1 6 . 8 0 
1 5 . 6 3 
1 2 . 6 1 

9 . 5 9 
7 . 1 0 
5 . 4 7 

5 . 5 6 
5 . 8 9 
6 . 2 5 
6 . 6 4 
7 . 0 8 
7 . 5 6 
8 . 0 9 

7 . 6 8 
8 . 6 9 
9 . 9 3 

1 0 . 6 8 
1 1 . 5 3 
1 2 . 5 3 
1 3 . 7 1 

8 . 2 2 
9 . 9 8 

1 1 . 1 2 
1 2 . 5 5 
1 4 . 4 0 
1 4 . 4 0 
1 4 . 4 0 

COM P . 
2 5 . 2 0 
2 3 . 7 6 
2 1 . 9 8 
2 1 . 8 3 
2 1 . 6 8 
2 2 . 9 9 
2 4 . 2 6 

2 3 . 3 0 
2 2 . 2 6 
2 2 . 2 9 
2 1 . 3 5 
2 1 . 3 9 
2 1 . 4 2 
2 1 . 4 6 

1 7 . 9 3 
1 7 . 1 0 
1 7 . 2 2 
1 7 . 3 4 
1 7 . 4 5 
1 7 . 5 7 
1 4 . 2 3 

1 4 . 9 1 
1 5 . 1 2 
1 5 . 3 3 
1 5 . 5 4 
1 5 . 7 6 
1 5 . 9 8 
2 0 . 7 6 

T E N S I O N 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 

2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 

2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 

2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 

2 3 . 6 9 
2 3 . 7 0 
2 3 . 7 1 
2 3 . 7 2 
2 3 . 8 2 
2 4 . 5 8 
2 5 . 2 0 

2 0 . 2 1 
1 9 . 7 1 
1 9 . 7 6 
1 9 . 8 0 
1 9 . 8 5 
1 9 . 9 0 
1 9 . 9 4 

2 0 . 1 9 
2 0 . 8 2 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 

2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 

2 1 . 6 0 
2 0 . 0 9 
2 0 . 8 7 
2 1 . 6 0 
2 1 . 6 0 
2 1 . 6 0 
1 6 . 0 1 

1 5 . 6 0 
1 5 . 7 3 
1 5 . 8 5 
1 5 . 9 7 
1 6 . 1 0 
1 6 . 2 2 
2 1 . 6 0 
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E X A M P L E P R O B L E M " P A G E 1 3 

P U R L I N S ARE L O C A T E D AT X = 
2 8 . 1 8 2 3 . 1 8 1 8 . 1 8 1 3 . 1 8 8 . 1 8 3 . 9 4 
- 0 . 2 9 

G I R T S A R E L O C A T E D AT Y = 
0 . 5 0 3 . 0 0 8 . 0 0 1 1 . 0 0 1 4 . 0 0 

I N N E R F L A N G E B R A C E S R E Q U I R E D 

ON R A F T E R AT X = 
2 8 . 1 8 1 8 . 1 8 1 3 . 1 8 8 . 1 8 3 . 9 4 - 0 . 2 9 

ON COLUMN AT Y = 

3 . 0 0 8 . 0 0 1 4 . 0 0 

WEB S T I F F E N E R S R E Q U I R E D 

ON R A F T E R AT X = 
NONE R E Q U I R E D 

ON COLUMN AT Y = 
NONE R E Q U I R E D 
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MAIN CONTROL PROGRAM 
COMMON OPTL 1 6 ) , A ( 9 , 1 7 ) , OPS AV CIO) 
COMMON PLTM ( 1 0 ) i F L A N ( 1 0 ) ,-GIRT ( 1 0 ) , W C ( 6 ) 
COMMON WEB PL ( 6 ) ,WEB ( 1 0 ) , NOCOL , NORAF , NOTOT 
COMMON KUTE » N O F L A , N O W E B , N P S , B A Y , G D , N O G R T , H , S P A N , D L , V L 
COMMON WL , W F V P , F IR.ST f SPACE ,NOCBM,KPLT,KWIND 
COMMON C ' B M ( 4 , 7 ) , F L T I ( 1 0 ) , F L T O ( 1 0 ) , P L C O R j 1 0 ) 
COMMON F Y 1 , F Y 2 , C Q S T 1 , C 0 S T 2 , N 0 A L T , K A L T ( 1 0 ) 
COMMON T A B L E ( 4 , 7 ! , B R A C E ( 5 ) , I T L E ( 7 6 ) , L A N A , L D E S , L P A T 
COMMON S C 0 S 1 , S C 0 S 2 , I M O T 
DI MENS ION XI 1 0 , 7 J , Y!10,7),0 I 1 0 , 7 ) »NHOLD 1 1 0 ) , PARTL(10 J 
DIMENSION E R T ( 1 0 , 7 ) , A R E A ( 1 0 , 7 ) , S O ( 1 Q , 7 ) , S I ( 1 0 , 7 ) 
DIMENSION SHL ( 1 0 , 7 ) , S H R ( 10 , 7 ) ,AXL:( 10 , 7 ) ,AXR( 10 , 7 ) 
DIMENSION .SML ( 1 0 , 7 ) ,SMR ( 10 , 7 ) , R ( 4 ) ,G ( 6 . ) 
DIMENSION SHEAR ( 8 , 1 0 , 7 •) ,OMENT ( 8 , 1 0 , 7 . ) , AXIAL ( 8 , 10 , 7 ) , 

• R E A C T ( 4 , 4 ) 
DIMENSION PURL ( 2 0 ) , M A S T ( 2 0 )' 
DIMENSION U B L I ( 1 0 . , 7 ) , U B L O ( 1 0 , 7 ) 
DIMENSION WIDO( 10 ) ,WIDI ( 10 )• 
DIMENSION I I I ( 4 ) . 
DIMENSION KAST ( 20 ) , T E M P ( 2 0 ) ,TEMG (.10 i ' 
DIMENSION S T I F F ( 2 , : 1 Q ) . , Q ( 1 0 , 7 ) 
DIMENSION S O L T A 1 1 0 0 , 1 0 ) 
EQUIVALENCE ( B D , A ( 3 , 2 ) ) , ( C O L U , A C 6 , 2 ) ) , ( E D , A ( 1 , 2 ) ) 
EQUIVALENCE ( RD ,A ( 4 , 2 ) ) , ( RAFT , A ( 5 , 2 1 ) . , ( SLOPE ,-A ( 2 , 2 ) )' 
EQUIVALENCE (XB RE ,A I 7 , 2 ) ) ' , ( DBRE , A ( 8 , 2 ) ) ,,( AOH, A ( 9 , 2 ) ) 
NOPT = 0 
S W T C H = 0 . 0 
NOSOL-0 
NEXT~i 
S C 0 S 1 = 0 . 0 
KUTE=0 
ICTL=40 . . 

C ( 1 ) = 0 . 0 
C ( 2 ) = 0 . 0 
C ( 3 ) = 1 . 0 -
C ( 4 ) = 1 . 0 ' 
C I S ) = 0 . 0 
C ( 6 ) = 0 . 0 
I'PAGE=0 
CALL NITIAL 

A L P H A = A T A N ( S L 0 P E / 1 2 . 0 ) 
CALL LOCATE ( F I R S T , SPACE-, PURL , NO PUR, SPAN , G D , S L O P E , 

• B R A C E , M A S T ) 
KIN=4 
KIT = 4 
I F ( K U T E ) 2 , 1 , 2 

K IN=1 
KIT=0 
C A L L ' O P T M U M ( K I N ) 
I F ( K I N - 4 I 3 0 6 , 3 0 7 , 3 0 6 
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30 7 LPAT=1 
306 CONTINUE 2 CALL GEOM(H,SPAN,BD,ED,RD,SLOPE,GD,X,Y,D,PLTM,NPS,XE, •YE,XR, YR,NOCOL •NOR.AFtNOTOT, PART! ,K PIT, PLCOR , XBRE , a DBRE , NORF A) WTSA 2=0-0 WTSAV=0.0 NORAF=NOTOT-NQCOL CALL UNSUL1X,Y,NOGRT,GIRT,NOPUR,PURL,NOCQL,NQTOT,UBLI aUBLO, H,GD,SLOPE,D,BD,SPAN,FIRST) DO 11 1=1,NOTOT F Y = F Y l IF«N0ALT)201,200,201 201 DO 203 J = 1» NOALT IF(I-KALT(J))20 3,204,203 203 CONTINUE GO TO 200 204 FY=FY2 200 CONTINUE DO 11 J = 1, 7 11 CALL INERT(D(T,J),FLTO<I ) ,WEB(I ) ,FLTI ( I ).WID0(1 ) • •WIDIU), AREA(I,J),SOU,J),SI( I , J ) , ERT ( I . , J ) , NOC OL , F Y , o I ) 80 DO 311=1,4 DO 31 J=l,4 31 REACTU,J)=0.0 IF(KIT~4)300,301,300 301 IF(LDES-1)300,600,300 600 IPAGE = IPAGE + 1 WRITE(3,303)(ITLE(I ),I=1,51),I PAGE 303 FORMAT (11 , 50A1 , 8 PAGE8,13) WRITE(3,302)SPAN,H,SLOPE,BAY,DL,VL,WL,(WC(I) ,1=1,6) 302 FORMAT C/T2 8,1 SUMMARY 8//T3 6,"DEAD LIVE WIND1/ 8 a,1 SPAN HEIGHT SLOPE BAY LOAD LOAD 8 at» LOAD 8/ F7.1,F9.1,F8.1,F7 * 1,3F8 . 1//T20,8 WIND LOAD 8 a, » COEFFICIENTS8/ T14, » *«**W INDWAftD**** •• ****LEEWAR 8 

n t « b * * * * * » / T14,1HQRIZQNTAL VERTICAL HORIZONTAL8/ aT14,»WALL ROOF ROOF ROOF ROOF WALL•/T12,6F6.2) KTRIG=0 DO 320 L=l,4 XC=TABLE(L,1 ) YC=TABLE (L't2 ) FV = TABLEU,3) FH=TABLE(L,4) FM=TABLE(L,5) ID = TABLE( L »6 ) IF(ABS(FV)+ABS(FH)+ABS(FM))32 It 320*321 321 IF«KTRIG)322,323,322 323 WRITE<3,324) 324 FORMAT</T22,8 CONCENTRATED LOADS8/ 8 NO X Y 8 •,8 HORIZONTAL VERTICAL MOMENT LOCATION8) 
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KTKIG-KTR IG+.l 322 GO TO (331 ,332,331, 3 3 2 ) , ID 
331 DO 333 1 = 1 ,.NOCOL 

I F ( Y C - Y ( 1,7! ) 334,333,333 333 CONTINUE STOP 333 
334 YI=YC 

XI = X ( I » 1 ) + ( Y I - Y ( I , 1 ) ) / ( Y ( I , 7 ) - Y ( . I , 1 ) ) # ( X ( I , 7 ) - X ( I » 1 ) ) FMI-FM 
I F ( X C ) 3 3 5 , 3 3 6 , 3 3 5 

3 3 5 F M I = F M I + F V * ( X C - X I ) GO TO 3 3 6 
332 M=NOCOL + 1 

DO 3 3 7 I=M',NQTOT IF(XC-X(I,71)338,337,337 337 CONTINUE STOP 337 
3 3 8 XI=XC 

Y I = Y ( I , 1 ) + ( X I - X ( I , 1 > ) / ( X ( I , 7 ) - X ( I , 1 ) ) * ( Y ( I , 7 ) - Y ( 1 , 1 ) ) 

F M I = F M 

I F ( Y C 1 3 3 9 , 3 3 6 , 3 3 9 
3 3 9 F M I = F M I - F H * ( Y I - Y C ) 336 GO TO (341,341 ,342 ,342 ),ID 
341 W R I T E ( 3 , 3 4 3 ) L , X I ? Y I , F H , F V , F M J 

3 4 3 FORMAT( I 4 , F 7 . 2 , F 6 . 2 , - 3 P F 1 1 . 1 , F 1 0 . 1 , F 1 0 . 1 , » LEFT 
• ) 

GO TO 3 2 0 
3 4 2 W R I T E ( 3 , 3 4 4 ) L , X I , Y I , F H , F V , F M I 
3 4 4 FORMAT(14 , F 7 . 2 , F6 . 2 , ~ 3 PF 1 1 . 1 , F10 . 1 , F 10 . 1 , * RIGHT 

• D ) 320 CONTINUE DO 3 4 6 1=1,4 
3 4 6 11 I C-1 > = I 

W R I T E ( 3 , 3 4 5 ) ( I I I ( I ) , 1 = 1 , N Q C B M ) 
3 4 5 FORMAT(/8 LOADING8/' COMBINATION NO 8 , 1 7 , 3 1 8 ) 

W R I T E ( 3 , 3 4 7 ) ( C B M ( I , 1 ) , 1 = 1 , N O C B M ) 
3 4 7 FORMAT ( • DEAD LOAD 9 , 5X , 4F.8 • 2 ) 

W R I T E ( 3 , 3 4 8 ) ( C B M ( 1 , 2 ) , 1 = 1 , N Q C B M > 
3 4 8 FORMAT(• LIVE L O A D " , 5 X , 4 F 8 . 2 ) WRITE(3,349)(CBM(1,3),I=1,NOCBM) 
3 4 9 FORMAT(" WIND LOAD • , 5 X , 4 F 8 . 2 ) 

I F ( K T R I G ) 3 5 1 , 3 5 2 , 3 5 1 3 5 1 WRITE(3,350) 
3 5 0 FORMAT(• CONCENTRATED') DO 3 5 3 1 = 1 » 4 L = I + 3 SUM=0.0 

DO 3 5 4 J = l , 4 
3 5 4 SUM = S U M + A B S ( C B M ( J , L ) ) IF (SUM)355,353,355 
3 5 5 WRITE(3,3 5 6 }I , ( C B M ( M , L ) , M = 1,NOCBM ) 
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3 5 6 F O R M A T ( 8 L O A D N O ' , I 2 , 5 X , 4 F 8 . 2 ) 
3 5 3 C O N T I N U E 
352 C O N T I N U E 

W R I T E ! 3 , 3 6 0 )COLU,RAFT,AQH 
3 6 0 F O R M A T ( / • COLUMN RAFTER A / H 8 / 8 W I D T H WIDTH ' 

a , • R A T I O 1 / F 5 . 1 , 2 . F 8 . 1 ) 
W R I T E ( 3 , 3 6 2 ) 

362 F O R M A T ( / 1 P L A T E T H I C K N E S S E S 1 / • OUTER 
n , 1 I N N E R */* PART FLANGE WEB FLANGE 
a , 8 L E N G T H Y I E L D 8 ) 

DO 365 1 = 1 , N O T O T 
F Y = F Y l 
IF(N0AL.T)211,210,211 

2 1 1 DO 2 1 3 J = 1 , N O A L T 
. I F U ~ K A L T ( J ) . ) 2 1 3 , 2 1 4 , 2 1 . 3 

2 1 3 C O N T I N U E 
GO TO 210 

2 1 4 F Y = F Y 2 
2 1 0 C O N T I N U E 365 WRITE(3,366)1 ,FLTO( I ) ,WEB( I ) ,FLTIC I ),PARTL( I ) ,FY 
3 6 6 F O R M A T ( 1 4 , F 1 0 • 4 , 2 F 8 . 4 , F 9 . 2 , - 3 P F 9 . 1 ) 

I P A G E = I P A G E + 1 
W R I T E ( 3 , 3 0 3 ) ( I T L E { I ) , I = 1 , 5 1 ) , I PAGE 
W R I T E ( 3 , 3 1 0 ) 

3 1 0 F O R M A T ( / T 2 3 , 8 S E C T I O N PRO PERT I E S 8 / • T 3 9 , 8 MOMENT 8 
8 S E C T I O N M O D U L U S 8 / 8 PART SEC X Y DEPTH 

A R E A I N E R T I A OUTER INNER8) 
DO 312 1 = 1 , N O T O T 
DO 3 1 1 J = l , 7 

3 1 1 W R I T E ( 3 , 3 1 3 ) I , J , X U , J ) , Y U , J ) , D ( 1 , J ) , A R E A ( I , J ) , E R T ( I 
• J ) , S 0 ( I , J ) , S I ( I , J ) 

3 1 3 F O R M A T ( 8 8 , 2 1 4 , 4 F 7 . 2 , F 8 . 1 , 2 F 8 , 2 ) 
W R 1 T E ( 3 , 3 1 5 ) 

315 F O R M A T ( 8 8 ) 
IF(1-5)312,314,312 

3 1 4 I F ( N 0 T 0 T - 5 ) 6 6 6 , 3 1 2 , 6 6 6 
6 6 6 I P A G E = I P A G E + 1 

W R I T E ( 3 , 3 0 3 ) ( I T L E ( K ) , K = 1,51),I PAGE 
W R I T E ( 3 , 3 1 0 ) 

312 C O N T I N U E 
300 C O N T I N U E 

DO 30 1 = 1 , 8 
DO 30 J = l , 1 0 
DO 30 K = l , 7 
S H E A R ( I,J,K)=0.0 
A X I A L ( I , J , K ) = 0 . 0 

30 OMENT ( I,J.,K)=0.0 
I F ( D L ) 3 2 , 3 3 , 3 2 

32 W = D L * B A Y 
C A L L U N I F ( S P A N , H , S L O P E , B D , G D , X , Y , W , C , P A R T L , N O C O L , 

• N O R A F , N O T O T , E R T , A X L , A X R , S H L , S H R , S M L , S M R , R , E D ) 
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I F ( K I T ~ 4 ) 1 2 6 , 1 2 7 . 1 2 6 •121 • I F i L ANA-1.) 126 , 1 2 8,. 126 
1 2 8 -GALL 1 P R I N K I PAGE ? I T L E , 1 »AXL , S HL , SML , AX R , SHR, SMR , NOTOT 

•L ,R r 
126 CONTINUE 

CALL ' COMB IN (A XL , AXR-.-SHL , SHR., SML , SMR, R , C B M , SHEAR , AXIAL 
o O M E N T , R E A C T , 1 , NOTOT,NOCBM) 

3 3 I F ( V L ) 3 4 , 3 5 , 3 4 34 I F ( D L ) 37,36,37 
37 FACT=VL/DL 

DO 3 8 1=1,NOTOT 
DO 3 8 J=l,7 
S H L ( I ,J ) = SHL(I , J)-FACT 
S H R (I , J ) = S H R ( I , J )*FACT 
A X L ( I , J . ) = . A X L ( I , J ) * F A C T 
A * R ( I , J ) = A X R ( I , J )*FACT 
S M L ( I , J ) = S M L ( I , J ) * F A C T 

3 8 SMR{I,J)=SMR(I,J )*FACT . DO 3 9 1 = 1 , 4 

39 R(I)=R(I)*FACT 
GO TO 4 0 

3 6 W=VL*BAY 
CALL UNIF CSPAN,H,SLOPE,BD,GD,X,Y,W,C,PARTL , N O C O l , 

•NORAF, NOTQT,ERT , A X L , A X R , S H L , S H R , S M L , S M R , R , E D ) 
4 0 CONTINUE 

IF ( K I T - 4 ) 1 2 9 , 1 3 0 , 1 2 9 
1 3 0 I F ( L A N A - 1 ) 1 2 9 , 1 3 11 1 2 9 
1 3 1 CALL PR I N T ( I P A G E , I T L E , 2 , A X L , S H L , S M L , A X R , S H R , S M R , N O T O T 

• L , R ) 
1 2 9 CONTINUE 

CALL COMB IN(AXLAXR,SHL,SHR,SML » S M R , R , G B M , S H E A R , AXIAL 
nOMENT,REACT,2,NOTOT,NOCBM) 

3 5 I F ( W L ) 4 1 , 4 2 , 4 1 
4 1 W=.WL*BAY.-

CALL UNIF ( S P A N , H , S L O P E , B D , G D , X , Y , W , W C , P A R T L , N O C O L , 
•NORAF, N O T O T , E R T , A X L , A X R , S H L , S H R , S M L , S M R , R , E D I 

IF(KIT-4)132,133*132 
1 3 3 IF(LANA-i)132,134,132 
1 3 4 CALL PRINT(I PAGE,ITLE.3.AXL,SHL,SML,AXR,SHR,SMR,NOTOT •L,R) 
1 3 2 CONTINUE 

CALL COMB I N ( A X L , A X R , S H L , S H R , S M L , S M R , R , C B M , S H E A R , A X I A L 
•QMENT,REACT,3,NOTOT,NOCBM ) 

4 2 DO 5 0 L = l , 4 
X C = T A B L E ( L , 1 ) 
Y C = T A B L E ( L , 2 ) 
FV = TABL E ( L , 3 ) 
F H = T A B L E ( L , 4 ) 
F M = T A B L E ( L , 5 ) 
I D = T A B L E ( L , 6 ) 
IF f A B S ( F V ) + A B S ( F H ) + A B S ( F M ) )43,50 ,43 
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4 3 CALL CONCEN (SPAN,H,SLOPE,BD,GD ,X,Y,XC,YC,FV,FH,FM,ID, 
• P A R T L , N O C O L , N O R AF,N O T O T , E R T , A X L , A X R , S H L , S H R , S M L , S M R , R , 
• ED) 

I F ( K I T - 4 ) 1 3 5 , 1 3 6 , 1 3 5 
1 3 6 I F ( L A N A - 1 ) 1 3 5 , 1 3 7 , 1 3 5 
1 3 7 CALL PR I N K I P A G E ,IT L E , 4 , A X L , S H L , S M L , A X R , S H R , S M R , N O T O T , 

• L , R ) 
1 3 5 CONTINUE 

LL=L+3 
CALL COMB I N ( A X L , A X R , S H L , S H R , S M L , S M R , R , C B M , S H E A R , A X I A L , 

•OMENT,REACT,LL,NOTOT,NOCBM) 
5 0 CONTINUE 

I F ( K I T - 4 ) 1 4 0 , 1 4 1 , 1 4 0 
1 4 1 I F ( L A N A - 1 ) 1 4 0 , 1 4 2 , 1 4 0 
1 4 2 DO 1 4 4 - L = l ,NOCBM 

I RT = NOGBM'+L 
DO 1 4 3 1 = 1 ,NOTOT 
DO 1 4 3 J = l , 7 
AXL(I,J)=AXIAL(L,I,J) 
SHL( I , J ) =SHEAR(L,I,J) 
SML(I,J)=OMENT(L,I,J) 
AXR( I , J ) = A X I A L ( I R T ,I , J ) 
S H R (I , J ) = S H E A R ( I R T , 1 , J ) 

1 4 3 S M R II , J ) = O M E N T ( I R T , I , J ) 
DO 444 1 = 1 , 4 

4 4 4 R ( I ) = R E A C T ( L , I ) 
CALL P R I N T ( I PAGE, I T L E , 5 , A X L , S H L , S M L , A x R , S H R , S M R , N O T O T , 

• L , R ) 
1 4 4 CALL OUTPUT( I P A G E , I T L E , A X L , S H L , S M L , A X R , S H R , S M R , N O T O T , 

•L , D , S O , S I , A R E A , F L T C F L T I ,WEB,WIDI ,WIDO,PARTL ) 
1 4 0 CONTINUE 

I F ( K I T - 4 ) 9 5 , 9 1 , 9 5 
9 5 KASTER=0 

DO 6 0 1 = 1,NOTOT 
FY=FY1 
I F ( N 0 A L T ) 2 2 1 , 2 2 0 , 2 2 1 

2 2 1 DO 2 2 3 J = 1 , N 0 A L T 
I F ( I - K A L T ( J ) ) 2 2 3 , 2 2 4 , 2 2 3 

2 2 3 CONTINUE 
GO TO 2 2 0 

2 2 4 FY=FY2 
2 2 0 CONTINUE 

6 0 CALL SELECT(NOFLA.NOWEB,FLAN,WEBPL,WEB,NOCBM,FLTI, 
• F L T O , D , E R T , A R E A , S O , S I , S H E A R , O M E N T , A X I A L , U B L O , U B L I , A O H , 
• F Y , I , PARTL,WIDI,WI D O , K A S T E R , N O C O L ) 

I F ( K A S T E R ) 7 6 , 7 5 , 7 6 
7 6 W E G H T = 9 9 9 9 9 , 9 9 

0 P F U N = 9 9 9 9 9 , 9 9 
GO TO 9 7 3 

7 5 WEGHT=0.0 
OPFUN=0.0 
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DO 6 8 1=1,NOTOT 
U N I T = C O S T l -
IF (NOALT ) - 9 1 4 , 9 1 3 , 9 1 4 

9 1 4 DO 9 1 1 M = l ,NOALT 
I F ( K A L T ( M ) - I ) 9 1 1 , 9 1 2 , 9 1 l 

9 1 1 CQNTINUE 
GO TO 913 

9 1 2 UNIT=COST2 
9 1 3 CONTINUE 

WID=COLU IF U-NOCOL )968,968 ,69 
6 9 WID=RAFT 

9 6 8 PRW.GH= ( ( FLT II I l+FLTO I II )*W ID + (D ( I , 1 ) +D ( 1 , 7 ) ) /2 . 0 
a * W E B ( I ) ) * 6 . 8 #PARTL(I) 

WEGHT=WEGHT> PRWGH 
6 8 OPFUN=OPFUN+UNIT*PRWGH 
8 3 I F ( W E G H T - W T S A V ) 7 2 , 9 3 , 7 2 
72 I F ( W E G H T - W T S A 2 ) 3 4 0 0 , 3 4 0 1 , 3 4 0 0 

3 4 0 0 WTSA2=WTSAV W TSAV=WEGHT 
GO TO 8 0 

3 4 0 1 I F ( W T S A 2 - W T S A V ) 3 4 0 0 , 3 4 0 2 . , 3 4 0 2 
3 4 0 2 WTSAV=WTSA2 

GO TO 9 3 
9 3 I F C K I N = 4 ) 7 3 , 9 4 , 7 3 
9 4 K 1 T = 4 

GO TO 80 
7 3 CONTINUE 

4 7 3 5 I F ( A O H - 3 . 0 ) 4 7 5 0 , 4 7 5 0 , 4 7 5 1 
4 7 5 1 NOSTR=0 

NOSTC^O 
GO TO 4 7 9 0 

4 7 5 0 KK=N0CBM*2 
DO 4 7 5 4 1=1,NOTOT 
T A N = ( D (I,1 ) - D U , 7 ) ) / P A R T L(I )/ 12 . 0 
DO 4 7 5 4 J = l ,7 
SHL(1,J1=0.0 
DO 4 7 5 4 K = 1 ,KK 
VT=0MENT1K,I,J)/SI(I,J)*F L TI(I)*WIDI(I)*TAN 
V C O R = A S S ( S H E A R (K , I,J)+VT ) 
I F ( S H L (I,J ) - V C O R ) 4 7 5 6 , 4 7 5 6 , 4 7 5 4 

4 7 5 6 SHL( I,J )=VCOR 
4 7 5 4 CONTINUE 

CALL STFNER ( A O H , F L TI,F L T O , D , W E B , F Y1 , F Y 2 , S H L , Q , N O S T R 
o S T I F F , NOTOT,NOCOL,X,Y,ALPHA,NOALT,KALT ,NOSTC,XBRE ) 

4 7 9 0 NOSTF=NOSTR+NOSTC 
0PFUN = 0PFUN+.SC0S1*N0STF 

9 73 OPTL(3)=0PFUN 
6 6 FORMAT(• » , 9 F 6 . 2 , F 9 . 2 ) 

2 8 5 I F ( L P A T - 1 ) 8 1 , 8 2 , 8 1 
8 2 I F ( I C T L - 4 0 ) 8 4 , 8 5 , 8 4 
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8 5 ICTL=0 
W R I T E ( 3 , 8 7 ) (I TIE(M),M=1,51 ) 
I F ( S W T C H ) 6 0 3 , 6 0 2 , 6 0 3 

6 0 3 W R I T E ( 3 , 2 9 3 ) 
GO TO 6 0 4 

6 0 2 W R I T E « 3 , 2 9 8 ) 
6 0 4 I C T L = I C T L + I 

8 7 FORMAT!11,50A1/• Q EAVE SLOPE BASE PEAK RAFT COLU" 
• X B R E DBRE A/H C O S T ' ) • . 

8 4 I C T L = I C T L + 1 
WR I T E ( 3 , 6 6 ) ( A •( I , 2 ) , 1*1- ,9 ) ,OPFUN 

8 1 IF(K I N - 4 ) 9 0 , 9 1 , 9 0 9 0 lP(NOPT)275,287,275 
2 8 7 DO 2 5 0 1=1,9 
2 5 0 S O L T A ( N E X T , I ) = A ( I , 2 > 

SQLTAfNEXT, 10 )=OPTL ( 3 ) • 
NEXT=NEXT+1 
I F ( N 0 S 0 L - N E X T ) 2 5 3 , 2 5 4 , 2 5 4 • 

2 5 3 NDS0L=NEXT-1 
2 5 4 I F ( N E X T - 1 0 1 ) 2 7 5 , 2 5 1 , 2 7 5 
2 5 1 NEXT=1 
2 7 5 N O P T = 0 

IF ( S'W T C H ) 2 5 6 , 2 5 5 , 2 5 6 
2 5 5 C A L L OPTMUM(KIN ) 

GO TO 2 5 7 
2 5 6 CALL SEARCH(SWTCH) 

I F ( S W T C H ) 2 5 8 , 2 5 9 , 2 7 0 
2 5 8 K IN = 4 

DO 2 8 1 1 = 1 , 9 
2 8 1 A ( I , 2 ) = 0 P S A V ( I ) 

GO TO 6 7 
2 5 9 KIN=2 

. I F ( L P A T - l ) 2 9 6 , 2 9 7 , 2 9 6 
2 9 7 W R I T E ( 3 , 2 9 8 ) 

I C T L = I C T L + 1 
2 9 8 FORMAT{ 9 ORTHOGONAL S E A R C H " ) 
2 9 6 CONTINUE 

DO 2 8 0 1=1 , . 9 
2 8 0 A ( 1 , 2 ) = O P S A V ( I ) 

NOV=OPTL(1) 
DO 2 6 1 1=1,NOV 
I F ( A ( I , 1 ) ) 2 6 2 , 2 6 1 , 2 6 2 

2 6 1 CONTINUE 
2 6 2 0 P T L ( 2 ) = 0 P S A V ( I ) 

0 P T L ( 3 ) = 0 P S A V Q 0 ) 
O P T L ( 4 ) = I 
GO TO 2 5 5 

2 5 7 1 F ( K I N - 4 ) 2 7 0 , 2 6 0 , 2 7 0 
2 6 0 K I N = 5 

NOV=OPTL(1) 
S U M = 0 . 0 
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DO 6 6 8 1=1,NOV 
I F ( A ( 1 , 1 ) ) 6 6 9 , 6 6 8 , 6 6 9 

6 6 9 SUM=SUM+1.0 
6 6 8 CONTINUE 

I F ( S U M - 1 . 0 > 2 5 8 , 2 5 8 , 6 7 0 
6 7 0 I F ( I M Q T > 2 5 8 , 6 7 1 , 2 5 8 
6 7 1 I F ( L P A T - 1 ) 2 9 0 , 2 9 1 , 2 9 0 
2 9 1 W R I T E ( 3 , 2 9 3 ) 

ICTL=ICTL+1 
2 9 3 FORMAT ( • DIAGONAL SEARCH* )•• 
2 9 0 CONTINUE 

GO TO 2 5 6 
2 7 0 NOV=QPTL( I ) : ' . - . 

DO 2 7 6 1=1 ,-ISlOSGL 
DO 2 7 2 J = 1 , N 0 V 
I F ( A ( J , 2 ) » S O L T A ( I , J ) 5 2 7 6 , 2 7 2 , 2 7 6 

2 7 2 CONTINUE 
GO TO 2 7 3 

2 7 6 CONTINUE 
GO TO 2 

2 7 3 0 P T L 1 3 ) = S 0 L T A ( I , 1 0 ) 
0 P F U N = 0 P T L ( 3 ) 
N0PT=1 
GO TO 2 8 5 

6 7 DO 9 2 1 = 1 , 9 
9 2 A ( I , 2 ) = 0 P S A V ( I ) 

GO TO 2 
9 1 DO 7 0 0 1=1,NO PUR 

7 0 0 KAST ( I,) = - 1 
MAST(NOPUR)=-NOPUR 
NT = 1 

7 0 3 I F ( M A S T ( N T ) ) 7 0 1 , 7 0 2 , 7 0 2 
7 0 1 I F ( N T - N O P U R + 1 1 7 0 4 , 7 0 5 , 7 0 5 
7 0 4 NT=NT+1 

GO TO 7 0 3 
7 0 2 KAST(NT)=NT 

NOTEM=0 
DO 7 0 8 1=1,NOPUR 
IF ( KAST ( I ) ) 7 0 7 , 7 0 8 , 7 0 8 

7 0 7 N0TEM=N0TEM+1 
TEMP(NOTEM) = P U R L ( I ) 

7 0 8 CONTINUE 
DO 7 1 0 1=1,NOPUR 
I F ( K A S T ( I ) ) 7 1 1 , 7 1 0 , 7 1 0 

7 1 0 CONTINUE 
7 1 1 T F I R S = PU R L ( I ) * 1 2 • 0 / C 0 S ( A L PHA) 

CALL U N S U L ( X , Y , N O G R T , G I R T , N O T E M , T E M P , N O C O L , N O T O T , U B L I , 
• A X L , H , G D , S L O P E , D , B D , S P A N , T I F I R S ) 

KK=N0C0L+1 
DO 7 2 0 I=KK,NOTOT 
KASTR=0 
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FY=FY1 
DO 7 1 4 M = l , NOAL T 
I F ( I - K A L T ( M 1 ) 7 1 4 , 7 1 3 , 7 1 4 

7 1 3 FY=FY2 
GO TO 7 1 5 

7 1 4 CONTINUE 
7 1 5 CALL C H E C K ( W E B , N O C B M , F L T I , F L T O , D , E R T , A R E A , S O , S I , SHEAR , 

•OMENT, A X I A L , U B L Q , U B L I , AOH , F Y , I , PARTL , W I DI , W I D O , K A S T R ) 
I F ( K A S T R ) 7 2 1 , 7 2 0 , 7 2 1 

7 2 0 CONTINUE 
GO TO 7 0 4 

7 2 1 K A S T ( N T ) = - N T 
MAST(NT)= -NT 
GO TO 7 0 4 

7 0 5 NOTEM-0 
DO 7 1 8 1=1,NO PUR 
I F ( K A S T ( I ) ) 7 1 7 , 7 1 8 , 7 1 8 

7 1 7 N0TEM=N0TEM+1 
TEMP( NOTEM ) = PURL (• I ) 

7 1 8 CONT INUE 
DO 7 2 5 1=1,NOPUR 
I F ( M A S T ( I ) ) 7 2 6 , 7 2 5 , 7 2 5 

7 2 5 CONTINUE 
7 2 6 T F I R S = PURL(I . ) * 1 2 « 0 / C O S ( A L P H A ) 

DO 7 2 2 1=1,NOGRT 
7 2 2 KAST( I ) = - I 

NT=0 
7 3 1 NT=NT+1 

I F ( N T - N O G R T + i ) 7 3 4 , 7 3 4 , 7 3 5 
7 3 4 KAST(NT)=NT 

NOTMG=0 
DO 7 3 8 1=1,NOGRT 
I F ( K A S T ( I ) ) 7 3 7 , 7 3 8 , 7 3 8 

7 3 7 N0TMG=N0TMG+1 
TEMG(NOTMG > = GIRT( I ) 

7 3 8 CONTINUE 
CALL UNSUL(X,Y,NOTMG,TEMG,NOTEM,TEMP,NOCOL,NOTOT,U3LI , 

• A X L , H , G D , S L O P E , D , B D , S P A N , T F I R S ) 
DO 7 4 0 1=1,NOCOL 
KASTR=0 
FY=FY1 
DO 7 4 4 M=l ,NOALT 
I F ( I - K A L T ( M ) ) 7 4 4 , 7 4 3 , 7 4 4 

7 4 3 FY=FY2 
GO TO 7 4 5 

7 4 4 CONTINUE 
7 4 5 CALL C H E C K ( W E B , N O C B M , F L T I , F L T O , D , E R T , A R E A , S O , S I , S H E A R , 

•OMENT, A X I A L , U B L O , U B L I , A O H , F Y , I , P A R T L , W I D I , W I D O , K A S T R ) 
I F ( K A S T R ) 7 4 1 , 7 4 0 , 7 4 1 

7 4 0 CONTINUE 
GO TO 7 3 1 
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741 K A S T ( N T ) = - N T GO TO 731 
7 3 5 I F ( A O H-3. 0 ) 7 5 0 , 7 5 0 , 7 5 1 
751 .DO 752 1 = 1 ,NOTOT • DO 752 J = l , 7 752 OII,J)=AOH -NOSTR-0 

NOSTC=0 GO TO 7 9 0 750 KK~N0CBM*2 
DO 754 1=1,NOTOT TAN=(D(I,1H:D(I,7))/PARTLI I 1 / 1 2 . 0 
DO 7 5 4 J = l , 7 
SHL( I , J ) = 0 . 0 DO 754 K = l ,KK 
VT = OMENT IK, I ,J ) / S I i I , J ) * F L T I ( I ' ) * W I D I ( I ) *TAN 

• V C O R = A B S ( S H E A R ( K , I , J ) + V T ) 
I F ( S H L ( I , J )-VCOR )756,756,754 

7 5 6 SHLI I,J)=VCOR 754- CONT INUE CALL STFNER < A O H , F L T I , F L T U , D , W E B , F Y 1 , F Y 2 , S H L , Q ,NOSTR, • STIFF, NOTOT,N0C0L,X,Y,ALPHA,NOALT,KALT,NOSTC ,XBRE ) 
I F ( N O S T C ) 7 5 7 , 7 5 8 , 7 5 7 758 DO 759 I=1,N0C0L 
DO 7 5 9 J = l , 7 . 

7 5 9 Q( I , J ' ) = 9 9 . 9 GO TO 7 6 1 
7 5 7 S T I F F ( 1 , N 0 S T C + 1 1=0.0 

DO 7 6 2 1=1,NOCOL DO 762 J=l,7 DO 7 6 3 M=1,NOSTC L=N0STC-M+1 
•I F I Y ( I , J ' ) - S T I F F ( 1 , L ) ) 7 6 4 , 7 6 5 , 7 6 3 

7 6 4 Q ( I , J ) = ( S T I F F ( 1 , L ) - S T I F F ( 1 , L + 1 ) ) * 1 2 . 0 / ( D ( I , J ) - F L T I C I J 
• - F L T O U ) ) 

GO TO 7 6 2 
7 6 5 I F ( L - l ) 7 6 7 , 7 6 4 , 7 6 7 767 L = L - 1 GO TO 764 763 CONTINUE STOP 763 762 CONTINUE 
7 6 1 KK=N0C0L+1 

IF(NOSTR ) 7 7 0 , 7 7 1 ,770 
7 7 1 DO 7 7 2 I=KK,NOTOT 

DO 7 7 2 • J = l , 7 772 Q(I,J)=99.9 GO TO 7 9 0 770 ST 1FF(2,NOSTR+1) = X(NOTOT ? 7 ) 
N=N0STR+1 
DO 7 7 3 I=KK,NOTOT 
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DO '773 J = i , 7 DO 774 M=l,N IF(XII ,J ) - S T I F F ( 2 , M ) ) 7 7 5 , 7 7 5 , 7 7 4 
775 I F ( M ~ 1 ) 7 7 3 , 7 7 4 , 7 7 3 
774 CONTINUE 773 QIT , J ) = ( S T IF F ( 2 , M ) ~ S T I F F(2,M-l))*12.O/COS(ALPHA ) /(Df I , 

• J ) - F L T O ( I ) -FLT i C 1 ) ) 790 IF(LANA-1 )812,820,812 
820 ICTL=5 

DO 810 1=1,NOTOT 
1FI I C T L - 5 ) 8 1 1 , 8 2 2 , 8 1 1 

822 ICTL=0-
IPAGE=IPAGE+1 

.. WRITE (3,303 ) ( I T L E ( M ) ,M = 1 , 5 1 ) , I PAGE 
W R I T E ( 3 , 7 9 1 ) 

79.1 FORMAT ( • OALLOWABLE S T R E S S E S 1 / 1 0 • • , T 4 0 , • BEND ING • / • 8 

• PART SEC SHEAR COMP. TENSION OUTER INNER8 1 
8 1 1 I C T L = I C T L + 1 

DO 809 J = l ,7 
F Y= F Y1 
DO 813 K = l ,NOALT I F f 1 -KAL T (K ) ) 8 1 3 , 8 1 . 4 ,813 

813 CONTINUE GO TO'- 815 814 FY=FY2 815 CALL S T R E S S (UBLO ( I , J ) ,UB LI (..I , J ) , D ( I , J ) , F L T O U ) , F L T I ( I ) 
n , W I D I ( I ) , VI DO II) , WEBfI ) , F B O , F B I.,FA,FT,FY ) CALL S S T R E S (Q( I ,J ). , D (' I , J I ,FLT Of I ) , F L T I ( I ) , W E B ( I ) -, F Y , 
• FV) 

8 0 9 W R I T E ( 3 , 8 0 7 ) I , J , F V , F A , F T , F B O , F B I 
8 0 7 F O R M A T ( 2 I 4 , - 3 P 5 F 8 . 2 ) 
8 1 0 W R I T E ( 3 , 3 1 5 ) 812 IF(LDES-1)450,601,450 
6 0 1 1PAGE=IPAGE+1 

W R I T E ( 3 , 3 0 3 ) ( I T L E ( M ) , M = 1 , 5 1 ) , I PAGE 
D I S T = S P A N / 2 . 0 - ( G D + B D / 2 . 0 ) / 1 2 . 0 
DO 4 1 5 1=1,NOPUR 

4 1 5 P U R L ( I ) = D I S T - P U R L ( I ) 
DO 4 1 6 1 = 1 ,NOTEM 

4 1 6 TEMPI I ) = D I S T - T E M P ( I ) 
WR ITEI 3 , 4 0 1 ) I P U R L ( M ) , M = 1,NO PUR) 

4 0 1 F O R M A T ( 8 0 P U R L I N S ARE LOCATED AT X = « / ( 6 F 8 . 2 ) ) 
W R I T E ( 3 , 4 0 2 ) ( G I R T ( M ) ,M = 1,NOGRT) 

4 0 2 FORMATI 'OGIRTSARE LOCATED AT Y = " / ( 6 F 8 . 2 ) ) 
W R I T E ( 3 , 4 0 3 ) ( T E M P ( M ) ,M = l ,NOT EM) 

4 0 3 FORMAT!/ 'DINNER FLANGE BRACES REQUI R E D ' / 8 D O N RAFTER 8 

o , 9 AT X = 8 / ( 6 F 8 . 2 ) ) 
W R I T E ( 3 , 4 0 4 ) I T E M G I M ) , M = 1 , N O T M G ) 

4 0 4 FORMAT("DON COLUMN AT Y = 8 / ( 6 F 8 .2 ) ) 
W R I T E ( 3 , 4 0 9 ) 

4 0 9 FORMAT(/ 'OWEB STIFFENERS REQUI RED 8 / • O O N RAFTER AT X= 8 ) 
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IF(NOSTR)420,421,420 421 WRlTE(3,41Q) 410 FORMAT( 1 NONE REQUIRED 9 ) 
GO TO 425 

420 W R I T E ( 3 , 4 0 6 ) ( S T I F F ( 2 , M ) , M = 1 , N O S T R ) 
406 FQRMAT(6F8.2 ) 42 5 WRITE(3,405) 405 FORMAT( »00N COLUMN AT Y = ! j IF(NOSTC)430,431,430 431 WRITE(3,410) 

GO TO 450 
430 W R I T E ( 3 , 4 0 6 ) ( S T I F F ! 1 , M I , M = 1 , N O S T C ) 
450 STOP 450 

END 



SUBROUTINE B S T R E S ( C C > R U L , D L O A , F Y , F L T , H , W E B , W I D , F B 
I F ( R U L - 4 0 . . 0 ) 2 ' » 3 , 3 " 

2 F B = 0 . 6 * F Y 
GO TO 5 

3 FB = - ( 1 . . 0 - R U L * * 2 / ( 2 . 0 * C C * * 2 ) * * 0 . 6 * F Y 
F B C = 1 2 0 0 0 0 0 0 . 0 / D L 0 A 
I F ( F B C - F B ) 4 , 4 , 6 

6 FB=FBC 
4 I F ( F B - 0 . 6 * F Y ) 5 , 5 , 7 
7 F B = F Y * 0 . 6 
5 I F ( H / W E B - 2 4 Q Q Q . 0 / S Q R T ( F B ) ) 8 , 8 , 9 
9 FB = F B * (1 . 0 - 0 . 0 0 0 5 * H * W E B 7 ( F L T * W I D ) # ( H / W E B ~ 2 4 0 0 0 . 0 

n / S Q R T ( F B ) . ) ) 
8 RETURN 

END 
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SUBROUTINE CHECK(WEB,NOCBM,FLTI,FLTO,D,ERT,AREA,SO,SI, •SHEAR, OMENT , A X I A L ,UBLO,UBLI ,AOH,FY, I ,PARTL ,WIDI ,WIDO, oKASTR) DI MENS ION WEB ( 10 ) , FLT I.( 10 ) , FLTO(10) ,D(10 ,7 ) ,ERT( 1 0 , 7 1 , 
•A R E A ( 1 0 , 7 ) , SO(10,7),SI(10,7),SHEAR(8,10,7),OMENT(8, 
• 1 0 , 7 ) , AXIAL (8, 1 0 , 7 ) , UBLO ( . 1 0 , 7 ) , U B L I ( 1 0 ,7 ) , P A R T L ( 1 0 ) , •WID I(10),WIDO(10 ) 

M=2*N0CBM 
. TAN=(DC 1 ,1 )-D(I,7)1/12.0/PARTL(I I SECT̂l.O/COSIATAN(TAN ) I 
DO 13 J = l , 7 

-CALL S T R E S S (UBLO( I , J ) ,UBL I ( I , J ) , D ( I , J ) , F L T O ( I ) , FLT I ( I ) 
• , W I D I ( I ) , WI DO( 1 ) ,W E B( I ) , F B O , F B I , F A , F T , F Y ) 

DO 13 K=1,M 
SBO=OMENT(K, I • J ) /SO ( I , J . ) * ( -12 .0 ) 
S A = A X I A L ( K , I , J ) /A REA( I , J ) IF(SBQ)15,16,16 

15 DUM=SBO/FBO GO TO 17 
16 DUM=SBO/FT 

17 IF(SA)18,I9,19 
18 DUM--DUM+SA/FA 

GO TO 20 
1 9 DUM=DUM+SA/FT 20 IF(ABS(DUM)~1.Q>60,60,23 
60 SB I=OMENT(K,I,J)/SI(I,J)#12•0*SECT 

SA=AXIAL(K,I,J )/AREA(I,J ) 
IF(SBI)45,46,46 

45 D U M = S B I / F B I GO TO 47 
46 DUM=SBI /FT 

47 IF(SA)48,49,49 
48 DUM=DUM+SA/FA GO TO 50 4 9 DUW=DUM+SA/FT 50 IF (ABS ( D U M ) - l .0 11.3 ,13,23 13 CONTINUE RETURN 2 3 KASTR=999-9 RETURN END 
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S U B R O U T I N E COMB I N ( AXL , AXR,SHL , S H R , S M L , S M R , R , - C B M , S H E A R , ' -
OA X I A L , O M E N T , R E A C T , N , N O T O T , N O C B M ) 

D I M E N S I O N S H L ( 1 0 , 7 ) , S H R ( 1 0 , 7 ) , A X L ( 1 0 , 7 ) , A X R ( 1 0 , 7 ) 
D I M E N S I O N S H E A R ( 8 , 1 0 , 7 ) , O M E N T < 8 • 1 0 , 7 ) * AX I A L ( 8 , 1 0 , 7 ) , 

• R E A C T ( 4 , 4 ) 
D I M E N S ION S M L ( 1 0 , 7 ) , S M R ( 1 0 , 7 ) , R ( 4 ) , C B M ( 4 , 7 ) 
DO 5 K = 1 , N O C B M 
M = K + N O C B M 
F A C T = C B M (K ,N ) 
DO 4 ; I = 1 , N O T O T 
DO 4 J = l , 7 
S H E A R f K , I,J ) = S H E A R ' (K , I , J )+ SHL ( I , J ) *F AC T 
AXIALIK,I , J )=AX IA L ( K , I , J l + A X L ( I , J ) * F A C T 
OMENT (K-, I , J . ) =OMENT ( K , I , J •) +SML ( I , J ) *FACT 
S H E A R ( M ,I,J ) - S H E A R ( M , I , J ) + S H R ( I , J )*FACT 
A X I A L ( M , I , J ) = A X I A L ( M , 1 t J )+AXR(I , J )*FACT 

• O M E N T ( M , I , J ) = O M E N T ( M , I , J ) + S M R ( I , J ) * F A C T 
DO 5 1 = 1 , 4 
R E A C T ( K , I ) = R E A C T ( K , I ) + R ( I )*FACT 
R E T U R N 
END 
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S U B R O U T I N E C O N G E N ( S PAN. , H , S L O P E , BD , G D , X , Y , XC , YC , F V , F H , 
• F M , I D , P L G H , N O C O L , N O R A F , N O T O T , E R T , A X L , A X R , S H L , S H R , S M L , 
n S M R , R , E D ) 

D I M E N S I O N X( I O , 7 ) , Y( 1 0 , 7 ) , P l .GH( 10 ) , E R T ( 10 ,7 ) , A X L ( 1 0 , 7 ) 
o , A X R ( 1 0 , 7 ) , S H L ( 1 0 , 7 ) , S H R ( 1 0 , 7 ) , S M L ( 1 0 , 7 ) , S M R ( 1 0 , 7 ) , 
• R ( 4 ) 

D I M E N S I O N C ( 7 ) 
AL PHA = A T A N ( S L O P E / 1 2 . 0 ) 
S I N A = S I N ( A L P H A ) 
C O S A = C O S ( A L P H A ) 
C ( 1 ) = 1 . Q 
C ( 2 ) = 4 . 0 
C ( 3 ) = 2 . 0 
C ( 4 ) = 4 . 0 
C ( 5 ) = 2 . 0 
C ( 6 ) = 4 . 0 
C ( 7 ) = 1 . 0 
GO TO ( 1 , 2 , 1 , 2 ) , I D 

1 DO 3 1 = 1 , N O C O L 
I F ( Y C - Y ( I , 7 ) ) 4 , 3 , 3 

3 C O N T I N U E 
S T O P 3 

4 Y I = Y C 
X I = X ( I , 1) + ( Y I - Y ( I , 1 ) ) / ( Y ( 11,7 ) - Y ( 1 , 1 ) ) * ( X U , 7 > - X ( I , 1 ) ) 
F M I = F M 
I F C X C ) 5 , 6 , 5 

5 FM.I = F M I + F V * ( ' X C - X I ) 
GO TO 6 

2 K = N 0 C 0 L + 1 
DO 7 I = K , N O T O T 
I F ( X C - X ( 1 , 7 ) ) 8 , 7 , 7 

7 C O N T I N U E 
S T O P 7 

8 X I = X C 
Y I = Y ( 1 , 1 ) + ( X I - X ( 1 , 1 ) ) / ( X ( I , 7 ) ~ X ( I , 1 ) ) * ( Y ( I , 7 ) - Y ( I , 1 ) ) 
F M I = F M 
I F ( Y C ) 9 , 6 , 9 

9 F M I = F M I - F H * ( Y I - Y C ) 
6 D I S T = S P A N - ( 2 . 0 * G D + B D ) / 1 2 . 0 

R ( 2 ) = ( F H * Y I + F V * X I + F M I l / D I S T 
R ( I ) = F V - R < 2 ) 
R ( 3 ) = F H 
DO 10 I = 1 , N 0 C 0 L 
DO 1 0 ' J = l , 7 
S M L ( U J ) = R ( 3 ) * Y ( I , J ) + R ( l ) * X ( I , J ) 
S M R ( I , J ) = R ( 2 ) * X ( I , J ) 
A X L ( I , J ) = - R ( l ) 
A X R ( I , J ) = - R ( 2 ) 
S H L ( I , J ) = R ( 3 ) 
I F ( Y I - Y ( I , J ) H I , 1 0 , 1 0 

11 S M L ( I , J ) =SML ( I , J ) + F M I - F H * ( Y ( I , J ) - Y I ) - F V * ( X ( I • J ) - X I') 
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S H L ( I , J ) = S H L ( I 9 J ) - F H 
A X L ( I , J ) = A X L ( I , J )+ FV 

10 CONTINUE 
K=N0C0L+1 
DO 1 2 I=K,NOTOT 
DO 12 J = l , 7 
S M L ( I , J ) = R ( 3 ) * Y ( I ,J ) +R( 1 ) * X ( I , J ) 
S M R ( I , J ) = R ( 2 ) * X ( I , J ) 
AXL( I , J ) = - R ( l ) 
A X R ( I , J ) = - R ( 2 ) 
S H L ( I , J ) = R ( 3 ) 
I F ( X I - X ( I , J ) ) 2 0 , 1 2 , 1 2 

2 0 SML( I , J ) =SML ( I , J ) + F M I - F H * (' Y 1.1 , J ) - Y I ) - F V * ( X ( I t J ) -X I ) 
S H L ( I , J ) = S H L ( I , J ) - F H 
A.XL ( I t J )=AXL ( I , J )+FV 

1 2 CONTINUE 
SUMM=0.0 
S U M Y = 0 . 0 
DO 1 3 1 = 1,NOTOT 
DO 1 3 J = l , 7 
YDS=Y( I t J )*.PLGH( I ) / 6 . 0 / E R T ( I , J ) 
SUMM=SUMM+ ( SML ( I , J )+SMR ( I , J ) ) * Y D S * C ( J ) 

1 3 S U M Y = S U M Y + 2 . 0 * Y D S * Y ( I , J ) * C ( J ) 
D S = E D * S L 0 P E / 2 4 . 0 
SUMM=SUMM/3 . 0 + (SML ( NOCOL , 7 ) + SMR ( NOCOL » 7 ) •) # ( Y ( NOCOL , 7 ) 

• + D S / 2 . 0 ) * D S / E R T ( N 0 C 0 L , 7 ) 
S U M Y = S U M Y / 3 . 0 + 2 . 0 * < Y C N O C O L , 7 ) + D S / 2 . 0 ) * * 2 * D S / E R T ( N O C O L , 

• 7 ) 
S U M M = S U M M + ( S M L ( N O C O L + 1 , 1 » + S M R ( N O C O L + 1 , 1 ) ) * ( Y ( N O C O L + 1 , 

• 1 1 - D S / 2 . 0 * S I N A ) * D S / E R T ( N 0 C 0 L + 1 , 1 ) 
S U M Y = S U M Y + 2 . 0 * ( Y ( N O C O L + 1 , 1 ) - D S / 2 . Q * S I N A ) * * 2 * D S 

• / E R T ( N 0 C 0 L + 1 , 1 ) 
R ( 4 ) = - S U M M / S U M Y 
R ( 3 ) = R ( 3 ) + R ( 4 ) 
DO 1 4 1=1,NOTOT 
DO 1 4 J = l , 7 
S M L ( I t J ) = S M L ( I t J ) + Y ( I , J ) * R ( 4 ) 
SMR ( I , J ) = SMR ( I , J ) + Y ( I , J ) * R ( 4 ) 
S H L ( I , J )=SHL(19 J ) + R ( 4 ) 

1 4 S H R ( I , J ) = R ( 4 ) 
DO 1 5 I=K,NOTOT 
DO 1 5 J = l , 7 
H O R L = S H L ( I , J ) 
HORR = SHR( I , J ) 
V R T L = A X L ( I , J ) 
V R T R - A X R ( I , J ) 
A XL ( I , J )=HQRL*COSA+VRTL*SINA 
A X R ( I , J ) = H O R R * C O S A + V R T R * S I N A 
S H R ( I , J )=HORR*SINA-VRTR*COSA 

1 5 S H L ( I , J ) = H O R L * S I N A ~ V R T L * C O S A 
GO TO ( 1 6 , 1 6 , 1 7 , 1 7 ) , I D 
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1 7 DO 1 8 1=1.NOTOT 

DO: 18 J = l , 7 
Z = S H L ( T , J ) 
S H L U , J ) = S H R ( I t J ) 
S H R ( I • J ) = Z 
Z = SML f I , J )• 
SML f I , J ! = S M R C I , J ) 
S M R ( I . J ) = Z 
Z = A X L U , J ) 
A X L ( 1 , J ) = A X R < I fJ) 

1.8 AXRC I , J ) = Z 
Z = R ( 1 ) 
R ( l ) = R ( 2 ) 
R«2 )=Z 
Z = R ( 3 ) 
R ( 3 ) = R ( 4 ) 
R ( 4 ) = Z 

1 6 RETURN 
END 
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SUBROUTINE C S T R E S ( C C , R U L , F Y , F A ) 
I F ( R ' U L - C C ) l t l t 2 

1 FS = 5 . 0 / 3 . 0 + 3 . 0 / 8 . 0 * R U L ' / C C - R U L * * 3 / C8 . 0 * C C * * 3 ) 
F A = ( . 1 . 0 - R U L * * 2 / ( 2 . . 0 * C C * * 2 ) ) * F Y / F S 
GO TO 3 

2 F A = 1 4 9 0 0 Q 0 0 0 . 0 / R U L * * 2 
3 RETURN 

END 



93 

SUBROUTINE F INDE.R ( WEB • WEB PL »NOWEB t KWEB ) DIMENSION WEB PL(6) DO 1 1=1tNOWEB IF(WEB-WEB PL(I))U2,1 CONTINUE STOP 501 KWEB=I RETURN END 
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SUBROUTINE G E O M ( H , S P A N , B D , E D , R D , S L O P E , G D , X , Y , D , P L T M , 
a N P S , X E , Y E , X R , Y R , N O C O L , N O R A F , N O T O T , P A R T L , K P L T , P L C O R , 
• XBRE,DBRE,NORFA ) 

DIMENSION P L C O R d G ) 
DIMENSION X ( 1 0 , 7 ) , Y ( 1 0 , 7 ) , D ( 1 0 , 7 ) , P L T M ( 1 0 ) , N H O L D ( 1 0 ) , 

• PARTL ( 1 0 ) 
A L P H A - A T A N ! S L O P E / 1 2 . 0 ) 
B E T A = ( 1 . 5 7 0 7 9 6 - A L P H A ) / 2 . 0 
B T A N = S I N ( B E T A ) / C O S ( B E T A ) 
S I N A = S I N ( A L P H A ) 
C O S A - C Q S ( A L P H A ) 
HCLR = H-(GD + E D ) * B T A N / 1 2 . 0 
HCOL-H-GD*BTAN/1 .2 .0 
C O L G H = S Q R T ( ( ( E D - B D ) / 1 2 . 0 ) * * 2 + H C L R * * 2 ) 
DUMMY=COLGH+ED#BTAN/ 1 2 . 0 
I F ( K P L T ) 2 7 , 2 6 , 2 7 

2 7 DO 2 8 1 = 1 , 1 0 
PL T M ( I ) = 0 . 0 

2 8 N H O L D ( I ) = 0 
DO 2 9 1=1,NOCOL 
J = N Q C 0 L - I + 1 
NHOLD(J ) = 1 

2 9 P L T M ( J ) = P L C O R ( J ) 
NPS=NOCOL 
GO TO 3 0 

2 6 CALL PARTS(DUMMY,NPS,PLTM,NHOLD) 
NOCOL=0 
DO 1 K = 1 , N P S 

1 NOCOL=NOCOL+MHOLD(K) 
3 0 Y ( N 0 C 0 L , 7 ) = H C L R 

X(NOCOL,7 1 = ( E D - B D ) / 2 4 . 0 
N=l 

4 IF(NHOL D(N ) ) 3 , 2 , 3 
2 N=N+1 

GO TO 4 
3 Y ( N O C O L , 1 ) = H C O L - P L T M ( N ) 

X ( N O C O L , 1 ) = Y ( N O C O L , 1 ) / H C L R * X ( N O C O L , 7 ) 
NHOLD(N)=NHOLD(N)- l 
I F ( N 0 C 0 L - 1 ) 9 , 9 , 5 

9 X ( 1 , 1 ) = 0 . 0 
Y ( 1 , 1 ) = 0 . 0 
GO TO 6 

5 DO 7 1=2,NOCOL 
J = N 0 C 0 L - I + 1 
Y ( J , 7 ) = Y ( J + 1 , 1 ) 
X ( J , 7 ) = X ( J + 1 , 1 ) 
I F ( N O C O L - I > 9 , 9 , 8 

8 I F ( N H O L D ( N ) ) 1 0 f 1 1 , 1 0 
1 1 N=N+1 

GO TO 8 
1 0 NHOLD(N)=NHOLD(N)- l 



Y ( J , 1 ) = Y ( J , 7 ) - P L T M ( N ) * H C L R / C O L G H 
7 X( J , l ) = X ( N 0 C G L , 7 ) * Y ( J t D / H C L R 
6 Y T = H + S P A N / 2 . 0 * S I N A 

^ R = S P A N / 2 . 0 - ( B D / 2 . 0 + G D ) / 1 2 . 0 
XO=X(NOCOL » 7 ) + E D / 2 4 . 0 YO = HCLR 
YB = YT~ ( GD + RD ) / I 1 2 . .0*COSA ) 
XE=X(NOCOL,7) 
Y E - Y ( N Q C O L , 7 ) ' + E D * B T A N / 2 4 . 0 
Y R = Y B + R D * C 0 S A / 2 4 . 0 
DUMMY=YE-Y(NOCOL « 7 ) 
XINOCOL+l,1)=XE+DUMMY*COSA 
Y(NOCOL+it1)=YE+DUMMY*S1NA 
RAFL = SQRT( IXR-XO1**2+(YB-HCL R I * * 2 ) 
DUMMY = RAFL + fRD*SINA+ED*BTAN ) / 1 2 . 0 
IF ( K PL T J 3 1 , 3 2 , 3 1 

31 DO 33 1 = 1 , 1 0 
P L T M ( I ) = 0 . 0 

33 N HOL D(I )=0 
DO 3 4 1=1,NORAF 
J=NOTOT- 1 + 1 .. 
PLTM( I ) = PLCOR( J )• 

34 NHOLD(I)=1 
NPS =NORAF 
GO TO 3 5 

3 2 I F ( X B R E ) 3 3 2 , 3 3 2 , 2 3 2 V 

2 3 2 DUMMX=XB RE + ( B D / 2 . O + G D ) / 1 2 . 0 
DUMMY=H+DUMMX.*.S INA/COSA 
YBRE =DUMMY- ( DBRE / 2 »0+G'D ) / 12 • 0 / C O S A 
X1 = X B R E + D B R E / 1 2 . 0 * S I N A . 
Y I = YB RE- D8 R E / 1 2 • 0*C 0 S A 
RA FL:A = SQRT C ( X I-XO ) *#2 + ( Y I - Y 0 ) **2. ) 
DUMMY=RAFLA+ED*BTAN/12.0 
CALL PARTS (DUMMY, NPS , PLTM ,NHOLD )• 
NORFA=0 
DO 5 0 K = l , N P S 

5 0 NORFA=NORFA+NHOLD(K) 
NQSUB=NOCOL+NORFA 
Y ( N Q S U B , 7 I=YBRE 
X ( N 0 S U B , 7 ) = X B R E 
D U M M Y = Y B R E - Y ( N 0 C 0 L + 1 , 1 ) 
DUMMX = X B R E - X ( N 0 C 0 L + ' 1 , 1 ) 
DUMM Z=A TAN(DUMMY/DUMMX ) 
COSE~COS(DUMMZ) 
SINE=SIN(DUMMZ) 
RA T:IO = SQRT (DUMMY* *2+DUMMX**2 )/RAF LA 
I F ( N 0 R F A - 1 5 5 2 , 5 7 , 5 2 

5 2 N=l 
5 3 IF(NHOLDCN))54,55,54 
5 5 N=N+1 

GO TO 5 3 



54 NHOLD(N)=NHOLD(N1-1' DUMMY=PLTM(N)*RATI0 Y ( NOSUB , 1 )=Y ( NOSUB, 7 )-SINE*DUMMY XCNOSUB,l)=X (NOSUB ,7 •)-COSE*D.UMMY DO 58 I=2 , NQRFA J=NOSUB-I+l Y(J,7)=Y(J+1,1) X(;),7)=X( J + I,l ) IF(NORFA-I ) 57 ,57,60 60 IF(NHOLD(N)-) 61, 62,61 62 N=N+1 GO TO 60 61 NH0LD(N)=NHQLD(N)-1 DUMMY= PLTM (N ) *RAT 10 Y(J,1)=Y(J,7)-SINE*DUMMY 58 X(J,l)=X(J,7)-SINE*DUMMY 57 RAFL B̂SQRT I (XR-X1 ).**2 +t YR-Y I )**2) DUMMY = RAFLB + RD*SINA/12 .0 X(NOSUB+1,1)=X(N0SUB,7) Y(N0SUB+1,1)=Y(N0SUB,7) CA4.L PARTS ( DUMMY ,NPS , PL TM, NHOLD ) NORFB=0 DO 70 K=1,NPS 70 NORFB = NORFB+NHOLD (K.) N OTO T=NO S UB +NOR F B Y(N0T0T,7)=YR X(N0T0T,7)=XR DUMMY=YR~YBRE DUMMX-XR-XBRE DUMMZ=ATAN(DUMMY/DUMMX) COSE=COS(DUMMZ) SINE=SIN(DUMMZ) 
RATIO=SQRT(DUMMY**2+DUMMX**2)/RAFLB 
L=NORFB 
GO TO 72 332 CALL PARTS(DUMMY,NPS,PLTM,NHOLD) NORAF=0 DO 12 K=1,NPS 12 NORAF=NORAF+NHOLD(K) NOTOT=NORAF+NOCOL 35 Y(NOT0T,7)=YR X(N0T0T,7)=XR-RD*SINA/24.0 DUMMY=Y(NOTOT,7)-Y(NOCOL+1,1) DUMMX=X(N0T0T,7)-X(NOCOL+l ,1 ) DUMMZ=ATAN(DUMMY/DUMMX ) 
COSE=COS(DUMMZ) SINE=SIN(DUMMZ) RATI0=SQRT(DUMMY**2+DUMMX**2)/RAFL L =NORAF 72 IF(L-1116,17,16 16 N = l 
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13 IF(NHOLD(N))14,15,14 15 N=N+1 GO TO' 13 ' 14 NHOLD ( N)=NHOLD(N)-l'•' DUMMY=(PLTMIN)-RD*SINA/12.0)#RATIO Y( NOTOT , 1 )'=Y:( NOTOT ,7 )-S INE*DUMMY X(NOTOT,1)=X(NOTOT,7)-COSE-DUMMY DO 18 I=2,L 
J=NOTOT-I+.l.-' . Y(J,7)=Y(J+1,1 ) X(J,7 )=X(J+l,1 ) • IF(L=I)17,17,20 20 IF(NHOL D(N) )21,22,21 22 N=N + 1 GO TO 20 21 NHQLO(N}=NHOLD(N)~1 DUMMY = PL.TM(N)*RATIO Y(J,1 )=Y( -J,7)~SINE*DUMMY 18 XCJ,l)=X(J,7)-C0SE*DUMWY-17 DO 23 1 = 1,NOTOT PARTL(I ) -SQRT f(X(1V 7 ) - X ( 1,1 ) )**2+(YC 1,7 )-Y{ I , 1 ) ) * * 2 ) DO 24 J=l,7,6 IF(I-N0C0L)25,25,46 

25 D(.i;J)=BD+«ED-BD)*Y(I,J)/HCLR GO TO 24 46 IF(XBRE )73,446,73, 
73 IF(l~N0C0L-N0RFA)75,-75,76 7 5 D(I,J)=ED-(ED-DBRE)*(X(I.J)-X(NOCOL+1»1 ) )/(XBRE o--X(NOGOL+l , 1 ) ) 

GO TO 24 
76 0(1,j ) = D B R E - ( D B R E - R D ) * ( X !I , J ) - X B R E ) / ( X ( N O T O T , 7 ) - X B R E ) GO TO 24 
446 D( I ,J )=ED-(ED-RD)*(X(I ,J ) -X(NOCOL+1,1)) / (X(NOTOT , 7 ) .n-X(NOGOL+l,l)) 
24 CONTINUE 
DO 23 J=2,6 
X ( I,J ) = X ( I , 1 ) + ( X ( I , 7 ) ~ X ( I , 1 ) ) / 6 " . 0*(J - 1 ) 

' Y( 1 , J )=Y( I , 1 ) + ( Y( I ,7 )-Y( I ,1 ) ) / 6 . 0 * ( J-l ) 23 DC I,J)=D(I,l)+(D(1,7)-D(1,1 ) )/6.0*(J-l ) RETURN END 
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S U B R O U T I N E I N E R T ( D .TOUT .,WEB ,T I N , B O U T , B I N , A R E A , SO , S 1 , 
n E R T , N O C O L . . F Y , 1 ) 

COMMON Q PTL C 6 ) , A ( 9 , 17 ) • 
E Q U I V A L E N C E , ( C O L U , A ( 6 , 2 ) ) , ( R A F T , A ! 5 , 2 ) ) 

• W I D = C O L U 
IF(1-NOCOL ) 9 , 9 , 8 

8 W1D=RAFT 
9 E F F W = 3 0 0 0 . 0 / S Q R T ( F Y ) * 2 . 0 * T O U T 

B Q U T - W I D 
I F ( W I D - E F F W ) I 1 , 1 1 , 1 2 

12 BQUT=EFFW 
11 E F F W = 3 0 0 0 . 0 / S Q R T ( F Y ) * 2 . 0 * T I N 

B I N = W I D 
I F < W I D - E F F W ) 1 5 , 1 5 , 1 6 

16 B I N = E F F W 
15 C O N T I N U E 

A R E A = W E B * ( D - T O U T - T I N ) + B O U T * T O U T + B I N * T I N 
C I N = ( B O U T * T O U f * ( D - T O U T / 2 . 0 ) + W E B * ( D - T Q U T - T I N ) * ( T I N / 2 . 0 

a + D / 2 . ' 0 - T O U T / 2 . 0 ) +B I N # T I N * * 2 / 2 . 0 ) / A R E A 
C O U T = D - C I N 
ERT = B O U T * C O U T # * 3 / 3 . 0 - 1 B O U T - W E B ) * ( G O U T - T O U T ) 3 / 3 • 0 + 

• B I N * C I N * * 3 / 3 . 0 - ( B I N - W E B )•* (.C I N - T I N ) # # 3 / 3 . 0 
S 0 = E R T / C O U T 
S l = E R T / C I N 
R E T U R N 
E N D 
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SUBROUTINE: INPUT 
COMMON O P T L ( 6 ) , A ( 9 , 1 7 ) , O P S A V ( 1 0 ) COMMON PLTM( 10 ) ,FLAN( 10 ) ,G IRT ( 10 . ) ,WC ( 6 ) COMMON WEB-PL ( 6 ) ,WEB ( 1 0 ),NOCOL,NORAF,NOTOT COMMON KUTE,NOFLA,NOWEB,NPS,BAY,GD,NOGRT,H,SPAN,DL,VL COMMON WL,WFVP,FIRST,SPACE,NOCBM,KPLT,KWIND 
COMMON CBM ( 4 , 7 1 , F L T I ( 10 ) , FLTO( 10 ) , PLCQR( 10 ) . . 
COMMON F Y 1 , F Y 2 , C 0 S T 1 , C 0 S T 2 . N O A L T . K A L T d O ) COMMON TABLE(4,7!,BRACE(5 ) ,ITLE(76) , LANA,IDES,LPAT 
COMMON S C Q S 1 , S C G S 2 , T M O T .. DI MENS ION L 1ST ( 3 2 ) ,KL 1ST ( 6 ) , VALUE ( 10 ) , K L M ( 7 6 )-EQUIVALENCE ( B D , A ( 3 , 2 ) ) , ( C 0 L U , A ( 6 , 2 ) ) , ( E D , A ( 1 , 2 ) ) EQUIVALENCE ( RD ,A ( 4 ,2 ) ) , ( RAFT , A ( 5 , 2 ) ) , ( SLOP E , A ( 2 , 2 ) ) E QU I VAL ENCE (XBRE, A ( 7 , 2 ) ) , (DB RE., A ( 8 , 2 )•) , ( AOH,A ( 9 , 2 ) ) C LIST(:1) IS ANAL OR - 1 0 4 2 9 5 5 8 2 1 . -
L I S T ( 1 ) = - 1 0 4 2 9 5 5 8 2 1 

C L I S T ( 2) IS BASE OR - 1 0 2 7 4 8 0 8 9 1 
L1ST( 2 ) = - 1 0 2 7 4 8 0 8 9 1 

C L I S T ( 3 ) I S BAY OR - 1 0 2 7 4 7 9 4 8 8 L 1ST ( -.'3 ) =-102 7479488 C LIST* 4 ) I S . X O L U OR - 1 0 0 9 3 3 1 2 2 8 
L 1 S T ( 4 ) = = 1 0 0 9 3 3 1 2 2 8 

C LISTC 5 ) I S COMB OR - 1 0 0 9 3 3 1 0 0 6 
L 1ST ( 5 ) = - 1 . 0 0 9 3 3 1 0 0 6 

C L I S T ( 6 ) I S DEPT OR - 9 9 3 6 6 7 1 0 1 
L1ST( 6 ) = - 9 9 3 6 6 7 1 0 1 

C LIST! 7 ) I S DESI OR - 9 9 3 6 6 4 3 1 1 
L1ST( 7 ) = - 9 9 3 6 6 4 3 11 C L I S T ( 8 ) IS EAVE OR - 9 7 7 1 4 8 4 7 5 
L1ST( 8 ) = - 9 7 7 1 4 8 4 7 5 C L I S T ( 9 ) IS EXEC OR - 9 7 4 6 6 6 3 0 1 LIST! 9 )= - = 9 7 4 6 6 6 3 0 1 C L I S T C 1 0 ) IS FLAN OR - 9 5 9 2 0 0 8 1 1 L1ST(10)= - 9 5 9 2 0 0 8 11 

C LIST!11 ) IS GIRT OR - 9 4 3 0 7 2 7 9 7 L1ST(11)= - 9 4 3 0 7 2 7 9 7 
C LIST(12) IS HEIG OR - 9 2 6 5 6 1 8 4 9 

L 1 S T ( 1 2 ) = - 9 2 6 5 6 1 8 4 9 
C L I S T ! 1 3 ) I S LOAD OR - 7 4 0 9 0 0 4 1 2 

L I S T ( 1 3 ) = - 7 4 0 9 0 0 4 1 2 C L I S T ( 1 4 ) I S PART O R • - 6 7 5 1 6 1 6 2 9 
L 1 S T ( 1 4 1 = ' - 6 7 5 1 6 1 6 2 9 

C LI S T ( 1 5 ) IS PEAK O R - - 6 7 4 9 0 5 6 4 6 , LIST(15 1= - 6 7 4 9 0 5 6 4 6 
C L . I S K 1 6 ) IS PLAT OR - 6 7 3 9 8 8 1 2 5 

L I S T ( 1 6 ) = - 6 7 3 9 8 8 1 2 5 
C L.ISTU7) IS PURL OR - 6 7 2 8 6 7 8 8 5 

L1ST(17)= - 6 7 2 8 6 7 8 8 5 C LIST(18) IS RAFT OR - 6 4 1 6 1 2 0 6 1 
L I S T ( 1 8 ) = - 6 4 1 6 1 2 0 6 1 

C L I S T ( 1 9 ) IS SLOP OR - 4 8 9 4 3 3 3 8 5 
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L I ST( 1 9 )= - 4 8 9 4 3 3 3 8 5 

C L I S T ( 2 0 ) ' I S SPAN OR -489176619 LIST(20)='-489176619 
C L 1 S T ( 2 1 ) IS WEB O R ' - 4 2 3 2 4 7 2 9 6 LI ST 121)= -423247 296 C ' LISTC22) IS XBRE OR -406660667 LIST(22)=-406660667 C LIST 123) IS DBRE OR -993863227 

L l S T ( 2 3 ) = - 9 9 3 8 6 3 2 2 7 
C LIST(24) I S AOH OR -1042888640 

L I S T ( 2 4 ) = - 1 0 4 2 8 8 8 6 4 . 0 C LIST 125) IS.STEE OR -488389179 
LI ST (25)=-488389179 C . L I S T ( 2 6 ) IS.ALTE OR -1043078203 
L I S T ( 2 6)=—104 3078203 C LIST(27) IS VARY OR -440280600 
L I S T ( 2 7 ) = - 4 4 0 2 8 0 6 0 0 C L I S T ( 2 8 ) IS BRAC OR - 1 0 2 5 9 1 6 4 7 7 
L I ST ( 2.8 •) •=- 1 0 2 59 1 6 4 7 7 C . LIST(29 I IS TITL OR -473308205 
LI S T ( 2 9 ) = -473308205 C L I S T ( 3 0 ) . IS OUTP.OR ==689642537 
L I S T ( 3 0 ) = -689642.537 C LIST(31) IS COST OR -1009327389 LIST! 3.1, )•= -1009327389 C ] L.I ST (32) IS. OMIT OR -69069 7757 LIST(32)= -690697757 50 READ (It 51 )KTYPE, KIM 

51 F O R M A T ( A 4 , 7 6 A 1 ) CALL SCAN CNO,VALUE,KLM ) 
DO 53 1 = 1 , 3 2 
IF(KTYPE-LI.ST(I) 153,54,53 53'CONTINUE 
W R I . . T E ( 3 , 5 2 ) KT Y PE 

5 2 FORMA T( 9 •,A4,V I S AN INVALID CARD TYPE ~~ CARD 9 

n , » IGNORED* ) GO TO 5 0 
5 4 GO TO ( 1 , 2 , 3 , 4 , 5 , 6 , 7 . 8 , 9 , 1 0 , 1 1 , 1 2 , 1 3 , 1 4 , 1 5 , 1 6 , 1 7 , 1 8 , 

• 19 , 2 0 , 2 1 , 2 2 , 2 3,2 4 , 2 5,26,2 7 , 2 8 , 2 9 , 3 0 , 3 1 , 3 2 ) , 1 
1 .KUTE=1 : GO TO 5 0 2 LIN0=3 GO TO 2 0 0 
3 BAY = VALUE(1 ) 

GO TO 5 0 
4 L IN0 = 6 

GO TO 2 0 0 
5 N0CBM=N0CBM + 1. 

DO 1 2 0 1 = 1 , 7 
1 2 0 C B M ( N O C B M , I ) = V A L U E ( I ) 

GO TO 5 0 
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6 G D = v A L U E ( l ) GO TO 50 7 KUTE=0 

GO-' TO 50 
. 8 LINQ=1 GO TO 200 9 RETURN 10 NOFLA=NO DO 91 1 = 1 , 1 0 91 FLAN( I ) =VALUEI I) GO TO 50 1.1 NOGRT=NO 

DO 92 1 = 1 , 1 0 92 G I RT(I)=VALUE I I ) GO TO 50 
12 H = V A L U E ( 1 ) GO TO 50 
13 KL 1ST f1 ) =-993672764 C KLI ST ( 1) IS DEAD OR -993672764 
K LIS I ( 2 ) = - 7 4 1 7 4 3 1 6 3 C KLI ST(' 2) IS LIVE OR -741743163 
K L I S T ( 3 ) = - 4 2 2 9 8 0 1 . 5 6 C KL 1ST 13) I S WIND OR -422980156 
K L I S T ( 4 ) = - 1 0 0 9 3 3 0 7 4 9 C KLISTC 4) IS CONC OR -1009330749 CALL LOOK(4,KLM,KLIST,4,KTYPE). 
GO TO ( 7 1 , 7 2 , 7 3 , 7 4 , 7 5 ) , K T Y P E 

71 D L = V A L U E ( 1 ) GO TO 50 72 VL=VALUE(1 ) GO TO 50 73 KLISTd ) = - 7 2 5 4 2 9 0 5 5 C K L I S T ( 1 ) IS MBMA OR -725429055 KLISTC2 ) = - 1 0 4 2 1 0 3 3 5 5 C KLI ST( 2) IS ASCE OR -1042103355 KLISTC 3 >•= -673589551 C KLISTf 3 ) IS PROJ OR -673589551 KLIST(4)=-1042687551 C KLIST( 4) IS ARRA OR -1042687551 CALL' LOOK(4,KLM,KLIST,4,KWIND) GO 10(81,82,83,84 ,90 ) ,KWIND 81 KLISTd) =-423 172649 C KLIST('l) I S W F V P OR -423172649 CALL LOOK (4,KLM,KLIST, 1. , LTYPE ) GO TO-(86,87),LTYPE 
87 W F v P = l . l GO TO 8 8 
8 6 WFVP=VALUE(2 ) ;' 8 8 WL=VALUE(1) 
82 GO TO 90 
8 3 W C ( 1 ) = 1 . 0 
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W C ( 2 ) = 1 . 0 
W C ( 3 ) = 0 • 0 
W C ( 4 ) = 0 . 0 
WCI 5 1=0.0 
WC I 6 ) = 0 . 0 
GO TO 9 0 

8 4 W C ( 1 ) = V A L U E ( 2 ) 
W C ( 2 ) = V A L U E ( 3 ) 
W C ( 3 ) = V A L U E ( 4 ) 
W C ( 4 ) = V A L U E ( 5 ) 
W C ( 5 ) = V A L U E ( 6 ) 
W C ( 6 ) = V A L U . E ( 7 ) 

9 0 W L = V A L U E ( 1 ) 
GO TO 5 0 

7 4 N = V A L U E « 1 > 
DO ' 2 1 5 1 = 1 , 5 

2 1 5 T A B L E ( N , I ) = V A L U E ( I + 1 ) 
C K L I S T ( 1 ) I S L E F T OR - 7 4 2 0 1 3 2 1 3 

K L I S K D = - 7 4 2 0 1 3 2 1 3 
C K L I S K - 2 ) I S R I G H OR - 6 4 1 0 8 7 5 4 4 

K L I S K 2 ) = - 6 4 1 0 8 7 5 4 4 
G A L L L 0 0 K ( 4 , K L M , K L I S T , 2 , L E F T ) 
GO TO ( 2 1 0 , 2 1 1 , 2 1 0 ) , L E F T 

2 1 0 L E F T = - 1 , 
GO TO 2 1 2 

2 1 . 1 L E F T = 1 
C K L I S T ( 1 ) IS COLU OR - 1 0 0 9 3 3 1 2 2 8 

2 1 2 K L I S K 1 ) = - 1 0 0 9 3 3 1 2 2 8 
C K L I S T ( 2 ) I S R A F T OR - 6 4 1 6 1 2 0 6 1 

K L I S K 2 ) = - 6 4 1 6 1 2 0 6 1 
C A L L LOOK ( 4 , K L M , K L I S T , 2 , L T Y P E ) 
GO TO ( 2 1 3 , 2 1 3 , 2 1 4 ) , L T Y P E 

2 1 4 L T Y PE = L T Y P E - 2 
2 1 3 L TY P E = L T Y P E + 1 

T A B L E ( N , 6 ) = L E F T + L T Y P E 
GO TO 5 0 

7 5 W R I T E ( 3 , 1 9 1 ) 
1 9 1 F O R M A T ( * I N V A L I D OR NO T Y P E OF LOAD - CARD I G N O R E D ' ) 

GO TO 5 0 
1 4 N 0 C 0 L = V A L U E ( 1 ) 

NORAF = V A L U E ( 2 ) 
N O R F A = V A L U E ( 3 ) 
N O T O T = N O C O L + N O R A F 
K P L T = 1. 
DO 1 2 1 1 = 1 , N O T O T 
R E A D ( 1 , 1 2 2 ) K L M 

1 2 2 F 0 R M A T ( 4 X , 7 6 A 1 ) 
C A L L S C A N ( N O , V A L U E , K L M ) 
P L C Q R ( I ) = V A L U E ( 1 ) ' 

F L T O I I ) = V A L U E ( 2 ) 
W E B ( I ) = V A L U E ( 3 ) 
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1 2 1 F L T I ( I ) - V A L U E ( 4 ) 

GO TO 50 
15 L I N 0 = 4 

GO TO 2 0 0 
16 I F ( N 0 - 3 ) 5 6 , 5 6 , 5 7 
57 N0 = 3 
56 N P S = N O 

DO 55 1 = 1 , N O 
L = N O + T - I 

55 P L T M ( I ) = V A L U E ( L ) 
GO TO 50 

17 F I R S T = V A L U E ( 1 ) 
S P A G E = V A L U E ( 2 ) 
GO TO 50 

18 L I N 0 = 5 
GO TO 2 0 0 

19 L I N 0 = 2 
GO TO 2 0 0 

20 S P A N = V A L U E < 1 ) 
GO TO 50 

2 1 NOWEB=NO 
DO 190 1 = 1 , 6 

190 WEB P L ( I ) = V A L U E ( I ) 
GO TO 50 

22 L I N O - 7 
GO TO 2 0 0 

2 3 L I N 0 = 8 
GO TO 2 0 0 

2 4 L 1 N 0 = 9 
GO TO 2 0 0 

2 5 F Y 1 = V A L U E U ) 
C 0 S T 1 = V A L U E ( 2 ) 
GO TO 50 

2 6 F Y 2 = V A L U E C 1 ! 
C 0 S T 2 = V A L U E ( 2 ) 
GO TO 50 

27 NOALT = NO 
DO 2 5 0 1 = 1 , N O 

2 5 0 K A L T ( I ) = V A L U E { I ) 
GO TO 50 

2 0 0 T F ( N O - l ) 2 0 1 , 2 0 2 , 2 0 1 
2 0 2 A ( L I N 0 , 1 ) = 0 . 0 

A ( L 1 N 0 , 2 ) = V A L U E ( 1 ) 
GO TO 5 0 

2 0 1 K L I S T ( 1 ) = - 4 7 2 4 9 8 1 1 2 
C K L I S T C 1 ) I S TO OR - 4 7 2 4 9 8 1 1 2 

C A L L L O O K ( 2 , K L M , K L I S T , 1 , L T Y P E ) 
GO TO ( 2 0 3 , 2 0 4 ) , L T Y P E 

2 0 4 A ( L I N 0 , 1 ) = 1 . 0 
A ( L I N O , 2 ) = V A L U E ( 1 ) 
A I L I N O , 3 ) = 1 . 0 
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A(LINO,4)=NQ AILING,5)=1.0 A(LINQ,6)=N0 DO 205 1=1,NO 205 AILIN0,1+7)=VALUE!I) GO TO 50 203 KLISTI 1)=~1024966592 C KLISK 1) IS BY OR -1024966592 GALL LOOK( 2 ,KLM ,K L 1ST , 1 ,L TYPE ) GO TO (206,20 7),LTY PE 207 AILING),1)=3,0 208 A(LINO,3 )=VALUE(1) AILIN0,2)=VALUE(1 ) A(LINQ,4)=VALUE(2) A(LINQ,5)=VALUE(1 ) A(LIN0,6)=VALUE(2) GO TO 50 206 A(LINO,1 )=2.0 A(LIN0,7)=VALUE(3) GO TO 208 

28 DO 221 1 = 1 , 5 -221 BRACE(I)=VALUE(I ) GO TO 50 29 ITLE(1)=1 DO 220 1 = 2,76 220 ITLE ( I')=KLM(I ) GO TO 50 30 L ANA =0 LDES-0 C KLISK 1) IS ANAL OR -1042955821 KLISK 1)=-1042955821 CALL L00K(4,KLM,KLIST,1,KTYPE) GO TO (222,223),K TYPE 222 LANA=1 C KLISTI 1) IS DESI OR -993664311 223 KLISTI 1)= -993664311 GALL LOOK <4,KLM,KLIST,1,KTYPE ) GO TO (224,225),KTYPE 224 LDES=1 C KLISTI 1) IS PATH OR -675159096 225 KLISTI I ) = -675159096 CALL L00K(4,KLM,KLIST,1,KTYPE) GO TO 1226,227),KTYPE 226 LPAT = 1 227 GO TO 50 31 SC0S1=VALUEI1 ) SCOS2=VALUE(2) GO TO 50 32 IM0T=99 GO TO 50 END 



105 
S U B R O U T I N E L O C A T E f F I R S T , S P A C E , P U R L , N O P U R , S P A N f G D , 

• S L O P E , B R A C E , M A S T ) 
D I M E N S I O N PURL (20 ) , M A S T f 20 ) , B R A C E (5.) 
DO 2 0 1 = 1 , 2 0 

20 P U R L C I ) = 0 , 0 
A L P H A = A T A N C S L 0 P E / 1 2 . 0 ) 
P U R L ( 1 ) = F I R S T / 12 • 0 * C O S I A L P H A ) 
DO 1 1 = 2 , 2 1 
PURL ( I ) = P U R L I 1 - 1 ) + S P A C E / 1 2 . 0 
I F ( P U R L ( I ) ~ C S P A N / 2 . 0 - G D / 1 2 . 0 ) ) 1 , 1 , 2 

1 C O N T I N U E 
W R I T E « 3 , 3 ) 

3 F O R M A T ( 8 MAX N U M B E R OF P U R L I N S E X C E E D E D 8 ) 
S T O P 2 

2 PURL ( 1 - 1 ) = P U R L C 1 - 1 HC PURL C I ) - C S P A N / 2 . O - G D / 1 2 . 0 ) 1 / 2 . 0 
PURL CI)=S P A N / 2 . O - G D / 1 2 . 0 
NO PUR= I 
DO 4 1 = 1 , 2 0 

4 M A S T ( I ) = I 
DO 5 1 = 1 , 5 
•IF ( B R A C E C I ) ) 6 , 5 , 6 

6 D U M = A B S C B R A C E M ) - P U R L C 1 ) ) 
I N 0 = 1 

DO 7 K = 2 , 2 0 
I F ( D U M - A B S C B R A C E C I ) - P U R L CK ) H7,7,8 

8 D U M = A B S C B R A C EC I J - P U R L I K ) ) 
I N D = K 

7 C O N T I N U E 
M A S T ( I N D ) = - I N D 

5 C O N T I N U E 
R E T U R N 
E N D 
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S U B R O U T I N E LOOK ( N , K L M , K L I S T , M , K T Y P E ) 
f M M E N S I O N ^KLM ( 7 6 ) , K L 1ST ( 6 ) , I ( 4 ) 
I M = 7 7 ~ N 

DO 12 11=1, I M 
DO 13 I L > 1 , 4 : . 
I K = I I + I L - 1 

13 I ( I L ) = K L M ( I K ) 
• J F ( I S l - I ) 2 , l , 2 . 

1 M E R G E =1(1) . 
6 0 TO 3 

2 M E R G E = I ( 1 ) + 1 2 5 6 6 4 6 3 + 1 ( 2 ) / 2 56 
C - 1 2 5 6 6 4 6 3 I S E Q U I V A L E N T TO B L A N K S I N LOWER T H R E E B Y T E S 
C D I V I S I O N BY 2 5 6 S H I F T S R I G H T O N E . B Y T E 

I F ( N - 2 ) 4 , 3 , 4 
4 M E R G E - M E R G E + 4 9 0 8 7 + 1 ( 3 ) / 6 5 5 3 6 

C - 4 9 0 8 7 I S E Q U I V A L E N T TO B L A N K S I N LOWER TWO B Y T E S 
C D I V I S I O N BY 6 5 5 3 6 S H I F T S R I G H T TWO B Y T E S 

I F ( N ~ 3 ) 5 , 3 , 5 
5 M E R G E = M E R G E + 1 9 1 + I ( 4 ) / l 6 7 7 7 2 1 6 

C = 1 9 1 I S E Q U I V A L E N T TO A B L A N K I N THE LOWER BYTE 
C D I V I S I O N BY 1 6 7 7 7 2 1 6 S H I F T S . R I G H T T H R E E B Y T E S 

I F.'( N - 4 )• 6 , 3 , 6 
6 W R I T E ( 3 , 7 ) 
7 F O R M A T ( 8 N OUT OF R A N G E N = 4 A S S U M E D 8 ) 
3 DO 12 I K = 1 , M , 

I F ( K L I S T I . I K J - M E R G E 112,16,12 
12 C O N T I N U E 

I K = M + 1 
16 K T Y P E = I K 

R E T U R N 
END 
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S U B R O U T I N E N I T I A L 
COMMON G P T L ( 6 ) , A ( 9 , 1 7 ) , O P S A V t l Q ) 
COMMON PLTM (TO ) , F L A N (10 ) , G I R T ( 1 0 ) , W C ( 6 ) 
COMMON WEB P L ( 6 ) , W E B ( 1 0 ) , N O C O L , N O R A F , N O T O T 
COMMON K U T E , N O F L A , N O W E B , N P S , B A Y , G D , N O G R T , H , S P A N , D L , V L 
COMMON W L , W F V P , F I R S T , S P A C E , N O C B M , K P L T , K W I N D 
COMMON G B M ! 4 , 7 ) , F L T I ( 1 0 ) , F L T O ( 1 0 ) , P L C O R ( 1 0 ) 
COMMON F Y 1 , F Y 2 , C 0 S T 1 , C 0 S T 2 , N O A L T , K A L T ( 1 0 ) 
COMMON T A B L E ( 4 , 7 ) , B R A C E ( 5 ) , I T L E ( 7 6 ) » L A N A , L D E S »LPAT 
COMMON S C 0 S 1 , S C 0 S 2 , I M O T 
E Q U I V A L E N C E ( B D , A ( 3 , 2 ) ) , ( C O L U , A ( 6 , 2 • ) ) , T E D , A ( 1 , 2 ) •) 
E Q U I V A L E N C E ( R D , A ( 4 , 2 ) ) , ( R A F T , A ( 5 , 2 ) > , ( S L O P E , A ( 2 , 2 ) ) 
E Q U I V A L E N C E ( X B R E , A ( 7 , 2 ) ) , ( D B R E , A ( 8 , 2 ).) , ( A O H , A ( 9 , 2 ) ) 
I M O T = 0 
S C O S 1 = 0 . 0 
S C 0 S 2 = 0 . 0 
O P T L ( 1 ) = 9 . 0 
DO 21 1 = 1 , 4 
DO 2 1 J - l »6 

2 1 T A B L E ( I , J ) = 0 . 0 
DO 3 0 1 1 = 1 , 5 

3 0 1 B R A C E ( I )= 0 . 0 
K P L T = 0 
DO 1 1 = 1 , 9 
DO 1 J = l , 1 7 

1 A ( 1 , J ) = 0 . 0 
I T L E f l ) = 0 
L A N A = 1 r 

L D E S ^ l 
L P A T = 0 
N O C B M = 0 
DO 17 1 = 1 , 4 
DO 17 J = l , 7 

17 C B M ( I , J ) - 0 . 0 
N O A L T = 0 
DO 20 1 = 1 , 1 0 

20 K A L T ( I ) = 0 
A 0 H = 9 9 . 9 
X B R E = 0 . 0 
D B R E = 0 . 0 
F Y 1 = 3 6 0 0 0 . 0 
C 0 S T 1 = 0 . 1 6 
F Y 2 = 0 . 0 
C 0 S T 2 = 0 . 0 
W F V P = 1 . 1 
N P S = 3 
P L T M C l 1 = 1 6 . 0 
P L T M ( 2 ) = 1 1 . 0 
P L T M ( 3 ) = 8 . 0 
S L 0 P E = 2 . 0 
F I R S T = 1 1 . 0 
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S P A C E = 6 0 . 0 
F L A N ( 1 ) = 0 . 1 8 7 5 
DO 2 1 = 2 , 8 

2 F L A N ( I ). = FLAIsi ( . 1 - 1 ) + 0 . - 0 6 2 5 
N O F L A = 8 
N 0 W E B = 5 
W E B P L ( 1 1 = 0 . 1 2 5 
DO 3 I = 2 , 5 

3 WEB-PL ( I ) = W E B P L ( 1 - 1 ) + Q . 0 6 2 5 
DO 4 ; I = 1 , 10 , . 

. F L T I ( 1 1 = 0 . 3 7 5 

. FL TO ( I •) = 0 • 3 7 5 •• 
4 W E B ( I ) = 0 . 1 8 7 5 

R D = 0 . 0 
G D = 7 . 5 
K W I N D = 1 
W L = 2 5 . 0 
V L = 2 0 . 0 
D L = 4 . 0 
A ( 3 , l ) = 1 . 0 
A ( 3 , 2 ) = 7 . 0 
At 3 , 3 ) = 1 . 0 
A ( 3 , 4 ) = 3 . 0 
A ( 3 , 8 ) = 7 . 0 
A ( 3 , 9 ) = 9 . 0 
A ( 3 , 1 0 1 = 1 1 . 0 
A ( 4 , 1 ) = 0 . 0 
A ( 2 , l ) = 0 . 0 
A (1• » 1 ).=- 1 . 0 
A ( 5 , l ) = - 1 . 0 
A ( 6 , 1 ) = - 1 . 0 " -
B A Y = 2 0 . 0 
N 0 G R T = ~ 1 
C A L L I N P U T 
I F ( R D ) 3 0 , 3 1 , 3 0 

3 1 I F - ( S L ' 0 P E - 1 . 5 7 3 3 , 3 2 . 3 2 
32 R D = 6 . 0 

GO TO 30 
33 DO 34 1 = 1 , 1 7 
34 A ( 4 , I ) ~ A ( 1 , I ) 
30 GO TO ( 2 2 , 2 3 , 2 4 , 2 4 , 2 2 ) , K W I N D 
22 C A L L W I N D ( S L O P E , H , S P A N , W C ) 

GO TO 24 
C A S C E W I N D L O A D C O E F F I C I E N T R O U T I N E 

2 3 W L = 2 0 . 0 
W C ( 1 ) = 1 . 0 
W C ( 4 ) = - 0 . 4 5 
WC (5.) = - 0 . 4 5 
W C ( 6 ) = 0 . 0 
T H E T A = A T A N ( S L O P E / 1 2 . 0 ) * 1 8 0 . 0 / 3 . 1 4 1 5 9 2 6 
I F ( T H E T A - 2 0 . 0 ) 2 5 , 2 6 , 2 6 
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25 W C ( 2 ) = - 0 . 6 

GO TO 30 
2 6 I F ( T H E T A - 3 0 . 0 ) 2 7 , 2 8 , 2 8 -
27 W C ( 2 ) = ( 1 . 2 * T H E T A - 3 6 . 0 1 / 2 0 . 0 

GO TO 30 
28 I F ( T H E T A - 6 0 . 0 ) 2 9 , 31 , 3 1 
29 W C ( 2 ) = ( 0 . 3 * T H E T A - 9 . 0 ) / 2 0 . 0 

GO TO 30 
31 W C ( 2 ) = - 0 . 4 5 
30 W C ( 3 ) = W C ( 2 ) 
24 IF(NOCBM)14,15,14 
15 N 0 C B M = 2 

G B M ( 1 , 1 ) = 1 . 0 
G B M ( 1 , 2 ) = 1 . 0 
CBM(2,1)=0.75 
C B M ( 2 , 3 ) = 0 . 7 5 

14 I F ( A ( 1 , 1 ) )5,6,6 
5 A ( 1 , 1 ) = 3 . 0 

A ( 1 , 2 ) =0 • 3 * S P A N 
A( 1 , 3 ) = 0 . 3 * S P A N 
A(1,4)=0.4*S PAN 

6 1 F ( A ( 5 , 1 ) ) 7 , 8 , 8 
7 A ( 5 , 1 ) = 1 . 0 

A( 5 , 3 ) = 1 . 0 
A ( 5 , 4 ) = 6 . 0 
A( 5 , 2 ) = 4 . 0 
A ( 5 , 8 ) = 5 . 0 A I 5,9)=6.0 
A ( 5 , 1 0 > = 7 . 5 
A ( . 5 , l l ) = 9 . 0 
A ( 5 , 1 2 ) = 1 0 . 0 
A(5,13)=12.0 

8 I F ( A ( 6 , 1 ) 19,10,10 
9 A ( 6 , 1 ) = 1 . 0 

A ( 6 , 4 ) =6 • 0 
A ( 6 , 2 ) = 4 . 0 
A(6,3)=1.0 A 16,81=5.0 
A ( 6 , 9 ) = 6 . 0 
A ( 6 , 1 0 ) = 7 .5 
A ( 6 , 1 1 ) = 9 . 0 
A ( 6 , 1 2 ) = 1 0 . 0 
A ( 6 , 1 3 ) = 1 2 . 0 

10 1 F ( N 0 G R T ) 1 1 , 1 2 , 1 2 - " 
11 G IRT(1 ) = 0 . 5 

GIRT(2)=3.0 
G I R T ( 3 ) = 8 . 0 
N U M = ( H * - 8 . 0 ) / 4 . 0 + 0 . 5 
S P A = ( H - 8 . 0 > / ( N U M ) 
DO 13 1 = 1 , N U M 

13 G I R T ( 1 + 3 ) = 8 . 0 + S P A * I 



N 0 G R T = N U M + 3 
R E T U R N 
END 
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S U B R O U T I N E OPTMUM ( K I N ) 

COMMON 0 P T L ( 6 ) , A ( 9 , 1 7 ) , 0 P S A V ( 1 0 ) 
GO TO ( 1 , 2 , 3 ) , K I N 

1 DO 100 1 = 1 , 1 0 
100 O P S A V ( I ) = 9 . 9 E 5 0 

0 P T L ( 4 ) = 1 . Q 
N 0 = 0 P T L ( 1 ) 
DO 3 0 0 1 = 1 , N O 
A ( I , 5 ) = A ( 1 , 3 ) 

3 0 0 A ( I , 6 ) = A ( 1 , 4 ) 
0 P T L I 5 ) = 9 . 9 E 5 0 
O P T L ( 6 ) = 9 . 9 E 5 0 
DO 1 1 0 1 L I N E = 1 , N 0 
I T Y P E = A ( L I N E , 1 ) + 1 . 0 
K C 0 D E = 1 
GO TO ( 1 0 1 , 1 0 2 , 1 0 3 , 1 0 4 ) , I T Y P E 

1 0 1 GO TO ( 1 1 0 1 , 1 1 0 2 ) , K C O D E 
1 1 0 1 C O N T I N U E 

GO TO 111 
102 N d V A ' L - A ( L I N E , 4 ) 

N 0 L D = 1 
MEW=1 

107 I F ( N E W + N G L D - N Q V A L ) 10 5 , 1 0 5 , 1 0 6 
105 N E W = N E W + N O L D 

N O L D = N E W - N O L D 
GO TO 107 

106 A ( L I N E , 2 ) = A ( L I N E , N E W + 7 ) 
GO TO 1 0 1 

1 0 3 N 0 V A L = ( A ( L I N E , 4 ) - A ( L I N E , 3 ) ) / A ( L I N E , 7 ) + 1 . 5 
N 0 L D = 1 
NEW = 1 

108 I F ( N E W + N O L D - N O V A L ) 1 0 9 , 1 0 9 , 1 1 0 
109 NEW=NEW+NOLD 

N O L D = N E W ~ N O L D 
GO TO 108 

110 A ( L I N E , 2 ) = A ( L I N E , 3 ) + (NEW—1 ) * A ( L I N E , 7 ) 
GO TO 101 

104 G 0 L D = ( - 1 . 0 + S Q R T ( 5 . 0 ) ) / 2 . 0 
A ( L I N E , 2 ) = ( A ( L I N E , 4 ) - A ( L I N E , 3 ) ) * G Q L D + A ( L I N E , 3 ) 
GO TO 1 0 1 

1 1 1 DO 112 L I N E = 1 , N 0 
. I F ( A ( L I N E , 1 ) ) 1 1 3 , 1 1 2 , 1 1 3 

112 C O N T I N U E 
K I N = 4 
R E T U R N 

113 0 P T L ( 2 ) = A ( L I N E , 2 ) 
K I N = 2 
0 P T L ( 4 ) = L I N E 
R E T U R N 

2 L I N E = 0 P T L ( 4 ) 
0 P T L ( 6 ) = 0 P T L ( 3 ) 
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0 P T L ( 5 ) = 0 P T L ( 2 ) 
I T Y P E = A ( L I N E » 1 ) 
GO TO ( 5 , 6 , 7 ) , I T Y P E 

5 N O V A L = A ( L I N E , 4 ) 
N O L D = l 
NEW = 1 

1 1 4 I , F ( N E W + N O L D - N O V A L ) 1 1 5 , 1 1 5 , 1 1 6 
115 NEW=.NEW+NOLD. 

N O L D = N E W - N O L D 
GO TO 1 1 4 

1 1 6 A ( L I N E , 2 ) = A ( L I N E » N Q L D + 7 ) 
121 O P T L ( 2 ) = A ( L I N E , 2 ) 

K I N = 3 
R E T U R N 

6 NOVAL = ( A ( L I N E , 4 ) - A ( L I N E , 3 ) ) / A ( L l N E , 7 ) + l , 5 
N O L D = l 
NEW = 1 

118 I f = ( N B W + N 0 L 0 - N 0 V A L ) 1 1 9 t l l 9 , 1 2 G 
119 NEW=NEW+NOLD 

N Q L D = N E W - N O L D 
GO TO 118 

120 A ( L I N E , 2 ) = A ( L I N E , 3 ) + ( N 0 L D - 1 ) * A ( L I N E , 7 ) 
GO TO 121 

7 G 0 L D = 1 . 0 - ( ~ 1 . 0 + S Q R T ( 5 . 0 ) ) / 2 . 0 
A ( L I N E , 2 ) = ( A ( L I N E , 4 ) ~ A ( L I N E , 3 ) ) * G O L D + A ( L I N E , 3 ) 
GO TO 1 2 1 

3 L I N E = 0 P T L ( 4 ) 
I T Y P E = A ( L I N E , 1 ) 

2 3 5 e0MP=0PTL(6)-0PTL<3) 
I F ( C 0 M P ) 2 3 1 , 2 3 0 , 2 3 I 

2 3 0 I F ( O P T L ( 5 ) - O P T L ( 2 ) ) 2 3 2 , 2 3 2 , 2 3 3 
2 3 3 Q P T L ( 3 ) = Q P T L ( 3 ) + 1 . 0 

GO TO 235 
232 O P T L ( 6 ) = 0 P T L ( 6 ) + 1 .0 

GO TO 2 3 5 
2 3 1 L E F T = 1 

I F ( 0 P T L ( 5 ) ~ 0 P T L ( 2 . ) ) 122 , 1 2 3 ,1.23 
122 L EFT =2 
1 2 3 GO TO ( 1 3 1 , 1 3 2 * 133 ) , I T Y P E 
131 N = A ( L I N E , 4 ) 

DO 135 1 = 1 , N 
I F ( O P T L ( 2 ) - A ( L I N E , 1 + 7 ) ) 1 3 5 , 1 3 6 , 1 3 5 

135 C O N T I N U E 
S T O P 135 

136 M N E W = I 
DO 137 1 = 1 , N 
I F ( O P T L ( 5 ) - A ( L I N E , I + 7 ) ) 1 3 7 , 1 3 8 , 137 

137 C O N T I N U E 
S T O P 137 

1 3 8 M O L D = I 
I F ( A ( L I N E , 6 ) - A ( L I N E , 5 ) - 1 . 5 ) 1 4 ( ) , 1 3 9 , 1 3 9 
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139 I F ( C 0 M P ) 1 4 1 , 1 4 2 , 1 4 2 
142 GO TO ( 1 4 3 , 1 4 4 ) , L E F T 
143 A ( L I N E , 6 ) = M 0 L D - 1 

• O P T L ( 6 ) = 0 P T L ( 3 ) 
O P T L ( 5 ) = Q P T L ( 2 ) 

145 N O V A L = A ( L I N E , 6 ) - A ( L I N E , 5 ) + l . 5 
157 N O L D = l 

N E W = 1 
148 I F ( N E W + N O L D — N O V A L ) 1 4 6 , 1 4 6 , 1 4 7 
1.46 N E W = N E W + N O L D 

N O L D = N E W - N O L D . GO TO 148 
147 K D U M - A I L I ME,5 ) 

K D U M = K D U M + N 0 L D + 6 
A ( L*I N E , 2 ) = A ( L I N E , K DUM ) 

150 O P T L ( 2 ) = A ( L I N E , 2 ) ; 

K I N = 3 
R E T U R N 

1 4 4 A ( L 1 N E , - 5 ) = M 0 L . D + 1 
O P T L ( 6 ) = 0 P T H 3 ) 
OPTL(5 )=0PTL(2 ) 

158 N O V A L =A ( L I NE , 6 ) - A (L I NE , 5 ) + .1 . 5 NOLD̂l 
N E W = 1 

154 I F ( N E W + N Q L D - N O V A L ) 152 , 1 5 2 , 153 
152 NEW = NEW + NOLD-

NOL D - N E W - N O L D GO TO 1 5 4 
1 5 3 K D U M = A ( L I N E , 5 ) 

K D U M = K D U M + N E W + 6 . 
A(LINE ,2)=A(LINE,KDUM) 
GO TO 150 

141 GO TO ( 1 5 5 , 1 5 6 ) , L E F T 
156 A ( L I N E , 6 ) = M N E W - 1 GO TO 145 
155 A ( L I N E , 5 ) =MNEW + 1 

GO TO 158 
1.32 I F (A ( L I N E , 6 )—A'( L INE , 5 ) - A ( L I NE , 7 ) ) 140 , 1 4 0 , 1 6 0 
160 IF(COMP)161,161,162 
162 GO TO ( 1 6 3 , 1 6 4 ) ,LEFT 
1 6 3 A ( L I N E , 6 ) = 0 P T L ( 5 ) - A ( L I N E , 7 ) 

O P T L ( 5 ) = O P T L ( 2 ) . 
OPTL ( 6 ) = 0 P T L ( 3 ) 

165 NOV AL = ( A ( L I NE , 6 ) - A •( L I N E , 5 ) ) /-A ( L I NE , 7 ) + 1 . 5 
NEW = 1 
N 0 L D = 1 

1 6 6 I F ( N E W + N O L D - N O V A L j 1 6 7 , 1 6 7 , 1 1 6 8 
167 N E W = N E W + N O L D 

N O L D = N E W - N O L D 
GO TO 1 6 6 

1 1 6 8 A ( L I N E , 2 ) = A ( L I N E , 5 ) + ( N O L D - l ) * A ( L I N E , 7 ) 
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1 6 8 O P T L ( 2 ) = A ( L I N E • 2 ) 

K 1 N = 3 . , . 
R E T U R N . 

164 A ( L I N E , 5 ) = O P T L f 5 H A ( L I N E , 7 ) 
0 P T L ( 5 ) = 0 P T L ( 2 ) 
0 P T L ( 6 ) = 0 P T L ( 3 J 

170 N O V A L = ( A ( L I N E , 6 ) - A ( L I N E , 5 ) ) / A ( L I N E , 7 ) + 1 . 5 
NEW = 1 
N O L D ^ l 

1 7 1 I F ( N E W + N 0 L D - N 0 V A L ) 1 7 2 , 1 7 2 , 1 7 3 
172 NEW=NEW+NOLD . t 

N Q L D = N E W - N O L 0 :. 
GO TO 171 

1 7 3 A ( L I N E , 2 ) = A ( L I N E , 5 H ( N E W - 1 ) * A ( L I N E , 7 ) 
GO TO 168 

161 GO TO ( 1 8 0 , 1 8 1 ) , L E F T 
1 8 1 A ( L I N E , 6 ) = 0 P T L ( 2 H A ( L I N E , 7 } 

GO TO 1 6 5 
180 A ( L I N E , 5 ) = 0 PT L ( 2 ) + A ( L I N E , 7 ) 

GO TO 170 
1 3 3 I F ( ( A ( L I N E , 4 H A ( L I N E , 3 ) ) / 6 . 0 - t A ( L I N E , 6 H A (L I NE , 5 ) ) ) 

• 1 1 3 3 , 1 4 0 , 1 4 0 
1 1 3 3 I F ( C O M P ) 1 9 0 , 1 9 0 , 1 9 1 

191 GO TO ( 1 9 2 , 1 9 3 ) , L E F T 
192 A ( L I N E , 6 ) = 0 P T L ( 5 ) 

O P T L ( 5 ) = O P T L ( 2 ) 
0 P T L ( 6 ) = 0 P T L ( 3 ) 

194 G 0 L D = 1 . 0 - ( - 1 . 0 + S Q R T ( 5 . 0 ) ) / 2 , 0 
197 A ( L I N E , 2 ) = A ( L I N E , 5 ) + G O L D * ( A ( L I N E , 6 ) - A ( L I N E , 5 ) ) 
195 0 P T L ( 2 ) = A ( L I N E , 2 ) 

K I N = 3 
R E T U R N 

193 A ( L I N E , 5 ) = 0 P T L < 5 ) 
0 P T L ( 5 ) = 0 P T L ( 2 ) 
0 P T L ( 6 ) = 0 P T L ( 3 ) 

196 G 0 L D = ( - 1 . 0 + S Q R T ( 5 . 0 ) ) / 2 . 0 
GO TO 197 

190 GO TO ( 1 9 8 , 1 9 9 ) , L E F T 
199 A ( L I N E , 6 ) = 0 P T L ( 2 ) 

GO TO 1 9 4 
198 A ( L I N E , 5 ) = 0 P T L ( 2 ) 

GO TO 1 9 6 
140 A ( L I N E , 2 ) = O P T L ( 5 ) 

1 F ( C 0 M P ) 2 0 1 , 2 0 1 , 2 0 0 
2 0 0 A ( L I N E , 2 ) = O P T L ( 2 ) 
2 0 1 N = O P T L ( 1 ) 
2 0 9 L I N E = L I N E + 1 

I F ( L I N E - N ) 2 2 0 9 , 2 2 0 9 , 2 0 5 
2 2 0 9 DO 2 0 4 I = L I N E , N 

I F ( A ( 1 , 1 ) ) 2 0 3 , 2 0 4 , 2 0 3 
2 0 4 C O N T I N U E 
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L I N E = N 
GO TO 2 0 5 

2 0 3 K C 0 D E = 2 
L I N E = I 
I T Y P E = A ( L I N E , 1 ) 

GO TO 1 1 0 2 , 1 0 3 , 1 0 4 ) , I T Y P E 
1102 K I N = 2 

A ( L I N E , 6 ) = A ( L I N E , 4 ) 
A ( L I N E , 5 ) = A ( L I N E , 3 ) 
O P T L ( 4 ) = L I N E 
G P T L ( 2 ) = A « L I N E , 2 ) 
R E T U R N 

2 0 5 DO 2 0 6 1 = 1 , N 
I H O P S A V ( I l - A I I , 2 ) ) 20 7 , 2 0 6 , 2 0 7 

2 0 6 C O N T I N U E 
K I N = 4 -
R E T U R N 

2 0 7 DO 2 0 8 1=1 , N 
2 0 8 O P S A V ( I ) = A ( I , 2 ) 

O P S A V i l O ) = O P T L ( 6 ) 
I F ( C O M P ) 2 1 2 , 2 1 2 , 2 1 1 

2 1 1 O P S A V i l O ) = O P T L C 3 ) 
2 1 2 L I N E = 0 

GO TO 2 0 9 
END 



116 
S U B R O U T I N E OUT PUT ( I. PAGE , I T LE , A XL , S H L , SML , AX R , SHR , SMR , 

• N O T O T , L , D , S O , S I , A R E A , F L T • • F L T I , W E B , W I D I , W l D O , P A R T L ) 
D I M E N S I O N A X L ( 1 0 , 7 ) , S H L ( 1 0 , 7 ) , S M L 1 1 0 , 7 ) , A X R I 1 0 , 7 ) , 

• S H R ( 1 0 , 7 ) , S M R ( 1 0 , 7 ) , D ( 1 0 , 7 ) , S 0 ( 1 0 , 7 ) , S I ( 10 ,7 ) , , 
• A R E A ( 1 0 , 7 ) , F L T O ( 10) » F L T I ( 1 0 ) , W E B ( 1 0 ) , I T L E I 51 ) , 
• WI D U 10 ) , W I D Q Q O ) , PARTL (10 ) 

108 F O R M A T ( • • ) 
106 F O R M A T ( I I , 5 0 A l , » P A G E ' , 1 3 ) 
101 FORMAT ( • 0 * , T 1 7 , • L E F T S I DE , T 4 3 , » R 1 GHT S I DE • / T 2 4 , 

• ' B E N D I N G ' , T 5 0 , ' B E N D I N G ' / • PART S E C Ax I A L S H E A R OUTER 9 

• , ' I N N E R A X I A L S H E A R O U T E R I N N E R ' ) 
107 F Q R M A T ( 2 I 4 , ~ 3 P F 7 . 1 , 3 F 6 . 1 , F 8 . 1 , 3 F 6 a l > 
127 F O R M A T ( 1 O C O M B I N A T I O N N O . ' , 1 2 , ' - S T R E S S E S ' ) 

I C T L = 5 
DO 110 1 = 1 , N O T O T 
T A N = ( D ( I , 1 ) - D ( I , 7 ) ) / 1 2 . 0 / P A R T L ( I ) 
S E C T = l e O / C O S ( A T A N ! T A N ) ) 
1 F U C T L ~ 5 ) 1 U , 1 1 2 , 1 1 1 

112 I C T L = 0 
I P A G E = 1 P A G E + 1 

W R I T E ( 3 , 1 0 6 ) ( I T L E ( M ) , M = l , 5 1 ) , 1 PAGE 
W R I T E ( 3 , 1 2 7 ) L 
W R I T E ( 3 , 1 0 1 ) 

1 1 1 I C T L = I C T L + 1 
DO 109 J = l , 7 
AL = A X L ( I , J ) / A R E A ( I , J ) 
V TL = S M L ( I , J l / S I ( I , J ) * F L T 1 ( I ) * W I D I ( I ) - T A N 
VCOR = S H L ( 1 , J ) +VTL 
S L = V C O R . / ( W E B ( I ) * ( D ( I • J ) - F L T O ( I ) - F L T I ( I ) ) ) 
B O L = - S M L ( 1 , J ) * 1 2 , 0 / S 0 ( I , J ) 
B I L = S M L ( 1 , J ) * 1 2 . 0 / S I ( I , J ) * S E C T 
A R = A X R ( I , J ) / A R E A ( I , J ) 
V T R = S M R ( I , J ) / S I ( I , J ) * F L T I C I ) * W I D I ( I ) * T A N 
V C O R = S H R ( I , J ) + V T R 
S R = V C O R / (WEB ( I ) * ( D t 1»J ) - F L . T O ( D - F L T I ( I . ) ) ) 
BO R = - S MR ( I * J '•) * 12 • 0 / S 0 ( I • J ) 
B I R = S M R ( I , J ) * 1 2 . 0 / S I ( I , J > * S E C T 

109 W R I T E ( 3 , 1 0 7 ) I , J , A L , S L , B O L , B I L , A R , S R , B O R , B I R 
110 W R I T E ( 3 , 1 0 8 ) 

R E T U R N 
END 



117 
S U B R O U T I N E P A R T S I R E F I , N P S , P L T M , N H C 

D I M E N S I O N P L T M { 1 0 ) • N H O L D ( 1 0 ) , N i 1 0 1 , 
H 0 L D = 9 9 9 . 9 9 
N P S M 1 = N P S - 1 
W L ( 1 ) = R E F L 
J = l 

10 DO 1 K = J , N P S M 1 
•1 N (K + 1 )=0 , ' 

13 N ( J ) = W L ( J ) / P L T M ( J ) • 
I F ( N ( J ! * PL T M ( J ) - WL ( J ).) 2 , 3 , 3 

2 N ( J ) = N ( J ) + 1 ' 
3 T O T L = 0 . 0 

DO 4 K = 1 , N P S 
4 T O T L = T O T L + N « K ) * P L T M i K ) 

I F ( T 0 T L - H 0 L D ) 5 , 6 , 6 
5 H 0 L D = T 0 T L 

DO 7 K=1 , N P S 
7 N H O L D (K ) = N ( ' K ) 
6 I F I J - N PSM1 ) 9 , 8 , 8 
9 N ( J ) =N ( J ) - 1 

J = J + 1 
WL ( J ) - R E F L 
J M 1 = J - 1 
DO 2 0 K = l , J M 1 

20 W L ( J ) = W L ( J ) - N ( K ) * P L T M { K ) 
GO T O 10 

8 I F (N { N P S M l mi , 1 2 , 1 1 

11 N t N P S M l ) = N ( N P S M 1 ) - l 
WL < N P S ) . = R E F L -
DO 22 K = l , N P S M 1 

22 W L ( N P S ) = W L ( N P S ) - N ( K ) * P L T M ( K ) 
J = N P S 
GO TO 13 

12 J = J - 1 
IF idYl5,16,15 

15 I F ( N ( J ) 1 1 4 , 1 2 , 1 4 
14 N ( J ) = N ( J ) - 1 

W L ( J + l ) " R E F L 
DO 21 .K = l , J 

2 1 W L U + 1 ) = W L ( J + 1 ) - N ( K ) * P L T M ( K ) 
J = J + 1 
GO TO 10 

16 R E T U R N 
E N D 



118 
S U B R O U T I N E P R I N T ( I P A G E , I T L E , K L N , A X L , S H L , S M L , A X R , S H R , 

• S M R , NOTOT , L , R ) 
D I M E N S I O N A X L ( 1 0 , 7 ) , S H L ( 1 0 , 7 ) , S M L ( 1 0 , 7 ) , A X R ( 1 0 , 7 ) , 

• S H R ( 1 0 , 7 ) , S M R ( 1 0 , 7 ) , I T L E ( 5 1 ) , R ( 4 ) 
108 F O R M A T ( * 1 ) 
106 F O R M A T ( 1 1 , 5 0 A 1 » ' P A G E ' , I B ) 
107 F 0 R M A T ( 2 I 4 , - 3 P F 8 . 2 , F 7 . 2 , F 1 0 . 2 , F 9 . 2 , F 7 . 2 , F 1 0 . 2 ) 
101 F O R M A T ! »0 ' , U 7 , ' L E F T S I D E * , T 4 3 , ' R I G H T S I D E » / • P A R T ' 

• , ' S E C A X I A L S H E A R MOMENT A X I A L S H E A R » 
• , » MOMENT * ) 

102 F O R M A T ( ' O D E A D L O A D - F O R C E S * ) 
103 F O R M A T ( ' O L I V E LOAD - F O R C E S * ) 
1 0 4 F O R M A T ( * 0 W I N D L O A D - F O R C E S ' ) 
105 F O R M A T ( • • C O N C E N T R A T E D L O A D N O • * , I 2 , * - F O R C E S * ) 
127 F O R M A T ( ' O C O M B I N A T I O N N O . » , 1 2 , ' - F O R C E S * ) 

I C T L = 5 
DO 110 1 = 1 , N O T O T 
I F ( I C T L - 5 ) 1 1 1 , 1 1 2 , 1 1 1 

112 I C T L = 0 
I P A G E = I P A G E + l 
W R I T E ! 3 , 1 0 6 ) ( I T L E ( M ) , M = 1 , 5 1 ) , I P A G E 
GO TO ( 1 2 1 , 1 2 2 , 1 2 3 , 1 2 4 , 1 2 6 ) , K L N 

1 2 1 W R I T E ( 3 , 1 0 2 ) 
GO TO 1 2 5 

122 W R I T E ( 3 , 1 0 3 ) 
GO TO 1 2 5 

123 W R I T E ( 3 , 1 0 4 ) 
6 0 TO 1 2 5 

124 W R I T E ( 3 , 1 0 5 ) L 
GO TO 1 2 5 

1 2 6 W R I T E ( 3 , 1 2 7 ) L 
125 W R I T E ( 3 , 1 0 1 ) 
1 1 1 I C T L = I C T L + 1 

DO 1 0 9 J = 1 , 7 
109 W R I T E ( 3 , 1 0 7 ) I , J , A X L ( I , J ) , S H L ( I , J ) , S M L ( I , J ) , A X R ( I , J ) , 

• S H R ( I , J ) , S M R ( I , J ) 
110 W R 1 T E ( 3 , 1 0 8 ) 

W R I T E ( 3 , 1 3 0 ) R 
130 F O R M A T ( • R E A C T I O N S V T 1 2 , • L E F T R I G H T 8 / 

• ' V E R T I C A L * , - 3 P 2 F 8 . 2 / ' H O R I Z O N T A L » , 2 F 8 . 2 ) 
R E T U R N 
E N D 



119 
S U B R O U T I N E S C A N ( N O , V A L U E , K L M ) 
D I M E N S I O N V A L U E ! 1 0 ) , K L M ( 7 6 ) DO 1 1=1,10 

1 V A L U E U ) = 0 . 0 
N C G L = 1 
N = l 
K P T = 0 

2 I F ( K L M ( N C O L ) - 1 6 1 4 8 2 3 4 8 8 ) 4 , 3 , 4 
C - 1 6 1 4 8 2 3 4 8 8 I S E Q U I V A L E N T TO A M I N U S S I G N 

3 S G N = - 1 . 0 
GO TO 5 

4 I F ( K L M ( N C O L ) - 1 3 1 2 8 3 3 6 0 0 ) 6 , 7 , 6 
C - 1 3 1 2 8 3 3 6 0 0 I S E Q U I V A L E N T TO A P L U S S I G N 

7 S G N = 1 . 0 
5 V A L U E ( N ) = 0 . 0 

GO TO 8 
6 I F ( K L M ( N C O L ) - 1 2 6 2 5 0 1 9 5 2 19 , 1 0 , 9 

C - 1 2 6 2 5 0 1 9 5 2 I S E Q U I V A L E N T TO A D E C I M A L P O I N T 
10 K P T = 1 

GO TO 7 
9 K = 0 

I C 0 M P = - 2 6 4 2 2 4 7 0 4 
C - 2 6 4 2 2 4 7 0 4 I S E Q U I V A L E N T TO A Z E R O 

11 I F ( K L M ( N C O L ) - I C O M P H 2 , 1 3 , 1 2 
12 I C 0 M P = I C Q M P + 1 6 7 7 7 2 1 6 

C + 1 6 7 7 7 2 1 6 ; I S E Q U I V A L E N T TO THE D I F F E R E N C E 
C B E T W E E N TWO D I G I T S 

K = K + 1 
1 F ( K - 1 0 M 1 , 1 4 , 1 4 

14 NC0L=NCGL+1 
24 I F ( N C Q L - 7 7 ) 2 , 1 6 , 1 6 
16 N 0 = N - 1 

R E T U R N 
13 S G N = 1 . 0 

V A L U E ( N ) = K 
8 N C 0 L = N C 0 L + 1 

1 F ( N C 0 L - 7 7 ) 1 7 , 1 8 , 1 8 
17 I F ( K L M ( N C 0 L ) - 1 2 6 2 5 0 1 9 5 2 ) 2 0,19 , 2 0 

C - 1 2 6 2 5 0 1 9 5 2 I S E Q U I V A L E N T TO A D E C I M A L P O I N T 
19 K P T = 1 

GO TO 8 
20 K = 0 

I C 0 M P = - 2 6 4 2 2 4 7 0 4 
C - 2 6 4 2 2 4 7 0 4 I S E Q U I V A L E N T TO A Z E R O 

21 I F ( K L M ( N C O L ) - l C O M P )22 , 2 3 , 2 2 
22 I C 0 M P = I C 0 M P + 1 6 7 7 7 2 1 6 

C + 1 6 7 7 7 2 1 6 I S E Q U I V A L E N T TO THE D I F F E R E N C E 
C B E T W E E N TWO D I G I T S 

K = K + 1 
I F ( K - 1 0 1 2 1 , 1 8 , 1 8 

18 V A L U E ( N ) = V A L U E ( N ) * S G N 



N=N + 1 
K P T - G 
GO TO 24 

2 3 I F ( K P T ) 2 5 » 2 6 ? 2 5 
2 6 V A L U E ( N ) = V A L U E ( N ) * 1 Q . Q + K 

GO TO 8 
2 5 V A L U E ( N ) = V A L U E • ( N ) + K * 1 0 . . 0 * * (--K PT ) 

K P T = KPT + 1 
GO TO 8 
E N D 



SUBROUTINE SEARCH (SWTCH) 
COMMON OPTL ( 6 ) ,A ( 9 , 1 7 ) ,OPSAV ( 1 0 ) 
DIMENSION F F 0 T ( 9 ) .TRY ( 9 . ) 
I F ( S W T C H ) 2 , 1 , 2 

1 SWTCH=1.0 
V E C T R = 0 . 0 
N 0 = 0 P T L ( 1 ) 
DO 3 1 = 1 , N 0 

3 F F 0 T ( I ) = 1 . 0 
4 S U M = 0 . 0 

DO 5 1=1,NO 
I F ( F F O T ( I ) ) 6 , 5 , 6 

6 SUM=SUM+1.0 
5 CONTINUE 

I F ( S U M - 2 . 0 ) 7 , 8 , 8 
8 DO 9 1 = 1 ,N0 

I F ( F F O T ( I ) ) 10 , 1 1 , 1 0 
1 1 T R Y ( I ) = O P S A V ( I ) 

GO TO 9 
10 I F ( A ( 1 , 1 ) ) 1 3 , 1 2 , 13 
1 3 IT Y PE = A ( 1 , 1 ) 

I F ( F F O T ( I ) ) 1 4 , 1 6 , 1 5 
1 6 STOP 1 6 
1 4 GO TO ( 1 7 , 1 8 , 1 9 ) , I T Y P E 
1 7 DO 2 0 K = l , 1 0 

I F ( A ( I , K + 7 ) - 0 P S A V ( I ) ) 2 0 , 2 1 , 2 0 
2 0 CONTINUE 

STOP 2 1 
2 1 IF I K - 1 ) 2 2 , 1 2 . , 2 2 
2 2 TRY( I ) = A ( I , K + 6 ) 

GO TO 9 
1 8 T R Y ( I ) = O P S A V ( I ) - A ( I , 7 ) 
2 3 I F ( T R Y ( I ) - A ( I , 3 ) ) 1 2 , 9 , 9 
1 9 TRY( I ) = 0 P S A V ( I ) - ( A ( I , 4 ) - A ( 1 , 3 ) ) * 0 . 0 5 

GO TO 2 3 
1 5 GO TO ( 2 4 , 2 5 , 2 6 ) , I T Y P E 
2 4 DO 2 7 K = l , 1 0 

I F ( A ( I , K + 7 ) - 0 P S A V ( I ) ) 2 7 , 2 8 , 2 7 
2 7 CONTINUE 

STOP 2 8 
2 8 K E N D = A ( 1 , 4 ) 

I F ( K - K E N D ) 2 9 , 1 2 , 1 2 
2 9 T R Y ( I ) = A ( I , K + 8 ) 

GO TO 9 
2 5 T R Y ( I ) = 0 P S A V ( I ) + A ( I , 7 ) 
3 0 I F ( T R Y ( I ) ~ A ( 1 , 4 ) ) 9 , 9 , 1 2 
2 6 TRY( I )=OPSAV( I ) + ( A ( I , 4 ) - A ( I , 3 ) ' ) * 0 . 0 5 

GO TO 3 0 
9 CONTINUE 

DO 3 1 I = 1 , N 0 
3 1 A ( 1 , 2 ) = T R Y ( I ) 



122 
R E T U R N 

1.2 ! F ( V E C T R ) 3 2 , 7 , 3 2 
32 S W T C H = 0 . 0 

DO 35 1 = 1 , N O 
35 A( I , 2 ) = O P S A V ( I ) 

R E T U R N 
2 I F ( O P T L ( 3 ) ~ O P S A V ( 10') ) 33 * 12 * 1.2 

33 DO 36 1 = 1 , N O 
36 O P S A V ( I ) = A ( I 9 2 ) 

0 P S A V ( 1 0 ) = 0 P T L ( 3 ) 
V E C T R = 1 . 0 
GO TO 8 

7 1=1 • 
44 I F ( F F O T ( 1 ) ) 3 9 , 4 0 , 4 1 
41 FFOT( 1 ) = ~ 1 . 0 

GO TO 4 39 FFOTU )=0.0 . 
GO.:TO 4 

40 FFOT(11=1.0 
I F ( I - N O ) 4 3 , 4 2 , 4 3 43 1=1+1 

GO TO 44 
42 S W T C H = - 1 . 0 

R E T U R N 
END 



123 
S U B R O U T I N E S E L E C T ( N O F L A » N O W E B , F L A N , W E B P L , WEB , N O C B M , 

n FL T I , F L T O , D , E R T , A R E A , S O , S I , S H E A R , O M E N T , A X I A L , U B L O , 
D U B L I , A O H , F Y , I , P A R T L , W I D I , W I D O , K A S T R , N O C O L ) 

D I M E N S I O N FLAN'( 10 ) , W E B P L ( 6 ) , W E B ( 10 ) . ,FLT I ( 10 ) , F L T O ( 10 ) , 

• D « T 0 , 7 ) , E R T f .10, 7 ) , A R E A (.10,7 i , S 0 ( 10,7 ) , S 1 ( 1 0 , 7 ) , 

• S H E A R ( 8 , 1 0 , 7 ) , O M E N T ( 8 , 1 0 , 7 ) , A X I A L 18,10,7),UBLO(10,7), 
• U B L I (10,7) , P A R T L (10 ) , W I D I ( 10 ) , W I D O ( 10•) 

K W S A V - 0 
K F O S V = 0 
K F I S V = 0 
M = 2 - N O C B M 
CALL F I N D E R ( W E B ( I ) , W E B P L , N O W E B , KWEB ) 
T A N = ( D C I , 1 ) - D ( I ,7) ) ' /12 . 0 / P A R T L ( I.) . ' . 
S E C T = 1 . 0 / C O S ( A T A N ( T A N ) ) 

33 L E A D = 1 
9 R A T W - Q . O 

DO 3 J = l , 7 
C A L L S S T R E S ( A O H , D ( I , J ) , FLT I ( I ) , F L T O ( I ) , WEB(1 ) ,FY,FV I 
DO 3 K = l ,M 
VT = O M E N T ( K , I , J ) / S I ( I , J ) * F L T I ( I ) * W I D I ( I I * TAN 
V C O R = S H E A R ( K , I , J )+VT 
F V A = V C O R / ( ( D ( I , J )~FLTO. ( I J — FLT 1 ( 1 ) ) * W E B ( I ) ) 
D U M = A B S ! F V A / F V ) 
I F ( D U M - 1 . 0 ) 2 , 2 , 6 

2 I F ( D U M - R A T W ) 3 , 3 , 4 
4 RATW=DUM 
3 C O N T I N U E 
5 I F ( ' -LEAD-2 ) 10 , 100 , 10 

10 I F ( K W E B - 1 ) 1 1 , 100 , 1 1 
11 KWEB = K W E B - 1 

W E B ( I ) = W E B P L ( K W E B ) 
122 DO 12 J=l,7 

12 C A L L I N E R T ( D C I , J ) , F L T O ( I ) , W E B ( I ) , F L T I ( I ) , W I D O ( I ) , 
• W1DI ( 1 ) , A R E A ( 1 , J ) , S 0 ( I , J ) , S I ( 1J ) , E R T ( I , J ) , N O C O L , F Y , 
• I ) 

GO TO 9 
6 I F ( K W E B - N O W E B ) 7 , 8 , 8 
7 K W E B = K W E B + 1 

WEB C I )=WEBP.L ( K W E B ) 
L E A D = 2 
GO TO 122 

8 K A S T R = 9 9 9 
KWEB =NOWEB 

100 C O N T I N U E 
I F ( K W S A V - K W E B ) 1 4 , 9 0 0 , 7 0 

70 W E B ( I ) = W E B P L ( K W S A V ) 
GO TO 9 0 0 

14 K W S A V = K W E B 
64 L E A D = 1 

C A L L F I N D E R C F L T 0 1 I ) , F L A N , N O F L A , K F O ) 
30 R A T F 0 = 0 . 0 



124 DO 1 3 J = l , 7 
CALL S T R E S S ( U B L O ( I , J ) , U B L I ( I , J ) , D ( I , J ) , F L T O ( I ) , F L T I ( I ) 

• , W I D I ( I ) , W I D O ( I ) , W E B ( I ) , F B O , F B I , F A , F T , F Y ) 
DO 1 3 K = 1,M 
S B O = O M E N T ( K , I , J ) / S O ( I , J ) * ( - 1 2 . 0 ) 
S A = A X I A L ( K , I , J ) / A REAI I , J ) 
I F ( S B Q ) 1 5 , 1 6 , 1 6 

1 5 DUM=SBO/FBO 
GO TO 1 7 

1 6 DUM=SBO/FT 
1 7 I F ( S A ) 1 8 , 1 9 , 1 9 
1 8 DUM=DUM+SA/FA 

GO TO 2 0 
1 9 DUM=DUM+SA/FT 
2 0 I F ( A B S ( D U M ) - R A T F 0 ) 2 1 , 2 1 , 2 2 
2 2 RATFO = ABS (DUM) 
2 1 CONTINUE 

I F ( A B S ( D U M ) - 1 . 0 ) 1 3 , 1 3 , 2 3 
1 3 CONTINUE 

I F ( L E A D - 2 1 2 4 , 2 5 , 2 4 
2 4 I F ( K F 0 - 1 ) 2 6 , 2 5 , 2 6 
2 6 K F 0 = K F 0 - 1 

F L T O ( I )=FLAN(KFO) 
GO TO 2 7 

2 3 I F i K F 0 - N O F L A ) 2 8 , 2 9 , 2 9 
2 9 KASTR=999 

KFO=NOFLA 
GO TO 2 5 

2 8 KF0=KF0+1 
; LEAD=2 

F L T O ( I ) = F L A N ( K F O ) 
2 7 DO 3 1 J = l , 7 . 
3 1 GALL I N E R T ( D ( I , J ) , F L T O ( I ) , W E B ( I ) , F L T I ( I ) , W I D O ( I ) , 

• W I D K I ) , A R E A ( I , J ) , S O ( I , J ) , S I ( I , J ) , E R T U , J ) , N O C O L , F Y , 
• I ) 

GO TO 3 0 
2 5 CONTINUE 

I F ( K F 0 - K F 0 S V > 3 2 , 3 3 , 3 2 
3 2 KFOSV=KFO 

LEAD=1 
CALL F I N D E R ( F L T I ( I ) , F L A N , N O F L A , K F T ) 

6 0 R A T F I = 0 . 0 
DO 4 3 J = l , 7 
CALL S T R E S S ( U B L O ( I , J ) , U B L I i I , J ) , D ( I , J ) , F L T O ( I ) , F L T 1 ( 1 ) 

o , W I D I ( I ) , W I D O ( I ) , W E B ( I ) , F B O , F B I , F A , F T , F Y ) 
DO 4 3 K = l ,M 
S B I = O M E N T ( K , I , J ) / S I U , J ) * 1 2 . 0 * S E C T 
S A = A X I A L ( K , I , J ) / A R E A ( I , J ) 
I F I S B I ) 4 5 , 4 6 , 4 6 

4 5 D U M = S B I / F B I 
GO TO 4 7 



125 
4 6 D U M = S B I / F T 
47 I F t S A ) 4 8 , 4 9 , 4 9 
48 DUM=.DUM + S A / F A 

GO TO 50 
49 D U M = D U M + S A ' / F T 
50 I F ( A B S ( D U M l - R A T F I ) 5 1 , 5 1 , 5 2 
52 R A T F I = A B S ( D U M ) 
5 1 C O N T I N U E 

I F ( A B S ( D U M ) - 1 . 0 ) 4 3 , 4 3 , 5 3 
4 3 C O N T I N U E 

I F ( L E A D - 2 ) 5 4 , 5 5 , 5 4 
54 I F ( K F I - 1 ) 5 6 , 5 5 , 5 6 
56 K F I = K R I - 1 

FL T I < I ) = F L A N ( K F I ) 
GO TO 57 

53 I F ( K F I - N O F L A ) 5 8 , 5 9 , 5 9 
59 K A S T R = 9 9 9 

KF I = N O F L A 
GO TO 55 

58 K F 1 = K F 1 + 1 
L E A D = 2 
•FLT I ( I ) = FL AN ( KF I ) 

57 DO 6 1 J = l , 7 
6 1 C A L L I N E R T ( D ( I , J ) , F L T O ( I ) , ,WEB ( I ) , FLT I d ) , W I D 0 ( 1 ) , 

• W I D I i I ) , A R E A ( 1 , J ) , S O I I , J ) » S I ( I , J ) , E R T ( 1 , J ) , N O C O L , 
• I ) 

GO TO 60 
55 C O N T I N U E 

I F ( K F I - K F I S V ) 6 2 , 3 3 , 6 2 
62 K F I S V = K F I 

GO TO 64 
9 0 0 R E T U R N 

E N D 



126 
SUBROUTINE SSTRES ( AOH , 0 , T FO , IF I , W , F Y , F V ) 
H O T = { D - T F O - T F I ) / W 
•IF ( A O H - 1 . 0 ) 1 , 1 , 2 

1 FK = 4 . 0 + 5 . 3 4 / A O H * * 2 . GO TO -3" ' 
2 I F ( A O H - 3 . 0 1 4 , 5 , 5 
4 F K = 5 . 3 4 + 4 . 0 / A 0 H * * 2 

GO TO 3 
5 F K = 5 . 3 4 
3 C V = 4 5 0 0 0 0 0 0 . 0 * F K / F Y / H 0 T * * 2 ' 

I F ( C V ~ 0 . 8 ) 6 , 6 , 7 
7 C V=6000.0#SQRT(FK/FYI/HOT 
.6 I F ( A 0 H ~ 3 . 0 ) 8 > 1 1 , 1 1 
8 I F ( C V - 1 . 0 ) 9 , 1 1 , 1 1 
9 F V = F Y / 2 . 8 9 * ( C V + ( 1 . O - C V 1 / ( 1 . 1 5 * S Q R T ( 1 . 0 + A 0 H * * 2 ) ) ) 

GO TO 1 0 
1 1 F V = F Y * C V / 2 . 8 9 
10 I F ( F V - 0 . 4 * F Y ) 1 2 , 1 2 , 1 3 
1 3 F V = 0 . 4 * F Y 12 RETURN END 
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. SUBROUTINE S T F N E R ( AOH , F LT I , F L TO , D , W EB , F Yl , F Y 2', SHL , A , oNOSTR,ST IFF, NOTOT, NOCOL,X,Y,AL PHA,NOALT,KALT?NOSTC, 

n X B R E ) DI MENS ION FLT I C 10 ) » F L T 0 ( 10 ) ,Q UO , 7 > , WEB (10 ). , SHL. ( 10 ,7 ) , OA(10,7) , • ST I F F ( 2 , 1 0 ) , X ( 1 0 , 7 ) , Y ( 10 , 7 ) , K A L T ( 1 0 ) 
00 100 1 = 1 , N O T O T 
F Y = F Y1 
DO 3 'M = l , NOALT 
IF(I-KALT(M ) ) 3 , 2 ,3 3 CONTINUE 
GO TO 66 

2 F Y = F Y 2 66 DO•100 J = l ,7 
A S H = 9 9 . 9 
H W E B = ( D ( I , J I - F L T 0 f I. ) - F L T I ( I ) ) 
SV = SHL (• I , J J / ( HW EB * W E B ( I ) ) • CALL S S T R E S CASH, Of 1 , J I , F L T O ( I ) , FLT I I I ) , W E B { I.) , F Y , F V ) 

• IF(FV-SV15,6,6 
6 A ( I , J 1 = 9 9 9 9 . 9 ' 

GO TO 100 
5 A S H = 3 . 0 

FACT = 1 , 0 
7 GALL SSTRES CASH, DC I , J I , F L T O ( I ) , FLT I ( I ) , WEB ( I ) , F Y . , FV ) 

I F ( F V - S V ) 9 , 8 , 8 
8 I F ( A B S ( A S H - 3 . 0 ) - 0 . 0 0 1 ) l l , l l , 1 0 • 

11 A ( I , J ) = A S H * H W E B 
GO TO 100 

10 I F ( A B S ( F A C T - 0 .0.1 ) - 0 .001 111,11,12 
12 A S H = A S H + FACT 

KK = 1 
N O S T C = 0 
DO 200 1 = 1 , N O C O L 
DO 2 0 0 M = l , 7 
J = 7 - M + l IF(A CI,J ) - 9 9 9 9 . 0 ) 20 »200,200 

20 I F ( N 0 S T C ) 2 1 , 2 2 , 2 1 . 
22 N 0 S T C = 1 

S T I F F ( K K , 1 ) = Y ( 1 , J ) ST I FF (KK , 2 ) = Y ( I , J HA C I , J )/ 12 . 0 
I F ( S T I F F ( K K , 2 ) ) 2 0 0 , 2 0 0 , 2 3 

2 3 N 0 S T C = 2 GO TO 200 21 IF 1ST IFF I KK , N O S T C ) " Y (• I , J ) ') 24,200 , 2 5 24 IF(12.0*(STIFF IKK,NOSTC-1 ) -STIFF IKK, NOSTC ) ) - A ( I , J ) ) 02 00,200*26 26 ST IFF(KK,NOSTC)=S T I F F(KK,MOST C-1>-A( I , JJ / 12.0 IFCSTIFF(KK,NOSTC)-Y(I,• J ) ) 2 0 0 , 2 0 0 , 2 7 

100 

9 
F A C T = F A C T / 1 0 . 0 
A S H = A S H - F A C T 
I F ( A S H ) 7 , 1 2 , 7 

C O N T I N U E 
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21 S T I F F ( K K , N O S T C ) = Y ( I , J ) 

GO TO 2 0 0 
2 5 STIFF IKK.NOSTC + l ) = S T I F F ( K K , N O S T C ) - A ( I , J ) / 1 2 . Q 

I F ( S T I F F ( K K , N O S T C +1 ) ) 2 0 0 , 2 0 0 * 28 
' 28 N 0 S T . C = N 0 S T C + 1 
2 0 0 CONTINUE 

I F ( X B R E ) 3 0 , 3 1 , 3 0 
31 BRAKE = X f NOTOT , 7 I 

GO TO 32 
30 BRAKE=XBRE 
32 KK=2 

N O S T R = 0 
L L = N 0 C 0 L + 1 
DO 300 I=LL»NOTOT 
DO 3 0 0 J = l , 7 . 
I F ( X ( I , j ) - B R A K E ) 3 5 , 3 4 , 3 5 

34 B RAK E = X ( N O T O T » 7 ) 
I F ( N O S T R ) 3 7 , 3 5 , 3 7 

37 N 0 S T R = N 0 S T R + 1 " 
ST I F F ( K K , N O S T R ) = X B R E 

35 I F ( A ( I , J ) - 9 9 9 9 . 0 ) 1 2 0 , 3 0 0 , 3 0 0 
1 2 0 I F ( N 0 S T R ) 1 2 1 , 1 2 2 , 1 2 1 
122 N 0 S T R = 1 

S T I F F ( K K , 1 ) = X( I , J ) 
S T I F F ( K K , 2 ) = X ( I , J ) + A ( I , J ) / 1 2 . 0 * C 0 S ( A L P H A ) 
1 F ( S T I F F ( K K , 2 ) -BRAKE ) 1 2 3 , 3 0 0 , 3 0 0 

1 2 3 NOSTRA 
GO TO 300 

1 2 1 I F ( S T I F F (KK, N O S T R I-XI I ,J ) ) 12 5 , 300 , .124 
1 2 4 I F ( 1 2 . 0 * ( S T I F F ( K K , N O S T R ) - S T I F F ( K K , N 0 S T R - 1 ) ) /COS(ALPHA ) 

n-A( I , J ) ) 3 0 0 , 3 0 0 , 1 2 6 
126 ST IFF(KK,NOSTR )=ST I F F (KK,N O S T R - 1 ) + A ( I , J ) / 1 2 . 0 

n * C 0 S ( AL PHA ) 
IF(ST I F F ( K K , N O S T R ) - X ( I , J ) ) 1 2 7 , 3 0 0 , 300 

127 S T I F F ( K K - , N Q S T R ) = X ( I , J ) 
GO TO 3 0 0 

12 5 S T I F F < K K . , N 0 S T R + 1 ) = S T I F F ( KK , N O S T R )+A .( I , J ) / 1 2 . 0 
• *COS ( AL PHA•) 

I F ( S T I F F ( K K , N 0 S T R + 1 ) - B R A K E ) 1 2 8 , 3 0 0 , 3 0 0 
128 N 0 S T R = N 0 S T R + 1 
3 0 0 CONTINUE 

RETURN 
E ND 
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S U B R O U T I N E S T R E S S ( U B L O , U B L I , D> F L T O , FLT I , W I D I , VII D O , 

aW E B , F B O , F B 1 , F A , F T , F Y ) 
C C = S Q R T ( 2 . 0 * 3 . 1 4 1 5 9 2 6 * * 2 * 2 9 . 5 E 0 6 / F Y ) 
A R E ' A O = W I D O * F L T O + ( D / 2 . 0 - F L T 0 ) * W E B 
RO = S Q R T ( F L TO*W I DO * * 3 / 1 2 . 0 / A R E A O ) 
R U L 0 = U B L 0 * 1 2 . 0 / R 0 
C A L L C S T R E S ( C C , R U L O , F Y , F A O ) 
A R E A I = W I D I * F L T I + C D / 2 . O - F L T I ) * W E B 
R I = S Q R T ( F L T I * W IDI * * 3 / 12 • 0 / A R E A I ) 
R U L I = U B L I * 1 2 . 0 / R I • 
C A L L C S T R E S ( C C , R U L I , F Y , F A I ) 
F A = ( F A 0 * A R E A 0 +• F A 1 * A R E A I ) / ( A R E A 0+A R E A I ) 
F T = 0 . 6 * F Y 
A R E A 0 ~ A R E A O ~ D / 3 * 0 * W E B 
RO = S Q R T ( F L T O * W 1 0 0 * * 3 / 1 2 . 0 / A R E A O ) 
R U L 0 = U B L 0 * 1 2 . 0 / R 0 
DL0A = U B L 0 * 1 2 . 0 * D / ( F L T O * W I D O ) 
H = D - F L T O - F L T I . 
C A L L B S T R E S I C C , R U L O , D L O A , F Y , F L T O , H , W E B , W I DO ,FB0) 
A R E A I = A R E A I ~ D / 3 . 0 * W E B 
R I = S Q R T ( F L T I * W I D I * * 3 / 1 2 . 0 / A R E A I ) 

• . R U L I = U B L 1 * 1 2 . 0 / R l 
DL0A = U . B L I * 1 2 . 0 * D / « F L T I * W 1 D I ) 
C A L L B S T R E S ( C C , R U L I , D L O A , F Y , F L T I , H , W E B , W I D I , F B I ) 
R E T U R N 
E N D 
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SUBROUTINE UNIF ( S PAN,H.SLOPE,BD,GD,X,Y , w , W C , P L G H , 

nNOGOL tNORAF, NOTOT,ERT,AXL,AXR,SHL,SHR,SML,SMR,R,ED) 
D I M E N S I O N C ( 7 ) D I MENS ION X ( 10,7 ) , Y( 10 ,7 ) ,WC (6 ) , PL GH ( 10 ) ,-ERT ( 10 ,7 ), 

• A X L ( 1 0 , 7 ) , AXR f10,7),$HLI 1 0 , 7 ) , 'SHR C10,7 ) , S M L ( 1 0 , 7 ) , 
o S M R ( 1 0 , 7 ) - , R ( 4 ) AL PHA = ATAN(SLOPE/12 .0) 
COSA=COS(ALPHA) 
S I N A = S I N ( A L P H A ) 
D I S T = S P A N - ( B D + 2•0*GD)/12 .0 

. G( 1 ). = 1 . 0 
C ( 2 ) = 4 . 0 
C ( 3 ) = - 2 . . 0 
C ( 4 ) = 4 . 0 
C ( 5 ) = 2 . 0 
C ( 6 ) = 4 . 0 
C ( 7 ) = 1 . 0 
H P = S P A N / 2 . 0 * S L O P E / 12 •() 
R(3)=( ( W C ( 1 ) -WC'(6 ) )*H+HP*1WC(2)-WC(5 ) ) ) *W 
R (2 ) = ( ( - H * ( W C ( 1 ) - W C ( 6 ) ) * H / 2 . 0 + H P * ( WG (2 ) -WC ( 5 ) . ) * ( H + HP' 

n / 2 . 0 ) ) / D I S T + WC ( 3 ) * S P A N / 8 . 0 + 3 . 0 * W C ( 4 ) * S P A N / 8 . 0 )*W 
R ( 1 ) = (WC ( 3 ) +WC •( 4 ) ) * W * S P A N / 2 . 0 - R ( 2 ) DO 1 I. = l , NOTOT DO- 1 ' J = l , 7 
SML(I,J)=R(1)*X(I ,j) + R(3)*Y(I,J)-W*WC(3>*X( I ,J > * * 2 a/2.0 

.SMR(I ,J) = R (2 ) *X(I,J ) -W*WC(4) *X( I , J ) * * 2 / 2 . 0 
I F ( I - N G C O L ) 2 , 2 , 3 

2 SML ( I , J ) = SML ( I., J ) - W * W C ( 1 ) * Y ( I , J ) * * 2 / 2 .0 
SMR(I,J)=SMRII,J)~W*WC(6)*Y(I,J)**2/2«0 
GO TO 1 

3 S ML (. I , J ) =SML ( I , J )~W * ( WC ( 1 5 * H * ( Y (I , J•) - HI 2 .0 ) - WC ( 2 I 
• ? M Y ( I , J ) - H ) * * 2 / 2 . 0 ) 

S M R ( I , J ) = S M R ( I , J ) -W ( WC ( 6 ) * H * ( Y ( I , J ) - H / 2 .0 ) - W C ( 5 ) 
a*(Y(I,J)-H)**2 /2.0) 

1 C O N T I N U E SUMM=0.0 
S U M Y = 0 . 0 
DO 5 1 = 1 , N O T O T DO 5 J=l,7 
YD S = Y ( I , J ) # PL GH ( I ) / 6 . 0 / E RT ( I , J ) 
SUMM = S U M M + (SML ( I , J ) + S M R ( I . J 1 ) * Y D S * C ( J ) 

5 S U M Y = S U M Y + 2.0*YDS*Y(I,J ) *C(J ) 
D S = E D * S L 0 P E / 2 4 . 0 
SUMM = S U M M / 3 . 0 + ( SML (NOCOL , 7 )-+SMR (NOCOL , 7 I ) * ( Y ( N 0 C 0 L , 7 ) 

n + D S / 2 . 0 ) * D S / E R T ( N O C O L , 7 ) 
S U M Y = S U M Y / 3 . 0 + 2 .0 * ( Y ('NOCOL , 7 ) + D S / 2 .0 ) # * 2 * D S / E R T « NOCOL , 

a7 ) 
S U M M = S U M M + ( S M L ( N O C O L + 1 , 1 ) + S M R ( NOCOL + 1 •, 1 ) ) * ( .Y ( N O C O L + 1 , 

a l ) - OS/2.0*SINA)*DS/ERT ( N O C O L + 1 , 1 ) 
SUMY = SUMY + 2 .0* ( Y ( NOCOL + 1 , 1 ) - D S / 2 . 0 * S I N A )**2*DS 
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• / E R T ( N O C O L + 1 , 1 ) 

R ( 4 ) = - S U M M / S U M Y 
R ( 3 ) = R ( 3 ) + R ( 4 ) DO 6 1 = 1fNOTOT 
DO 6 J~l,7 
S ML ( I , J ) =SML ( I . , J ) + Y ( I • J ) * R (4 ) . SMRI I fJ) = S M R ( I ? J ) + Y ( I , J ) * R ( 4 ) 
DO 7 I - 1 , N O C O L DO 7 J = l , 7 .. 
A X L C I , J ) = - R (1 ) 
AXR(1, J ) = - R ( 2 ) 
S H L ( 1 • J ) =R ( 3 ) - W * W C ( 1 ) * Y ( I » J ) 

' SHR ( I , J ) = R ( . 4 ) - W * W C (6 ) * Y ( I , J ) 
DO 8 M = l t N O R A F 
I = N O C O L + M 

DO 8 J = l , 7 
H O R L = R ( 3 ) - W # ( W C ( I ) * H + W C ( 2 ) * ( Y ( I , J ) - H ) ) 
HORR = R ( 4 ) - W * ( WC ( 6 ) *H+WC (.5 ) * ( Y ( I , J ) - H ) ) VRTL=-R<1)+W*WC(3)*XCI,J) 
V RTR = - R ( 2 ) + W*WC ( 4 ) * X ( I • J ) 
AXL ( I f J ) = H O R L * C O S A + V R . T L * S I N A 
A X R ( I , J ) = H O R R * C O S A + V R T R * S I N A 
S H R ( I • J ) = H O R R * S I N A - V R T R * C O S A SHL« I , J ) = H O R L * 5 I N A - V R T I - C 0 S A 
R E T U R N 
END 
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S U B R O U T I N E U N S U L { X , Y , N O G R T , G I R T , N O P U R , P U R L , N O C O L , 

nN0TOT , U B L I , U B L O > H , G O , S L O P E , D , B D , 5 P A N , F I R S T ) 
D I M E N S I O N X( T O , 7 ) , Y( 1 0 , 7 ) , G I R T ( 10.) , PURL (20 ) , D ( 1 0 , 7 ) , 

OUBL • 1 ( 1 0 , 7 ) , U B L O d O , 7 ) 
ALPHA = A T A N ( S L O P E / 1 2 . 0 ) 
S I N A = S I i N ( A L P H A ) 
C O S A = C O S ( A L P H A ) 
B E T A = 1 . 5 7 0 7 9 6 3 - A L P H A / 2 . 0 
TANB = S I N ( B E T A ) / C O S ( B E T A ) 
I F ( Y ( N O C O L , 7 ) - G I R T ( N O G R T ) ) 1 , 1 , 2 

2 I F ( N 0 G R T ~ 1 0 ) 3 , 4 , 4 
4 W R I T E ( 3 , 5 ) 
5 F O R M A T ( ' E X C E S S I V E NUMBER OF G I R T S 1 ) 

S T O P 115 
3 N O G R T ^ N O G R T + 1 

G I R T ( N O G R T ) = H ~ G D / 1 2 . 0 * T A N B ' 
1 DO 6 1 = 1 , N O C O L 

DO 6 J = l , 7 
I F ( I + - J ~ 2 T 8 , 7 , 8 

7 U B L 0 ( 1 , 1 ) = 0 . 0 
U B L I ( 1 , 1 ) = 0 . 0 
GO TO 6 

8 I F ( Y ( I , J ) - G I R T ( 1 ) ) 9 , 1 0 , 1 0 
9 U B L O C I , J ) = G I R T ( 1 ) 

U B L I ( I , J ) = G I R T ( 1 ) 
GO TO 6 

10 DO 11 K = 2 , N O G R T 
I F ( Y ( I , J ) - G I R T ( K ) ) 1 2 , 1 3 , 1 1 

11 C O N T I N U E 
S T O P 11 

13 U B L O ( I , J ) = 0 . 0 
U B L I ( I , J ) = 0 . 0 
GO TO 6 

12 U B L O ( I , J ) = G I R T ( K ) - G I R T ( K - l ) 
I F ( Y ( N O C O L , 7 ) - G I R T ( K ) ) 1 4 , 1 6 , 1 6 

14 U B L I ( I , J-) = Y ( N O C O L , 7 ) - G I R T ( K - l ) 
GO TO 6 

16 U B L I ( I , J ) = U B L O ( I , J ) 
6 C O N T I N U E 

U B L I ( N O C O L , 7 ) = 0 . 0 
R E F = S P A N / 2 . 0 - B D / 2 4 . 0 - G D / 1 2 . 0 
M = N 0 G 0 L + 1 

17 DO 18 I = M , N O T O T 
DO 18 J = l , 7 • 
DO 19 K=T , NO PUR 
I F ( X ( I , J ) - D ( I , J ) / 2 4 . 0 * S I N A - ( R E F - P U R L (K )•) ) 1 9 , 2 1 , 2 2 

19 C O N T I N U E . 
S T O P 125 

2.1 UBLO« I , J ) =0 . 0 
U B L I f I , J ) = 0 . 0 
GO TO 18 
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22 I F ( K - l ) 2 3 , 2 4 , 2 3 
24 U B L O ( I , J ) = F I R S T / 6 . 0 . 

U B L I ( I , J ) = F I R S T / 6 . 0 

GO TO - 1.8 -

.23 UBLOf 1 , J ) = ( PURL. (K1 ) - P U R L C K - 1 ) l/COSA 
1 F U R E F - PURL. (K ) ) - ( X ( M , 1 ) - D f M , 1 ) / 2 4 . 0 * S I N A ) ) 2 5 , 2 6 , 2 6 

2 5 U B L I I I , J ) = f R E F - P U R L ( K - l ) - ( X ( M , 1 ) ~ D ( M , 1 ) / 2 4 « 0 * S I N A ) I 
P / C O S A 

GO TO 1 8 
2 6 U B L I ( I t J ) = U B L O ( I »J ) 
1 8 CONTINUE 

U B L I ( M , 1 )=0 .0 ' 
RETURN 
E N D 



134 S U B R O U T I N E W I N D ( S L 0 P E , H , S P A N , C ) 
D I M E N S I O N G ( 6 ) 
H O W = H / S P A N 
I F < H 0 W - I . G ) 1 , 1 , 2 

2 H G W = 1 . Q 
I 1 F ( H Q W ~ 0 . 5 2 5 ) 3 , 3 , 4 
3 C( 1> = 0 . 7 

GO TO 5 
4 C ( l ) = 0 . 7 + ( H O W ~ Q . 5 2 5 ) / 4 . 7 5 
5 I F ( H O W - 0 . 2 5 ) 6 , 6 - , 7 
6 C ( 2 ) = ( - 0 . 2 2 9 2 + 0 . 0 5 9 2 * S L 0 P E ) 

GO TO 8 
7 C ( 2 ) = ( - 0 . 0 6 5 0 3 - 0 . 6 9 7 9 * H 0 W + 0 . 0 5 3 2 7 * S L O P E + 0 . 0 2 2 2 8 6 

• * S L O P E * HOW ) 
8 I F ( C ( 2 ) ) 9 , 1 0 , 1 0 

10 I F ( C ( 2 ) - 0 . 6 ) 1 1 , 1 1 , 1 2 
12 C ( 2 ) = 0 . 6 

GO TO 11 
9 I F I H Q W - 0 . 2 5 ) 1 3 , 1 3 , 1 4 

13 C ( 2 ) = C - 4 . 4 1 0 7 7 * H 0 W + I . 0 2 3 4 * H 0 W * S L 0 P E ) 
GO TO 15 

14 I F ( H G W - 0 . 6 ) 17 , 1 8 ,.18 
17 C ( 2 ) = ( - 1 . 0 6 6 4 2 + 0 . 3 7 8 9 * S L O P E - 0 . 6 5 0 7 * S L O P E * H O W + 0 . 4 0 2 7 

• * S L G P E * H 0 W * * 2 ) 
GO TO 15 

18 C ( 2 ) = ( - 1 . 0 7 0 3 9 + 0 . 2 1 5 7 * A L P H A - 0 . 1 4 1 1 * A L P H A * H O W + 0 . 0 3 8 4 
n * A L P H A * H 0 W * * 2 ) 

15 I F ( C ( 2 1 + 0 . 6 ) 1 6 , 1 1 , 1 1 
16 C ( 2 ) = ( - 0 . 6 ) 
11 C ( 3 ) = C < 2 ) . . . 

C ( 4 ) = ( - 0 . 5 ) 
C ( 5 ) = 1 - 0 . 5 ) 
C ( 6 ) = t - 0 . 4 ) 
R E T U R N 
END 
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1 9 6 1 h e e n t e r e d t h e G e o r g i a I n s t i t u t e of T e c h n o l o g y t o . b e g i n work 

t o w a r d t h e d e g r e e Doc to r of P h i l o s o p h y , , He w a s an i n s t r u c t o r a t S o u ­

t h e r n T e c h n i c a l I n s t i t u t e w h i l e i n r e s i d e n c e a t G e o r g i a Tech„ Mr . Corey 

h a s b e e n a c o n s u l t a n t t o s e v e r a l e n g i n e e r i n g f i r m s from 1959 t o t h e 

p r e s e n t t i m e a I n S e p t e m b e r , 1 9 6 3 , h e r e t u r n e d t o M i s s i s s i p p i S t a t e 

U n i v e r s i t y a s A s s o c i a t e P r o f e s s o r of C i v i l E n g i n e e r i n g , , He p r e s e n t l y 

h o l d s t h e r a n k of L i e u t e n a n t Commander i n t h e U n i t e d S t a t e s N a v a l 

R e s e r v e and i s t h e Commanding O f f i c e r of N a v a l R e s e r v e S u r f a c e D i v i s i o n 

6 - 2 1 , S t a r k v i l l e , M i s s i s s i p p i . 


