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1 . INTRODUCTION 

Resu l t s o f 6 t e s t s on b o l t e d b e a . - t o c o l « knee c o n n e c t i o n s w U b 

f l u s h e n d p l a t e s and haunched beams a re r e p o r t e d h e r e i n . 

n e r e s e a r c h i s an expans ion o f t he resea rch d e s c r i b e d , n r e p o r t 

rhrlerial p r o p e r t i e s as - e l l as t h e main d imens ions a re t h e 

^Am^ as d e s c r i b e d i n the l a t t e r r e p o r t . 

T a i m s o : t hese t e s t s were i d e n t i c a l t o t he p r e v i o u s r e p o r t , 

1 TO Check a d e s i 9 h method o f f l u s h - e n d - p l a t e s and s t i f f e n e d -

c o l u « f l a n g e s , when more t h a n one b o l t r o w i s used . 

2 To Check new ways o f s t i f f e n i n g . However, i n t h i s case t e 

' s t i f f e n e r s a re m a i n l y web -doub le r p l a t e s used t o improve t h e 

s h e a r - f o r c e c a p a c i t y o f t he c o l u ™ - w e b i n knee c o n n e c t i o n s . 

3. TO show underg radua tes s e v e r a l t ypes o f y i e l d i n g a " -

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

These t e s t s were a l s o c a r r i e d o u t i n o r d e r : 

1 . TO c o n f i r m t h e d e s i g n c r i t e r i a f o r a haunch w i t h o u t a f l a n g e as 

deve loped i n r e p o r t 6 - 8 1 - 1 5 ^ ^ ^ ^ ^ ^ 

2 . To check t he i n f l u e n c e o f an a x i a l f o r c e 

t he behav iou r o f t he b o l t e d c o n n e c t i o n . 

Based on t hese t e s t r e s u l t s and r e s u l t s r e p o r t e d i n 1 5 1 . 1 6 I and r e -

n o r t 6 -81 -15 7 ( a des ign method has been deve loped . 

L f o rmu lae o f t he method have been t a b u l a t e d i n ^ P P - " ' 

AO e x p l a n a t i o n o f t h e f o r m u l a e i s g i v e n , n r e p o r t 6 - 8 2 - 7 . The compu 

t i o n s o f t h e t e s t s are g i v e n i n appendices A l and AA. 
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2. TESTSPECIMENS 

A rev iew o f t he t es t spec imens w i t h the d imens ions i s g i v e n i n 

f i g u r e 1 . 

Welds 

The t h r o a t - s i z e s o f a l l f i l l e t we lds were made 4 mm w i t h t h e 

excep t ion o f t h e welds shown i n t a b l e 1 . 

L o c a t i o n o f we ld 

I nne r f i l l e t we ld 

between end p l a t e and 

beam f l a n g e 

f i l l e t we lds between 

end p l a t e and co lumn-

f l a n g e 

f i l l e t we ld between 

web d o u b l e r and 

column-web. 

, 

TEST 2,3and5 

a=7 T E S T 5 

Table 1 : L o c a t i o n s o f f i l l e t welds l a r g e r than a - 4 mm 

A l l specimens were knee -connec t i ons loaded as shown i n f i g u r e 2 . 
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Other t e s t s showed t h a t t h i s i s p o s s i b l e . However, i n these t e s t s 

the p l a t e was welded as shown i n f i g u r e 2b o f r e p o r t 6 - 8 1 - 1 5 , thus 

the space between p l a t e and f l a n g e was f i l l e d by w e l d - m a t e r i a l . 

T h i s way o f w e l d i n g appears t o be r a t h e r expens ive i n p r a c t i c e . The 

i m p r e s s i o n e x i s t e d t h a t the s h e a r - f o r c e c a p a c i t y o f t h e web-panel 

may a l s o be i n c r e a s e d i f t h i s panel i s s t r e n g t h e n e d over a s m a l l e r 

p a r t o f t he web as shown i n f i g u r e 3. 

F i g u r e 3: Large shear s t r e s s e s occur i n t he p a r t s " a " o f the web 

when t he web -doub le r covers o n l y t he c e n t r a l p a r t o f t he 

web. 

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

i s used. T h e o r e t i c a l l y t h i s method o f s t i f f e n i n g i s i n s u f f i c i e n t 

because f a i l u r e occurs a t the p a r t s " a " where l a r g e shear s t r e s s e s 

o c c u r . Desp i t e t h i s phenomenon an improvement was e x p e c t e d . 

2 . 3 . Testspec imen 3 

Th is specimen was meant t o show the c o n t r i b u t i o n o f t he end p l a t e 

on t op o f t h e column i n compar ison w i t h t he r e s u l t o f t e s t 1 and 

served as a r e f e r e n c e f o r t e s t 4 i n o r d e r t o check t he i n f l u e n c e o f 

the w e b - d o u b l e r . The end p l a t e as w e l l as b o l t c o n f i g u r a t i o n and 

haunch d imens ions are s i m i l a r t o those o f t e s t 3-21 o f r e p o r t 6 -81 -15 , 

The b o l t s were b o l t s M24 grade 8 . 8 . 



TEST ARRANGEMENT 

The specimens were loaded as shown i n f i g u r e 4 . The t e s t specimen 

was f i x e d a t s u p p o r t A. L a t e r a l d i sp l acemen ts were p reven ted by 

h inged s u p p o r t s a t p o i n t s B, C and D. 

F i g u r e 4 : Tes t ar rangement 

The l o a d i n g was executed w i t h a h y d r a u l i c j a c k o f 400 kN. The h y d r a u l i 

p ressu re was i n c r e a s e d w i t h a handpump. The loads were measured w i t h 

l o a d - c e l l s i n s e r i e s w i t h the h y d r a u l i c j a c k . 

The loads were i n c r e a s e d w i t h s t e p s . A f t e r each s tep t he measurements 

were c a r r i e d o u t . 
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4 , MEASUREMENTS 

4 . 1 . De fo rmat ions 

The d e f o r m a t i o n s were measured w i t h t r a n s d u c e r s l o c a t e d as shown 

i n f i g u r e 5, 6 , 7 and 8. 

F i g u r e 5: T ransducers used f o r t h e measurements o f t h e t o t a l 

r o t a t i o n s 

Wi th t r a n s d u c e r s 1-4 t h e d i sp lacemen ts were measured between two 

bars f i x e d a t p o i n t s i n d i c a t e d as F.P.A. and F .P.B. i n f i g u r e 5. 

The exac t l o c a t i o n s o f these p o i n t s a re g i v e n i n f i g u r e 6 . 

The r e s u l t s o b t a i n e d w i t h these t r a n s d u c e r s are used t o compute 

the t o t a l r o t a t i o n o f the c o n n e c t i o n . 

T ransducers 5-18 r e g i s t e r e d the d i sp lacemen ts o f webs and f l a n g e s 

w i t h r e s p e c t t o the bar f i x e d i n p o i n t F .P.A. as shown i n t he 

f i g u r e s 7 and 8. 
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F i gu re 8: Transducers used f o r t he measurement o f t he f l a n g e 

d e f l e c t i o n s . 
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5 . 1 . 2 . Tab le 3. 

Here o t h e r des ign r u l e s a re a p p l i e d than i n r e p o r t 6 - 8 1 - 1 5 . 

That i s why t he l i m i t s t a t e des ign moments o f the t e s t s des­

c r i b e d i n the l a t t e r r e p o r t a re computed aga in i n appendix A4. 

The r e s u l t s are summarized i n t a b l e 3. 

The newly computed l i m i t s t a t e des ign moments are l a r g e r than 

the fo rmer ones as f a r as the column f l a n g e s are conce rned . 

Th is i s caused by t he f o l l o w i n g changes. 

In r e p o r t 6 -81-15 i t i s assumed t h a t t he e f f e c t i v e l e n g t h i s 

r e s t r i c t e d by the p i t c h between t he bol t r o w s . 

Now i t i s assumed t h a t the f i r s t b o l t r o w i n t he u n s t i f f e n e d 

p a r t o f the f l a n g e cause t o fo rm a complete y i e l d l i n e mechanism 

w i t h a c o r r e s p o n d i n g e f f e c t i v e l e n g t h o f = 2m + 0,625 n ' 

When the o t h e r bol t rows are l o c a t e d w i t h i n t he l a t t e r e f f e c t i v e 

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

wh ich i s equal t o the p i t c h (see f i g u r e 10) 

1 I 

ll u . 

11 

M l 

F i gu re 10 . 

Th i s way o f des ign g e n e r a l l y r e s u l t s i n a l a r g e r l i m i t s t a t e 

moment because the l a r g e s t va lue o f the e f f e c t i v e l e n g t h i s 

ass igned t o the b o l t r o w w i t h the l a r g e s t l e v e r arm. A compar ison 

o f the computed r e s u l t s and t e s t r e s u l t s shou ld c o n f i r m whether 

t h i s assumpt ion i s c o r r e c t . 
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On the o t h e r hand , t he c o n t r i b u t i o n o f a b o l t r o w i s n e g l e c t e d 

when the l e v e r arm i s s m a l l e r than two t imes the e f f e c t i v e l e n g t h 

b = 2m + 0,625 n ' and the column f l a n g e ( o r end p l a t e ) y i e l d s 
m 

b e f o r e t he b o l t s f a i l . 

See the c o n d i t i o n s f o r f o r m u l a (11) and (12) i n t a b l e A 5.4 

The des ign c r i t e r i a f o r t h e haunched p a r t o f the beam have been 

conve r t ed i n t o some f o rmu lae ( f o r m u l a e ( 2 7 ) , ( 2 8 ) and (34) ) 

Formula (27) g i v e s m a l l e r va lues than t he method used i n r e p o r t 

6 - 8 1 - 1 5 . 

The reason i s t h a t a compar ison o f t he l i m i t s t a t e des ign moments o f 

t e s t 4 and t e s t 1 -15 ; 1 -20 ; 4-18 and 4 -21 o f r e p o r t 6 -81-15 

w i t h the l i m i t s t a t e des ign moments o f the o t h e r r e s u l t s gave the 

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

ought t o be r e s t r i c t e d t o two t imes t he web t h i c k n e s s and no t 

f o u r t i m e s . 

F u r t h e r m o r e , t he term i n t he denominator o f t he f o r m u l a has 

been s i m p l i f i e d . 

The f o r c e s t r a n s f e r r e d by the m a t e r i a l i n t he f i l l e t o f t he 

beam s e c t i o n are r e g l e c t e d whereas i t i s supposed t h a t the 

beam-web c o m p l e t e l y y i e l d s . I t i s expec ted t h a t bo th s i m p l i ­

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

Moreover f o r m u l a (27) may be n e g l e c t e d when i t i s shown w i t h 

a more s i m p l i f i e d f o rmu la t h a t f a i l u r e due t o shear o f the 

beam cannot occur because t he l e n g t h o f the haunch i s s u f f i c i e n t . 

Moment r o t a t i o n c u r v e s . 

In appendix A 2 , i n f i g u r e s A 2 . 1 - A 2 . 1 5 , t he moment r o t a t i o n 

curves are g i v e n . 

R o t a t i o n caused by t he d e f o r m a t i o n s o f v a r i o u s components o f t he 

connec t i on are d i s t i n g u i s h e d . 

A l l r o t a t i o n s are averaged va lues o f t he measurements on e i t h e r 

s ides o f the t e s t s p e c i m e n . 

Two s o l i d l i n e s are drawn i n the moment r o t a t i o n curves i n wh ich 

the r o t a t i o n s o f web, f l a n g e s and the c o n n e c t i o n ( t o t a l ) have been 

p l o t t e d . The h o r i z o n t a l l i n e i n d i c a t e s the l i m i t des ign moment. 

The l i n e t h rough the o r i g i n i s the e l a s t i c r e l a t i o n s h i p acco rd i ng 

to the t h e o r y o f e l a s t i c i t y between moment and r o t a t i o n f o r the 

p a r t o f the beam between the measur ing p o i n t s F.P.A. and F .P .B . 

(see f i g u r e 6) when a r i g i d c o n n e c t i o n i s assumed and the i n f l u e n c e 

o f the haunch i s n e g l e c t e d . 
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5.3 Defor iTiat ions 

Because i n many cases a r e l a t i o n s h i p i s supposed between b o l t -

f o r c e s and d e f o r m a t i o n s , t he measured d e f o r m a t i o n s o f web and 

web + f l a n g e s a t s p e c i f i c bending moments are p l o t t e d i n the 

f i g . A 2.16 - A 2.25 o f appendix A 2 . 

The d e f o r m a t i o n s are averaged va lues o f the measurements on both 

s i des o f the column-web. 

The d e f o r m a t i o n s o f t he web were measured a t f o u r l o c a t i o n s o f 

wh ich t he d i s t a n c e s t o the lower edge o f t he e n d p l a t e are p l o t t e d 

a t t he v e r t i c a l a x i s . 

I t i s supposed t h a t t he web deforms r e c t i 1 i n e a r l y between the 

measur ing p o i n t s . 

The same assumpt ion i s made f o r t he d e f o r m a t i o n s o f web + f l a n g e s 

which are o n l y measured a t t h r e e l o c a t i o n s . 

In f i g s . A 2 .21 - A 2.25 ( p p . 86 = 87 ) the d i f f e r e n c e s 

between the d e f o r m a t i o n s o f web and web + f l a n g e s are g i ven as 

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

5 .4 B o l t f o r c e s . 

The measured b o l t f o r c e s are g i ven i n m o m e n t - b o l t f o r c e curves i n 

f i g s . A 2 . 3 1 t o A 2.35 i n c l u s i v e . 

The b o l t f o r c e s are averaged va lues o f two b o l t s on bo th s i des o f 

the column-web. 

In f i g s . A. 2.36 t o A. 2 .40 i n c l u s i v e the b o l t f o r c e d i s t r i b u t i o n s 

are g i ven a t s p e c i f i c bend ing moments. 

These b o l t f o r c e s are a l s o averaged va lues o f two b o l t s i n a b o l t -

row. 

At the v e r t i c a l a x i s t he d i s t a n c e w i t h r e s p e c t t o the lower edge 

o f t he end p l a t e a re g i v e n . 

The s p e c i f i c bending moments o f t he v a r i o u s specimens are a p p r o x i ­

ma te l y the same. Th i s i s done t o f a c i l i t a t e compar i sons . 

In f i g s . A. 2 .41 t o A. 2 . 6 0 , m o m e n t - b o l t f o r c e curves are g i ven t o o . 

In the l a t t e r f i g u r e s the computed f o r c e s a re i n d i c a t e d w i t h s o l i d 

l i n e s i n accordance w i t h t he computed va lues o f t a b l e 2 . 

The d i f f e r e n c e s between t he s o l i d l i n e s and the a c t u a l b o l t f o r c e s 

are due t o e i t h e r p r y i n g a c t i o n o r m is takes i n the assumpt ion o f 

the f o r c e d i s t r i b u t i o n o r c e n t r e o f r o t a t i o n . 
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A rev i ew o f t he moment - r o t a t i o n curves o f t e s t s 1-5 o f r e p o r t 

6 -81-15 7 i s g i v e n i n f i g . 14. Th i s i s done because here an 

o t h e r method o f compu ta t i on i s a p p l i e d than i n r e p o r t 6 - 8 1 - 1 5 . 

k N m 

> _ _ _ i ^ - 3 
20 30 AO 5 0 x 1 0 r a d 

R o t a t i o n 

F i g . 14 : Review o f the moment - r o t a t i o n curves w i t h l i m i t 

s t a t e des ign moments o f t e s t s 1-5 o f r e p o r t 6 - 8 1 - 1 5 . 

7. D i s c u s s i o n . 

7 . 1 Comparison o f t he o l d and new des idn methods 

The r e s u l t s as shown i n f i g . 13 and 14 i n d i c a t e t h a t the proposed 

des ign method g i ves good r e s u l t s . The l i m i t s t a t e des ign moments are 

always reached b e f o r e l a r g e r o t a t i o n s o c c u r . 

The main assumpt ions o f t h i s des ign method a r e : 

1 ° . The f i r s t b o l t r o w i n the u n s t i f f e n e d p a r t o f the f l a n g e 

causes t o form a complete y i e l d l i n e mechanism w i t h a 

c o r r e s p o n d i n g e f f e c t i v e l e n g t h o f b^ = 2m + 0 ,625n ' i n the 

u n s t i f f e n e d p a r t . 
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d e t e r m i n i n g mechanism and the l i m i t s t a t e des ign moments are e n l a r g e d 

w i t h 16 kNm and 23 kNm u n t i l 297 kNm and 306 kNm r e s p e c t i v e l y . 

A compar ison w i t h the m o m e n t - r o t a t i o n curves shows t h a t t h i s 

i n c r e a s e f o r t e s t 2 would be p o s s i b l e bu t f o r t e s t 2-20 

c e r t a i n l y n o t . Ma in l y i t may be conc luded t h a t these t e s t s are no t 

a p p r o p r i a t e t o prove the adequacy o f the r e d u c t i o n necessary f o r 

p r y i n g a c t i o n . 

The o t h e r f o u r assumpt ions o f the new des ign method are c o m p l e t e l y 

d i f f e r e n t f rom the o l d des ign method where the b o l t f o r c e s are 

taken l i n e a r l y p r o p o r t i o n a l t o the d i s t a n c e s t o the p o i n t o f 

r o t a t i o n . 

Moreover f o r t he o l d des ign method d i f f e r e n t v e r s i o n s e x i s t s . 

In the f i r s t v e r s i o n an i n f i n i t e l y s t i f f column f l a n g e and end 

p l a t e i s assumed, so t h a t the des ign moment can be computed w i t h 

the f o r m u l a : 

• " . - . ^ . -> 
where : i s the des ign s t r e n g t h o f the b o l t s i n the f i r s t 

b o l t r o w w i t h o u t any r e d u c t i o n f o r p r y i n g a c t i o n and the 

va lues h. s i m i l a r t o those i n f o r m u l a ( 7 . 1 ) 

The assumpt ion o f an i n f i n i t e l y s t i f f column f l a n g e ( o r end p l a t e ) 

may be d i s c u t a b l e . That i s why i n | 3 | a m o d i f i c a t i o n o f the o l d 

des ign method i s a d v i s e d . 

In t h i s second v e r s i o n o f the o l d des ign method: 

. - Z h / 

^ - ^2-— ( 7 - 3 ) 
"2 

where : F^ i s the des ign s t r e n g t h o f the b o l t s i n the u n s t i f f e n e d 

p a r t o f the column f l a n g e j u s t below the f i r s t b o l t r o w . 

The l a t t e r des ign s t r e n g t h i s computed w i t h the fo rmu lae o f the 

u n s t i f f e n e d column f l a n g e w i t h an e f f e c t i v e l e n g t h taken equal t o 

the p i t c h between f i r s t and second b o l t r o w . 

The l a t t e r method had been adv i sed because no method e x i s t e d i n 

which f a i l u r e o f the s t i f f e n e d column f l a n g e was taken i n t o accoun t , 

Now t h i s method e x i s t \b\ the q u e s t i o n may a r i s e why f o r m u l a ( 7 . 2 ) 

i s no t m a i n t a i n e d w i t h t he va lue o f F^ computed w i t h the graph i n 



l " v e r s i o n 2° v e r s i o n 3 ° v e r s i o n Conc lus ion o f v e r s i o n s 

o n l y b o l t f a i l u r e c o m b i n a t i o n o f b o l t and f l a n q e f a i l u r e f a i l u r e o f column web 1 2 3 

T e s t 
number 

(1 ) 

F 
• 1 

M 
V 

mi 
"v ^1 

M 
V s 

M 
V 

M 
V V 

M 
V 

T e s t 
number 

(1 ) ( 2 ) ' 
kN Ti 

(4 ) 
kNm 

(5 ) 
kN m 

(7) 
kNm 

(8 ) 
kN 

( 9 ) 
m 

(10) 
kNm 

shear 

(11) 
kN 

compr. 2h-
(12) ( 1 ^ ) 
kN m 

(14 ) 
kNm 

(15) 
kNm 

(16) 
kNm 

(17) 
kNm 

1-15 350 1.75 612 84 1.98 166 225 1.75 393 598 0.41 245 245 166 245 

1-20 294 1.75 514 92 1.98 182 225 1.75 393 598 0.41 245 245 182 245 

2-13 350 0.90 316 60 1.07 64 323 0.90 ; 291 598 0.30 179 179 :64 179 

2-20 294 0.90 264 92 1.07 98 291 0.90 263 598 0.30 179 179 Sl 179 

3-18 470 1.48 696 92 1.71 157 278 1.48 412 1020 0.41 418 418 157 412 

3-21 456 1.48 674 92 1.71 157 278 1.48 412 1020 0.41 418 418 157 412 

4-18 470 1.48 696 92 1.71 157 208 1.48 308 1020 0.41 418 418 157 308 

4-21 456 1.48 674 92 1.71 157 208 1.48 308 1020 0.41 418 418 157 308 

5-18 464 1.52 706 118 1.76 206 304 1.52 461 1020 0.42 428 428 206 428 

5-21 464 1.52 706 138 1.76 242 304 1.52 461 1020 0.42 --2S 428 242 428 

1 294 1.75 514 92 1.98 182 222 1.75 388 411 598 0.41 169 169 169 169 

2 294 1.75 514 92 1.98 182 243 1.75 425 617 598 0.41 2^5 245 182 245 

3 456 1.48 674 92 1.71 157 278 1.48 412 411 598 0.41 169 169 157 169 

4 456 1.48 674 92 1.71 157 278 1.48 412 617 598 0.41 245 245 157 245 

5 456 1.80 820 92 2.04 188 278 1.80 461 617 1020 0.47 290 290 188 290 

Table 4: Summary o t the des iqn moments computed w i t n t h r e e d i f f p r e n t vors ion«; o f the o l d des iqn method. 
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I t i s e v i d e n t t h a t t h e o l d des ign method g i ves t oo h i gh va lueswhen 

the mechanisms due t o shear and compress ion o f t he beam web are 

n e g l e c t e d . However, when shear o f the column web i s the gove rn i ng 

f a i l u r e mechanism, the new des ign method g i v e b e t t e r va lues as i s 

shown by the r e s u l t s o f t e s t s 1 , 2 , 3 and 5 and i n compar ison w i t h 

the moment r o t a t i o n c u r v e s . 

Thus the assumpt ions ment ioned a t the s t a r t o f t h i s s e c t i o n appears 

t o be t r u e . 

The assumpt ion t h a t t he f i r s t b o l t r o w i n t h e u n s t i f f e n e d p a r t o f 

the f l a n g e causes a comple te y i e l d l i n e mechanism may o n l y be 

proved by compar ison o f t he computed and measured b o l t f o r c e s . 

Th i s compar ison i s p o s s i b l e i n the moment - b o l t f o r c e curves i n 

f i g u r e s A 2 . 4 1 to A 2 .60 i n c l u s i v e . 

In these f i g u r e s the computed b o l t f o r c e s are i n d i c a t e d w i t h s o l i d 

l i n e s drawn t h rough t he o r i g i n o f the moment b o l t f o r c e curve and 

the va l ue a t t he l i m i t s t a t e des ign moment . 

Desp i te the p r e t e n s i o n , t h e o r i g i n i s taken z e r o . 

The assumed p r y i n g a c t i o n i s a l s o i n d i c a t e d . 

G e n e r a l l y i t may be conc luded t h a t the p r e t e n s i o n i s h a r d l y exceeded 

i n the cases t h a t smal l b o l t f o r c e s are computed whereas an i n c r e a s e 

o f the f o r c e s occur i n t he bo l t rows wh ich are assumed t o cause a 

complete y i e l d l i n e mechanism( row 1 o f t e s t 1 and the second rows 

o f t e s t s 2 t o 5 i n c l u s i v e ) . 

The l a t t e r i s e s p e c i a l l y t r u e f o r t e s t s 1,2 and 5. 

The a x i a l f o r c e i n beam and co lumn. 

In t he c o m p u t a t i o n s , t h e e x i s t e n c e o f a compress ive f o r c e i n beam 
and column has been n e g l e c t e d . The r e s u l t s show t h a t t h i s i s 

p o s s i b l e . 

The web d o u b l e r . 

The r e s u l t s o f t he e l a s t i c f i n i t e e lement c o m p u t a t i o n ( a p p e n d i x A 1 

t e s t 2) i s c o n f i r m e d by the t e s t r e s u l t s . 

F i gu re 15 shows the y i e l d i n g p a t t e r n s i n the column-web o f t e s t 1 , 

3 and 4. 
Tes t 4 i s p r o v i d e d w i t h a web d o u b l e r . 

E v i d e n t l y the shear s t r e s s e s cause y i e l d i n g i n the web a t the edge 

o f the web d o u b l e r (see t e s t 4) 

The shear f o r c e i s b u i l t up by the upper two b o l t rows as can be 

seen i n t e s t 4 t o o . 
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The r o t a t i o n s are o n l y caused by the d e f o r m a t i o n s o f the webs. 

These r o t a t i o n s are computed w i t h the t r a n s d u c e r s 7 , 10 , 14 and 

17 as shown i n f i g . 7 . 

Tests 2 , 4 , and 5 have web d o u b l e r s whereas t e s t s 1 and 3 have 

the o r i g i n a l web s e c t i o n a r e a . The i n f l u e n c e o f t he web d o u b l e r 

i s e v i d e n t and may be expressed i n a f a c t o r o f about 1.5 between 

the moments a t wh ich l a r g e r o t a t i o n s beg in t o f o r m . 

Th i s f a c t o r 1.5 i s a l s o used i n the c o m p u t a t i o n s . However the 

a c t u a l p l a s t i c moment o f t he column has i n f l u e n c e d the r e s u l t . 

The c o n c l u s i o n i s t h a t a web d o u b l e r wh ich covers t h e c e n t r a l 

p a r t o f t he web may be s u f f i c i e n t t o improve the shear f o r c e 

c a p a c i t y . 

More t e s t s and compu ta t i ons are necessary t o deve lop des ign 

r u l e s wh ich a re g e n e r a l l y v a l i d . 

S t i f f n e s s . 

In appendix A 3 a compar ison i s made between t he r o t a t i o n s 

computed w i t h s t i f f n e s s f o r m u l a (26) and the a c t u a l r o t a t i o n s . 

The c o n c l u s i o n i s t h a t f o r m u l a (26) g i v e t oo l a r g e r o t a t i o n s . 

Th i s i m p l i e s t h a t the a c t u a l moments i n t he c o n n e c t i o n s o f a 

s t r u c t u r e become l a r g e r than assumed. I t i s shown i n appendix 

A 3 t h a t t h i s phenomenon i s no t d i s a s t r o u s because t he i n c r e a s e 

o f the moment i s s m a l l e r than 16% f o r the c o n n e c t i o n s concerned . 

An a p p r o x i m a t i o n o f the m o m e n t - r o t a t i o n r e l a t i o n s h i p assuming 

a r i g i d c o n n e c t i o n and n e g l e c t i n g the haunch appears t o g i v e 

good r e s u l t s f o r t e s t s 2 t o 5 i n c l u s i v e . 

Th i s i s shown by the b i l i n e a r curves i n d i c a t e d i n the f i g u r e s 

A 2 . 1 t o A 2 . 1 5 . 
The d e v i a t i o n o f t e s t 1 i s caused by a gap o f 1.5 mm between 

the edge o f the e n d - p l a t e and t he column f l a n g e p r i o r t o t e s t i n g . 

That the f l a n g e d e f o r m a t i o n s are a l s o i n f l u e n c e d by the behaviou 

o f the haunced beam i s shown by t he m o m e n t - r o t a t i o n curve o f the 

f l a n g e o f t e s t 4 (see f i g u r e 17) 
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7.5 I n t e r a c t i o n i n the column web. 

The l i m i t s t a t e d e s i q n l oad f o r y i e l d i n g o r b u c k l i n g o f the column 

web i s computed w i t h the Graham fo rmu la w i t h o u t any r e d u c t i o n 

f o r a l l t e s t s . 

The main c o n c l u s i o n i n | 8 | i s t h a t shear s t r e s s e s i n the column 

web do no t reduce the l i m i t d e s i q n l oad f o r b u c k l i n g where i s a 

r e d u c t i o n i s necessary when t he bending s t r e s s e s are g r e a t e r 

than h a l f t he y i e l d - s t r e s s . 

The t e s t r e s u l t s c o n f i r m t h i s c o n c l u s i o n t o be on t he sa fe s i d e . 

7.6 L a t e r a l b r a c i n g . 

A genera l r equ i r emen t i s t h a t p l a s t i c h inge l o c a t i o n s a s s o c i a t e d 

w i t h a l l bu t t he l a s t f a i l u r e mechanism s h a l l be adequa te l y 

braced t o r e s i s t l a t e r a l and t o r s i o n a l d i s p l a c e m e n t . 

In the t e s t s t he b r a c i n g was f i x e d on the c o n n e c t i o n i n the p o i n t s 

B, C and D as i n d i c a t e d i n f i g u r e 4 , thus on the t e n s i o n s i des o f 

beam and co lumn. G e n e r a l l y t h e f e a r e x i s t s t h a t the compressed p a r t s 

w i l l f a i l p r e m a t u r e l y due t o l a t e r a l b u c k l i n g . These t e s t s d i d no t 

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

L a t e r a l b u c k l i n g o f the column f l a n g e s o f t e s t s 2 , 4 and 5 o n l y 

occu r red when the p l a s t i c moment o f the column was reached , 

(see f i g u r e 19). However, t h i s phenomenon i s p reven ted i f the 

requ i remen t s t a t e d i n the f i r s t sentence o f t h i s s e c t i o n i s f u l f i l l e d . 

These t e s t r e s u l t s c o n f i r m our e x p e c t a t i o n , t h a t i t i s no t necessary 

t o brace l a t e r a l l y t he compressed p a r t s o f a c o n n e c t i o n when the 

t e n s i o n s i d e i s f i x e d and e i t h e r t h e compressed beam f l a n g e o r 

column f l a n g e c o n t i n u e s . 

7 . 7 . Weld s i z e s 

7 . 7 . 1 . Welds between_end_glates_and_beani_f lan 

Formula (24) and (25) d i v e we ld s i z e s , wh ich are l a r g e r than t he 

a c t u a l s i zes when i t i s assumed t h a t l a r g e r o t a t i o n a l c a p a c i t y i s 

r e q u i r e d (see c o m p u t a t i o n ) . 
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7 . 7 . 2 . Between_the_beam_and_the_hau 

Because the r e q u i r e d s i zes o f the f i l l e t welds between beam and 

haunch de te rmines f i n a l l y the a t t r a c t i v e n e s s o f the haunch w i t h ­

out a f l a n g e , t he f i l l e t welds were g i ven a minimum s i z e o f 4 mm. 

In compar ison w i t h the r e s u l t s o f f o r m u l a (37) ( a ^ ^ = 1.98 mm) 

t h i s t h r o a t s i z e i s f a r t oo l a r g e . 

Formula (37) i s based on the assumpt ion t h a t the f i l l e t welds 

may o n l y be d imens ioned on the shear f o r c e between haunch and 

beam. 

I t i s assumed t h a t t h e compress ion between haunch and beam 

does no t l oad t he w e l d s . 

Th i s i s o n l y p o s s i b l e when a gap between haUnch and beam i s 

a v o i d e d . The chance o f t h i s p o s s i b i l i t y i s r a t h e r good due t o 

we ld s h r i n k a g e , bu t i t i s a c o n d i t i o n f o r t he use o f f o r m u l a ( 3 7 ) . 

Other t e s t s are necessary t o prove t h e adequacy o f t he f o r m u l a . 

Tes t 5 -21 o f r e p o r t 6 -18-15 had a l s o f i l l e t welds w i t h a t h r o a t 

s i z e awe = 4 mm. 

In t h a t case t h e r e s u l t o f f o r m u l a (371 becomes: 

a ^ 
wc 

. 12,2 * 180 * 256 ^ , 2 mm (37) 
1 1,65 * 330 * 240 ' ^'"^ ™ ' 

These welds d i d no t f a i l . However, t he r a t i o between a c t u a l and 

l i m i t s t a t e l oad was: 0 , 9 2 , thus t h i s l a t t e r t e s t r e s u l t i s h a r d l y 

S u f f i c i e n t t o show t h e adequacy. 
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8 . 3 . Haunch 

8 . 3 . 1 . In the new des ign method the bending moment c a p a c i t y o f the end 

p l a t e i s g e n e r a l l y s m a l l e r than w i t h the o l d des ign method. 

Th i s may cause f a i l u r e due t o shear o f t he beam web over the 

l e n g t h o f the haunch. 

Formula (27) g i v e adequa te l y the l i m i t s t a t e des ign moment o f 

t h i s f a i l u r e mechanism. 

8 . 3 . 2 . More t e s t s are necessary t o prove the adequacy o f the fo rmu lae 

which de te rm ine the weld s i zes and d imens ions o f the haunch 

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

8 . 4 . VJeb d o u b l e r 

The shear f o r c e c a p a c i t y o f a web panel i s improved c o n s i d e r a b l y 

w i t h a web doub le r wh ich i s welded between t he toes o f t he f i l ­

l e t s . 

8 . 5 . I n f l u e n c e o f an a x i a l f o r c e i n t he beam 

The i n f l u e n c e o f an a x i a l compress ion f o r c e i n the beam i s 

n e g l i g i b l e . 

8 . 6 . I n t e r a c t i o n i n t h e column-web 

The t e s t r e s u l t s c o n f i r m the c o n c l u s i o n iTi |8 f t h a t the l oad c a r r y i n g 

c a p a c i t y o f the column-web f o r compress ion i s no t i n f l u e n c e d by 

shear s t r e s s e s . 

8 . 7 . L a t e r a l b r a c i n g 

These t e s t r e s u l t s c o n f i r m the e x p e c t a t i o n t h a t l a t e r a l b r a c i n g 

o f t he compressed p a r t o f the connec t i ons i s no t necessary when 

the c o l u m n - f l a n g e s c o n t i n u e s and the f l a n g e s i n t e n s i o n are sup 

p o r t e d l a t e r a l l y . 
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Appendix A l : Computa t ion o f t e s t s 1 t o 5 i n c l u s i v e . 

Ti>e compu ta t i on i s executed i n accordance w i t h the des ign method d e s c n b e d 

i n r e p o r t 6 -82 -7 o f wh ich the fo rmu lae a re g i ven i n appendix A - 5 . 

Tes t 1 
9 2 l y O ] O J J A m a t _ f i r s t _ b g l t r o w 

The column has n o t an end p l a t e thus t he f o rmu lae o f t he u n s t i f f e n e d 

column f l a n g e a re v a l i d . These f o r m u l a e are i d e n t i c a l t o f o rmu lae (11) 

and (12) used f o r t h e second b o l t r o w . The e f f e c t i v e l e n g t h o f the f i r s t 

b o l t r o w i s : 

b = e , + 2m + 0 , 6 2 5 n ' 
m i 

where : 

- t he v e r t i c a l d i s t a n c e between t he end o f t he column and t h e f i r s t 

b o l t r o w , 

In t h i s case : e. 60 mm 

w2 - 1 
w 

1.6r 

2 

b - w2 

V 
" 1 

w2 

= 110 mm 

t = 9 mm; r - 11 mm (see f i g u r e 9 
"W 

= 9 mm; r - 11 mm (see f i g u r e 9 

i n 6 -81 -15 ) 
1) = 300 mm 

rn 
1 1 0 - 9 - 1 .6 * 27 57 .8 _ 

rn 2 2 

n ' 
300 - 110 . 

9 95 mm 

60 + 2 * 28.9 + 0.625 >s 95 = 177 mm 

b t o 
Now = ^ ^ ^ - ^ ^ (see f o r m u l a (11) 

or F 

b t . o + 4B, . n 
m f y t 

2(m+n) 
(see f o r m u l a (12) 

t ^ = 13 mm (see f i g u r e 9 i n 6 -81 -15 ) 

= 262 N/mm (see t a b l e 1 i n 6 -81 -15 ) 

= 0,7 * 210 = 147 kN (see appendix 1 , 6 - 8 1 - 1 5 , curve b) 

n = 35 mm < 1,25 * m = 1,25 * 28,9 = 36 mm 
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Tes t 1 

C o l u m n _ f l a n g e _ a t _ f o u r t h _ a n d _ f i f t h _ b o 

The same s i t u a t i o n as w i t h b o l t r o w 4 because: 

b = 117 mm < i h . = M 290 - 145 , thus F 92 kN 
m 5 31 

B o l t r o w 6 does n o t c o n t r i b u t e because the d i s t a n c e hg i s too smal l 

C o l u m n _ w e b _ a t _ f i r s t _ b o l t r o w 

The e f f e c t i v e l e n g t h i s s i m i l a r t o t h a t o f t h e c o l u m n - f l a n g e , thus 
F = b * t * a = 177 * 9 * 298 (see t a b l e 1 , 6 -81 -15 ) 

Iw m w y 

F^^ = 474 kN ( f o r m u l a (19) a d j u s t e d ) , 

o r : 

F^^ = (2d^ + 2 t ^ / ^ ) t ^ Oy ( f o r m u l a (15) a d j u s t e d ) 

F^^ = (2 * 20 + 2 + 13 ) 9 * 298 = 509 kN 

o r : 

^ w = ( ^ 1 ^ ^n ^ V ^ ^y a d j u s t e d ) 

F^^ = (60 + 20 + 13 yêp) 9 * 298 = 416 kN 

• C o n c l u s i o n : F^^ = 416 kN. 

Column w e b _ a t _ o t h e r _ b o l t r o w s 

F = 60 * 9 * 298 = 161 kN 
pw 

F o r m u l a _ ( 2 0 ) : EF. < F^^ + ( n - l ) F p ^ 

EF. = 222 + 92 + 92 + 92 = 498 kN é 416 + 3 * 161 = 899 kN i s O.K 
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Tes t 1 

X = 5 
. 20^ . 266 = 25.6 kN/mm' 

F, - 2 * 9 .5 * 26.6 = 505.4 kN 
l e 

2B, = 2 * 0 .7 * 210 = 294 kN 

! l e ^ 5 0 5 ^ ^ ^ 7^ Because Xl > 0 . 5 ; f = 1 (2b) 

2 . ^ 

thus b o l t f a i l u r e governs t h e l i m i t s t a t e des ign s i t u a t i o n o f the end p l a t e 

i s f a r as the f i r s t b o l t r o v ; i s concerned and: p ^ t ^ 294- ^ ^73 kN (2 ) 

But F^^ = 222 kN, thus = 222 kN. ^ ^ 

FD^BlËiË_ÊL§Ê92D^_bol t row 

Formulae (11) and (12) 

m = m, + 0 .2a / 2 = 44.6 + 0.2 * 4 /2 = 45 .7 mm 
1 w 

m^ 2= 44.6 mm 

(p - m, + 2m + 0 . 6 2 5 n ' ) o^^ 
F = _ ^ ^ (11) 

2m + 0 .625n ' = 2 * 45 .7 + 0.625 * 35 - 113 mm 

p - m. ^ = 60 - 44 .6 = 15.4 mm 

F . ( 1 5 . 4 + 113) • 20^ . 266 

2e 45.7 

(p - m. , + 2m + 0 . 6 2 5 n ' ) t ^ ^ a^, + 4B, . n 
F, = - ^ - ^ ^ — ^ ^ (12) 

2^ 2(m+n) 

1 (15 .4 + 113) 20^ . 266 + 4 * 1 4 7 0 0 0 _ * 3 5 _ 
^2e = ^ 2 (45 .7+35) 

Desp i te the s i t u a t i o n t h a t b o l t f a i l u r e governs the l i m i t s t a t e . d e s i n n 

o f b o l t r o w 1 , f o r m u l a (13) i s no t v a l i d , because t he c o l u m n - f l a n g e 

g i ves s u f f i c i e n t d e f o r m a t i o n t o reach F^^ i n accordance w i t h f o r m u l a (12) 

C o n c l u s i o n : F^^ = 212 kN bu t on the column s i de F2^-=92kN, thus F2f=92 kN. 
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Tes t 1 

Formula (20) 

E F. = 411 kN (see f o rmu la (21) f o r the column web) 

F- = 60 * 9,5 * 290 = 165 kN 
pw 

F + 3F = 501 + 3 * 165 = 996 kN 
iw pw 

Thus: EF. « F^^ + ( n - l ) F p ^ 

I t i s conc luded t h a t F^ = 222 kN,de te rm ined by bending o f the column-

f l a n g e . 

Fo rmu la_ (25) 

For a s t a t i c a l l y d e t e r m i n a t e d s i t u a t i o n f ^ = 1 

f = 1 because Xi > 0 ,5 
V 

Thus: a^ ^ 0,7 * 1 * 1 * 2(4o!7+35)240 = ^ ' ^^ ™ 

a^ = 5 mm thus O.K. 

However f o r a s t a t i c a l l y i n d e t e r m i n a t e d s t r u c t u r e f ^ - 1,4 and 

a^ ^ 5,93 mm. In t h a t s i t u a t i o n the weld s i z e would be 

i n s u f f i c i e n t . But the a c t u a l s i t u a t i o n shows t h a t a we ld s i z e of^5 mm 

i s s u f f i c i e n t t o reach a r o t a t i o n o f the c o n n e c t i o n o f 60 * 10 r a d i a n s , 

Thus here f o rmu la (25) appeared to be c o n s e r v a t i v e . 

Before the bending moment de te rm ined by the haunch d imens ions i s com­

p u t e d , a summary o f the compu ta t i on w i l l be g i ven h e r e . 

I t appears t h a t the l i m i t s t a t e des ign moment i s de te rm ined by shear 

o f the column-web. 
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Bending moment de te rm ined by the haunch d imens ions 

Tens ion s i de 

^ 0 ' 5 8 t ^ ( ^c^^^e ) " ^ T " (27) 

e 

In t h i s f o r m u l a the a c t u a l y i e l d s t r e s s e s shou ld be s u b s t i t u t e d 

to check the specimen b e h a v i o u r . 

2 
1805it20 Jiv266 

0,58)^9,5 (200^290+2i^20it266) + 4 ( 5 0 - 6 , 1 ) _ ^ 57 

— = 1 8 0 * 1 2 , 2 * 2 5 6 + 9 , 5 * ( 6 0 - b , i ) 2 b b 

= Wg = 1160 * 10^ * 256 = 297 kNm 

Thus: 

i 0,67 * 297 = 200 kNm 

In the t e s t ^ = J^.Q^ZO = ^'^^ 
c 

Thus \ = 1,11 * 200 = 222 kNm 

Comgress ion_side 

\ ^ 1 , 2 5 c t g g ( 2 8 ) 

/ + 0 , 5 c t g a 
^d 

c tg a = 1 

= 1 8 0 * 1 2 , 2 A j - { 2 0 + 5 ( 1 2 , 2 + 2 1 ) } 9 , 5 = 1 7 6 7 mm 

y 

?. 

2 
The a c t u a l y i e l d s t r e s s e s a r e : a = 2 9 0 N/mm f o r the web 

a = 2 5 6 N/mm^ f o r the f l a n g e 
y 
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Tes t 1 

9 h e c ! < _ g f _ t h e _ s t i f f n e s s 

Formula (26) 

, ^1 ,Z 1 ,222 .2 1 
^•i = i z - ) ÖW ~ W • 0 ,8 * 9 

2 
, ^ 2 ^"^k ,222 .2 4 * 2 8 , 9 ^ 

^2 = { • ^ ) = ^222' . . 3 
^ f k 

, ""i ,2 ,222 .2 , 3 3 + 4 + 0 , 5 * 4 / 3 * 2 0 , 
«3 = ( ) 2A " ^2*147^ ^ 2*245 ^ 

2B^ s 

2 
, ""l ,2 ^^• '^2e'^ le _ ,222 .2 1 2 * 0 , 5 1 * 4 4 , 6 ^ 

= ( ^ ) P ^ ^505^ 20^ 
l e e 

,2 1 . , 411 .2 _ 1 
'̂ 'S - y - ^ - l 0 ,8 t , " ^598^ 0 ,8 *9 

/ • " i ^2 1 _ / i l i ^ 2 _ J _ 
"""̂  = ( ~ ^ 0,24 t ^ ^ " M I P 0 ,24*9 

s 

_^ ( ^ i V 222*0 ,53+92*0 ,47+92*0 ,41 
- - • 222*0 ,53 

' ' l " l 

, 2 ,431 2 = 2,438 * 10 radians/kNmm 
-̂ ~ 1 ,69*210*530^ 

^ rad ians /kNm a t M = 200 kNm k - 2 ,438 * l O ' rad ians /kNm a t 

M = 200 kNm ?i = 4 ,87 * l O " ^ r a d i a n s 
V 
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Tes t 2 

Acco rd ing to the des ign method d e s c r i b e d i n r e p o r t 6 - 8 2 - 7 , t a b l e 4 , 

the c o o p e r a t i o n o f the o t h e r bol t rows shou ld be n e g l e c t e d because 

the d e f o r m a t i o n a t the f i r s t b o l t r o w would be i n s u f f i c i e n t i n o rde r 

t h a t t he y i e l d l i n e mechanism a t the o t h e r rows can d e v e l o p . 

However, the t e s t r e s u l t shows t h a t t h i s t h e o r y does n o t app l y h e r e . 

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

the va lue :F^ |^ 
—=— ^ 1 
2B^ 

But more resea rch i s necessary t o prove t h a t here i t w i l l be accepted 

t h a t t he o t h e r b o l t r o w s coopera te i n t he moment c a p a c i t y o f the connec­

t i o n . 

The same s i t u a t i o n i s observed i n t e s t 2-20 o f r e p o r t 6 - 8 1 - 1 5 . 
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Test 2 

Thus t he f o r c e s on t he t e n s i o n s i d e o f the c o n n e c t i o n are r e s t r i c t e d u n t i l 

= 617 kN and F^ = 598 kN (see t e s t 1 ) . 

For the end p l a t e the same r e s u l t s as i n t e s t 1 are v a l i d . 

Conc lus ion 

F^^ = 243 F^g = 294 F^ .h^ = 243 * 0 ,53 = 129 kN 

F^f - 214 Fgg = 212 F2.h2 = 212 * 0,47 = 100 kN 

F3^ . 92 F3g = 140 F3.h3 = 92 * 0 , 4 1 = 38 kN 

F^^ = 92 F^^ = 140 F^ .h^ ^ _ 5 1 * 0,35 = 18 kN 

598 285 kN 

Bending mgment_determined_by_the_hau 

Tens ign_s ide 

y = 60 - 6 , 1 = 53,9 mm 

2 

- 0 ,58 * 9,5 (400 * 290 + 2 * 20 * 266) + ^ ^ " 4 ^ 6 3 * 9 ^ ^ ^ 

\ ^ = 1,13 

M 180 * 12,2 * 256 + 9,5 * 53 ,9 * 256 
e 

Comgress ion_side 

A j = 5 ( 2 0 + ( 1 2 , 2 + 2 1 ) } 9 ,5 = 1 7 6 7 mm^ c t g a = 2 

'^c 1,25 c t g a 1,25*2 ^ = i 19 
Z r ^ X - 180*12,2+256 + 0 5 . 9 ^ ' ^ ^ 
\ / + 0 ,5 c t g a 1 7 6 7 * 2 9 0 + 0 ' 5 * 2 

C^q ct 2 _ 2 . 
^ = " 180*12.2*256 " 1.09 " ' - " ^ 
% J - 1767*290 

Ad 
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Tes t 2 

f = 1 ( s t a t i c a l l y d e t e r m i n a t e d s t r u c t u r e ) 
c 

tn^ = 40,7 mm 

n' = 35 mm 

» f * 0 , 7 , l « l * 2 ^ | ^ H ï 3 5 - = 4 . 6 7 ™ 

a^ = 5 mm thus o . k . 

However, i n a s ide -sway frame f ^ = 1 , 7 ; then a^ = 7.94 mm 

In t h a t s i t u a t i o n the we ld s i z e would be i n s u f f i c i e n t . The moment 

r o t a t i o n curve shows a l a r g e r o t a t i o n a l c a p a c i t y . 

Thus fo rmu la (25) i s good as f a r as t h i s t e s t i s conce rned . 

Check_o f_ the_haunch : f l ange 

, ^ M 8 0 * 1 2 , 2 * 2 5 6 _ ^3 ^2 mm (29) 
^c 180*0,8944*266 

^ • . ... 0 ,7+180*12 ,2*256 = 10 76 mm (30) 
1 * ( 1 0 * 1 2 , 2 * 9 . b ) * U , 8 9 4 4 * 2 9 0 ' ' ' ' ' ' ' ™ 

10,58mm (31) 

0 ,7 *180*12 ,2 *256 J 3+0,25 = 19,65 mm (32) o . k , 
^c ( 1 0 * 1 2 , 2 + 2 * 9 , 5 ) * 2 5 6 V 

The c o n c l u s i o n . i s t h a t the l i m i t s t a t e moment o f t e s t 2 i s de te rm ined 

by f a i l u r e o f the column f l a n g e i n comb ina t i on w i t h f a i l u r e o f the 

column web^oB the compress ion s i d e a t = 285 kNm. 
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Test 3 

C o l u m n f 1 a n g e _ a t _ f i r s t _ b g l t r ow 

r7i 
• a = 6 mm 

a =5inm 
d 

70 mm 

w2 = 120 mm (see f i g u r e 1) 

b = 

b = 
e 

m. = 

9 mm r = 27 mm 

300 mm 

220 mm 

120-9-54 
2 

95 mm 

28,5 mm 

= 70 - 5 / 2 = 63 mm 

^1 
28.5 
28.5+95 

= 0.23 
(,3 

28.5+95 
= 0 .51 

a = 4tt 

F^^ = 2amp( l ) ^ F^^ = 8 T r . ^ l 3 \ 2 6 2 - 278 kN 

B, = 0.7 * 326 = 228 kN (see appendix 1 , 6 - 8 1 - 1 5 , cu rve c', 

I f _ 278 
456 

= 0.60 
2B, 

C o n c l u s i o n : F^ = 278 kN because - i - ^ < = 0.67 
1 on. I ^ 2B, pr 

thus the l i m i t s t a t e load o f b o l t r o w 1 i s de te rm ined 

by y i e l d i n g o f the column f l a n g e . 



• r, 1 - • 

Test 3 

Q 9 l y ' r n _ w e b _ a t _ f i r s t _ b o l t row 

Formula (14) 

z = 13 - 75,06 mm 

m^= 63 mm y = 70 + 7,3 = 77 ,3 mm 

Formulae (16) t o (19) i n c l u s i v e 

t = 9 mm a = 298 N/mm^ 
w y 

t ^ = 13 mm = 262 N/mm^ 

t , = 14,6mm a = 268 H/m\/ 
d y 

F^^ = (24 + 75 + ^ ) 9 * 298 + * H * 262 

F, = 350 + 105 = 455 kN 
Iw 

2 

F^^ = (127 + f) 9 * 298 + ̂f^^ * 262 

F, = 425 + 105 = 530 kN 
Iw 

c /9/1 ^ ^ 77 .3 ^ q ^ oqo , 300*13^*262+300*14 .6^*268 
^Iw = 75 + - 2 - ) 9 * 298 + 4 * 77 .3 

F. = 369 + 9 8 = 467 kN 
Iw 

- n o . , 7 7 . 3 . „ , 300*13^*262+300*14.62*268 
^Iw ~ ^^^^ ~Z~> y * + 4 * 77 ,3 

F = 444 + 9 8 = 542 kN 
Iw 
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Test 3 

111, 
120 - 9 . 5 - 8 / 2 49 .6 mm 

= 220 - 120 50 

49 .6 
49.6+50 

- 0 , 

= 70 - 12.2 - 5/2 = 50.7 mm U = 0 .51 

From c h a r t o f f o rmu la C4a) i n t a b l e A 5 . 2 . a 9.8 

^ e - 2 - ^ 
r 

m = 1 . 2 1 ^ 310 = 34 .1 kN/mm' 

F, = 19.6 * 3 4 . 1 - 670 kN 
l e 

2B^ = 2 * 0.7 * 326 = 456 kN 

! l e ^ 670 1^47 Because Xz = 0 . 5 1 ; f = 2 + 1.47 = ^ 

2 B , 

Thus F. 582 kN, bu t F^^ = 278 kN thus 
l e ~ 115 

F^ = 278 kN 

End_B la te_a t_secgnd_bg l t rgw 

Formulae ( 1 1 ) , (12) and ( 1 3 ) . 

m = m, + 0 .2 a / 2 - 49 .6 + 0.2 * 4 /2 = 50.7 mm 

m = 50.7 mm because a < 4u and m^ < a t b o l t r o w 1 

p = 70 mm 

2m + 0 .625n ' = 2 * 50.7 + 0,625 * 50 = 132,7 mm 
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Tes t 3 

7 0 - 6 . U o c nnn 220*2 l2 *310+180*12 .2^ *256 
F^^ = (24 + 101 + ^Y^^ ^ -^^^gO + — 4 ^ ( 7 0 - 6 . 1 ) 

F. = 453 + 145 - 599 kN 
Iw 

F = 70 * 9.5 * 290 = 193 kN 
pw 

E F . ^ 577 + 3 * 193 = 1156 kN 

Conc lus ion t e s t 3 

F^^ = 278 F^g = 582 F^ .h^ = 278 * 0 .52 = 144 kNm 

F2f - 175 F^g = 330 F2.h2 = 133 * 0.45 = 60 kNm 

F^ = 411 kN = 204 kNm 
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Tes t 3 

Beani_side 

f = because Ai = 0 .5 

. _ 49.6 _ 0 49 
% - 49 :6T50.7 - ^ ' ^ ^ 

^1 (25) 

2 " ' ^ y 

a ^ . 0 . 7 . 0 .49 1 | 7 8 0 0 0 _ ^ ^ ^ ^ ^ ^ . 3.95 

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

= 5.52 mm f o r a braced frame 

= 6 .71 mm f o r an unbraced frame (where the r o t a t i o n a l c a p a c i t y 

shou ld be l a r g e r than 0 .04 r a d i a n s ) 

The r o t a t i o n o f t e s t 3 was u l t i m a t e l y 0.065 r a d i a n s whereas t he 

weld â p = 5 mm. 

Th is r e s u l t shows the adequacy o f f o rmu la (25) i n t h i s case . 

Bend ing_momen tJe te rm ined_b ) ; Jhe_h^ 

Tens ign_s ide 

Formula (27) 

? 
220*21 *310 

0 . 5 8 * 9 . 5 (400*290+2*21*310) + 4 / 7 0 , 6 . 1 ) 

\ , ^ = 1.15 
M ' 180 * 12.2 * 256 + 9.5 ( 7 0 - 6 , 1 ) 256 

e 
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Test 3 

Check o f the s t i f f n e s s 

Formula (26) 

, ^ ,2 1 , 278 .2 _ 1 _ 

F, 0 -8 tw 
Iw 

2 o 
F^ 2 ^2X2 "1^1^ 278.2 1 2 * 0 . 5 1 * 2 8 . 

«2 " ( T " ) • 13 ' ^278^ 
^ I f ^ f k 

^1 2 /278 .2 34+4+0 .5*4 /3 *24 ^ 
as = ( ) • 2A M56^ " " 2*353 

2B^ 

2 
F^ 2 ^2X2 gtri^g 278.2 1 2 * 0 . 5 1 * 4 9 . 6 ^ 

^ ^ T ' P ^570^ 2 1 ^ 
l e e 

T \ ^ n Q+ a, = ( _ i )^ ö ^ t ; ; ; ^ - ^598^ 0 .8 *9 

,^^1 s2 1 _ ,411 .2 _ J , 
"6 = (~ !~ I o . 21 t , M i r 0 .24*9 

Fg " ' " ^ ^ w k 

. 278 * 0 .52 + 133 * 0-45 ^ , 
^1 - 278 * 0 .52 

T r a i 5 2 0 2 = 3 .91 * 1 0 - « r a d i a n s / k N m m 

k = 3 .91 * 10"^ rad ians /kNm a t = 204 kNm 

^ = 7 .97 * 10 "^ r a d i a n s a t = 204 kNm 
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Tes t 4 

Comgress ion_s ide 

The same s i t u a t i o n as i n t e s t 1 , t h u s : - 232 kNm and = 258 kNm 

Hence: 

Before s t r e n g t h e n i n g , the l i m i t s t a t e moment: = 234 kNm de te rm ined 

by shear o f the beam web. 

A f t e r s t r e n g t h e n i n g , the l i m i t s t a t e moment = 276 kNm dete rmined 

by shear o f the column web t o g e t h e r w i t h y i e l d i n g o f the column f l a n g e 

on the t e n s i o n s i d e o f the c o n n e c t i o n . 

Check o f the s t i f f n e s s a t a moment = 276 kNm 

= 1 
= (see t e s t 3) 

«2 

0.05 mm 

- 1 
(see t e s t 3) = 2 .26 mm 

- 1 
(see t e s t 3) = 0.03 mm 

1 
«3 

a , = (see t e s t 3) = 0 .28 mm 

- f598 .2 _1 , 0 .14 mm"-̂  
"'5 - ^598^ 0 .8 *9 

„ - f 598 .2 1 = 0 .20 mm"^ 
«6 - yei7> 0 .24*19 „1 

2.96 mm 

f - 276 ^ 1 91 
U " 78*0 .52 

k MT9Mtö*5202 = 2.73 * 1 0 - « radians/kNmm 

k = 2.73 * 10"^ rad ians /kNm a t = 276 kNm 

0 = 7-53 * 10"3 r a d i a n s a t = 276 kNm 

üJ = 5 .41 * 10"3 r a d i a n s a t - 234 kNm' 
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Tes t 5 

Bend in2_mgment_de te rn i i ned_by jh§ 

c t g a = 2.23 

s i r f a = 0.17 

Tens ion_s ide 

Formula (27) 

c 
The r e s u l t o f t e s t 3 shows t h a t ^ > 1 when 

Me 
hence: 

^ > 1 w i t h 1 - 670 mm 
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Test 5 

Check o f the s t i f f n e s s 

a i 

ai, 

= (see t e s t 3) = 0-05 mm'^ 

= (see t e s t 3) = 2-26 mm ^ 

= (see t e s t 3) = 0-03 mm ^ 

= (see t e s t 3) = 0 .28 mm ^ 

. / 6 IZ^2 _ _ i = 0 .11 mm'^ 
"5 - ^617^ 0 .8 * 9 

. / 617 ,2 I = 0 .22 mm"-̂  
'̂6 ~ ^617' 0 .24 * (9+10) 

2.95 mm"-̂  

_ 324 ^ ^ 97 
M ' 278*0 .59 

2 '95 ^ 2 .04 * 1 0 " ^ radians/kNmm 
1.97*210*590'^ 

= 2 .04 * 10"^ rad ians /kNm a t M ,̂ = 324 kNm 

- 6.62 * 1 0 ' ^ r a d i a n s a t - 324 kNm 
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Appendix A2 

TEST RESULTS 



ID 
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C T O T f i L 
A WEB 
0 F L R N O E S 

>^10- ' ROTflT IONS 
sc 

r a d 

F i g . A 2 . 7 : T e s t 3 

G T O T A L 
A E N O P L f l " ^ E 
tl T O T . - W E S 

6 a 

F i a . A 2 . 8 : Tes t 3 
* 1 0 ' ^ ROTf lT IONS 

3 0 

r a d 

a 

F ig 

1 0 CO 

A 2 . 9 : Tes t 3 

T T E S T 3 
b o l t s : 

M 24 8.8 

C UPPERP . 
LGWE=^P • 

* WES ^ O T . 

0 6 0 TO E 

* 1 0 " ^ ROT .OF WEB r a t 



F i g . A2 .13 : Tes t 5 
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F i g . A2 .18 : Tes t 3 

CT 
I CD 
I' Ö 

C" 
CC 

O 1-02 
A . 1 <39'-jf - 0 3 
K< . : . i 3 5 E ^ 0 3 
K - 0 3 

+ . 3 1 GSE v 0 3 
.3 3'3 4E •r03 
. 37S4E - 0 3 
.4 '.C8E 1-03 
. 3 7 6 1 E f 03 

-a - 4 0 
F i g . A2 .20 : Tes t 5 

16 

DEFORMR 

20 

'A E B 
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. 9 6 Q 5 E - f 0 2 

. 2 4 2 0 E t 0 3 

.268 '^E•^03 

. 2 6 2 8 E + 0 3 

. 2 6 8 5 E t 0 3 
, 2 7 7 8 E T 0 3 

16 
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Appendix A3: 

Comparison o f the measured r o t a t i o n s w i t h computed r o t a t i o n s . 

The r o t a t i o n between the measur ing p o i n t s i s composed o f the 

f o l l o w i n g r o t a t i o n s (see f i g u r e A 3 . 1 . ) : 

- ove r the p a r t o f the column 

- over the c o n n e c t i o n 0^ 

- over the haunched p a r t o f the beam 0c 

- over t h e p a r t o f the beam 0b 

The r o t a t i o n ove r the c o n n e c t i o n 0y i s computed w i t h f o rmu la (26) 

i n appendix A 1 . 

Here a compar ison o f the t o t a l r o t a t i o n s w i l l be made t o check 

the adequacy o f the s t i f f n e s s f o rmu la ( 2 6 ) . 

I t i s assumed t h a t the r o t a t i o n s over the p a r t s o f column and 

unhaunched beam may be computed w i t h the t h e o r y o f e l a s t i c i t y , 

t h u s : M dx 

= - | r 3 . 1 ) 

where : I i s moment o f i n e r t i a o f column o r beam. 

Formula (A 3 .1 ) i s a l s o used f o r the compu ta t i on o f the r o t a t i o n 

ove r the haunched p a r t o f the beam, however , w i t h a v a r i a b l e va lue I . 
X 

The v a r i a b l e I i s approached w i t h : 
X 

K 2 
' x = ( t ) • 

where : h , x and h a re the parameters as shown i n f i g u r e A 3 . 1 . 

The r o t a t i o n s are computed over t he d i s t a n c e s as shown i n the same 

f i g u r e . I t i s assumed t h a t the r o t a t i o n over the p a r t Jh|^ i s i n c o r ­

po ra ted i n r o t a t i o n 0 v 

The l o c a t i o n s o f the measur ing p o i n t s a re g i v e n i n f i g u r e 6. 

The compu ta t i ona l r e s u l t s a re t a b u l a t e d . The f i r s t t a b l e A 3 . 1 . g i ves 

the f a c t o r s w i t h which shou ld be m u l t i p l i e d to ge t t he r o t a t i o n s 

over the p a r t s which behaves e l a s t i c a l l y , whereas the f a c t o r o f 

shou ld be m u l t i p l i e d w i t h the q u a d r a t i c va l ue o f t o ge t the r o t a t i o n 

over the c o n n e c t i o n (The d imens ion o f My = kNm). Thus: 

M M ^ 
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Tes t 
" " r i g i d 

1 17,99 9,76 

2 22,66 11,93 

3 22,66 11,93 

4 19,53 11,93 

5 28,49 11,52 

2,59 

4,86 

4 ,86 

2 ,59 

3,18 

0,83 

0,74 

0 ,74 

0,83 

1,39 

10^ 

24 ,38 

13,19 

39,10 

27 ,30 

20,40 

10^ M. 

Tab le A 3 . 1 . : Fac to rs w i t h which t he r o t a t i o n s have been computed, 

0 . . , 
r i g i d 0 1 + 0 + 0u 0 

V 
0 

sum 
^ a c t u a l 0 0 . ; , 

r i g i d 

kNm lO' -^rad 10""^ r a d . lO"-^ rad l O ' ^ r a d lO' -^rad 0actual 0 a c t u a l 

100 1,80 1,32 1,22 . 2 , 5 4 ' 3,2 0,79 0,56 

120 2,15 1,58 1,75 3,33 5,9 0,56 0,36 

140 2,52 1,84 2 ,39 4 ,23 7,90 0 ,53 0,32 

. 160 2 ,88 2 ,11 3,12 5,23 10,00 0,52 0 ,29 

180 3,24 2 ,37 3,94 6 , 3 1 12,00 0 ,53 0 ,27 

200 3,60 2 ,64 4 ,87 7 ,51 14,75 0 ,51 0 ,24 

Tab le A 3.2 : R o t a t i o n o f t e s t 1 a t v a r i o u s bending moments o f the c o n n e c t i o n 

M 
V 

0 . . ,• 
r i g i d ^k " ^c+ ^b 0 

V 
0 

sum 
^ a c t u a l 0 

sum 
0 • - A 

r i g i d 

kNm lO ' - ^ rad . 1 0 ' ^ r a d . 10"3 r a d . 10"3rad 10" -^ rad . 
^ a c t u a l ^ a c t u a l 

142 3,29 2 ,54 0,92 3,46 3,12 1,11 1,05 

170 3,94 3,05 1,33 4 ,38 4,25 1,03 0 ,93 

198 4 ,60 3,56 1,81 5,37 5,25 1,02 0 ,88 

226 5,26 4,07 2,36 6 ,43 6,50 0,99 0 , 8 1 

255 5 ,91 4 ,58 2 ,99 7,57 8,50 0,89 0,70 

283 6,57 5 ,08 3,73 8,77 11,00 0,80 0,60 

Table A 3 .3 : R o t a t i o n s o f t e s t 2 
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Th is may be seen i n the m o m e n t - r o t a t i o n curve a t a moment o f about 

120 kNm. 

Wi th t he o t h e r t e s t s s p e c i a l a t t e n t i o n was g i ven to t h i s p o i n t and 

t h e r e no gaps e x i s t e d . 

The r o t a t i o n s ^^.^^^^ are computed w i t h the assumpt ion t h a t the beam 

and column a re connected r i g i d l y , n e g l e c t i n g the presence o f the 

haunch and o n l y t a k i n g i n t o account the r o t a t i o n s due to bending 

a long the system axes . 

I t appears t h a t t h i s way o f compu ta t i on g i v e s a b e t t e r a p p r o x i m a t i o n 

f o r t e s t 5 than the use o f f o rmu la ( 2 6 ) . 

Testspecimen 5 behaves as a r i g i d c o n n e c t i o n . The p r e d i c t i o n o f the 

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

But t h i s may be expec ted as a l r e a d y e x p l a i n e d i n r e p o r t 6 - 8 1 - 1 5 , because 

no s p e c i a l a t t e n t i o n i s g i v e n t o t he t i g h t e n i n g o f the b o l t s (no p r e ­

t e n s i o n ) and the l o c a t i o n o f the c o n t a c t f o r c e . 

The q u e s t i o n may a r i s e whether a d e v i a t i o n o f the c o n n e c t i o n s t i f f n e s s 

has a l a r g e i n f l u e n c e on the p r e d i c t i o n o f the ove ra l behav iou r o f the 

s t r u c t u r e . 

That i s why t h i s q u e s t i o n i s researched f o r a beam i n a braced f rame 

as shown i n f i g u r e A 3 . 2 . The beam i s loaded by a d i s t r i b u t e d load q . 

The r e s i s t a n c e o f the c o n n e c t i o n i s the moment M and the d e f l e c t i o n i n 

the mid-span i s f . The r o t a t i o n i n the c o n n e c t i o n i s kM. 

I t can be proved t h a t : 

M = 
12 E I ( K r + 2k) and 

384 EI 
EI ( 1 + 2k) 

} 

In the graphs i n f i g u r e A 3 . 2 . the f a c t o r s 
kEI 

as a f u n c t i o n o f the f a c t o r — . 

12 M 
and 

384 EI 
f a re g i ven 

Where: = the s t i f f n e s s - r a t e o f the beam and 

k = the s t i f f n e s s - r a t e o f the c o n n e c t i o n . 
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Tab le A 3 .8 g i v e s the r a t i o s between the a c t u a l and the assumed 

bending moments and d e f l e c t i o n s , when a m i s t a k e o f a f a c t o r 2 

e x i s t s i n the p r e d i c t i o n o f k. 

G e n e r a l l y i t may be s a i d t h a t the m i s t a k e i n the bending moment i s 

l e ss than 40% and i n t he d e f l e c t i o n l e s s than 30% i f t he d e v i a t i o n 

i n t he s t i f f n e s s f a c t o r i s 100%. 

The m i s t a k e i n the bending moment decreases w i t h a dec reas i ng v a l u e 
k E I 

A d e c r e a s i n g va lue ^ ^ ^ means an i n c r e a s i n g c o n n e c t i o n s t i f f n e s s 

w i t h r e s p e c t t o the beam s t i f f n e s s . 

k E I a c t u a l 
2 

a c t u a l 

I; 
a c t u a l 

1 
2 

f 
a c t u a l 

1 

k-k 
assumed 

assumed 

^ a c t u a l 

2 

a c t u a l 

assumed 

M 
a c t u a l 

1 
2 

f 
a c t u a l 

1 

k-k 
assumed 

^assumed 
f 

assumed ^assumed 
f 

assumed 

0 .01 0 .98 1.06 1.01 0.97 

0.02 0.96 1.12 1.02 0 .94 

0 .04 0.93 1.20 1.03 0 .88 

0 .08 0 .88 1.28 1.07 0 .84 

0.10 0.86 1.32 1.09 0 .81 

0 .20 0.77 1.30 1.16 0.76 

0 .3 0 .72 1,27 1.23 0.76 

0 .4 0 .68 1.25 1.29 0,77 

0.5 0.66 1.22 1.32 0 ,78 

0.6 0 .64 1.21 1.38 0.79 

0.7 0 .63 1.19 1.40 0.80 

Tab le A 3 . 8 : D e v i a t i o n s o f d e f l e c t i o n s and bending moments 

w i t h a m is take o f 100% i n the c o n n e c t i o n 

s t i f f n e s s . 
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Appendix A4 

Computat ion o f t e s t s 1 t o 5 i n c l u s i v e o f r e p o r t 6 -81-15 i n accordance 

w i t h the des ign method d e s c r i b e d i n r e p o r t 6 - 8 2 - 7 . 

T e s t _ l : 1 5 

Because no s t i f f e n e r s a re u s e d , the f o rmu lae o f the u n s t i f f e n e d column 

f l a n g e a re va l i d 6 . 

b^ = p + 2m + l , 2 5 n ' = 60 + 4 * 28 ,9 + 1,25 * 95 = 294 mm 

, F ^ , = ' i f / - 450 kN (11) (11) 

F^^ . F , , = * ' \ I ^ j ^ ^ / ^ s T " ' ' ' ' ' ' ^ ' ' ^ 

C o l u m n _ f l a n g e _ a t _ t h i r d _ b g l t r g w 

p = 60 mm 

Th is b o l t r o w i s s i t u a t e d w i t h i n the e f f e c t i v e l e n g t h o f t he second b o l t -

row, because p = 60 mm and t he e f f e c t i v e l e n g t h b^ = 2m + 0 ,625n ' = 117 mm 

thus the o v e r l a p i s 60 mm. 

Hence: 

" 60 ^ 13^ * 262 _ qo kN 
^ 3 f 2879 

p r o v i d e d t h a t 2m + 0 ,625n ' = 117 = h . 410 = 205 mm 

C9ly5! ]_ f lË03§_5L4th_and_5th_bgl_ t rgw 

The same s i t u a t i o n as i s v a l i d f o r b o l t r o w 3, because: 

b^ = 117 mm | • h^ = J * 350 = 175 mm and 

b^ = 117 mm i . h^ - M 290 = 145 mm 

Column_web_gn_the_tens ion_s ide 

The e f f e c t i v e l e n g t h beh ind 5 b o l t r o w s i s 

t = b + 4 * p = 294 + 4 * 60 = 534 mm. 
m 

Thus F. 534 * 9 * 298 = 1432 kN i s o . k . 
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Appendix A4 Tes t 1-15 ( 6 - 8 1 - 1 5 ) 

1 ( 15 .4 + 113) 15 .3^ % 270 + ^ 0.7 iti 250000 * 35 _ (12) 
^Ze = 2 ( 4 5 . 7 + 3b) 

Thus: F^g = 178 kN and t h i s i s s m a l l e r than 

F2f = 225 kN thus = 178 kN 

End B l a t e _ a t _ g t h e r _ b g l t r o w s 

p = 60 mm and 2m + 0 . 6 2 5 n ' = 113 mm 

The o v e r l a p i s 60 mm, t h u s : 

- 60 * 15.3 iti 270 _ kN - F - F 
^ 3 f = 4 5 77 ^3 ' ^ 4 f - ^ 5 f 

From r e p o r t 6 -81-15 i t appears t h a t the beam web i s no t the d e t e r m i n i n g 

f a c t o r , t h u s : 

F 

F 

|-

I f " 
225 he -

250 kN ->- = 225 it; 0 ,53 = 119 

2 f " 
225 

h e -
178 kN ->: 

hh 
= 178 i^ 0,47 = 84 

3 f " 
92 

h e -
83 kN hh 

= 83 ifc 0 .41 = 34 

4 f " h e -
83 kN hh 

= 83 üe 0.36 = 30 

he = 
83 kN - y 

hh 
= 29 it 0.,31 = 8 

EF. 
1 

= 598 kN m^= 274 

Bending_mgment_determined_by_the_hau 

T e n s i g n _ s i d e _ f g r m u l a _ ( 2 7 ] 

2 

0 .58 i t9 .5 (200 i .290+2 i . l 5 .3 .270 ) + ^^"^^^sp .e ' i f " _ ^ 

y = 180 i i ;12 .2*256+9.5(60-6 .1 ) 2bö 

h 

M = W it; a = 1160 * 10^ * 256 = 297 kNm 
e e y 

c 
0 .60 * 297 = 279 kNm - T ^ - 0 - 2 * " ^^"^ 
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Appendix A4 Tes t 1-20 ( 6 - 8 1 - 1 5 ) 

The l i m i t s t a t e des ign moment de te rm ined by the column s i d e i s the 

same as i n t e s t 1 - 1 5 , 3 . 

§ 0 d _ B l a t g _ 5 L f l ! : § L b o l t r g w 
2 

t = 20 mm a = 266 N/mm (see t a b l e 1 , 

6 -81 -15 ) 

m^, m^, ^1 and A 2 equal t o t e s t 1-15.3 

- ^ 9.5 * Zf * 266 ^ SOS ^N (4a) 
l e 2 

on page 81 o f 
r e p o r t 6 - 8 1 - 1 5 ) 

Because X, > 0 . 5 ; f p ^ = ^ / 1 . 7 1 = ^ ' ^ ^ 

- 2 it 0.7 it 210 _ 294 = 273 kN (2 ) 
^ l e TOS 1.08 

The c o n c l u s i o n i s t h a t t h i s end p l a t e does not g i v e r o t a t i o n a l c a p a c i t y . 

End p l a t e _ a t _ s e c o n d _ b o l t r o w _ 

The same c o n f i g u r a t i o n as f o r t e s t 1-15, t h u s : 

- ( 15 .4 + 113) 20^ it 266 ^ 299 kN ( H ) 

2e - 45 .7 

^ _(15.4 + 113) 20^ it 266 + 4 it 0 .7 it 210000 it 35 ^ 212 kN (12) 

2^ 2 (45 .7 + 35) 

Because the column f l a n g e y i e l d s a t F^^ = 225 kN, the column f l a n g e 

g i ves s u f f i c i e n t d e f o r m a t i o n c a p a c i t y and f o rmu la ( 1 3 ) i s no t r e q u i r e d , 

EDd_Bl§ t§ -§L2 i ! ]§ !2_b9 l t rows 

- . 60 it 20^ * 266 _ kN 
^ I f ~ 45 .7 
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Test 2-13 

Q 9 l y i ! Q _ f l 5 D 3 § - § L f l ! 2 5 L ^ 9 l t r 2 w 

114 — n 

60 T 

Q = 4 

13 

113 

13 

m-ĵ  = 23.5 mm 

I m^ = 40 .3 mm 

Al = 0 .2 

; A 2 = 0 .34 u 

\ see 6 - 8 1 - 1 5 , page 

; F^^= 8TT.1 .13^ .262 = 278 kN 

I f _ 278 
• 350 

0 . 7 9 ; A i a n d A 2 < 0.5 

Formula (4a) governs because < 0 .8 
2B. 

l_f 

^t 

m^ 2 ~ 23.5 mm 

b = b - w2 - 2m. o = 300 -110 -2 *23 .5 = 143 mm 
m 1,2 

1 f t 
2iiel43üel3^*262 

4 * 40 .3 
79 kN (5 ) 

1 f t 
143 * 13^ ^ 262 + 10 * 0.7 ^ 250000 * 40 .3 

9 * 40 .3 
212 kN (6 ) 

^lsom= + 79 = 356 kN 

m^ 2 ^ 23,5 because a = 4TT and m^ < m2 (see f o rmu la (11) ) 

p - m^ 2 = • 23-5 = 36,5 mm 

m ' = 23.5 + 0.2 * 27 - 28 .9 mm 

b = 2m + 0 .625n ' = 2 * 28.9 + 0.625 * 95 = 117 mm 
m 

F , , = ' 'IVo'''* - 235 kN ( 1 1 ) 

: 36-5 + 117) 13-^ 262 + 4 it 0.7 it 250000 üe 1.25 it 28-9 _ 
^ 2 f ^ 2 ( 2 8 . 9 + 1 .25 it 28 -9 ) ^^^^ 
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Test 2-13 

End B l a t e _ a t _ s e c o n d _ b o U r g w 

2 ^ 41.3 mm 

m ' = 44.6 + 0.2 * 4 2 = 45,7 mm 

p = 60 mm 

b = 60 - 41 .3 + 2 * 45 .7 + 0.625 * 95 = 169 mm 
m 

__ i^l±J^_xm kN (11) 

1 169 * 13^ ite 270 + 4 üi 175000 * 1.25 % 45 .7 _ kN (12) 
he ^ 2 ( 4 5 . 7 + 1.25 * 4 b . / ) ^ ' ' ^ 

Formula (13) i s no t v a l i d h e r e , because the column f l a n g e g i v e s 

s u f f i c i e n t d e f o r m a t i o n c a p a c i t y a t F^^ = 278 kN 

End B la te_a t_g the r_bg ]_ t rgws 

p = 60 mm 

F. . 6 0 _ ^ l | L L i Z 0 = 60 kN (11) 
l e 45.7 

However, o n l y when Jh . > 2 ;t 45 .7 + 0.625 * 95 = 150 mm and t h i s 

does no t occur w i t h these b o l t r o w s . 

C o n c l u s i g n : 

F = 278 + 79 kN F, = 280 + 45 kN (278 + 45) * 0.37 = 120 kNm 
Isom Isom 

F2f = 235 kN F2g = 169 kN; 169 üe 0 .31 = ^ kNm 

F^ = 598 kN 500 kN = 175 kNm 

Bending moment_detemined_by_the_haunch^ 

t ^ = 13 mm Ö = 266 W/m? y = 60 - 6 .5 = 53 .5 mm 
t y 9 

t = 9 mm a = 295 N/mm r = 27 mm 
w y 2 

t = 13 mm a = 270 N/mm 
e y 

t g a = ^ = 0.555 ^ a = 29.05 ' . c t g a = 1,8 

M = w * a = 1260 * 10^ % 266 = 335 kNm 
e e e 
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i 0 d _ B l § ï § - 5 L f l r § t . b o l t r g w _ g f _ t e s t _ 2 : 2 g 

t = 20 mm a = 266 N/mm^ 
__e y 

= 8 è 20^ * 266 - 669 kN 

F 

2B 
l l = III = 2 .27 2 f o r m u l a (3) governs a t the end p l a t e s i d e 

t 

- 107.4 it (13^ iü 266 + 20^ * 266) _ 7 . , ^ (8 ) 
^ e t = 4 * 5 3 . 5 -

P^^^ . . 33 k , 

Thus: F t = 243 + 58 = 293 kN, because 
Isom 

F^^ = 243 kN and F^^^ = 58 kN. 

ED^_OlS i?_ËÏ_§ê92D^_hg l t rgw_g f_ tes t_2 -20 

' 169 it 20^ * 266 , (11) 
2e 45.7 

' 169 * 20^ it 266 + 4 it 147000 it 1.25 it 45 .7 _ / . p ^ 
^2e " 2 ( 4 5 . 7 + 1.25 it 4 5 . 7 ) - - KIN u ^ j 

= 3 7 0 - 6 0 = 246 kN, but t h i s i s no t v a l i d , because F „ . = 243 kN 
2e 3/U ^1 

C o n c l u s i o n : Tes t 2-20 f a i l s a t a moment = 184 kNm due t o f a i l u r e 

o f the c o r n e r b o l t w i t h p r y i n g a c t i o n . 
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Appendix A4 t e s t 3-18 ( 6 - 8 1 - 1 5 ) 

Column_web i s o . k . 

See t a b l e 2 , page 21 r e p o r t 6 - 8 1 - 1 5 . 

= 1020 kN 

E D d _ B ] S Ï § _ Ë L f l C S t _ b o l t _ ! : 9 w _ o f _ t e s t _ 3 : 1 8 

2 
t = 18 mm a , = 266 N/mm 

e y 
m. = 49.6 mm 

^ ^r, o see 6 - 8 1 - 1 5 , 
= 50 .3 mm p^gg 

Al = 0 .5 Az = 0 .5 

a = 9 . 9 

F^g = 2 * 9 .9 * ^ * 18^ * 266 = 426 kN 

^ . 426 ^ Q_gQg^ because and = 0 . 5 

2B^ 

f - 6 = 1 2 1 
^p r ~ 4 + 0.906 

^1 " T T T " 

End g l a t e a t _ s e c g n d _ b g l t _ r g w _ g f _ t e s t _ 3 : 1 8 

m = 44 .6 + * 4 /2 = 45.7 mm 

m^ 2= 50 .3 mm 

p - m. = 70 - 50 .3 = 19.7 mm 

2m + 0 .625n ' = 2 * 45 .7 + 0.625 * 50 = 122.6 mm 

F - ( 1 ^ -7 + 122 .6 ) 182 266 ^ ^68 kN (11) 
2e 45 .7 

r (19 .7 + 122.6) 18^ * 266 + 4 * 235000 * 50 _ ^.o) 
he= 2 (45 .7 + 50) ^ ' ' ^ 

Formula (13) i s no t v a l i d because f o r m u l a (2a) governs a t the f i r s t 

b o l t r o w bu t a l s o because the column f l a n g e g i ves s u f f i c i e n t d e f o r m a t i o n . 



- 121 -

Test 3-21 

The o n l y d i f f e r e n c e w i t h t e s t 3-18 i s caused by the end p l a t e t h i c k n e s s 

f o r the t h i r d and second b o l t r o w . 

E n d _ p l a t e _ a t _ s e c o n d _ b o l t r o w _ o f _ t e s t _ 3 - ^ 

F = (1^ -7 + ^ 2 ^ : 6 ) * 310 kN (11) 
2e 4 b . / 

; (19 .7 + 122.6) 2 1 ^ * 310 + 4 * 0.7 * 326000 * 50 _ ^.r. . ^ f . n ] 
he= 3 ( 4 5 . 7 + 50) ^ ' 

C^onclusion t e s t 3 -21 

I ' 

F 

F 

I f " 
278 

^ e 
278 F^h^ = 278 0 .52 = 145 kNm 

2 f " 
278 

^2e 
= 340 

^2^2 = 
278 A- U .45 = 125 kNm 

3 f " 
216 

^3e 
= 209 

^3^3 = 
209 * 0 .38 = 79 kNm 

4 f " 
91 

^4e 
= 209 ^ 4 ^ = 91 (J .31 = kNm 

5 f " 
[) 

^5e 
= 0 0 0 .24 = 0 kNm 

5 f " ^5e 

^d = 1020 kN 856 M = 
V 

377 kNm 

Bending_mgment_determined_by_the_hau 

In c o r p o r a t i o n w i t h t e s t 3-18 i t i s e v i d e n t t h a t t h i s p a r t o f t he 

c o n n e c t i o n has s u f f i c i e n t s t r e n g t h c a p a c i t y because t he end p l a t e 

i s t h i c k e r than i n t e s t 3 -18 . 

Co lumn_ f ]ange_a t_ the_ f i r s t _and_secgnd_bo 

The column f l a n g e has no s t i f f e n e r s , thus the des ign method o f the 

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

^ _ 120 - 9.5 - 2 * 0 .8 * 27 ^ 33.9 

n' = 1.25 * 33 9 = 42 .4 mm 

b = 70 + 4 * 33 ,9 + 1.25 * 90 = 70 + 248 = 318 mm 
m 



- 127 -

Appendix A5 
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