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S t e v i n l a b o r a t o r y : S t e e l s t r u c t u r e s 

R e p o r t 6 - 8 0 - 5 

The i n f l u e n c e o f n o r m a l - , b e n d i n g -

a n d s h e a r s t r e s s e s o n t h e u l t i m a t e 

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

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

F e b r u a r y 1980 i r . P . Z o e t e m e i j e r . 



C o n t e n t s Page 

0 . Summary 1 

1. I n t r o d u c t i o n 2 

2. T e s t s e t - u p 4 

3. T e s t r e s u l t s 5 

4. D i s c u s s i o n 9 

5. C o n c l u s i o n s 13 

6. L i t e r a t u r e 14 

C o m p i l a t i o n o f t e s t r e s u l t s 15 

F i g u r e s : 24 





- 1 -

O. Summary 

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

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

The s e c t i o n s w e r e l o a d e d by l a t e r a l f o r c e s w h i l e 

a x i a l b e n d i n g and s h e a r s t r e s s e s w e r e c a u s e d by 

o t h e r f o r c e s , 

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

when t h e u l t i m a t e l i m i t l o a d o f t h e l a t e r a l f o r c e 

has t o be r e d u c e d and i n w h a t way. 
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1 I n t r o d u c t i o n 

I n | l | " D e s i g n r u l e s f o r u n s t i f f e n e d w e l d e d c o n n e c t i o n s " 

h a ve b e e n d i s c u s s e d . 

To c a l c u l a t e t h e moment c a p a c i t y o f a b e a m - t o - c o l u m n c o n n e c 

t i o n , t h e moment a t t h e end o f t h e beam i s r e p l a c e d by a p a i r 

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

A c o n n e c t i o n V 7 i l l r e a c h i t s moment c a p a c i t y when one o r b o t h 

o f t h e f o l l o w i n g r e g i o n s i n t h e c o n n e c t i o n becomes c r i t i c a l : 

a. The c o m p r e s s i o n zone 

a l . B u c k l i n g , c r i p p l i n g o r y i e l d i n g o f t h e web o f t h e c o l u m n . 

b. The t e n s i o n zone 

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

b 2 . y i e l d i n g o f t h e web o f t h e c o l u m n 

F o r m u l a e h a v e been g i v e n w h i c h a l l o w t o c a l c u l a t e t h e u l t i 

m ate l i m i t s t a t e l o a d s f o r t h e two r e g i o n s . However on t h e 

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

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

s t r e s s e s f o l l o v / i n g t h e v o n M i s e s y i e l d c r i t e r i o n . 

="^^x' - V y + 3 ' l ^ y 

T h a t i s t h e r e a s o n why f o r T- and K n e e c o n n e c t i o n s t h e u l t i 

mate l i m i t l o a d o f t h e c o m p r e s s i o n f o r c e was d e c r e a s e d a c c o r 

d i n g t o t h i s f o r m u l a . 

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

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

c o m p r e s s i o n f o r c e was d e c r e a s e d t o o i n c o n n e c t i o n s w i t h beams 

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

l o a d i s a s y m m e t r i c . 

A f t e r r e s e a r c h on b o l t e d b e a m - t o - c o l u m n c o n n e c t i o n s t h e q u e s 

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

i s n e c e s s a r y o r n o t . The v o n M i s e s y i e l d c r i t e r i o n g i v e s o n l y 

i n f o r m a t i o n a b o u t t h e l o c a l s t r e s s s i t u a t i o n . 
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A ved-istvihut-ion of stresses over the cross secti-on 

of the column seems poss-ihle. 

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

d e a l s w i t h t h o s e t e s t s . 

A c o n c l u s i o n t h a t i n t e r a c t i o n o f t h e s h e a r i n g and compres

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

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

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

1*~̂  The t e n s i o n s i d e 

2° The c o m p r e s s i o n s i d e 

3° The s h e a r zone 

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

T e s t s w i t h a x i a l f o r c e s and b e n d i n g moments i n t h e s e c t i o n 

i t s e l f and l o a d e d v.'ith l a t e r a l f o r c e s , h a ve a l s o been. e x e c u t e d , 

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

T h i s r e p o r t i s a t r a n s l a t i o n o f : 

R e p o r t S t e v i n l a b TH D e l f t no. 6-75-18, 1975 

" I n f l u e n c e o f n o r m a l - , b e n d i n g - and s h e a r i n g s t r e s s e s on 

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

r o l l e d s e c t i o n s " , b u t c o n t a i n s some more r e s u l t s t h a n t h e 

D u t c h v e r s i o n . 
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2. T e s t s e t - u p and measurements 

The s p e c i m e n s w e r e l o a d e d as shown i n t h e l o a d - d e f o r m a t i o n 

d i a g r a m s . 

A p h o t o g r a p h o f t h e t e s t s e t - u p i s d e p i c t e d i n f i g u r e 2 . 1 . 

T e s t s e t - u p 

F i g u r e 2 . 1 . 

Two j a c k s b e t w e e n t wo r e m o v a b l e r i g s gave t h e p o s s i b i l i t y t o 

l o a d t h e w h i t e beam i n e v e r y d e s i r e d way. I n o r d e r t o a v o i d 

l a t e r a l b u c k l i n g t h e beam was s i d e w a y s s u p p o r t e d . 

The beam was l i m e - w a s h e d t o i n d i c a t e g r e a t d e f o r m a t i o n s . 

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

t h e web. The l o a d s w e r e measured w i t h l o a d c e l l s . 

The d e f o r m a t i o n s w e r e measured as shown i n t h e p h o t o g r a p h i n 

f i g u r e 2.2. 

The d e f o r m a t i o n o f t h e web 

was m e a s u r e d b e t w e e n t h e 

f l a n g e s w i t h d i a l g a u g e s . 

F i g u r e 2,2, 
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3. T e s t r e s u l t s 

The a c t u a l c o l l a p s e l o a d s o f a l l s p e c i m e n s have b e e n com

p i l e d ; see t h e pages 15 t o 22. 

The f o l l o w i n g d a t a have been g i v e n : 

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

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

- t e s t s e t up 

~ b e n d i n g moment d i a g r a m 

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

- c a l c u l a t e d b e n d i n g s t r e s s 

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

- s t r e s s due t o an a x i a l c o m p r e s s i v e f o r c e , i f p r e s e n t . 

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

' = F " i h - 2 t f ) 
w 

w h e r e : 

D = s h e a r i n g f o r c e 

T = s h e a r i n g s t r e s s 

tf = t h i c k n e s s o f t h e f l a n g e o f a s e c t i o n 

t = t h i c k n e s s o f t h e web o f a s e c t i o n 
w 

h = d e p t h o f a s e c t i o n 

The s h e a r i n g s t r e s s has been s t a t e d b e t w e e n b r a c k e t s i f a 

s h e a r s t i f f e n e r was p r e s e n t . 

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

f r o m t h e f l a n g e t o t h e web. 

To be a b l e t o compare t h e r e s u l t s , s e v e r a l l o a d d e f o r m a t i o n 

d i a g r a m s have b e e n d r a w n i n one f i g u r e ^ see t h e pages 2.4 t o 3 6. 

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

w i t h l a t e r a l l o a d s on e i t h e r s i d e o f t h e beam have b e e n h a l v e d , 

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

The f o l l o w i n g d i s t i n c t i o n has b e e n made i n t h e t e s t r e s u l t s . 
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3 . 1 . The i n f l u e n c e o f t h e l e n g t h o f t h e l o a d i n g s t r i p . 

D i a g r a m s i n f i g u r e 3 . 1 . 1 . 

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

f o r c e i t s e l f , s u b d i v i d e d i n : 

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

D i a g r a m s i n f i g u r e 3 . 2 . 1 . 

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

b e n d i n g s t r e s s e s . 

D i a g r a m s i n f i g u r e 3.2.2., 3.2.3. and 3.2.4. 

- R e s u l t s o f s p e c i m e n s w i t h h i g h s h e a r i n g s t r e s s e s b u t no 

b e n d i n g . 

D i a g r a m s i n f i g u r e 3.2.5. 

3.3. The i n f l u e n c e o f t h e b e n d i n g s t r e s s , s u b d i v i d e d i n : 

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

and l o w s h e a r i n g s t r e s s e s . 

D i a g r a m s i n f i g u r e 3 . 3 . 1 . and 3.3.2. 

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

and l o w - o r no s h e a r i n g s t r e s s e s . 

D i a g r a m s i n f i g u r e 3.3.3, 

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

t i o n b e f o r e l o a d i n g . 

D i a g r a m s i n f i g u r e 3 . 4 . 1 . 

3.5. The i n f l u e n c e o f t e n s i l e s t r e s s c a u s e d by b e n d i n g a l r e a d y 

p r e s e n t b e f o r e l o a d i n g . 

D i a g r a m s i n f i g u r e 3 . 5 . 1 , 

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

D i a g r a m s i n f i g u r e 3 . 6 . 1 . 

3.7. The i n f l u e n c e o f a x i a l c o m p r e s s i o n f o r c e a l r e a d y p r e s e n t 

b e f o r e l o a d i n g . 

D i a g r a m s i n f i g u r e 3 . 7 . 1 . 
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The l o a d i n g s t r i p s w e r e n o t f a s t e n e d t o t h e s e c t i o n s . 

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

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

f l a n g e . 

D e s p i t e t h i s , t h e same f o r m u l a has b e e n u s e d as o b t a i n e d 

f r o m t h e s e t e s t s | 1 | , t o c a l c u l a t e t h e l i m i t s t a t e l o a d 

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

F = a ^ t ^ ^ { t f b + 5 ( r e + t f ^ ) } (3) 

w h e r e : cr^ = d e s i g n v a l u e o f t h e y i e l d s t r e n g t h , h e r e t a k e n 

a = 2 4 0 N/mm? 
e 

tw c = t h e t h i c k n e s s o f t h e web o f a c o l u m n 

t w b = t h e t h i c k n e s s o f t h e f l a n g e o f t h e beam. 

H e r e t h i s v a l u e i s t h e w i d t h o f t h e l o a d i n g - s t r i p 

(40 mm) 

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

t f = t h e t h i c k n e s s o f t h e f l a n g e o f a c o l u m n 
c 

The c a l c u l a t e d l i m i t s t a t e l o a d has b e e n d e p i c t e d i n t h e l o a d 

d e f o r m a t i o n d i a g r a m s w i t h t h e i n d i c a t i o n , "F/', w h e r e , " i " i n 

d i c a t e s t h e t e s t number. 

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

t h e d e s i g n v a l u e . 

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

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

phenomenon. 

Q t h e r t e s t s | l | had a l r e a d y shown t h a t t h e c o l l a p s e l o a d i s 

c o n s i d e r a b l y i n f l u e n c e d by n o r m a l s t r e s s e s o f more t h a n 100 N/mm 

p r e s e n t i n t h e s e c t i o n . 

T h a t i s t h e r e a s o n why t h e l i m i t s t a t e l o a d s o f t h e s p e c i m e n s 

w h e r e c o m p r e s s i o n o r b e n d i n g s t r e s s e s w e r e p r e s e n t , h a ve been 

c a l c u l a t e d w i t h t h e f o r m u l a . 

F = ^ g t w c ^ t f b + 5 ( r c + t f c ) } (1,25 - 0 , 5 ^ ^ - ) (4) 
e 

w h e r e : 1,2 5 - 0,5 < 1 
e 



and 
N 
A + 

Ml 

w h e r e : N - n o r m a l f o r c e i n t h e s e c t i o n 

M = b e n d i n g moment i n t h e s e c t i o n 

A = c r o s s - s e c t i o n a l a r e a o f t h e s e c t i o n 

I = moment o f i n e r t i a o f t h e s e c t i o n 

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

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

and t h e o t h e r p a r a m e t e r s i n a c c o r d a n c e w i t h f o r m u l a ( 3 ) . 

The r e d u c t i o n p a r t o f f o r m u l a (4) has been a d o p t e d f r o m |2|. 

The s p e c i m e n s i n w h i c h s h e a r i n g s t r e s s was a l r e a d y p r e s e n t 

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

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

ses ( f i g u r e 3 . 4 . 1 . ) , 

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

w i t h t h e f o r m u l a : 

F = a ^ t w ^ { t f j 3 + 5 ( r c + t f c ) } x ^ (5) 
e 

T = s h e a r i n g s t r e s s a l r e a d y p r e s e n t b e f o r e l o a d i n g w i t h t h e 

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

f o r m u l a ( 3 ) . 
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4. D i s c u s s i o n 

The same d i v i s i o n as made i n t h e c h a p t e r a b o u t t h e t e s t 

r e s u l t s w i l l be us e d h e r e 

4 . 1 . L e n g t h o f t h e l o a d i n g s t r i p 

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

t o be n e g l i g i b l e . 

T h i s c o u l d be e x p e c t e d b e c a u s e f o r m u l a (3) w h i c h i s e x p e r i 

m e n t a l l y v e r i f i e d does n o t c o n t a i n a p a r a m e t e r d e p e n d i n g on 

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

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

f o r c e i t s e l f . 

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

w i t h o u t s h e a r s t i f f e n e r s , as made i n f i g u r e 3 . 2 . 1 . , shows 

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

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

O n l y t h e d e f o r m a t i o n seems t o be i n f l u e n c e d , b u t i t must be 

t a k e n i n t o a c c o u n t t h a t t h e d e f o r m a t i o n o f t h e beam w i t h l a 

t e r a l l o a d s o n e i t h e r s i d e , have been h a l v e d . 

The d e f o r m a t i o n s o f t h e beams w i t h one l o a d w e r e measured o v e r 

t h e c o m p l e t e h e i g t h o f t h e beam. 

The r e s u l t s o f t h e s p e c i m e n s r e p o r t e d i n f i g u r e 3.2.2. g i v e 

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

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

B u t t h e s e s p e c i m e n s c o l l a p s e d when t h e web c o m p l e t e l y y i e l d e d 

due t o t h e s h e a r i n g f o r c e . 

The r e s u l t s o f t h e s p e c i m e n s r e p o r t e d i n f i g u r e 3.2.3. g i v e 

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

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

S pecimen A12 i n f i g u r e 3.2.3. was s u p p o r t e d by a s t r i p w e l d e d 

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

c o l u m n c o n n e c t i o n . T h i s way o f s u p p o r t was s u s p e c t e d t o i n f l u e n c e 

t h e r e s u l t . 
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I t d i d n o t i n t h i s s p e c i m e n , b u t i t d i d i n s p e c i m e n B9 i n 

f i g u r e 3.2.4. 

An e x a c t s o l u t i o n f o r t h i s phenomenon was n o t t h o u g h t o f . 

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

d i a g r a m s o f s p e c i m e n B3 and B9 w h i c h becomes o n l y a p p a r e n t l y 

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

I t has b e e n assumed t h a t t h e d i f f e r e n c e i s m e r e l y c a u s e d 

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

I t becomes a p p a r e n t f r o m f i g u r e 3.2.5. t h a t t h e r e i s no o r 

a s l i g h t d i f f e r e n c e i f b e n d i n g s t r e s s e s h a ve been l e v e l l e d . 

The c o n c l u s i o n c a n be d r a w n t h a t s h e a r i n g s t r e s s e s c a u s e d by 

t h e l a t e r a l f o r c e i t s e l f h a v e no i n f l u e n c e on t h e c o l l a p s e 

l o a d o f a l a t e r a l e x e r t e d f o r c e . 

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

A l l r e s u l t s r e p o r t e d i n f i g u r e 3 . 3 , 1 . t o f i g u r e 3.3.3. j u s t i f y 

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

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

a c c o u n t s u f f i c i e n t l y by f o r m u l a ( 4 ) . 

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

edge o f t h e s e c t i o n c a n be u s e d . 

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

b e f o r e l o a d i n g 

From f i g u r e 3 . 4 . 1 . i t a p p e a r s t h a t s h e a r s t r e s s e s h a v e an i m 

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

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

An e x p l a n a t i o n o f t h i s phenomenon i s g i v e n i n f i g u r e 4 . 4 . 1 . 

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

l a t e r a l c o m p r e s s i o n f o r c e . 
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S n e a r i n g f o r c e r e v e r s a l 

S h e a r i n g f o r c e does n o t i n 

f l u e n c e b u c k l i n g 

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

S h e a r i n g f o r c e i n c r e a s e s 

b u c k l i n g 

F i g u r e 4 . 4 . 1 . 

The u l t i m a t e l i m i t l o a d c a l c u l a t e d w i t h f o r m u l a (5) a g r e e s 

w i t h t h i s s i t u a t i o n . 

4.5. I n f l u e n c e o f t e n s i l e s t r e s s c a u s e d by b e n d i n g a l r e a d y p r e s e n t 

b e f o r e l o a d i n g 

These t e s t s f a i l e d . The b e n d i n g n e c e s s a r y t o g i v e s u f f i c i e n t 

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

The beam i n c l i n e d t o c o l l a p s e o v e r t h e s u p p o r t w i t h i n c r e a s i n g 

l a t e r a l f o r c e . T h a t i s why t h e t e n s i l e s t r e s s i s l o w e r t h a n 

10 0 N/mm^ 

O t h e r t e s t s showed t h a t t h e c o m p r e s s i o n s t r e s s i s more d a n g e r o u s 

t h a n t h e t e n s i l e s t r e s s and t h a t t h e c o m p r e s s i o n s t r e s s must 

be h i g h e r t h a n 100 N/mn?. 

See t h e r e s u l t s o f t e s t s 10, 11 and 12, f i g u r e 3.3.3. 

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

4.6. Specimens c o l l a p s e d o v e r t h e s u p p o r t 

These s p e c i m e n s c o l l a p s e d d e s p i t e o f t h e b i g p l a t e (200 x 30 mm) 

u s e d t o s p r e a d t h e f o r c e a t t h e s u p p o r t , see f i g u r e 4 , 6 . 1 . 
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C o l l a p s e o v e r t h e s u p p o r t d e s p i t e 

o f t h e b i g p l a t e t o s p r e a d t h e f o r c e 

F i g u r e 4 . 6 . 1 . 

T h i s c o l l a p s e must be a t t r i b u t e d t o t h e i n t e r a c t i o n o f 

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

was g r e a t e r . 

T h i s f a c t may be c o n c l u d e d by c o m p a r i n g t h e c o l l a p s e modes 

as shown i n t h e p h o t o g r a p h s i n f i g u r e 3 . 6 . 1 . 

C l e a r l y f o r m u l a (3) can o n l y be u s e d f o r c o n c e n t r a t e d f o r c e s 

and n o t f o r s i t u a t i o n s e x i s t e n t a t t h e s u p p o r t a t t h i s c a s e . 

4.7. The i n f l u e n c e o f a x i a l c o m p r e s s i o n f o r c e a l r e a d y e x i s t e n t 

b e f o r e l o a d i n g 

The r e s u l t s r e p o r t e d i n f i g u r e 3 . 7 . 1 . c o n f i r m c o m p l e t e l y w i t h 

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

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

10 0 N/mm^. 

The p a r t o f f o r m u l a (4) w h i c h r e d u c e s t h e u l t i m a t e l i m i t f o r c e 

seems t o be t o o c o n s e r v a t i v e b u t can n o t be n e g l e c t e d 
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5. C o n c l u s i o n s 

5 . 1 . The c o l l a p s e l o a d o f a l a t e r a l c o m p r e s s i o n f o r c e i s n o t 

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

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

T h i s i m p l i e s t h a t t h e l i m i t s t a t e o f a c o n n e c t i o n can be 

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

i n t h e i n t r o d u c t i o n . 

5.2. The c o l l a p s e l o a d o f a l a t e r a l c o m p r e s s i o n f o r c e i s i n 

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

T h i s can be t a k e n i n t o a c c o u n t w i t h f o r m u l a (5) 

^ = % t ^ c ^ t f b + ^ ( ^ c + t f c ) ^ ' 

5.3. The c o l l a p s e l o a d o f a l a t e r a l c o m p r e s s i o n f o r c e i s i n 

f l u e n c e d by a x i a l f o r c e and b e n d i n g moments. 

T h i s can be t a k e n i n t o a c c o u n t w i t h f o r m u l a ( 4 ) . 

F - a ^ t w ^ { t f j ^ + 5 ( r ^ + t f ^ ) } ^ ( 1 , 2 5 - 0 , 5 ^ ) (4) 

e 

1,25 - 0,5 < 1 
a = 
e 

and o = s u m m a t i o n o f s t r e s s e s c a u s e d by b e n d i n g and n o r m a l 

f o r c e i n t h e v e r y edge o f t h e s e c t i o n . 
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6. L i t e r a t u r e 

l | B a k k e r C.Th.J. and W.J.M V o o r n 

"Welded b e a m - t o - c o l u i n n c o n n e c t i o n s i n f r a m e s " 

( i n D u t c h ) 

Agon E l s e v i e r , A m s t e r d a m / B r u s s e l 1974 

2 I " S t e i f e n l o s e S t a h l s k e l e t t r a g w e r k e and dünwandige 

V o l l w a n d t r a g e r - B e r e c h n u n g and K o n s t r u k t i o n " , 

E u r o p a i s c h e E m p f e h l u n g e n - EGKS, 

V e r l a g v o n W i l h e l m E r n s t & Sohn, 

B e r l i n - München - D u s s e l d o r f , 1977. 



15 

IPE 2U0 (7^=367 Nlmm^ 213NImm 
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IPE 2W a^ = 367 Nimm^ T^=213Nlmm^ 



1.7 

IPE 2W 

Photographs of collapsed 
specimens 

Test set-up Bending moment - diagram. 

Shearing force diagram. 
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HE 2Ü0 A (7^ = 317 Nl mm^ T^^ 18Ü Nlmm^ 
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HE 210 A 0^=317 Nlmm^ T^=18/.NImm^ 
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HE 300 A CTy = 357 Nlmm^ T^--207 NImm' 

Photographs of collapsed 
specimens 

Test set-up Bending moment - diagram. 

Shearing force diagram. 
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HE 300 A a^-.357Nlmm^ T^=207 Nlmm^ 

Photographs of collapsed 
specimens 

Test set-up Bending moment - diagram. 

Shearing force diagram. 
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HE 500A 0^=286NlmrTf T^=166 Nlmnf 

Photographs of collapsed 
specimens 

Test set-up Bending moment - diagram. 

Shearing force diagram. 
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D e f o r m a t i o n 

HE 500A. 

Oy= 286 NImm2 

web buckling. 

B0= 980 kN 

B00= 1080 kN 

mm 

HE 300A Oy = 357Nlmm^ 

web buckling. 

AO 630kN 

AOO' 660kN 

mm 
2 3 imm. 

D e f o r m a t i o n 

I n f l uence of ttne l e n g t h of l o a d i n g - s t r i p . 

F i g u r e . 3.1.1 



HE 300A 
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I n f l u e n c e o f t h e s h e a r i n g f o r c e c a u s e d by the l a t e r a l 
f o r c e i t se l f , ( w i t h or w i t h o u t s t i f f e n e r ) 

F i g u r e . 3.2,1 
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D e f o r m a t i o n 

I n f l u e n c e o f t h e s h e a r i n g f o r c e c a u s e d by t he 
l a t e r a l f o r ce i t s e l f ( h igh s h e a r i n g s t r e s s ) 

( l o w b e n d i n g s t r e s s ) 

F i g u r e . 3 .2 .2 
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I n f l u e n c e of, t he s h e a r i n g f o r c e c a u s e d by t h e 
l a t e r a l f o r c e i t s e l f , ( h i g h s e a r i n g s t r e s s ) 

( lov ; b e n d i n g s t r e ss ) 

F i g u r e . 3.2.3 
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I n f l u e n c e of the s h e a r i n g fo rce c a u s e d by 
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F i g u r e . 3.2.A 



•O 
a 
O 

(7) srirfri. 

ld 
=307 

2 
Nmm 

No 

123 

V 

213 

'p 

1 123 

V 

213 0 330 

7 0 0 0 380 

— 5 X 7 . - — - v y : ^ — mm 

M-ÜJN 

nnnm 

D-UJN 

1 1 
2 3 t, 5 

- ^ m m 

Def or m a t i o n 

Ov =31 7 N/'mnï 

No: 
T, ^ t 

rpr, 'p 
kN 

22 0 

} 

0 0 1,83 

31 132 18i 0 1,73 

mm 
2 3 4 

D e f o r m a t i o n 

I n f l u e n c e of thie s h e a r i n g f o r c e c a u s e d by the 
l a t e r a l f o r c e i tsel f . l no b e n d i n g ) 

F i g u r e . 3 . 2 . 5 
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F i g u r e . 3 . 3 . 1 
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I n f l u e n c e of the b e n d i n g s t r e s s (h igh a n d low 

b e n d i n g s t r e s s ) 
F i g u r e . 3.3.2 
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I n f l u e n c e of s h e a r i n g s t r e s s a l r e a d y p r e s e n t in the 

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

F i g u r e . 3. 4.1 



I n f l u e n c G of t e n s i l e s t r e s s caused by 
b e n d i n g a l r e a d y p r e s e n t before loading. 

F igu re . 3,5.1 



Photographs of specimens 
after collapse. 

Spec imens co l lapsed over the suppo r t . 
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