
Introduction 7 

Stres s 

Strain 

Figure 1.1 Typica l stress-strai n curve . 

m e m b e r s in a g iven s t r u c t u r e by a l lowing r ed i s t r i bu t i on of s t resses d u e t o 
y ie ld ing . 

A typical s t r e s s - s t r a i n d i a g r a m for s t ruc tu ra l s tee l is shown in F igu re 
1.1. If w e look a t th i s d i a g r a m , it c a n b e o b s e r v e d t h a t s teel obeys H o o k e ' s 
law u p t o t h e first y ie ld . I n th i s r eg ion , s t ress is di rect ly p r o p o r t i o n a l t o 
s t ra in . B e y o n d th is p o i n t , s tee l e x p e r i e n c e s a p las t ic c o n d i t i o n m o m e n t a r i l y 
a n d t h e n e n t e r s i n to t h e s t r a i n - h a r d e n i n g s t a t e . A t fa i lure , t h e s t ra in 
r a n g e s f r o m 150 t o 200 t i m e s t h e e las t i c s t ra in . D u r i n g s t ra in h a r d e n i n g , 
t h e s t ress c o n t i n u e s t o i nc r ea se t o a m a x i m u m a n d t h e n d r o p s slightly 
b e f o r e fa i lure . A t t h e e n d of t h e s t r a i n - h a r d e n i n g s t a t e , t h e c ross sect ion 
of t h e t e n s i o n s p e c i m e n is r e d u c e d . T h i s cha rac te r i s t i c is r e f e r r ed t o as 
necking. 

1.3 APPLICATION S 

T h e d i a g r a m s h o w n in F i g u r e 1.2 r e p r e s e n t s a typical i n t e r io r p a n e l of a 
l ibrary s tack r o o m ' s f r aming sys tem. It h a s a r e in fo rced c o n c r e t e floor s lab 
4\ in. th ick. Ti l ing we ighs 1 l b / f t 2 , a n d cei l ing loads a r e equ iva len t t o 
10 l b / f t 2 . 

Example 1.1 

(a) Determine the uniform load on a typical beam and express it in pounds per 
linear foot. 
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W h e n t h e load is t r a n s m i t t e d d i rec t ly t o e a c h of t h e c ross -sec t iona l 
e l e m e n t s by c o n n e c t o r s , t h e effective a r e a Ae is e q u a l t o t h e n e t a r e a A„. 
If t h e load is t r a n s m i t t e d by bo l t s o r r ive ts t h r o u g h s o m e b u t n o t all t h e 
cross-sec t ional e l e m e n t s of t h e m e m b e r , t h e effective n e t a r e a A.e is 
c o m p u t e d by 

Ae = UAn 

w h e r e 

A n = net area of the member ( in . 2 ) 
U = reduction coefficient 

T h e fol lowing va lue s of U a r e t a k e n f rom t h e A I S C specif icat ions , 
L R F D a n d A S D , B 3 : 

(a) W, Af, or S shapes with flange widths not less than two-thirds the depth and 
structural tees cut from these shapes, provided the connection is to the 
flanges. Bolted or riveted connections shall have no fewer than three 
fasteners per line in the direction of the stress: U = 0.90. 

(b ) W, M, or S shapes not meeting the conditions of the above, structural tees 
cut from these shapes and all other shapes, including built-up cross sections. 
Bolted or riveted connections shall have no fewer than three fasteners per 
line in the direction of the stress: U = 0.85. 

(c) All members with bolted or riveted connections having only two fasteners 
per line in the direction of the stress: U = 0.75. 

F o r p i n - c o n n e c t e d m e m b e r s 

P = 0A5FyAe (2.3) 

T h e a l lowable b e a r i n g load o n t h e p in 

P = 0.90FyDt (2 .4) 

w h e r e D a n d t a r e t h e d i a m e t e r of t h e p in a n d th i ckness of t h e p la te , 
respect ively . 

2.4 LRFD METHO D 

St ruc tu ra l s tee l is a duc t i l e m a t e r i a l as s h o w n in F i g u r e 2 .3 . D u e t o s t r a in 
h a r d e n i n g , a m e m b e r w i t h o u t h o l e s a n d sub jec t ed t o pu re ly t ens i l e fo rces 
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In d e t e r m i n i n g t h e ne t a r e a , t h e d i a m e t e r of t h e h o l e is c o n s i d e r e d t o 
b e I in. l a rge r t h a n t h a t of t h e fa s t ene r . T h i s is t o al low for t h e d a m a g e in 
p u n c h i n g of t h e h o l e a n d c l e a r a n c e t o faci l i ta te cons t ruc t i on . T a b l e 2.1 can 
b e u s e d t o o b t a i n t h e r e d u c t i o n in t h e a r e a o n c e t h e th ickness of t h e 
m a t e r i a l a n d n o m i n a l d i a m e t e r of t h e h o l e a r e k n o w n . 

Example 2.2 

A t e n s i o n m e m b e r is m a d e u p of a s ingle ang le 8 in. X 6 in. X f in. wi th 
a gross a r e a of 8.36 in . 2 T w o rows of f - i n . - d i a m e t e r bo l t a r e used . F i n d t h e 
n e t a r e a . S e e F i g u r e 2.5. 

Solution 

Gross area = 8.36 in. 2 

Diameter of hole (f + |) = I in. 
Thickness of the leg of the angle = f in. 
Reduction of area (Table 2.1), 2 at 0.547 = 1.094 in. 2 

Net area = 7.266 in. 2 

2.6 EFFECTIVE AREA FOR STAGGERE D HOLE S OF 
TENSIO N MEMBER S 

W h e n t h e r e is m o r e t h a n o n e r o w of bo l t s a n d r ivets , it is m o r e efficient t o 
s t agger t h e ho les . In t h e case of n o s tagger , t h e n e t a r e a is d e t e r m i n e d by 
sub t r ac t i ng t h e a r e a t a k e n by t h e h o l e s f rom t h e g ross a r e a , as h a s b e e n 
s h o w n in Sec t ion 2.5. In F i g u r e 2.6a o r 2.6b, t h e n e t a r e a is t h e p r o d u c t of 
t h e th i ckness of t h e p l a t e a n d t h e effective w id th t h a t is o b t a i n e d by 
sub t r ac t i ng t h e s u m of t h e d i a m e t e r of t h e ho le s exist ing in o n e c o l u m n 
f rom t h e gross w id th of t h e p l a t e . 

F o r s t a g g e r e d ho l e s as in F i g u r e 2.7, t h e n e t w id th is o b t a i n e d by 
d e d u c t i n g f rom t h e g ross w id th t h e s u m of t h e d i a m e t e r s of all ho le s in t h e 
cha in , a n d a d d i n g for e a c h g a g e s p a c e in t h e cha in t h e quan t i t y 

s2/4g 

w h e r e 

s = longitudinal center-to-center spacing (pitch) of any two consecutive holes 
(in.) 

g = transverse center-to-center spacing (gage) between fastener gage lines (in.) 
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Figure 2.8 Roo f trus s framin g system . 

Figure 2.9b. E v e n t h o u g h t h e sag r o d s cut t h e s p a n of t h e pur l ins in t h e 
w e a k d i rec t ion , t h e s t ress in t h a t d i r ec t i on can b e significant a n d m u s t b e 
a c c o u n t e d for. 

2.8 LIMITATIO N OF LENGT H OF TENSIO N MEMBER S 
ON STIFFNESS: SLENDERNES S RATI O 

T e n s i o n m e m b e r s a r e n o t sub jec ted t o buck l ing , a n d h e n c e t h e s l e n d e r n e s s 
ra t io is no t crit ical in t he i r des ign . H o w e v e r , t o p r e v e n t excessive def lec t ion 
a n d / o r v ib ra t ion , t h e A I S C specif ica t ions i m p o s e a l imit o n t h e s l ende r -
ness ra t io of 300 ( L R F D , Firs t E d i t i o n , P a r t 6, Sec t ion B7 ; A S D , N i n t h 
Ed i t ion , Pa r t 5, Sec t ion B7) . T h e m a x i m u m ra t i o of 300 is n o t app l i cab le t o 
rods , which is left to t h e j u d g m e n t of t h e des igne r . 

2.9 APPLICATION S 

Example 2.3 

Figu re 2.10 shows t h e p l a n a n d a typical t russ for t h e roof sys tem of a 
w a r e h o u s e . T h e w a r e h o u s e is l oca t ed in t h e c e n t r a l U n i t e d S ta t e s . T h e 
roof is to b e c o n s t r u c t e d of l igh tweight m a t e r i a l s such as c o r r u g a t e d s teel 
shee t s . All s t ruc tu ra l m e m b e r s a r e t o b e s p r a y e d wi th fireproof m a t e r i a l 
g o o d for 1 hr . D e t e r m i n e t h e l oads o n t h e t russ , ana lyze t h e t russ , 




