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BEHAVIOUR OF AXIALLY LOADED K- AND N-TYPE GAP JOINTS WITH BRACINGS 

OF STRUCTURAL HOLLOW SECTIONS AND AN I-PROFILE AS CHORD. 

SYNOPSIS 

In t h i s document ( e x t r a c t o f r e f . 4) the r e s u l t s are given o f an 

i n v e s t i g a t i o n i n t o the s t a t i c s t r e n g t h o f welded Warren and P r a t t 

type gap j o i n t s w i t h bracings o f c i r c u l a r or rectangular hollow 

sections and an IPE or HEA p r o f i l e as chord. This i n v e s t i g a t i o n i s 

p a r t of an extensive research p r o j e c t on predominant s t a t i c a l l y loaded 

welded l a t t i c e g i r d e r j o i n t s o f d i f f e r e n t c o n f i g u r a t i o n s and made of 

d i f f e r e n t types of hollow sections or combinations of hollow sections and 

open p r o f i l e s . 

This programme was set up by the SG-TC-18 study group o f the Dutch 

Steel Association (Staalbouwkundig Genootschap) i n cooperation w i t h 

the J o i n t Group of Cidect. 

This programme i s sponsored by the ECSC, the Dutch Steel A s s o c i a t i o n , 

Cidect, the Dutch Government, Verenigde Buizenfabrieken VBF and the 

Dutch tube s u p p l i e r s . 

As f a r as f a i l u r e was not caused by y i e l d i n g of the bracings the speci

mens showed a shear f a i l u r e o f the chord. 

The experimental t e s t r e s u l t s are compared w i t h those of a model i n 

accordance w i t h the general r u l e s o f p l a s t i c design. 

Compared w i t h the e f f e c t i v e w idth c r i t e r i o n f o r beam column connections 

of I p r o f i l e s these types o f j o i n t s t e s t e d showed a remarkeble b e t t e r 

behaviour. 

The r e s u l t s of t h i s i n v e s t i g a t i o n i n combination w i t h those o f a French 

programme on these types o f j o i n t s w i l l be the basis f o r the formation 

of recommendations and s p e c i f i c a t i o n s f o r j o i n t s made of hollow sections 

and I p r o f i l e s . 
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SYMBOLS USED IN THIS DOCUMENT 

A : cross s e c t i o n area of the chord 

A^ : cross s e c t i o n area of the compression bracing 

A : e f f e c t i v e cross s e c t i o n f o r shear load (chord) 
s 

A^ : cross s e c t i o n area of the tension bracing 

B : width of the chord flange 

: load i n compression bracing 

F^^ : u l t i m a t e load i n compression bracing (end of t e s t ) 

F^ : load i n tension bracing 

F^^ : u l t i m a t e load i n tension bracing (end of t e s t ) 

H : depth of the chord 

N : maximum load i n the chord 

N : reduced a x i a l y i e l d load i n the chord 

S : shear load 

Sy : shear y i e l d load of the chord 

T : thickness of the flange of the chord 

a : t h r o a t thickness of the welds 

h 
c 

: width of the compression bracing transverse t o the chord 

b 
m 

: e f f e c t i v e w idth 

b 
t 

: width of the t e n s i o n bracing transverse t o the chord 

d 
c 

: diameter of the compression bracing 

^ t 
: diameter of the tension bracing 

e : e c c e n t r i c i t y between system l i n e s 

g : gap between bracings (measured between the toes of the bracings) 

r : r a t i o between web and flange of the chord 

t 
c 

: w a l l thickness of the compression bracing 

^ t : w a l l thickness of the tension bracing 

t 
w 

: w a l l thickness of the web of the chord 

Y 

b + b d + d 
c t c t 

: or 
2B 2B 

e 
c 

: angle between compression bracing and chord 

e 
t 

: angle between ten s i o n bracing and chord 

a 
e 

: y i e l d s tress 

T : shear y i e l d s t r e s s 

CHS : c i r c u l a r hollow s e c t i o n 

RHS : rectangular hollow s e c t i o n 

SHS : s t r u c t u r a l hollow s e c t i o n 





BEHAVIOUR OF AXIALLY LOADED K- AND N-TYPE GAP JOINTS WITH BRACINGS 

OF STRUCTURAL HOLLOW SECTIONS AND AN I-PROFILE AS CHORD 

1. INTRODUCTION 

The l a s t few years an o v e r a l l i n v e s t i g a t i o n was c a r r i e d out on 

predominant s t a t i c a l l y loaded t u b u l a r j o i n t s . 

I n t h i s programme d i f f e r e n t types o f welded j o i n t s made o f s t r u c t u 

r a l hollow sections and j o i n t s made o f hollow sections and open 

p r o f i l e s were t e s t e d . 

This research programme [1] was prepared by the SG-TC-18 study group 

of the Dutch Steel Association i n co-operation w i t h the J o i n t Group 

of Cidect"'''*. 
2) 

The programme i s sponsored by the ECSC , the Dutch Steel Association 

Cidect, The Dutch Government, Verenigde Buizenfabrieken VBF and the 

This document describes the t e s t r e s u l t s of an i n v e s t i g a t i o n i n t o the 

s t a t i c s t r e n g t h of " L a t t i c e g i r d e r j o i n t s w i t h SHS ( S t r u c t u r a l Hollow 

Sections) bracings and an I p r o f i l e as chord". 

I n t h i s i n v e s t i g a t i o n welded K- and N-type gap j o i n t s w i t h RHS (Rect. 

Hollow Sections) or CHS ( C i r c u l a r Hollow Sections) sections as b r a c i n 

and open sections as chord are studied. 

J o i n t s w i t h overlap are p a r t o f a French research programme on these 

types o f j o i n t s . 

These r e s u l t s and the r e s u l t s o f t e s t s c a r r i e d out i n France w i l l be 

the basis f o r design recommendations and s p e c i f i c a t i o n s f o r j o i n t s 

w i t h SHS bracings and I beams as chord. 

1) Cidect = "Comitee I n t e r n a t i o n a l pour l e Developpement et 1'Etude 

de l a Construction Tubulaire". 

2) ECSC = European Community o f Steel and Coal. 
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2. TEST SPECIMENS 

The t e s t specimens are of the Warren- and P r a t t type c o n f i g u r a t i o n 

w i t h bracings o f square or c i r c u l a r hollow sections and an I p r o f i l e 

as chord. 

The t e s t series i s shown i n t a b l e 1. 

A l l Warren-type specimens had angles between bracings and chord o f 

45 whereas the N-type j o i n t s had angles o f 90° between compression 

bracing and chord and 45° between tension b r a c i n g and chord. 

As f a r as possible the system l i n e s o f bracings and chord i n t e r s e c t 

at one po i n t w i t h the r e s t r i c t i o n t h a t the gap was not taken smaller 

than 0.1 B, consequently f o r these specimens e c c e n t r i c i t i e s occurred. 

(See f i g . 1.) For a s p e c i f i e d t e s t specimen the compression and tension 

bracing had the same dimensions. 

The l e n g t h o f the compression bracing was determined i n such a way 

t h a t b u c k l i n g would not occur. 

The width r a t i o between bracings and chord flange was v a r i e d 

between 0.4 and 1.0. 

For the series the t e s t specimens were made o f h o t - f i n i s h e d sections. 

A l l t e s t specimens were welded w i t h r u t i l e electrodes type Cumulo 

i n accordance w i t h the standards NEN 1063 ERb 212, BS E 213, DIN 1913, 

Ti V I I I , ASTM E 6013 and NEN 43 R3. 

A l l t e s t specimens had welds w i t h a t h r o a t thickness equal t o the 

""̂ '̂ "̂"""̂  °f ^he connected bracing. For the j o i n t s w i t h a ̂  ^ 1.0 

r a t i o , the bracings were bevelled at the sides. 

The welds w i t h a t h r o a t thickness o f a < 4 mm were welded i n one 

la y e r and those w i t h a t h r o a t thickness o f a > 4 mm i n two l a y e r s . 

The welding d e t a i l s are given i n f i g u r e 2. 

During welding, the menl^ers were held i n p o s i t i o n . 

3. MATERIAL PROPERTIES 

The hot f i n i s h e d hollow sections were made of m i l d s t e e l grade Fe 430 - C 

according t o Euronorm 25 - 72 w i t h a s p e c i f i e d y i e l d stress = 280 N/mm̂  

The hot f i n i s h e d I - p r o f i l e sections were made of mild s t e e l Fe 360 

according t o Euronorm 25 - 72 w i t h a s p e c i f i e d y i e l d s tress a = 240 N/ruJ 
e 
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figure2 we ld s h a p e for the d i f ferent 
tes tspec imens . 
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The measured mechanical p r o p e r t i e s o f the m a t e r i a l are given i n t a b l e I I . 

For a l l the s e c t i o n s , the y i e l d stresses 0 were determined w i t h 
' ^ e 

stub column and t e n s i l e t e s t s . The analysis i s based on the measured 

dimensions and measured y i e l d stresses (stub column) of the sections. 

The stub columns had lengths o f 3b whereas the measuring length was 

100 mm. 

The u l t i m a t e stress R̂ , the permanent elongation and the c o n s t r i c t i o n 

were determined w i t h t e n s i l e coupons (dp5) i n accordance w i t h Euronorm 

2 - 5 7 "Tensile t e s t s f o r s t e e l " . 

The t e n s i l e coupons o f the hollow sections were taken l o n g i t u d i n a l l y 

from the centre of the f l a t sides. 

For the I - p r o f i l e s the t e n s i l e t e s t pieces were taken from the flange 

i n l o n g i t u d i n a l d i r e c t i o n i n accordance w i t h Euronorm 2 - 5 7 . 

4. TEST RIG AND TESTING PROCEDURE 

These specimens were t e s t e d i n the same r i g as described i n IIW Doc. 

XV-386-77. 

One end o f the chord i s f r e e , the other end and the ends of the 

bracings are pin-ended. 

The t e s t specimens were t e s t e d w i t h the jack load on the compression 

bracing. 

The jack load and the r e a c t i o n forces should agree w i t h the system 

l i n e s o f the members but these do not always i n t e r s e c t at one p o i n t ; 

consequently secondary moments may occur. 

The load was applied i n steps. The number o f steps depended on the 

type o f j o i n t t e s t e d . 

During t h i s step by step l o a d i n g the deformation o f the j o i n t was 

measured and recorded. 

A f t e r f i r s t i n d i c a t i o n o f y i e l d , the load increases were reduced f o r 

b e t t e r determination o f the u l t i m a t e load. 
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MEASUREMENTS 

During t e s t i n g f o r each stage i n loading the a x i a l forces i n the chord 

and bracings were measured w i t h dynamometers. 

The deformation o f the j o i n t was measured a x i a l l y across the compres

sion bracing and the tension at each side o f the j o i n t as shown i n 

f i g u r e 3. 

The measuring length i s 1 = q (H = depth o f chord, 9 = angle 

between chord and b r a c i n g ) . 

During t e s t i n g modes o f f a i l u r e such as y i e l d i n g , l o c a l b u c k l i n g , 

shear etc. were v i s u a l l y observed and recorded. 

I n a l l cases f a i l u r e o f the j o i n t was considered t o e x i s t when the 

"maximum" Joad c a r r y i n g capacity was reached as shown i n f i g u r e 4. 

( f u l l y i e l d i n g ) 

TEST RESULTS 

The t e s t r e s u l t s are summarized i n ta b l e s I I I and I I I - A which show: 

- the measured dimensions o f the sec t i o n s , 

- the measured y i e l d stresses o f the sections determined w i t h stub 

column t e s t s , 

- the u l t i m a t e j o i n t load F^^ and F^^ i n the compression and tension 

bracing r e s p e c t i v e l y at the end o f the t e s t , 

- the load F^^^^^ at f a i l u r e o f the j o i n t s , 

- the shear load S = F s i n 6 , 
cu c 

- the shear y i e l d load o f the chord S = A . x , 
y s e' 

- the type o f f a i l u r e , 
- parameters f o r the analysis 
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For i n d i c a t i o n the load- deformation behaviour of some of the j o i n t s 

t e s t e d (measured a x i a l l y across the bracings) i s shown i n f i g u r e 5. 

The loads are given i n percentages of F^^and F^^, r e s p e c t i v e l y and the 

deformation i n percentage o f B and i n mm. 

These f i g u r e s also show the v i s u a l l y observed i n d i c a t i o n f o r i n i t i a t i o n 

o f cracks, y i e l d i n g , l o c a l b u c k l i n g e t c . 

For j o i n t s w i t h a shear f a i l u r e these diagrams do not show the r e a l 

deformation o f the chord because the chord deforms i n a shape which 

deformation does not e f f e c t the len g t h between the measuring p o i n t s . 

I n two specimens (Nos 203 and 214) i n i t i a t i o n o f cracks were observed 

j u s t before f a i l u r e . 

I n the other t e s t specimens i n i t i a t i o n o f cracks d i d not occur during 

loading. 

7. DISCUSSION OF THE TEST RESULTS 

Although f o r the bracings sections were chosen w i t h the t h i c k e s t 

a v a i l a b l e w a l l s , f o r some specimens y i e l d i n g o f the bracings was the 

f a i l u r e mode which i s not a f a i l u r e o f the j o i n t i t s e l f . 

Generally the mode o f f a i l u r e was shear o f the chord sometimes i n 

coiri)ination w i t h l o c a l b u c k l i n g o f the compression bracing. 

Local b u c k l i n g o f the compression bracing was only observed i n a few 

specimens at loads which already caused a shear f a i l u r e i n the chord. 

I n t h i s chapter the t e s t r e s u l t s w i l l be compared w i t h the a n a l y t i c a l 

determined f a i l u r e loads based on y i e l d . 



figure 6 determination of \he shear yield load of the chord 
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7.1. S h e a r _ f a l l u r e 

For a shear f a i l u r e o f the chord f o l l o w i n g general p l a s t i c design 

c a l c u l a t i o n method e x i s t s : 

The shear load S - F . s i n 6 w i l l be t r a n s m i t t e d by the web o f the 
cu c 

chord and a p a r t o f the flanges as shown i n Figure 6. 

The maximum shear y i e l d load which can be t r a n s m i t t e d i s : 
S = A .T (1) 
y s e -̂̂ ^ 

w i t h (as an approximative formula) 

A = (H-2T)t + 2 ( t t 2 r ) T + 0.86 r ^ (2) 
s W W 

- shear y i e l d s t r e s s o f the chord. 

The h o r i z o n t a l b r a c i n g load component F^^ . cos 6 and a possible 

a d d i t i o n a l a x i a l load i n the chord must be t r a n s m i t t e d by the remaining 

p a r t o f the cross s e c t i o n o f the I p r o f i l e . 

For these t e s t s the chords were not prestressed t h e r e f o r e only the 

h o r i z o n t a l bracing load component must be taken i n t o account. 

The general i n t e r a c t i o n formula f o r a x i a l and shear loads i n I p r o f i l e s 

[5] i s as f o l l o w s : 

N 1 ( A - A^) + A ^ a y 1 - ( | - . ) 2 ^ ( 3 ) 

y 

For shear loads S equal t o A_^. t ^ f o l l o w i n g h o r i z o n t a l load component 

can be t r a n s m i t t e d . 

The influences o f moments o f e c c e n t r i c i t y are neglected although 

these have an i n f l u e n c e . 

J o i n t s w i t h small angles between bracings and chord or w i t h a d d i t i o n a l 

a x i a l loads i n the chord may have a reduced j o i n t s t r e n g t h . 

Gap j o i n t s o f the Warren type w i t h no a d d i t i o n a l a x i a l loads can be 

i n f u l l y i e l d i f : 

F . s i n e S 
c u c . _^ 

F . s i n e N 
cu c y 

(5) 
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For Warren type j o i n t s t h i s r e s u l t s i n : 

IPE p r o f i l e s 6 ~ 37° 

HEA p r o f i l e s 6 - 24° 

This means t h a t f o r the i n v e s t i g a t e d speoimens the shear y i e l d s t r e n g t h 

Of the chord was t h e o r e t i o a l l y not reduced by the in f l u e n c e o f the 

a x i a l load i n the chord. 

With formula (3) i t can be shown t h a t shear loads i n the chord web up 

'° ^° the y i e l d load of the chord more than 5%. 

Regarding the cross s e c t i o n o f the chord between the two bracings i t 

can be concluded t h a t f o r the specimens i n v e s t i g a t e d only the shear 

y i e l d c r i t e r i o n i s d e c i s i v e . 

In those cases i n which the bracings were much stronger than the 

t h e o r e t i c a l shear y i e l d capacity o f the chord u l t i m a t e loads were 

found greater than those corresponding t o t h i s t h e o r e t i c a l shear 

y i e l d capacity o f the chord. 

This was e s p e c i a l l y found f o r those specimens i n which the chord 

flanges were low stressed by the h o r i z o n t a l b r a c i n g load component 

e.g. HEA sections. 

At loads equal t o the t h e o r e t i c a l shear y i e l d load the t o t a l cross 

se c t i o n was not f u l l i n y i e l d which leads t o greater u l t i m a t e loads. 

The gre a t e r s t r e n g t h may also be caused by bending and membrane e f f e c t s 

m the chord flanges. 

J o i n t s w i t h s.an gaps showed g.eate. strengths than those w i t h greaten 

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

Specimens i n which the y i e l d s t r e n g t h o f ' f h e bracings could be reached 

before or at the same time as the shear y i e l d i n the chord g e n e r a l l y 

showed y i e l d i n g at loads which were 85-100% o f the f u l l y i e l d s t r e n g t h 

Aa^ o f the bracings or the shear y i e l d s t r e n g t h A .x o f the chord. 



^ ( 3 2 0 2 

^ 3 2 0 1 

figure 8 re lat ion between , '^^^ and s'n ^ p i n t s 
Act 
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This may be caused by secondary bending e f f e c t s due t o p a r t i a l 

y i e l d i n g o f fhe bracings. J o i n t s which are p a r t o f a t r u s s are more 

r e s t r a i n t at the ends o f a l l members than i s o l a t e d j o i n t s w i t h a free 

end o f the chord. 

At t h i s moment g i r d e r t e s t s are c a r r i e d out i n France and f i n a l 

conclusions can be expected a f t e r completion of these g i r d e r t e s t s . 

For a v i s u a l I n d i c a t i o n o f the loading s i t u a t i o n at f a i l u r e i n f i g u r e s 

7 and 8 the t e s t r e s u l t s are p l o t t e d against the parameters, 

R̂ ,, F „-sin e F . cos e 
CU CU c -, CU c 

A a ' i and 
^ ^ . b y y 

In f i g u r e s 7 and 8 also t e s t r e s u l t s are recorded derived from a French 

research programme [2] on these types o f j o i n t s . For these t e s t r e s u l t s 

the same conclusions can be drawn as made before. 

From the French t e s t r e s u l t s , summarized i n Table IV i t can also be 

concluded t h a t an overlap of the bracings gives a g r e a t e r j o i n t s trength, 

The t e s t r e s u l t s 3205 and 3210 show t h a t j o i n t s w i t h -a gap g=0 can 

have a gr e a t e r s t r e n g t h than gap j o i n t s w i t h greater gaps as f a r as 

the bracings are made o f RHS. 

In t h i s case the v e r t i c a l bracing load component can p a r t l y d i r e c t l y 

be t r a n s f e r r e d by the i n t e r s e c t i n g bracing faces which r e s u l t s i n a 

lower shear load i n the chord web. 

I n case o f c i r c u l a r bracing members t h i s i n f l u e n c e i s l e s s . 

For gap j o i n t s the y i e l d c r i t e r i a f o r the cross se c t i o n o f the chord 

between the bracings can be summarized as f o l l o w s : 

a 
F . s i n e < A . — 

c - s ^3 
( l a ) 

1 
N < (A-A )a + A .0 / 1 - (~)^ 

— s e s e S '•3-' 

These formulae can also be given i n the f o l l o w i n g s i m p l i f i e d form: 
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Figure 10 Comparison of some cr i ter ia wi th the test results for 
Warren-type speeimens w i t h HE 200A chord and 

square bracing sections 
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f!Ëilyi:e_bY_cracking 

Only two specimens i n the Dutch t e s t s eries showed a crack i n i t i a t i o n a t 

or j u s t before f a i l u r e . 

As can be concluded from t a b l e I I I both specimens were then already 

loaded t o about 140% o f the t h e o r e t i c a l shear load of the chord. 

I n t h i s case there was an e x t r a f a c t o r o f 1.4 between the decisive 

y i e l d c r i t e r i o n and crack i n i t i a t i o n . 

Based on these t e s t r e s u l t s i t may not be concluded t h a t t h i s i s always 

t r u e f o r a l l such types o f j o i n t s independent o f the type o f I s e c t i o n . 

I n r e f . [6] f o r beam column connections of I p r o f i l e s (Fe 360) f o l l o w i n g 

e f f e c t i v e width c r i t e r i o n i s given f o r the flanges loaded i n tension: 

y = 2 . a ^ . t ^ . ( 2 t ^ t 7 T ) • 

Figure 9 shows two s i t u a t i o n s : 

a. The area w i t h i n a c e r t a i n width i s e f f e c t i v e . 

This c r i t e r i o n i s not acceptable f o r rectangular bracings because 

of I t s d i s c o n t i n u behaviour. 

b. The e f f e c t i v e l e n g t h i s measured along the i n t e r s e c t i o n o f the 

bracing w i t h the chord flange. 

This c r i t e r i o n i s b e t t e r but may be conservative when not corrected 

f o r the flanges p a r a l l e l t o the chord a x i s . 

Although these t e s t s are not re p r e s e n t a t i v e f o r the determination 

o f an e f f e c t i v e width c r i t e r i o n ( o n l y i n two specimens cracks) f o r 

i n d i c a t i o n the t e s t r e s u l t s were compared w i t h the c o n d i t i o n o f formula 

( 6 ) . 

Figure 10 only shows the r e s u l t s f o r the Warren type specimens w i t h a 

chord HE 200 A and square b r a c i n g members. 

For the other specimens s i m i l a r r e l a t i o n s were found. 

B e t t e r i n f o r m a t i o n f o r t h i s c r i t e r i o n o f f a i l u r e can be derived from 

cross j o i n t t e s t s loaded i n te n s i o n . 

In r e f . [2] cross j o i n t t e s t s were c a r r i e d out w i t h a HE 100 A sec t i o n 

as chord and c i r c u l a r or square bracings. 

Comparison o f the u l t i m a t e loads w i t h c r i t e r i o n (6).shows a r a t i o o f 
1.8 t o 2.1. 

Two cross j o i n t s w i t h a HE 100 A as chord and rectangular bracings 

/ 100x50x3 and ̂  100x150x5 r e s p e c t i v e l y were t e s t e d i n D e l f t . 
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Figure 11: Yield c r i t e r i on forweb 
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I n t h i s case i t was also found t h a t the r a t i o between u l t i m a t e 

s t r e n g t h ( cracking) and c r i t e r i o n (6) was about 2. 

Based on the t e s t s c a r r i e d out up t o now i t seems t h a t c r i t e r i o n (6) 

i s r a t h e r conservative f o r a x i a l l y loaded j o i n t s w i t h s t r u c t u r a l hollow 

sections as bracings and an I p r o f i l e as chord. 

This c r i t e r i o n has t o be studied more i n d e t a i l w i t h some p r i n c i p a l 

simple basic t e s t s before a pr o p e r l y defined c r i t e r i o n can be given. 

7.3. O t h e r _ c r i t e r i a 

- The load i n the br a c i n g must be t r a n s f e r r e d by an e f f e c t i v e area i n 

the web o f the chord. 

Two con d i t i o n s e x i s t as shown i n f i g u r e 11. 

Based on y i e l d f o l l o w i n g c r i t e r i a are used i n beam column connections: 

F . s i n e = b . t .a ( n \ 

c c m w e ^ ' J 

w i t h 

\ - 2 . { t ^ t 5 (T t r ) } (8) 

h 

^ - ^ ï ï ï V " t ° t r ) (9) 
c 

I n f i g u r e 10 t h i s c o n d i t i o n i s shown f o r c=5. 

Compared w i t h the shear y i e l d c r i t e r i o n o f the chord t h i s c r i t e r i o n 

(7) was not dec i s i v e . 

A f a c t o r c=2 shows very conservative values compared w i t h the t e s t 

r e s u l t s and i s not f u r t h e r given i n t h i s document. 

- For bracings loaded i n tension other c r i t e r i a e x i s t because a p a r t 

o f the load i s taken by the flanges i n which a y i e l d p a t t e r n e x i s t s . 

I t i s c l e a r t h a t due t o the s t i f f e n i n g o f the chord flange by the 

side w a l l s o f the bracings the s i t u a t i o n i s more favourable than f o r 

beam column connections i n I - p r o f i l e s . 

- For very t h i n walled chords l o c a l b u c k l i n g o f the web has t o be 

considered whereas f o r very t h i n walled hollow sections l o c a l 

b u c k l i n g o f these sections must be considered. 
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- The welds should have a s u f f i c i e n t t h r o a t thickness t o guarantee 

r e d i s t r i b u t i o n of stresses. 

I n t u b u l a r s t r u c t u r e s i t i s common t o choose the t h r o a t thickness 

equal t o the w a l l thickness o f the connected bracing. 

- To prevent cracks i n the bracings near the weld the s t e e l m a t e r i a l 

should have a s u f f i c i e n t d u c t i l i t y . 

- F a i l u r e of the chord flange due t o imperfections i n the flange o f 

the I - p r o f i l e or l a m e l l a r t e a r i n g (more probable f o r very t h i c k walled 

chord flanges) 

These t e s t s as w e l l as those i n France were generally c a r r i e d out on 

r e l a t i v e l y t h i c k w a l l e d , hot formed sections. 

For f i n a l recommendations s t r i c t l i m i t a t i o n s f o r the range of v a l i d i t y 

have t o be defined. 

These l i m i t a t i o n s can be based on simple basic t e s t s which have t o be 

c a r r i e d out. 

I f and t o what degree e x t r a p o l a t i o n i s possible and acceptable i s s t i l l 

p o i n t of discussion. 

SUMMARY AND PRELIMINARY CONCLUSIONS. 

I n t h i s document the t e s t r e s u l t s are given of an i n v e s t i g a t i o n i n t o the 

s t a t i c s t r e n g t h o f welded j o i n t s w i t h bracings o f square or c i r c u 

l a r hollow sections and an I p r o f i l e as chord. 

I n t h i s i n v e s t i g a t i o n Warren- and P r a t t type gap j o i n t s w i t h IPE or 

HEA p r o f i l e s as chord were i n v e s t i g a t e d . 

With respect t o the s t a t i c s t r e n g t h f o l l o w i n g conclusions can be given: 

- As f a r as y i e l d i n g o f the bracings was not the c r i t e r i o n o f f a i l u r e 

a l l specimens showed a shear y i e l d f a i l u r e o f the chord. 

I n those cases f o r which the remaining p a r t o f the cross s e c t i o n o f 

the chord was low stressed by the h o r i z o n t a l bracing load component 

e.g. P r a t t type j o i n t s and most j o i n t s w i t h a HEA p r o f i l e as chord, 

the u l t i m a t e j o i n t s t r e n g t h was increased due t o r e s t r a i n i n g o f the 

flange o f the chord by the br a c i n g s , membrane e f f e c t s i n the flange 

o f the chord and possible s t r a i n hardening e f f e c t s i n the web. 

- For the specimens i n which the y i e l d s t r e n g t h o f the bracings could 

be reached before or at the same load as the t h e o r e t i c a l shear y i e l d 

load o f the chord y i e l d i n g was observed at loads which were about 

85 t o 100 % o f the f u l l y i e l d s t r e n g t h Aa o f the bracings. 
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Compared w i t h the a n a l y t i c a l s t r e n g t h of the cross section of the chord 

i n the gap area the observed s t r e n g t h o f j o i n t s w i t h c i r c u l a r bracings 

was lower than those of j o i n t s w i t h square bracings 

( i L i ^ ' l ' "2 ^ 

2.B 2.B 

I n j o i n t s w i t h c i r c u l a r bracings the chord flange i n the gap area i s 

less r e s t r a i n t f o r deformations out o f plane than i n j o i n t s w i t h 

square bracings which may lead t o a l i t t l e g reater j o i n t s t r e n g t h 

f o r j o i n t s w i t h square b r a c i n g s , 

- The N-type j o i n t s t e s t e d g e n e r a l l y showed as f a r as y i e l d i n g o f the 

bracings was not the c r i t e r i o n , a greater s t r e n g t h than the Warren 

type j o i n t s . This was caused by the absence o f a h o r i z o n t a l bracing 

load component i n the c r i t i c a l cross s e c t i o n o f the chord and a 

smaller gap size. 

The measured deformations up t o y i e l d g e n e r a l l y were small. 

Only i n two specimens crack i n i t i a t i o n i n the tension bracing j u s t 

above the weld was observed j u s t before f a i l u r e . I n both cases the 

applied loads were about 40% greater than those which cause shear 

y i e l d i n the chord. 

From these t e s t s and those c a r r i e d out i n France [ 2 ] i t could be con

cluded t h a t the j o i n t s w i t h weld gap can be c a l c u l a t e d according t o the 

general p l a s t i c design r u l e s . 

However, a d d i t i o n a l basic t e s t s have t o be c a r r i e d out t o v e r i f y i n 

which cases an e f f e c t i v e width c r i t e r i o n can be omitted and when 

necessary the conditions have t o be determined f o r these types of j o i n t s . 

Comparison o f the t e s t r e s u l t s w i t h the e f f e c t i v e width c r i t e r i o n f o r 

beam column connections [5] shows t h a t t h i s c r i t e r i o n i s very conservative 

f o r these types o f j o i n t s . 

For the p r e s e n t a t i o n o f f i n a l recommendations t h e r e f o r e , i t must be 

born i n mind t h a t other types o f f a i l u r e then only shear f a i l u r e are 

possible and a t t e n s i o n must be paid t o the d u c t i l i t y o f the s t e e l 

q u a l i t y as w e l l as the weld dimensions. 

The j o i n t s w i t h overlap are i n v e s t i g a t e d i n a French programme [ 2 ] . 
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These t e s t r e s u l t s and those of the French programme w i l l be used 

f o r f u r t h e r analysis f o r the d r a f t i n g o f design recommendations and 

s p e c i f i c a t i o n s . 

Members of the committee XV o f the IIW who have more i n f o r m a t i o n regarding 

these types o f j o i n t s are asked f o r i n f o r m a t i o n . 
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TABLE I . TEST SERIES . 

2 

P r o f i l e f o r chord 

2 IPE 120 IPE 160 HE 120 A HE 200 A 

4-1 

•XJ 

-x) 

4-" 
a 
+- CQ 
O CN 

0 
•H 
4-1 
(D 
f. 

a =̂ 1. 0 

W-RI - 202 

4-1 

•XJ 

-x) 

4-" 
a 
+- CQ 
O CN 

0 
•H 
4-1 
(D 
f. 

b = 0.9 

W-RI - 201 

N-RI - 203 

W-RI - 208 

4-1 

•XJ 

-x) 

4-" 
a 
+- CQ 
O CN 

0 
•H 
4-1 
(D 
f. 

c ==0.8 

W-CI - 204 

N-CI - 205 

W-RI - 207 

N-RI - 209 

W-CI - 210 

N-CI - 211 

W-RI - 215 4-1 

•XJ 

-x) 

4-" 
a 
+- CQ 
O CN 

0 
•H 
4-1 
(D 
f. 

d ^0.6 

W-RI - 200 W-RI - 206 W-RI - 214 W-RI - 222 

4-1 

•XJ 

-x) 

4-" 
a 
+- CQ 
O CN 

0 
•H 
4-1 
(D 
f. 

e = 0.5 

W-RI - 213 

N-RI - 216 

W-CI - 217 

N-CI - 218 

W-CI - 221 

W-CI - 224 

N-CI - 225 

4-1 

•XJ 

-x) 

4-" 
a 
+- CQ 
O CN 

0 
•H 
4-1 
(D 
f. 

f = 0.L \ 

W-RI - 212 W-RI - 219 

W-RI - 220 

N-RI - 223 

Test specimen i n d i c a t i o n : 

W-RI-b-201 means: 

W = Warren-type j o i n t . 

R = Rectangular sections f o r bracings. 

I r I - p r o f ^ l f ^ j ^ f o r chord. 
c t „ ^ 

b = r a t i o — — = 0.9 

201 = number t e s t specimen. 



TABLE I I . MECHANICAL PROPERTIES 

Chórd B r a c i n g s 

T e s t specimen Stub column T e n s i l e t e s t ( F u l l s e c t i o n ) Op Stub column T e n s i l e T e s t 5) 

No. ae 

(N/mm2) 

ae 

CN/Tnm2) 

RM 

(N/mm^) 

£a 
RM 

E l o n g a t i o n C o n s t r i c t i o n 
RM 

Ce 

(N/mm2) 

Oe 

(N/mm^) 

RM 

(u/mm^) 

^ 
RM 

E l o n g a t i o n 

% 

C o n s t r i c t i o n Oe**) 

RM 

W-RI - 200 273 270 382 0.71 40 59 0.71 335 345 502 0.59 30.5 54.5 0.57 

W-RI - 201 ,, 311 309 489 0.53 - 44.5 0.54 

W-RI - 202 1 9 >3 .> 352 375 449 0.84 40.7 52.7 0.78 

N-RI - 203 311 309 489 0.53 - 44.5 0.54 

W-CI - 20Lt , , '3 355 326 420 0.78 39 64.7 0.87 

N-CI - 205 365 326 420 0.78 39 54.7 0.87 

W-RI - 206 315 295 458 0.54 0.59 324 313 473 0.65 48.7 58.1 0.58 

W-RI - 207 ,, > , 344 320 493 0.73 50 49. 8 0.70 

W-RI - 208 295 291 482 0.60 - 47.4 0.61 

N-RI - 209 , , 344 320 493 0.73 50 49.8 0.70 

W-CI - 210 , , 295 294 417 0.71 39 71 0.71 

N-CI - 211 295 294 417 0.71 39 71 0.71 

W-RI - 212 278 280 395 0.71 0.70 324 313 473 0.56 48.7 68.1 0.58 

W-RI - 213 5 5 344 320 493 0.73 50 49.8 0.70 

W-RI - 214 295 292 482 0.61 - 47 .4 • 0.51 

W-RI - 215 , , 295 295 483 0.51 50.7 51.4 0.51 

N-RI - 216 344 320 493 0.73 50 49.8 0.70 

W-CI - 217 295 294 417 0.71 39 71 0.71 

N-CI - 218 295 294 417 0.71 39 71 0.71 

W-RI - 219 261 272 365 0.75 0.72 342 371 502 0.74 40. 3 48.9 0.68 

W-RI - 220 5 i 347 338 493 0.59 - 53.2 0.70 

W-RI - 221 S -y 298 300 481 0.52 55.7 54.5 0.52 

W-RI - 222 ) > >> 285 291 . 444 0.66 - 51.7 0.64 

N-RI - 223 ) s 347 338 493 0.59 - 53.2 0.70 

W-CI - 224 5 » 279 277 423 0.55 37 61.2 0.65 

N-CI - 225 279 277 423 0.55 37 61.2 0.56 

T e n s i l e t e s x . 

Stub column t e s t . 



TABLE I I I . TESTRESULTS 

chord bracings 

Test Type Measured limeiisions (mmj A a ^7 
e 

AO 
e 

GAP g/B E c c e n t r i  Measured 
'^t(c) 
(mm^ ) 

0 
e Ft F chord Type of F crack 

No. Section H B T t 
w 

r {nim^) (N/miii2) (KN) 
g 

(mm) 

c i t y 

e(mm) 

dimensions 

(mm) 

'^t(c) 
(mm^ ) (N/mm2) (kN) (KN) u 

(kN) (kN) f a i l u r e in 

% Ft,, 

200 W-RI IPE-120 119.3 64.2 6.2 4.4 7 1310 273 357.6 66.3 1 .03 0 <2#37.8-3.89 531 335 178 151 153 215 G3 -

201 W-RI 48.4 0 .75 0 <ẑ 56 -3.82 711 311 221 167 
169 238 G3 -

202 W-RI - 30.5 0 .48 0 64.2-3. 24 801 352 282 17 3 
180 252 G3 -

203 N-RI - - - 6.4 0 .1 t l 4 . 3 •?^56 -3.82 711 311 221 151 221 167 Og in t.b.+G3 " l O d " • ' 

204 W-CI - 48. 1 0 .75 0 051.3-3.13 430 365 157 136 140 196 G3 -

205 N-CI •' - 6.4 0 .1 + 8.6 051.3-3.13 430 365 157 106 149 109 Qp. in t.b. _ 

206 W-RI IPE-150 159.8 82.2 7.3 5.2 9 202b 316 639.9 88. 4 1 .08 0 50.4-4.59 877 324 284 251 272 370 GS+Ogin t.b. -

207 W-RI - • 70.5 0 .86 0 ^63.4-4.75 1116 344 384 283 284 403 G3 -

20B W-RI - - 52.6 0 .64 0 <2^76 -4.81 1382 296 409 314 305 442 G3 -

209 N-RI • Ö.2 0 .1 + 4.5 ^63.4-4.75 1116 344 384 253 368 283 Og in t.b.+G3 -

210 W-CI - - - 70.5 0 86 0 (2^63.5-4.25 759 295 224 205 208 290 de i n brae. -

211 N-CI •• -- 8.2 0 1 + 4.6 fl'63.5-4.25 759 295 224 155 216 151 Oe i n t.b -

212 W-RI HE-120 A 116.6 119.9 8.2 5 12 2592 273 720.6 42.4 0 .35 0 <z^50.4-4.69 877 324 284 269.5 280 382 GB+Og in brae. -

213 W-RI - 24.5 0 .20 0 ^2^63.4-4.75 1116 344 384 337 343 476 G3 + y i e l d i n g i n i . b . -

2m W-RI - ' • 12 0 .1 + 1 «#76 -4.81 1382 296 409 364.5 374. 5 510 G3+G6+yielding in t.b. 97" • ' 

215 W-RI -• • • 12 0 .1 + 3.68 <2^83.2-5.02 1668 295 492 385 380 543 G3+G6 -

215 N-RI ' • 12 0 .1 + 29.9 <z^63.4-4.75 1116 344 384 249 354 259 CTe in t.b.+Gj -

217 W-CI - 24. 5 0 20 0 063.5-4.25 759 295 224 216 219 303 dg in brae. -

218 N-CI '- '• - 12 0 .1 + 29.9 063.5-4.25 759 295 224 135.5 198 144 y i e l d i n g i n tension nrac. -

219 W-RI HE-20Ü A IBS.8 201.3 9.8 6.7 20 5427 261 1416 82.6 Q 41' 0 ^2^76.2-5.87 1650 342 564 478 486 700 G3+ae in brae. -
220 W-RI - " 64.7 3 32 0 ^#88.4-6.04 2029 347 704 5 57 537 310 GS+yieiding i n t.b. -

221 W-RI - - 46.8 0 .23 0 <2^01.3-6.1B • 2349 298 700 603 573 870 G3+yielding i n brae. -

222 W-RI 20 0 1 + 40.6 ?^127.6-6.31 2996 285 854 654 619 948 G3+G6 -

223 N-RI - - 20 0 1 + 67 .1 ^88.4-6.04 2029 347 704 47 3 670 523 Og i n t.b.+G3 -

224 W-CI • -- - 64.7 G .32 0 ;!C89.7-6.9 1692 279 472 437 441 640 GS+dg i n brae. -

225 N-CI - -- " " 20 0 . 1 +68.7 ^89.7-6.9 1692 279 47 2 315 446 345 ae i n t.b. -

s) determined with stub column test 

' r I ' tT 
* ) I i f^~~ 

shear area A5 

— no cracks observed 

.) cracks in tension bracing 

B 



TABLE I I I . A TESTRESULTS 

Test Type bc+bt or F F 
t u 

F chord Shear*^ Shear y i e l d Fcu-sinG reduced area reduced a x i a l F .cos 0 
c 2B 

dc+dr 

or 
CU 

F 
t u (ICN) Area Ag 

(mm^) 

load Sy 

(kN) 

3 A-Ag f o r a x i a l 

load (mm2) 

y i e l d load N 
y 

(kN) 

u 
No. 

2B 

dc+dr 
Aa 

e , 
AO 

^ . b 
AO 

chord 

(ICN) Area Ag 

(mm^) 

load Sy 

(kN) 
y 

A-Ag f o r a x i a l 

load (mm2) 

y i e l d load N 
y 

(kN) 

N 
y 2B dt c b 

AO 
^ . b 

AO 
chord 

Area Ag 

(mm^) 

load Sy 

(kN) 

A-Ag f o r a x i a l 

load (mm2) 

y i e l d load N 
y 

(kN) 

200 W-RI 0.59 9. 72 0.85 0.86 0.60 107.2 740 117 .1 0,92 570 155.6 0.69 

201 W-RI 0.87 14. 66 0.75 0.75 0.67 118.6 " -- 1.01 " 0.76 

202 W-RI 1.00 19. 81 0.61 0.64 0.70 122. 8 " 1.05 " 0.79 

203 N-RI 0.87 14. 66 0.73 1.0 0.47 161 1.37 " 0 

204 W-CI 0.80 16. 4 0.87 0. 89 0.55 96.6 0. 82 " 0.62 

205 N-CI 0. 80 16. 4 0.68 0.95 0.30 105 0.91 0 

206. W-RI 0.61 10 75 0.92 0.95 0.58 185.3 ~ 1164 "2T3T4 0.87 861 111 0.68 

207 W-RI 0.77 13 35 0.74 0.74 0.63 200.9 " -- 0.94 " 0.74 

208 W-RI 0.92 15 80 0.77 0.75 0.69 222. 9 - 1. 04 " 0.82 

209 N-RI 0.77 13 35 0.68 0.96 0.44 263 1.23 " 0 

210 W-CI 0.77 14 9 0.92 0.93 0.45 145.5 0.68 " 0.54 

211 N-CI 0 .77 14 9 0.59 0.96 0.25 155 •' " 0.73 '• 0 

212 W-RI 0.42 10 75 0.95 0.99 0.53 191.3 1101 17 7.5 1.08 414.5 0.46 

213 W-RI 0.53 13 35 0.88 0. 89 0.65 239.3 -- 1.35 " 0.58 

214 W-RI 0.63 15 80 0. 89 0.92 0.71 258.8 1.46 " 0.62 

215 W-RI 0.74 17 57 0.78 0.77 0.75 273.4 1. 54 " " 0.66 

216 N-RI 0.53 13 35 0.65 0.92 0.37 249 " 1.40 " " 0 

217 W-CI 0.53 14 9 0.96 0.98 0.42 153.4 -- " 0. 85 0.37 

218 N-CI 0.53 14 .9 0.60 0.88 0.20 135. 5 •' '• 0.76 " 0 

219 

220 

W-RI 

W-RI 

0.38 

0.44 

12 

14 

.98 

.64 

0.85 

0.79 

0.86 

0.76 

0.49 

0.57 

339.4 

395.5 

2393 352. 3 0.94 

1.09 

3034 791 .8 0.43 

0.50 

221 W-RI 0.50 16 .39 0. 85 0.82 0.61 428.1 " 1.18 0.54 

222 W-RI 0.63 20 .22 0.77 0.72 0.67 464. 3 '• 1.28 0.59 

223 N-RI 0.44 14 .64 0.67 0.95 0.37 473 " " 1.31 " 0 

224 W-CI 0.45 13 .0 0.93 0.93 0.45 310.3 0.86 " " 0.39 

225 N-CI j 0.45 13 .0 0.67 0.94 0.24 315 0.87 0 



TABLE IV TEST RESULTS OF FRENCH RESEARCH PROGRAMME [2] 

Testp. 

No. 

Type 
Chord gap 

g 

(mm) 

g/B 

E c c e n t r i 
c i t y 

e 

(mm) 

Bracings 
F , 
c 
u 

(kN) 

F 
t 
u 

^chord 

(kN) 

Type of 

f a i l u r e 
Testp. 

No. 

Type 
Dimensions (mm) A a 

" 2 
(N/mm ) 

A Qg 

(kn) 

gap 

g 

(mm) 

g/B 

E c c e n t r i 
c i t y 

e 

(mm) 

*) 

Dimensions 

(mm) 

t ( c ) 

(mm ) 

a ••> 
e 
(N/mm^) 

A 0 
e 

(kN) 

F , 
c 
u 

(kN) 

F 
t 
u 

^chord 

(kN) 

Type of 

f a i l u r e 
Testp. 

No. 

Type 

Section H B T t 
w 

r (mm ) 

a 
" 2 

(N/mm ) 

A Qg 

(kn) 

gap 

g 

(mm) 

g/B 

E c c e n t r i 
c i t y 

e 

(mm) 

*) 

Dimensions 

(mm) 

t ( c ) 

(mm ) 

a ••> 
e 
(N/mm^) 

A 0 
e 

(kN) 

F , 
c 
u 

(kN) 

F 
t 
u 

^chord 

(kN) 

Type of 

f a i l u r e 

3101 W-CI HE-100 A 96 100 8 5 12 2120 275 583 10 0 1 - i 82 p 60.3 - 4 5 789 310 244.6 204 8 290. 5 

3102 W-CI 256 543 - I 1 - 0 11 + 2, 44 0^ 76. 1 - 4 5 1010 240 242.4 218. 8 310. -

3103 W-CI 243 515 - 29 - 0 29 + 0. 78 9S 88. 9 - 5 4 1410 277 390.6 385 546. 1 

3104 W-RI 244 517 1 1 0 1 1 - .1. 48 ^ 60 - 5 0 1080 316 341 .3 332 5 471 . 5 

3105 W-RI 247 524 - 3 - 0 03 - 5. 25 ^ 70 - 5 0 1280 315 403.2 367 5 521 . 3 

3107 W-RI " 240 509 - 31 - 0 31 - 3 05 ^ 90 - 6 0 1996 263 524.9 402 5 570 9 

3201 W-CI HE-200 A 190 200 10 6.5 18 5380 240 1291 82 0 41 - 4. 85 52»' 76. 1 - 4 5 1010 260 262.6 274 8 389 7 

3202 W-CI I I 266 1431 64 0 32 + 0. 71 88. 9 - 5 4 1410 266 375. 1 402 5 570 9 

3203 W-CI " 358 1926 46 0 23 + 2. 53 / 1 0 1 . 6 - 7 I 2110 291 614 570 5 809 2 

3205 W-CI I I 347 1867 0 0 + 4. 05 f 139. 7 - 7 1 2960 250 740 700 992 9 

3206 W-CI I I 308 1657 - 43 - 0 22 - 0 84 168. 3 - 7 1 3600 278 1000.8 840 1191 5 

3207 W-RI I t 250 1345 77 0 39 - : 88 ^ 80 - 6 0 1760 263 462.8 402 .5 570 9 

3208 W-RI " 278 1496 63 0 32 + 1 04 90 - 6 0 1996 239 477 472 .5 670 .2 

3209 W-RI I t 326 1754 49 0 25 + 2 07 ^7 100 - ,7 0 2580 254 655.3 665 943 3 

3210 W-RI 310 1668 0 0 + 2. 31 r^'l35 - 7 0 3560 257 914.9 892 .5 1255 .9 

s) Nominal dimensions 

..) Determined on f u l l s e c t i o n 
*^) 

shear area A5 



TABLE IVA 

Testp. 

No. 

Type 
b + 
c t 

b 
c 

t 
c 

or 
d 
c 

t 
c 

F 
cu 

F 
t u ^chord 

F . s i n e 
c 
u 

F .cos 0 
c 
u 

Shear 

area 

A 
s 

Shear 

y i e l d 

load 
S 

( b l ) 

F . s i n 9 
c 
_ 

Reduced 

area 

A-A f o r 
s 

a x i a l load 
2 

(mm") 

Reduced 

a x i a l y i e l d 

load 

N 
y 

(toi) 

F .cos 0 
c 
u 

Coïïiinents 

Testp. 

No. 

Type 
2B 
or 

d + 
c t 
2B 

b 
c 

t 
c 

or 
d 
c 

t 
c 

' Ao 
^c.b 

Aa 
" t . b 

Ao 
chord 

F . s i n e 
c 
u 

F .cos 0 
c 
u 

Shear 

area 

A 
s 

Shear 

y i e l d 

load 
S 

( b l ) 

F . s i n 9 
c 
_ 

Reduced 

area 

A-A f o r 
s 

a x i a l load 
2 

(mm") 

Reduced 

a x i a l y i e l d 

load 

N 
y 

(toi) 

F .cos 0 
c 
u 

Coïïiinents 

Testp. 

No. 

Type 
2B 
or 

d + 
c t 
2B 

b 
c 

t 
c 

or 
d 
c 

t 
c 

' Ao 
^c.b 

Aa 
" t . b 

Ao 
chord 

F . s i n e 
c 
u 

F .cos 0 
c 
u 

Shear 

area 

A 
s 

Shear 

y i e l d 

load 
S 

( b l ) 

S 
y 

Reduced 

area 

A-A f o r 
s 

a x i a l load 
2 

(mm") 

Reduced 

a x i a l y i e l d 

load 

N 
y 

(toi) 

N 
y 

Coïïiinents 

3101 W-CI 0.6 13.4 0.84 0.84 0.50 144.8 988 157.5 0.92 1 132 311.3 0.47 

3102 W-CI 0.76 16.9 0.90 0.90 0.57 154.7 146.6 I .06 I I 
289.8 0.53 lap j o i n t 

3103 W-CI 0.89 ' 16.5 0.99 0.99 1 .06 272.2 139.2 1 .96 ( t 
275. 1 0.99 lap j o i n t 

3104 W-RI 0.6 12 0.97 0.97 0.91 235. 1 139.8 1 .68 276.2 0.85 

3105 W-RI 0.7 14 0.91 0.91 0.99 259.8 141 .5 1 .84 279 .6 0.93 lap j o i n t 

3107 W-RI 0.9 15 0.77 0.77 1 .12 284.6 137.5 2.07 I f 
271 .7 1.05 lap j o i n t 

3201 W-CI 0.38 16.9 M .0 -Ul .0 0.30 194.3 2234 310.9 0.62 3146 755 0.26 

3202 W-CI 0.45 16.5 •^ ' l .0 0,1 .0 0.40 284.6 344.6 0.83 836.8 0.34 

3203 W-CI 0.51 14.3 0.93 0.93 0.42 403.3 463.8 0.87 1 126.3 0.36 

3205 W-CI 0.7 19.7 0.95 0.95 0.53 494.9 449.6 1 .10 1091.6 0.45 

3206 W-CI 0.84 13.7 0.84 0.84 0.72 593.9 399 1.49 969 0.61 lap j o i n t 

3207 W-RI 0.4 13.3 0.87 0.87 0.42 284.6 324 0.88 786.5 0.36 

3208 W-RI 0.45 15 0.99 0.99 0.45 334. 1 360.2 0.93 874.6 0.38 

3209 W-RI 0.5 14.3 '^l.O 'ul .0 0.54 470.2 422.4 1.11 I I 
1025.6 0.46 

3210 W-RI 0.68 19.3 0.98 0.98 0.76 631 401 .6 1 .57 " 975.3 0.65 ' 




