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ABSTRACT 

'This r e p o r t  d e s c r i b e s  t e n  t e s t s  o f  s i n g l e  p a n c l  segments  o f  

t r i a n g u l a r  t r u s s e s  f a b r i c a t e d  from RliS and hexagonal  hol low s e c t i o n s .  

A t t e n t i o n  was d i r e c t e d  p r i m a r i l y  a t  t h c  behav iour  o f  t h e  j o i n t  wherc 

f o u r  web members a r e  connec ted  t o  t h e  t e n s i o n  chord .  Pa ramete r s  i n -  

v e s t i g a t c d  i n c l u d e d  t h e  s i z e  of t h e  gap,  t h c  r a t i o  o f  web rnembcr wid th  

t o  chord w i d t h ,  t h e  chord w a l l  width  t o  t h i c k n e s s  r a t i o ,  t h e  a n g l e  

bctwccn web p l a n e s  and t h e  shapc  o f  t h e  t e n s i o n  chord ( s q u a r e  and 

hexagona l ) .  

Observcd f a i l u r e  modes i n c l u d e d  web member b u c k l i n g .  chord w a l l  

d e f o r m a t i o n s  a t  t h e  j o i n t  and i n t e r a c t i o n  between t h e s e  two modes. 

hlethods o f  a n a l y s i s  o r  d e s i g n  developed f o r  p l a n a r  t r u s s  j o i n t s  may, 

i n  some c a s e s ,  be  a p p l i c a b l e  t o  t r i a n z u l a r  t r u s s e s .  I n  g e n e r a l ,  t h c  

t e s t  r e s u l t s  were found t o  l i e  w i t h i n  t h e  r a n g e  o f  t h e  p l a n a r  t r u s s  

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

and methods especially dcvc lnped  f o r  t r i a n g u l a r  t r u s s e s  a r e  necded.  
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I .  - 1 \;j !y~:#I'yjr'l'l 3s 
. . . . .. . - - .- - 

T h i s  r e p o r t  describes s t r u c t u r a l  t c s t s  on t e n  scgnlents o f  t r i a n g u l a r  

t r u s s c s  comprised o f  s q u a r c  and hexagonal t i1bu13r  ~ n c ~ n b e r s .  I h c  objectives 

o f  t h i s  p r o j e c t  wcrc 3s f o l l o l : ~ :  

" t o  s t u d y  t h c  behaviotrr  and d c v e l o p  appropriate d e s i g n  

p r o c c d u r c s  f o r  t h e  web t o  bottom chord conl iec t ions  i n  

t r u s s e s  o f  t r i a n g u l a r  c l -oss - sec t ion .  In  p a r t i c u l a r ,  

t h e  e f f e c t  of  two sets o f  ueb members i n  two d i f f e r e n t  

p l a n e s  b e i n g  a t t a c h e d  t o  t h e  bottom chord a t  t h e  same 

p o i n t  will be examined w i t h  a  view t o  u s i n g  p r e s e n t  

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

o r  a  modi f i ed  form." (1) 

T h i s  f i n 3 1  r e p o r t  on t h e  p r o j c c t  p r o v i d e s  a  su~nmary o f  a l l  tk~e work 

performed,  arid r c s u l t s  a r e  p r s s e l l t e d  i n  s ~ l f L ' i c i c n i  t i  t o  s u p p o ~ t  tile 

c o n c l u s i o n s  p r e s e n t e d .  Complcte d e t a i l s  a r e  presented i n  two more d e t a i . l c d  

r c p o r t s  ( 2 , 3 ) ,  and r e f e r e n c e  may a l s o  be  made t o  t ~ o  P r o g r e s s  Repor t s  (4,s). 

A l l  test  spccjmens  comprised o n e  p a n e l  o f  a  Warren t y p e  t r i a n g u l a r  

t r u s s ,  a s  shown i n  F ig .  1, and r e p r c s e n t  a  t r u s s  w i t h  o n c  t e n s i o n  chord 

and two c o n ~ p r e s s i o n  c h o r d s .  l i h i l c  p r imary  i n t e r e s t  was f o c u s s e d  on t h e  

j o i n t  o f  t h e  f o u r  iscb members t o  t h e  t e r l s ion  chord ,  a  t r u s s  panel was t e s t c d ,  

r a t h e r  t h a n  a n  i s o l a t c d  j o i n t ,  i n  o r d e r  t o  a c h i e v e  r e a l i s t i c  c o n d i t i o n s  i n  

t h e  web n ~ c m b e ~ s  f raming  i n t o  t h e  j o i n t  o f  interest. 

2. T1:ST SPECI~~lI~IUS 

2 . 1  Truss  Speci l i~cns  - 
The noininal d imens ions  o f  a l l  t r u s s  segments a r e  g i v e n  i n  F i g .  1, and  

nominal member s i z e s  a r e  g iven  i n  T a b l e  1. With t h e  e x c e p t i o n  o f  t h e  t e n s i o n  



chords  o f  t r u s s c s  6,  9 and 10,  a l l  mcmbcrs wcrc s q u a r e  IISS, p r o v i d c d  

by t h e  S t e e l  Company o f  Canada. The hexagonal members v c r c  p r o v i d e d  

by Tubcs de  l a  P rov idence ,  Lcxy, F rance .  

Ac tua l  v a l u e s  o f  t h e  s e l e c t e d  t e s t  p a r a m e t e r s  which i n f l u e n c e  t h e  

j o i n t  geometry and  s t r e n g t h  a r e  g i v e n  i n  T a b l c  2. For  specimens w i t h  

s q u a r e  t e n s i o n  chords  (nos .  1 t o  7 ) ,  t h e  p r i n c i p a l  v a r i a b l e s  were t h e  

a n g l c  between web p l a n e s  (90' and 60 ' ) .  t h e  r a t i o  o f  a v e r a g c  web member 

wid th  t o  chord  w i d t h ,  E, t h c  r a t i o  o f  c h o r d  wid th  t o  w a l l  t h i c k n e s s ,  y, 

and t h e  magni tude o f  t h e  j o i n t  gap.  Specimens w i t h  hexagonal  chords  

(Nos. 6  t o  10)  were e s s c n t i a l l y  i d e n t i c a l  e x c e p t  f o r  t h c  s i z e  o f  t h e  

i n c l i n e d  web members. 

For d e s i g n  purposes ,  t h e  t r u s s e s  were a n a l y s e d  a s  p i n  connec ted .  

The d e s i g n  o f  a l l  t h e  j o i n t s  i n i t i a l l y  fo l lowed  Ref .  6 ,  v h i c h  h a s  been 

used i n  Canada s i n c e  1971 f o r  t h e  d e s i g n  o f  two-dimensional  t r u s s c s .  

However, t h e  d e s i g n s  o f  spccimens  n o s .  6  t o  1 0  were  s u b s e q u e n t l y  r e v i s e d  

i n  an  a t t e m p t  t o  e n s u r e  j o i n t  f a i l u r e  i n  t h e s e  l a t e r  t e s t s ,  s i n c e  h i g h e r .  

j o i n t  s t r e n g t h s  were p r e d i c t e d  by o t h e r  d e s i g n  methods (7 ,6 ,9)  and,  i n  t h e  

f i r s t  t e s t  s e r i e s ,  s e v e r a l  specimens  showed relatively l i t t l e  j o i n t  d i s -  

t r e s s .  I n  o r d e r  t o  o b t a i n  j o i n t  f a i l u r e  b e f o r e  t h e  nle~nbcr f a i l u r e s ,  t h c  

f o l l o w i n g  changes  were  made i n  specimens nos .  6 t o  10:  

(1) t h e  t h i c k n e s s  o f  t h e  web members was i n c r e a s e d  t o  p r e v e n t  

them from b u c k l i n g  and y i e l d i n g .  (As a  consequence o f  t h i s ,  t h e  

new s i z e s  o r d c r e d  were n o t  from t h e  s a x e  h c a t  o f  s t c c l  a s  t h a t  o f  

t h e  o t h c r  mcmbcrs) ; 

(2) t h e  compress ion web mcmbers o f  spccimens  nos .  2  and 6 were 



r c i n f o r c c d  par t i iay  thioiigll t h c  t c s t  i n  o r d c r  t o  p r c v c n t  b u c k l i n g ,  

and ,  

(3)  t h e  bottom chords  o f  specinlens nos .  9 and 10 were p r e s t r e s s e d  

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

Neasurcd dimensions  o f  a l l  members a r e  g iven  i n  Refs .  2  and 3 ,  

and wcrc used i n  a l l  c a l c u l a t i o n s  o f  membcr r e s i s t a n c e s  and l o a d s ,  e t c .  

g i v e n  i n  t h i s  r e p o r t .  I n  a  number o f  c a s e s ,  i n c o r r e c t  members were  

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

g i v e n  i n  Tab le  1. 

2.2 M a t e r i a l  Properties and F a b r i c a t i o n  -- 
The specimens  were f a b r i c a t e d  from iiSS men~bcrs which wcre  e i t h e r  

h o t  formed t o  f i n a l  s h a p e  o r  c o l d  formed t o  f i n a l  shape  and s t r e s s  r e l i e v c d .  

For t h e  s q u a r e  IISS, CSA G40.20 C l a s s  I 1  and CSA G40.21 Grade SON l i e re  

s p e c i f i c c l .  (The web members o f  specimen no. 7 ,  however, appeared  t o  be  

o f  CSA G40.21M Grade 4SOIV.) For t h e  h c x a ~ o n a l  'ISS, g r a d e  L-21 s t e e l  o f  

t h e  Frcnch s t a n ~ l a r d s  was s p e c i f i e d .  The minimun~ spec i i ' i ed  p r o p c r t i e s  for.  

t h e s e  n ~ a t c r i a l  s p e c i f i c a t i o n s  a r e  g i v e n  i n  Tab le  3 .  

Three  t e n s i l e  t e s t  coupons were  t e s t e d  f rom each member m e e t i n g  

a t  t h e  j o i n t  o f  i n t e r e s t ,  and were  s e l e c t e d  from tube  w a l l s  0 t h ~ ~  t h a n  

t h e  one c o n t a i n i n g  t h c  seam. Average r e s u l t s  f o r  t h e s e  tests  a r c  g iven  

i n  Tab le  4  f o r  each member. 

The specimens  \<ere a r c  welded manual ly  u s i n g  low hydrogen e l c c t r o d c s  

o f  t h e  E-180XX s e r i e s  (ultimate t e n s i l e  s t r c n g t h  = 460 UPa). F i l l c t  we lds  

were d e s i g n c d  f o l l o w i n g  Ref.  6 ,  and t h e  v c l d  d e t a i l s  a t  t h e  j o i n t s  under  

s t u d y  a r e  shown i n  F ig .  2. A reduced shop drawing o f  one specimen i s  shown 

i n  F i g .  3 .  





took p l x c e  i n  t h c  same ways a s  f o r  a l l  o t h e r  specjmcns .  The s m a l l  v c r -  

t i c a l  component o f  t h e  l o a d  a p p l i e d  by t h i s  r i g ,  which r e s u l t c d  from 

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

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

The r e a c t i o n  f ramcs ,  t e n d o n s ,  and c o n n e c t i o n s  t o  t h e  specimens  

were d e s i g n e d  t o  r e s i s t ,  a t  u l t i n ~ a t c ,  chord l o a d s  o f  1780 kN, c o r r e s -  

ponding t o  a  v e r t i c a l  l o a d  o f  630 kt4 a t  t h e  end o f  t h e  t r u s s  scgmcnt.  

I n  t h i s  r c p o r t ,  t h e  t e n s i o n  chord i s  r e f e r r e d  t o  a s  t h e  bottom 

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

however, t h a t  i n  t h e  i n v e r t e d  t e s t  p o s i t i o n  t h i s  chord  i s  i n  f a c t  upper-  

most .  

3 .2  I n s  t r i m e n t a t i o n  

I n s t r u m e n t a t i o n  comprised e l e c t r i c  r e s i s t a n c e  s t r a i n  gaugcs  and 

mechanical  d e f l c c t i o n  ( d i a l )  gauges .  D c t a i l s  o f  t h e  ~ n c a s u r c n ~ c n t s  t a k c n  

and t h c  quantities d c r i v e d  a r e  g iven  below. 

3 . 2 . 1  Nember S t r a i n s ,  Member .Axial Forccs  :and Bcnding Noments 

S t r a i n  gauges  were  l o c a t e d  a t  t h e  t h i r d  p o i n t  s e c t i o n s  o f  t h e  

bot tom chord and of  t h e  compress ion and t e n s i o n  web members, and i n  

a d d i t i o n  some gauges  were p l a c e d  a t  t h e  c e n t r e s  o f  t h e  web compress ion 

members. F i g .  7  shows t h e  l o c a t i o n s  o f  t h e  s e c t i o n s  on t h e  membcrs and 

F i g s .  8 and 9 show t y p i c a l  l o c a t i o n s  o f  s t r a i n  gauges  a t  cach o f  t h e s e  

s e c t i o n s  on a  spccimen w i t h  s q u a r e  and hexagonal tcmsion c h o r d s  r e s p e c -  

t i v e l y .  

Thc member a x i a l  f o r c e s  and bending moments were o b t a i n e d  f r ~ m  

t h e s e  measured s t r a i n s ,  and from t h e  s c c t i o n  dimensions  and m:l ter in l  

p r o p e r t i e s ,  by surnn~ing t h e  stress d i s t r i b u t i o n s  round t h e  s c c t i o n s  . 



' lhcsc c a l c u l ~ t c d  mcrnbcr a x i a l  Eorccs and bending ~xomcnts a r c  g i v e n  i n  

f u l l  i n  Kcfs .  2 and 3 .  Computer programs used f o r  t h i s  d a t a  r e d u c t i o n  

a r e  g i v e n  i n  Ref.  3 .  

3 . 2 . 2  Neasurcd and C o r r e c t c d  J o i n t  ne fo rmat ions  Along - t h e  kves  

o f  t h e  Web Nc~nbers 

J o i n t  d e f o r m a t j o n s  were  mcasurcd p a r a l l e l  t o  t h e  a x e s  o f  t h e  com- 

p r e s s i o n  and t e n s i o n  web members r c l a t i v e  t o  a p l a t e  t a c k  welded normal 

t o  t h e  a d j a c e n t  u n a t t a c h e d  w a l l  o f  t h e  t e n s i o n  chord ,  a s  shown i n  F i g .  10.  

Along each  t c n s i o n  wcb member, one  d i a l  gauge n c a s u r e d  d i r e c t l y  

t h e  j o i n t  de fo rmat ion .  Along each compress ion web member, two d i a l  gauges  

werc used  t o  measure b o t h  t h c  de fo rmar ion  and t h e  r o t a t i o n  due  t o  t-he o u t  

o f  t h e  web p l a n c  bend ing  of t h e  xeb  member. By c o r r e c t i n g  f o r  t h i s  r o t a t i o n ,  

t h e  j o i n t  d e f o r m a t i o n  a l o n g  t h e  web membcr c c n t r e l i n e  was c a l c u l a t e d .  Rota- 

t i o n s  due  t o  t h e  bend ing  o f  t h e  wcb members i n  t h e  web p l a n e s  were a l s o  

mcasured \<it11 t h e  d i a l  gauges  s e t  p e r p e n d i c u l n r l y  t o  t h c  wcb members. 

These r o t a t i o n s  d i d  n o t  a f f e c t  t h e  rncasuren~ents o f  t h e  deformations a l o n g .  

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

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

I n  t h e  c a s e  of T r u s s e s  I t o  5, o n l y  one  d e f l e c t i o n  measuremcnt was 

made p a r a l l e l  t o  t h e  a x i s  o f  t h e  web c o ~ n p r e s s i o n  member, and hence  t h c  

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

s i n c e  i t  i n c l u d e s  a  component resulting from t h c  r o t a t i o n .  \\'here com- 

p a r i s o n s  a r c  made i n  t h c  f o l l o w i n g ,  between j o i n t  defor!nations o f  any  o f  

T r u s s e s  1 t o  5 w i t h  t h o s e  of T r u s s c s  6 t o  10,  t h e  uncorrected v a l u e s  have 

t h e r e f o r c  been used  f o r  t h e  l a t t c r .  Tlie ar rangement  o f  d i a l  gauges  f o r  

T r u s s  No. 7 i s  shown i n  F i g .  l l ( a ) .  



I n  t e s t s  Nos. 1 t o  7, t h i s  a r r a n ~ c m c n t  was s a t i s f a c t a r y  bccausc  

t h e  chord  s i d c  h a l l s  bulged o u t  v e r y  l i t t l e ,  a t  l c a s t  i n  t h e  e a r l y  s t a g e s  

o f  l o a d i n g ,  and t h e  p l a t c s  s t a y c d  i n  p o s i t i o n .  I n  t h e  f i r s t  t e s t  o f  :I 

hexagonal  s e c t i o n ,  No. 10,  t h e  ~ncasurements  became m r c l i a b l e  whcn t h e  

chord s i d e  walls deformcd s i g n i f i c a n t l y  o u t - o f - p l a n e  and hence  r o t a t c d  

t h e  p l a t c s .  I n  t h e  l a t e r  t e s t s ,  (Nos. 8 and 9) t l i c r e f o r e ,  b e c a u s e  s i m i l a r  

chord d e f o r m a t i o n s  werc e x p c c t e d ,  t h e  p l a t e s  wcrc s u p p o r t e d  away from t h c  

j o i n t  and ex tended  t o  overhang  i t .  T h i s  a r r n r ~ g c ~ n e n t  proved s a t i s f a c t o r y  

and i s  shovn i n  F i g .  11 (b) . 
3 . 2 . 3  S h e a r  Deformat ion of t h e  Eottom Chord (Hcasuretl on  Specimens 

Nos. 8 and 9 o n l y )  

The t r a n s v c r s c  d e f o r m a t i o n  o f  t h e  bottom chord on one  s i d e  o f  t h e  

j o i n t  i n  r e l a t i o n  t o  t h e  o t h e r  s i d e  was measured on . spec imens  Nos. 8 arid 

9, w i t h  d i a l  gauges  p l a c e d  t r a n s v e r s e l y  t o  one s i d e  o f  t h e  chord  and 

a t t a c h e d  t o  a b a r  f i x e d  on t h e  o t h e r  s i d e  o f  t h e  chord .  T h i s  a r rangemcnt  

i s  shown i n  F i g .  l l ( c ) .  The r e c o r d e d  de format ion  was a measure o f  t h e  . 
s h e a r  d e f o r m a t i o n  o f  t h e  bot tom chord a t  t h e  j o i n t  b u t  a l s o  reflected, t o  

a l e s s e r  d e g r e e ,  some bend ing  i n  t h e  chord .  

3 . 2 . 4 ,  Mid-Length Transverse D e f l e c t i o n s  and Curr la turcs  of t h e  

Co~npress ion  Neb hiembers 

The t r a n s r r e r s e  d e f l e c t i o n s  were measured bo th  i n  and o u t  o f  t h e  

web p l a n c s  by two d i a l  gauges  f i x e d  t o  a b a r  s u p p o r t e d  a t  t h e  ends  o f  t h e  

c o n ~ p r e s s i o n  web members. 'Illis arrangcmcnt  i s  shovn i n  F i g .  l l ( d ) .  The 

t r a n s v e r s e  deflections and t h c  c u r v n t u r c s  o b t a i n c d  from t h e  s t r a i n s  a t  

t h e  mid- leng th  were used  t o  d e t e c t  t h e  bending and t h e  b u c k l i n g  o f  t h e  

compress ion web n~enlbcrs bo th  i n  and o u t  o f  t h c  p l a n e s  o f  t h e  webs. 



3.2.5 Spccinlcn O v e r a l l  Ncnsurcd Deformations 2nd Cor rcc ted  

Truss  L k f l r c t i o n s  

The o v r r d l l  d c f o l m a t i o n s  a t  t h e  cnds o f  t h c  t r u s s e s  wcrc mcasurcd 

w i t h  d i a l  gauges  p l a c e d  a t  each c o r n e r  a s  shown i n  F i g .  1. The c u r v e s  

showing t h e  t r a n s v e r s e  d e f l e c t i o n s  o f  one end o f  t h e  t r u s s e s  r c l a t i v e  t o  

t h e  o t h e r  end wcrc o b t a i n e d  by s u b t r a c t i n g  from t h e  measured t r u s s  defor~n;l-  

t i o n s  t h e  r i g i d  body components due t o  t h e  f l e x i b i l i t y  o f  t h c  t e s t i n g  r i g .  

3 . 3  Loading 

Loads wcre a p p l i e d  by means o f  h y d r a u l i c  j a c k s ,  and a t  l e a s t  t e n  

l o a d i n y  s t e p s  wcre used i n  each t e s t .  Readings were t a k e n  a t  each l o a d i n g  

s t e p  j u s t  a f t e r  a p p l y i n g  t h e  l o a d s .  I n  t e s t  No. 3,  t h e  i n i t i a l  uniform 

t e n s i o n  a p p l i e d  by t h e  second l o a d i n g  r i g  was main ta ined  c o n s t a n t  th rough-  

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

chords  o f  T r u s s c s  9  and 10 were i n c r e a s r d  p r o p o r t i o n a t c i y  w i t h  t h c  t r a n s v e r s e  

s h e a r .  A t  each s t e p ,  t h e  s h e a r  load  was a p p l i e d  f i rs t  fo l lowed  by t h e  p r e -  

s t r e s s i n g  l o a d  and t h e  r e a d i n g s  werc t h e n  t a k e n .  

4. ANALYSIS AKD DLSIGS ASPECTS 

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

nle~nber s t r e n g t h s  a r e  o u t l i n e d .  

4 . 1  J o i n t  S t r e n g t h s  

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

t r u s s e s  such a s  t h o s e  c o n s i d c r e d  h e r e i n ,  p r e v i o u s  r e s u l t s  used i n  d e s i g n  

and r e s e a r c h  and developed f o r  j o i n t s  i n  p I a n n r  t r u s s e s  were examined. 

I n  t h e  c a s e  o f  a  90' t r i a n g u l a r  t r u s s  wi th  a s q u a r e  t e n s i o n  chord,  t h e  web 

members l i e  i n  a  p l a n e  u h i c h  i s  nolinal t o  t h e  w a l l  o f  t h e  chord t o  which 

they a r e  a t t a c h e d .  The s m c  i s  t r u e  o f  a  60' t r u s s  wi th  an hexajionnl 

chord.  I n  t h c s c  c a s c s ,  if t h e  j o i n t  r c s i s t a n c c  is d e t c m i n e d  by d c f o m a -  



t i o n s  o f  t h e  chord  w a l l  t o  which t h e  wcb n~embcrs a r c  a t t a c h c d ,  o r  by 

l i m i t i n g  b e h : ~ v i o c r  i n  t h e  wcb mc~iibcrs, it i s  r e a s o n a b l e  t o  e x p c c t  somc 

c o r r c l ; ~ t j o n  b c t u c e n  t h c  p l a n a r  and t r i a n g u l a r  t r u s s  jo . in t  b e h a v i o u r .  

I f ,  on t h e  o t h e r  hand,  t h e  j o i n t  r e s i s t a n c e  i s  govcrncd by f x i l u r c  modcs 

i n v o l v i n g  t h e  u n a t t a c h e d  chord  w a l l ,  t h e  l o s s  o f  symmetry a b o u t  t h c  web 

p l a n c  would p r e c l u d e  a  c l o s c  c o r r e l a t i o n .  'Illis l a c k  o f  symmetry will 

a l s o  e x i s t  i n  t h e  c a s e  o f  t h e  60' t r u s s  w i t h  a  s q u a r c  t c n s i o n  chord .  

Of t h e  t e n  t c s t  specimens ,  e i g h t  co r respond  t o  t h e  c o n d i t i o n s  d e s c r i b e d  

abovc,  which p o t e n t i a l l y  cou ld  l c a d  t o  s i m i l a r  b e h a v i o u r  o f  t h c  p l a n a r  

and t r i a n g u l a r  t r u s s  j o i n t s ,  and t h i s  j u s t i f i e s  an  examina t ion  o f  p l a n a r  

t r u s s  j o i n t  s t r e n g t h  p r e d i c t i o n s .  

Sevcn 05 t h e  t e n  s p c c i n ~ e n s  had RR-type j o i n t s  (IUiS web t o  RMS 

chord members) and t h e  j o i n t  s t r e n g t h  p r o p o s a l s  examined f o r  t h e s e  wcrc  

t h e  S h e f f i e l d  c u r v e ( l O j ,  t h e  Corby c u r v e s  i 7 ) ,  t h e  D e l f t  equa t ion( ' ' ) ,  and  

t h e  computer program developed by Packer"). R e s u l t s  o b t a i n e d  from t h e s e  

f o u r  methods a r e  g i v c n  f o r  t h e s e  seven  t e s t  specimens i n  T a b l e s  7 t o  13.  . 
The f i rs t  t h r e e  o f  t h e s e  methods a r e  concerned w i t h  j o i n t  b e h a v i o u r  

o n l y .  On t h e  o t h c r  hand,  t h e  Packer program n o t  o n l y  i n c l u d e s  s e v e r a l  

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

f a i l u r e  and T a b l e s  7  t o  1 3  g i v e  l o a d s  a t  which f o u r  o f  t h c s e  a d d i -  

t i o n a l  forms o f  behav iour  a r e  p r e d i c t e d .  'Iliese a r e  t h e  fo l lowirrg:  j o i n t  

de fo rmat ion  e q u a l  t o  1; o f  t h e  chord w a l l  wid th ;  i n i t i a l  y i e l d ;  and two 

l o c a l  b u c k l i n g  rnechnnism i n  the web c o n p r c s s i o n  mcmber, one c o r r e s p o n d i n g  

t o  a x i a l  compress ion i n  t h e  member (MI) and t h e  o t h e r  c o r r e s p o n d i n g  t o  

r o t a t i o n  o f  i ts  cnd a t  t h e  j o i n t  (A12). 



I h r e e  specimens  i n  t h e  t c s t  prozram had Rtles-type j o i n t s  [RllS 

web t o  HesilS (I lcsagonal l l o l l o i ~  S c c t i o n )  chord  members], f o r  which no 

dcs igi i  method was a v a i l a b l e .  ' Ihese c a s e s  were investigated by a d a p t i n g  

j o i n t  s t r e n g t h  p r o p o s a l s  f o r  both  RR-  and CC-Planar j o i n t s  (CHS web t o  

CIIS chord members). The RR-planar j o i n t  s t r e n g t h  nictliods used  were  t h e  

S h e f f i c l d  c u r v c ,  t h e  Corby c u r v c s ,  and t h e  D e l f t  e q u a t i o n  ment ioned 

above.  The CC-planar j o i n t  s t r e n g t h  methods werc tlie S t e l c o  e f f i c i e n c y  

diagrams and t h e  D e l f t  e q u a t i o n  f o r  CC- jo in t s .  

S e v c r a l  a s sumpt ions  were made i n  o r d e r  t o  a d a p t  t h e s e  methods t o  t l ic  

hexagonal  s e c t i o n  chords  a s  f o l l o w s :  ( a )  t o  assume b o t h  c i r c u l a r  and 

s q u a r e  c h o r d s  w i t h  t h e  same c r o s s - s e c t i o n a l  a r c a  and w a l l  t h i c k n e s s  a s  

t h e  hcxagonal  s e c t i o n ,  (b) t o  assume a  c i r c u l a r  s e c t i o n  w i t h  t h e  same 

w a l l  t h i c k n e s s  and with d i a m e t e r  e q u a l  t o  t h e  d i s t a n c e  between p a r a l l e l  

w a l l s  o f  t h e  hexagon and (c )  t o  assume a  s q u a r e  s e c t i o n  \ $ i t h  t h e  same w a l l  

t h i c k n c s s  and w i t h  w a l l s  equal  i n  wid th  t o  one w a l l  o f  t h e  hexagon. 

R e s u l t s  from t h e s e  a n a l y s e s  a r e  g i v e n  i n  T a b l e s  14 t o  1 6 .  

Shear  S t r e n ~ t l i  o f  t h e  Chord 

? h e  maximum s h e a r  s t r e s s  i n  a n  HSS s e c t i o n  o c c u r s  a t  t h e  c e n t r o i d a l  

a x i s .  By i n t r o d u c i n g  a n  e l a s t i c  s h e a r  c o n s t a n t ,  CS, and u s i n g  t h c  von Nises 

y i e l d  c r i t c r i o n ,  t h c  s h e a r  f o r c e  on an tISS s e c t i o n ,  when t h e  maximum s h e a r  

s t r e s s  r e a c h e s  y i c l d ,  i s  g i v e n  by: 

wherc Cs c a n  be  c a l c u l a t e d  by e l e m e n t a r y  t h c o r y .  

The chord mcmber i n  an  llSS t r u s s  a t  3 gap j o i n t  i s  s u b j e c t e d  t o  t l i c  

s h e a r  l o a d  from t h e  v e r t i c a l  components o f  f o r c e  i n  t h e  iceb members. I f ,  

f o r  s i ~ u p l i c i t y ,  t h e  c f f e c t  o f  t l ie  a x i a l  load  i n  t h e  chord  membcr i s  



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

E q .  4 . 1 .  

4 . 2 . 1  P l a n a r  T r u s s e s  

I n  p l a n a r  t r u s s e s ,  t h e  e l a s t i c  s h e a r  s t r e s s  d i s t r i b u t i o n  i n  an  RMS 

chord  is a s  shown i n  F i g .  1 2 ( a ) .  Thc chord  s h e a r  r e s i s t a n c e  corresponding 

t o  i n i t i a l  y i e l d  c a n  be  o b t a i n e d  from F,q. 2.1 ,  whcre C h a s  been g i v e n  
s 

v a r i o u s l y  a s :  

from S t e l c o  (12) :  C = 2h0 , f l a t ' t 0  
S 

where h o , f l s t  i s  t h e  f l a t  p o r t i o n  o f  t h e  chord  s i d e  w a l l s ,  

from Elouty (13) :  Cs = 2h ' t  
0  0  

from Wardenier  (9 ) :  C = 2(h0 + 2 t O ) ' t 0  
s 

4.2.2 T r i a n g u l a r  T r u s s c s  -- 

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

RHS and tlextIS c h o r d  n~cmbcrs a r e  a s  shown i n  F i g .  1 2 ( b ) .  The e l a s t i c  s h e a r  

c o n s t a n t s  a r e :  

f o r  an  RHS c h o r d  member: C - 0 .47  A 
5 0 '  

f o r  an  HextlS c h o r d  member: C - 0.48 A 
s 0  (4 .6 )  

The s h e a r  s t r e s s  d i s t r i b u t i o n  i n  t h e  chord member, when f u l l  y i e l d  

i s  r e a c h e d  is shown i n  F ig .  1 2 ( c ) .  The f u l l  y i c l d  s h c a r  resistance can b c  

o b t a i n e d  from Eq .  4 . 1  u s i n g  t h e  f o l I o w i n g  p l a s t i c  s h c a r  c o n s t a n t s :  

f o r  an NIS chord  member: C - 0 .71  A ~ ,  (4.7) 
s. P  

f o r  an  HexMS c h o r d  n~emher: C = 0 .67  AO 
s ,P. 

( 4 . 8 )  

The u l t i m a t c  s h c a r  r e s i s t a n c e  o f  IUIS and IlestlS chord n~embers i n  t r i a n g d a r  

t r u s s e s  may be expcc ted  t o  be  bounded by t h c  f i r s t  y i e l d  and t h e  f u l l  y i u I d  

s h e a r  resistances. 



I n  p l a n a r  t r u s s e s  w i t h  gap j o i n t s ,  t h e  s h e a r  f a i l u r e  o f  t h e  chord member 

generally becomes c r i t i c a l  f o r  v a l u e s  o f  B = (b  + b  ) /Zb g r c a t e r  t h a n  a b o u t  
1 2 0 

0.8. I n  t r i m g u l a r  t r u s s e s ,  s i n c e  t h e  web members a r e  u s u a l l y  s m a l l e r  t h a n  i n  

p l a n a r  t r u s s c s  becausc  t h e  s h c a r  i s  c a r r i e d  by two s e t s  o f  web mcmbers, i t  can  

b e  expec ted  t h a t  f o r  gap j o i n t s  t h e  s h e a r  f a i l u r e  o f  t h c  c h o r d  w i l l  become 

c r i t i c a l  a t  lowcr  v a l u e s  o f  B. 

4 .3  T r u s s  Member S t r e n g t h s  

The s t r e n g t h s  o f  t h e  t e n s i o n  and compression members o f  t h e  t e s t  t r u s s e s  

a r e  d i s c u s s e d  i n  subsequen t  s e c t i o n s  i n  r e l a t i o n  t o  t h c  j o i n t  s t r e n g t h s .  

Tension member s t r e n g t h s  a r e  c a l c u l a t e d  a s  t h e  p r o d u c t  o f  t h e  c r o s s -  

s e c t i o n a l  a r e a  and t h c  y i e l d  s t r e s s .  I n  a l l  c a s e s ,  r c s u l t s  a r e  based on 

measured dimensions  and measured m a t e r i a l  p r o p e r t i e s .  

Compression nember strengths have been e v a l u a t e d  by means o f  column 

s t r e n g t h  curve  KO. 1 proposed by t h c  S t r u c t u r a l  S t a b i l i t y  Research Counci l  (14 . )  

T h i s  i s  t h e  uppermost s t r e n g t h  c u r v e  o f  t h r e e ,  and has  been f o u t d  t o  b e  a p p l i -  

c a b l e  t o  tlSS compress ion members o f  h o t  r o l l e d  o r  c o l d  r o l l e d ,  s t r e s s  r e l i c v e d  

m a t e r i a l .  

Compression web member s t r e n g t h s  have been e v a l u a t e d  f o r  s e v e r a l  

d i f f e r c n t  e f f e c t i v e  l c n g t h  f a c t o r s  K, namely 0.7,  0 .9 and t h e  v a l u e  based 

upon t h c  method r e c e n t l y  proposcd i n  a CIDECT r e p o r t  (15) .  

5. TEST RESULTS AND DISCUSSION 

The e l a s t i c  bel.nviour o f  t h e  t r u s s e s  is d e s c r i b e d  below i n  55.1,  and 

i n  55.2 t h e  i n d i v i d u a l  t r u s s  behav iour  a t  u l t i m a t e  l o a d  i s  d i s c u s s e d  i n  

r e l a t i o n  t o  t h e  v a r i o u s  observed  f a i l u r c  modes. I n  55.3, t h e  i n f l u e n c e  o f  

t h e  main t e s t  pnramete rs  i s  d i s c u s s e d  and compared. 

5 . 1  E l a s t i c  Bchaviour o f  T r u s s  Specimens 

E l a s t i c  a n a l y s e s  o f  t h e  spccimens wcre made w i t h  t h r c e  d i f f e r c n t  

models, u s i n g  t h e  computer program SAP(25). These models assumed (a )  p inned 

j o i n t s ,  (b)  r i g i d  j o i n t s  w i t h  z c r o  e c c e n t r i c i t i e s  and ,  f o r  T r u s s c s  6 t o  10 ,  

(c) r i g i d  j o i n t s  wi th  approximated c c c c n t r i c i t i e s .  F ig .  1 3  shows t h e s e  



t h r c c  models f o r  s p c c i n ~ c n  So.  6 .  l l i c  nlcinber s c c t i o n  p r o p c r t i c s  wcrc based 

on measurcd d i ~ n c n s i o i ~ s ,  and t h c  nominal mcmber l c n g t h s  wcrc used .  

Thc a n a l y t i c a l  a x i a l  f o r c e s  o h t a i n e d  from t l i c  t h r c c  models a g r e e  

w i t h i n  3' i n  t h e  wors t  c a s e  and w i t h i n  1; i n  r , :os~  c a s e s .  Thc e x p e r i m e n t a l  

a x i a l  f o r c e s  o f  a l l  t h e  specimens  a g r e e  w e l l  w i t h  t h c  a n a l y t i c a l  v a l u e s .  

The e x p c r i m c n t a l  a x i a l  f o r c e  i s  82% o f  t h e  a n a l y t i c a l  v a l u e  (modcl ' a ' )  

i n  t h e  w o r s t  c a s c ,  99% i n  t h e  b e s t  c a s e ,  and abou t  9 5 ;  on a v e r a g c .  

As e x p c c t c d ,  t h e  a n a l y t i c a l  bending monients o b t a i n e d  from t l i c  t h r e e  

models d i f f e r  c o n s i d c r a b l y .  Thc bend ing  moments from modcl ' a '  a r e  z e r o ,  

w h i l e  t h o s e  from model ' b '  a r e  d i f f e r e n t  and s m a l l e r  t h a n  t h o s e  from model 

c .  P resun~ab ly ,  b e c a u s e  o f  t h e  i n a d e q u a c i e s  o f  t h e  a n 3 l y t i c a l  models,  

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

F i g .  14 shows t h c  a x i a l  f o r c c  d i s t r i b u t i o n  i n  spccinicn ho. 6 o b t a i n e d  

from a n a l y s i s  ' a '  t o g c t h e r  w i t h  experimental p o i n t s .  F i g .  15  shows t h e  

bending moment d i s t r i b u t i o n  o b t a i n e d  from ' c '  t o g e t h e r  w i t h  e x p e r i m e n t a l  

p o i n t s .  

Thc a n a l y t i c a l  o v e r a l l  d e f l e c t i o n s  o b t a i n e d  from t h e  t h r e e  models a g r e e  

w i t h i n  abou t  10";. The d e f l e c t i o n s  o b t ; ~ i n c d  from models ' a '  and ' b '  a r e  

s m a l l e r  t h a n  t h o s e  from model ' c ' .  The e x p c r i m e n t a l  o v e r a l l  deflections 

o f  a l l  t h e  specimens  a g r e e  w c l l  w i t h  t h c  a n a l y t i c a l  v a l u e s  from t h e  com- 

p u t e r  programs. For s p e c h e n s  6 t o  1 0 ,  t h e  e x p e r i m e n t a l  v a l u c s  v e r c  SO t o  

104% of t h e  p r e d i c t e d  v a l u e s   using model c  a s  sho~qn i n  T a b l e  5 .  

5 . 2  Observcd hlodcs o f  F a i l u r e  - 

A sununary o f  t h e  t e s t  behav iour  and t h c  modc o f  f a i l u r e  o f  e a c h  

i n d i v i d u a l  t r u s s  i s  g i v e n  i n  T a b l e  6, and Tab les  7 t o  16 z i v e ,  f o r  each 

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

d i s c u s s e d  i n  54 ,  t o g e t h e r  w i t h  t h c  masinlwn e s p c r i n ~ c n t a l  loud .  I n  t l i c  



f o l l o w i n g  compar isons  w i t h  t h e  predicted v a l n c s ,  i t  s h o u l d  be r e c a l l e d  

t h a t  t h e  p r e d i c t e r !  v a l u e s  a r e  based on p l a n a r  t r u s s  j o i n t s  and t h u s  do 

n o t  c o n s i d e r  t h e  p r c s c n c e  o f  a second wcb p l a n e .  Complete d e s c r i p t i o n s  

o f  each i n d i v i d u a l  t e s t  a r e  g i v e n  e l s e w h e r c  ( 2 , 3 ) ,  and i n  t h e  f o l l o w i n g  

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

mode o f  f a i l u r e ,  and Tab le  1 7  g i v e s  a  summary o f  t h e  o b s e r v a t i o n s  a c c o r d i n g  

t o  t h e s e  modes. Each specimen a f t e r  t e s t  i s  i l l u s t r a t c d  i n  F i g .  16 where 

t h e  predominant  d c f o r m a t i o n s  a r e  shown. T r u s s  Xo. 7  i s  n o t  i n c l u d e d  s i n c e  

no  s i g n i f i c a n t  d c f o l m a t i o n s  were  obse rved  i n  t h e  t e s t ,  and f o r  T r u s s  Xo. 3,  

t h e  web mcmber b u c k l i n g  shown was accompanied by s i g n i f i c a n t  chord  w a l l  

d e f o r m a t i o n s  which a r e  n o t  v i s i b l e .  

5 .2 .1  J o i n t  F a i l u r e s  

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

a x i s  o f  t h e  comprcs r ion  web member on t h e  s i d e  where t h e  d e f o r m a t i o n s  were 

l a r g e s t  a r e  g i v e n  i n  F i z .  17 .  I n  T e s t s  No. 1, 5-2 ,  9, and 10,  t h e  chord  

w a l l s  show a  sudden l o s s  o f  s t i f f n c s s  a l o n g  t h e  compress ion web members . 
and t h e  u l t i m a t e  r e s i s t a n c e  o f  t h e  j o i n t  ms c o n s i d e r e d  t o  have been 

c l o s e l y  approached .  

. I n  T e s t  Xo. 1, s i g n i f i c a n t  j o i n t  d e f o r m a t i o n s  o c c u r r e d ,  and i n t e r -  

a c t e d  w i t h  t h e  b u c k l i n g  o f  t h c  compress ion web members, and a l l  t h e  j o i n t  

s t r e n g t h  p r e d i c t i o n s  seemed t o  b e  u n c o n s e r v a t i v e ,  a s  shown i n  T a b l e  7.  

The S h e f f i e l d  p r e d i c t e d  j o i n t  s t r e n g t h  was, however, o n l y  2% h i g h e r  t h a n  

t h e  maximum a p p l i c d  i n  t h e  t e s t ,  whereas  t h e  o t h e r  t h r e e  p r e d i c t e d  v a l u e s  

based on t h e  Corby, D e l f t  and Packer  methods were 47%,  30" and 36"" h i g h e r  

t h a n  t h e  t e s t  v a l u e .  

F o r  T e s t s  8 - 2 ,  9 and 10,  v a r i o u s  " e q u i v a l e n t "  s e c t i o n s  were ass imed ,  

a s  d e s c r i b e d  i n  54.1,  i n  a n  a t t e m p t  t o  p r e d i c t  t h e  hexagonal  chord  j o i n t  



s t r eng th  using p lanar  t r u s s  s t r eng th  predictions. These va lucs  a r c  shown 

i n  l'ablcs 14 t o  16, but  i n  view of the  observcd modes o f  f a i l u r e ,  which 

involvcd i n  a l l  cases a f l a t t e n i n g  of t h e  chord cross-sec t ion  undcr thc  

combined a c t i o n  o f  t h e  two comprcssion web mcmbers, i t  i s  u n l i k c l y  t h a t  the  

p rcd ic t cd  va lues  can havc much meaning. Indeed, l i t t l e  cons is tency i s  

cvidcnt  from t h e  r e s u l t s  i n  Tablcs 1 4  t o  16. 

In Tes t s  No. 5, 4 and 6, t h e  l o s s  o f  s t i f f n e s s  o f  t h e  chord wa l l s  

under thc  wcb members was gradual and the  j o i n t  deformations i n t e r a c t e d  

with t h e  buckling of the  compression web me~~lbers. I n  each case,  t hc  j o i n t  

s t i f f n e s s  i n  t h e  d i r e c t i o n  o f  the  comprcssion vcb member remains p o s i t i v e  

when t h e  u l t i a a t c  load corresponding t o  web membcr buckling is reachcd. 

I n  Tes t s  No. 2-s,  5 and 7, t he  measured defamation of t h c  chord 

w a l l s  along t h e  axes o f  the  web members was very small,  and primary f a i l u r c  

was not  a s soc ia t ed  with thc  j o i n t .  

The a p p l i c a t i o n  of p l ana r  t r u s s  j o i n t  p r e d i c t i o n s  t o  t r i a n g u l a r  

t r u s s e s  is only  appropr i a t e  i f  the  connected wa l l s  o f  thc  chord a r e  deform- 

ing indcpendently of the  unconnected wa l l s .  O f  t he  t r u s s e s  with s i g n i f i c a n t  

j o i n t  deformations, t h i s  condi t ion  appeared t o  apply s t r i c t l y  only t o  

Trusses Nos. 1 and 6, and a p p l i c a t i o n  t o  thc  l a t t e r ,  being a 60' t r u s s ,  

a l s o  may be questioned. Trusses 3 and 4 ,  i n  which out-of-plane deformations 

o f  the  unconnccted wa l l s  occurred, thus  c l e a r l y  ind ica t ing  unsymmetric 

behaviour, may never the less  be amenable t o  ana lys i s  by the  p lanar  t r u s s  

methods. Of thcse  methods, t h e  S h e f f i e l d  curve and t h e  1% dcfomat ion  and 

y i e l d  va lues  of Packer g ivc  c o n s i s t e n t l y  conservat ive r e s u l t s  f o r  these  four  

specimens, with the  exception of t h e  2' overes t imate  by t h e  S b e f f i e l d  curve 

f o r  No. 1. The Delf t  cquntion appcars t o  g ive  t h e  c l o s e s t  value on average, 

and t h c  Corby value i s  q u i t e  high, e spcc ia l ly  f o r  Truss No. 4 .  



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

chord  i s  p r e d i c t e d  i n  a  nwnber o f  t e s t s  a t  l o a d s  c o n s i d e r a b l y  l e s s  t h a n  

t h e  maximum t e s t  l o a d s .  T h i s  i n i t i a l  y i e l d i n g  does  n o t  a p p e a r  t o  have  

much s i g n i f i c a n c e  on t h e  j o i n t  b e h a v i o u r .  The p r e d i c t e d  l o a d  t o  c a u s e  

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

t e s t s  e x c c p t  Nos. 9 and 10 (bo th  w i t h  hexagonal  c h o r d s ) .  For t h e s e  t r u s s e s ,  

t h e  h i g h  s h e a r  s t r e s s e s  w i l l  have made more c r i t i c a l  t h e  s e v e r c  c o n d i t i o n s  

c r e a t e d  by t h e  chord  t e n s i o n  combined w i t h  t h e  bend ing  o f  t h e  w a l l s  o f  t h e  

c r o s s - s e c t i o n  r e s u l t i n g  f rom t h e  t r a n s v e r s e  f o r c e s  from t h e  web members. 

5.2.2 Local and O v e r a l l  Buckl ing o f  t h e  Compression Web Members 

Local  b u c k l i n g  o f  t h e  compress ion web members was o b s e r v e d  i n  T e s t s  

No. 2-s and 3 .  I n  t h e s e  t e s t s ,  t h e  maximum l o a d  a p p l i e d  t o  t h e  web members 

was r e s p e c t i v e l y ,  10% and 22% h i g h e r  t h a n  t h e  l o c a l  b u c k l i n g  r e s i s t a n c e  

p r e d i c t e d  by P a c k e r ' s  computer program. I n  t h e  o t h e r  t e s t s ,  t h e  Packer  

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

o t h e r  t e s t s ,  l o c a l  b u c k l i n g  was n o t  obse rved .  F o r  t h e  t e s t  s e r i e s  t h e r e f q r e ,  

t h e  program p r e d i c t i o n s  have been c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n s .  

O v e r a l l  b u c k l i n g  o f  t h e  compress ion web members was o b s e r v e d  i n  t h e  

T e s t s  Nos. 1, 2 4 ,  3,  4, 5 ,  6 and 8-1. In  T e s t s  No. 1 and 6, t h e  c a l c u l a t e d  

b u c k l i n g  r e s i s t a n c e  o f  t h e  web members, based on c u r v e  1 o f  Ref .  14 ,  and 

u s i n g  e f f e c t i v e  l e n g t h  f a c t o r s  o f  0 .77  and 0 .79,  based on Ref .  15 ,  were 

r e s p e c t i v e l y ,  156 and 16% h i g h e r  t h a n  t h e  maximum l o a d s  a p p l i e d  t o  t h e  web 

members. The a c t u a l  e f f e c t i v e  l e n g t h  f a c t o r s ,  b a c k - c a l c u l a t e d  from t h e  

measured a p p l i e d  l o a d s ,  were a b o u t  0 .9 .  I n  T c s t s  Nos. 3 and 5 ,  t h e  c a l c u -  

l a t e d  b u c k l i n g  r e s i s t a n c e s  w i t h  K = 0.94 and 0 .77,  based  on Ref .  15 ,  were  

r e s p e c t i v e l y ,  7 2  and 9% lower  t h a n  t h e  maximum l o a d s  a p p l i e d  t o  t h e  web 



members. The a c t u a l  b a d - c a l c u l a t e d  effective l e n g t h  f a c t o r s  were abour  

0 . 7  i n  bo th  t e s t s .  I n  l ' e s t  No. 2 - s ,  t h e  o v e r a l l  b u c k l i n g  o f  t h e  s t i f f e n e d  

web members was s i m u l t a n e o u s  w i t h  o r  was induccd  by t h e i r  l o c a I  b u c k l i n g .  

Because o f  t h e  r e i n f o r c i n g  i n  t h i s  c a s e ,  t h e  c a l c u l a t e d  bucl i l ing  s t r e n g t h  

o f  t h e  web members was approx imate ,  and t h e  a c t u a I  e f f e c t i v e  l e n g t h  f a c t o r s  

s e r e  n o t  b a c k - c a l c u l a t e d .  I n  T e s t s  Xo. 4 and 8-1, b u c k l i n g  o f  t h e  web 

members, a s  i n d i c a t e d  by transverse d e f l e c t i o n s  and c e n t r a l  c u r v a t u r e s ,  was 

approached b u t  n o t  r e a c h e d .  The c a l c u l a t e d  b u c k l i n g  r e s i s t a n c e s  w i t h  X = 0.96 

and 0 .74,  based on Ref. 1 5 ,  were  r e s p e c t i v e l y  10' and 9% h i g h e r  t h a n  t h e  

maximu111 l o a d s  a p p l i e d  t o  t h e  web members. 

I n  s h o r t ,  t h e  c a l c u l a t i o n  o f  t h e  e f f e c t i v e  l e n g t h  f a c t o r ,  by a p p l y -  

i n g  t h e  a n a l y s i s  o f  Ref.  15 ,  was c o n s e r v a t i v e  i n  T e s t s  Nos. 3 and 5 ,  and 

p r o b a b l y  a l s o  i n  T e s t s  Nos. 4  and 8-1 ,  b u t  was u n c o n s e r v a t i v e  i n  T e s t s  

Nos. 1  and 6 .  I t  s h o u l d  be  no ted  t h a t  r e l e v a n c e  o f  t h e  a n a l y s i s  o f  Ref .  15  

t o  t h e  t r i a n g u l a r  t r u s s  web members is  q u e s t i o n a b l e .  On t h e  one  hand,  t h e  

j o i n t s  t o  t h e  compress ion  c h o r d s  were e i t h e r  a t  a n  a n g l e  t o ,  o r  on t h e  . 
c o r n e r  o f ,  t h e  c h o r d s  and had v e r t i c a l  and h o r i z o n t a l  web members f raming  

i n t o  them. On t h e  o t h e r  hand, t h e  j o i n t s  t o  t h e  t e n s i o n  chord c o n s i s t e d  o f  

two s e t s  o f  web members and i n  t h e  60' t r u s s e s ,  t h e  web membcrs were con- 

n e c t e d  o f f  c e n t r e  and a t  a n  a n g l e  t o  t h e  bottom chord .  A l l  t h e s e  c o n d i t i o n s  

d i f f e r  from t h o s e  assumed i n  Ref .  1 5 .  

I t  s h o u l d  be  no ted  t h a t ,  i n  T e s t s  1, 3,  4 and 6 ,  b u c k l i n g  o f  t h e  

c o ~ n p r e s s i o n  web membenoccur red  o r  was imminent a f t e r  s i g n i f i c a n t  j o i n t  

de fo rmat ions  had deve loped .  I n  t h e  c a s e  o f  Xos. 1 and 6 ,  b u c k l i n g  o c c u r r e d  

a t  a  lower l o a d  t h a n  p r e d i c t e d .  



5 . 2 . 3  T c n s i l c  Yield  F a i l u r e s  

F a i l u r e  i n  T e s t  8-2 o c c u r r e d  a t  a  load cor responding  t o  103% o f  t h e  

l o a d  cor rcsponding  t o  c a l c u l a t e d  t e n s i o n  chord y i c l d .  I n  T e s t  5 ,  t h e  u l -  

t i m a t e  load  corresponded t o  98% o f  t h c  l o a d  expcc tcd  t o  produce t e n s i o n  

web member y i e l d .  

5 . 3  l n f l u e n c c  o f  >lain Paramete rs  

The seven  t r u s s e s  wi th  RHS t e n s i o n  chords  were d e s i g n e d  t o  p r o v i d e  

i n f o r m a t i o n  which cou ld  be  r e l a t e d  t o  each  o f  t h e  f o u r  main p a r a m e t e r s :  

t h e  j o i n t  gap,  t h e  web t o  chord w a l l  w i d t h  r a t i o ,  5, t h e  chord w a l l  wid th  

t o  thickness r a t i o ,  b o / t O ,  and t h e  a n g l e  between web p l a n e s ,  a .  The compari-  

son t e s t s  a r e  l i s t e d  i n  p a i r s  i n  Tab le  1 8  t o g e t h e r  w i t h  nominal v a l u e s  o f  

t h e  main p a r a m e t e r s .  Thc t h r e e  hexagonal  chord t r u s s e s  a r e  a l s o  i n c l u d e d .  

Comparison between Tab les  1 8  and 2 shows t h a t ,  i n  some c a s e s ,  t h e  f a b r i c a t e d  

t r u s s e s  had j o i n t  gaps  which d i f f e r e d  c o n s i d e r a b l y  from t h e  nominal v a l u c s .  

T h i s  s h o u l d  be  c o n s i d e r e d  i n  comparing t h e  be!iaviour o f  t h e  v a r i o u s  t r u s s e s  

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

5.3.1 J o i n t  Gap 

T e s t s  No. 1 (g = 25 mm) and No. 2 (g = 0 mm) 

Gap j o i n t s ,  b e i n g  g e n e r a l l y  weaker t h a n  l a p  j o i n t s ,  were s t u d i e d  i n  

a l l  t e n  specimens.  The S h e f f i e l d ,  Corby and Delft d e s i g n  p r o p o s a l s  do n o t  

t a k e  t h e  magnitude of t h e  gap i n t o  account  i n  p r e d i c t i n g  t h e  s t r c n g t h  o f  a  

gap j o i n t .  However, i t  i s  g e n e r a l l y  recognized  t h a t  a j o i n t  w i t h  a  smal l  

gap i s  s t r o n g e r  t h a n  one  w i t h  a  l a r g e  gap.  Specimens No. 1 and 2 were  

nominal ly  i d e n t i c a l  e x c e p t  f o r  t h e i r  gap s i z e s .  

Duc t o  t h e  s l i g h t l y  h i g h e r  y i e l d  s t r e n g t h  o f  t h e  t e n s i o n  chord o f  

T r u s s  No. 2,  t h e  S h e f f i e l d ,  Corby and Delft methods p r e d i c t  t h e  u l t i m a t e  

s t r e n g t h  o f  j o i n t  no. 2  t o  be  abou t  5': g r r e t c r  than  T r u s s  No. 1 ,  whereas  



t h e  maximm t e s t  l o a d  a p p l i e d  t o  j o i n t  no. 2 was 124% o f  t h a t  a p p l i e d  t o  

j o i n t  no. 1. The maximum l o a d  a p p l i c d  i n  T e s t  So .  1 was a s s o c i a t e d  w i t h  

t h e  i n t e r a c t i o n  betwcen t h e  b u c k l i n g  o f  a compress ion web member and t h e  

j o i n t  d e f o r m a t i o n s ,  whereas i n  T e s t  Xo. 2  i t  was a s s o c i a t e d  w i t h  t h e  buck- 

l i n g  o f  a  compress ion web member w i t h o u t  much j o i n t  d e f o r m a t i o n .  

As c a n  be  s e e n  from F i g .  1 7 ( a ) ,  showing t h e  j o i n t  d e f o r m a t i o n s ,  

j o i n t  no.  2  was s t i f f e r  and d e f o m e d  much l e s s  t h a n  j o i n t  no. 1, and t h i s  

can  be a s s o c i a t e d  w i t h  t h e  s m a l l e r  gap s i z e .  

5.3.2 R e l a t i v e  S i z e  o f  t h e  Keb and Chord hlembers 

Because i n  t r i a n g u l a r  t r u s s e s  t h e  s h e a r  i s  d i v i d e d  between two webs, 

t h e  web members a r e  normal ly  s m a l l e r  t h a n  i n  p l a n a r  t r u s s e s .  F o r  t h i s  

r e a s o n ,  a t t e n t i o n  was d i r e c t e d  t o  s m a l l  r a t i o s  o f  web t o  chord  member 

wid ths ,  e x p r e s s e d  a s  5 = (bl + b ) / 2 b  which i s  o f  p r imary  i m p o r t a n c e  i n  
2  0  

a l l  d e s i g n  recon i i~enda t ions .  Values  o f  B = 0 .4  and 0 . 6  were  c o n s i d e r e d  i n  

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

( a )  T e s t s  ~Xo. 1 (B = 0.4) and So. 3  (6 = 0.6) 

According t o  t h c  S h e f f i e l d ,  Corby, D e l f t  and Packer  p r o p o s a l s ,  t h e  

u l t i m a t e  s t r e n g t h  o f  j o i n t  no. 3  was p r e d i c t e d  t o  be  between 153% and  196% 

o f  t h a t  a p p l i e d  t o  j o i n t  no.  1, and t h e  maximum t e s t  l o a d  a p p l i e d  on j o i n t  

no. 3  was 229%. The maximum l o a d  a p p l i e d  i n  b o t h  t e s t s  was a s s o c i a t e d  w i t h  

t h e  i n t e r a c t i o n  between t h e  b u c k l i n g  o f  a  compress ion web member and  t h e  

j o i n t  d e f o r m a t i o n s  . The d i f f e r e n c e  i n  t h e  r e s i s t a n c e s ,  and t h e  s t j f f e r  

behav iour  o f  j o i n t  no. 3, c a n  be  s e e n  i n  Fig .  1 7 ( b ) .  

(b)  T e s t s  No. 5  ( 0  = 0 .4 )  and No. 7-2 (3 = 0 .6 )  

According t o  t h e  S h e f f i e l d ,  Corby, D e l f t  and Packer  p r o p o s a l s ,  t h e  

u l t i m a t e  s t r e n g t h  of j o i n t  no. 7  was p r e d i c t e d  t o  be  between 153% and 216; 



o f  t h a t  o f  j o i n t  no. 5 ,  and t h e  measurcd maximum load  a p p l i e d  on j o i n t  

no. 7  was 153% o f  t h a t  a p p l i e d  on j o i n t  no. 5 .  However, t h e  maximum l o a d  

a p p l i e d  i n  Tes t  So. 5  was associated wi th  t h e  b u c k l i n g  o f  a compress ion 

web member, whereas i n  T e s t  K O .  7  t h c  u l t i m a t e  s t r e n g t h  o f  t h e  t e s t  s p e c i -  

men was n o t  r e a c h e d .  F ig .  17(c )  shows t h a t  t h e  s t i f f e r  j o i n t  had t h e  l a r g e r  

(3 v a l u e .  

( c )  T e s t s  No. 6  (5 = 0.4)  and 1b. 4  (13 = 0 . 6 )  

According t o  t h e  S h c f f i e l d ,  Corby, D e l f t  and Packer  p r o p o s a l s ,  t h e  

u l t i m a t e  s t r e n g t h  of j o i n t  no.  4  was p r e d i c t e d  t o  be  r e s p e c t i v e l y ,  164%, 

196%, 127% and 191% o f  t h a t  o f  j o i n t  no. 6. The measured maximum l o a d  

a p p l i e d  o n  no. 4 was 113% o f  t h a t  a p p l i e d  o n  no.  6 .  The maximum l o a d  

a p p l i e d  i n  b o t h  t e s t s  was a s s o c i a t e d  wi th  t h e  i n t e r a c t i o n  between t h e  

b u c k l i n g  o f  t h e  compress ion web members and t h e  j o i n t  d e f o r m a t i o n s .  As 

can be  s e e n  from F i g .  1 7 ( d ) ,  j o i n t  no.  4  was s l i g h t l y  s t i f f e r  t h a n  j o i n t  

no. 6  and t h i s  b e h a v i o u r  can b e  a s s o c i a t e d  w i t h  t h e  h i g h e r  f3 r a t i o  o f  no.  4 .  

5 . 3 . 3  Chord Th ickness  

For p l a n a r  t r u s s  gap j o i n t s ,  t h i s  i s  a  v e r y  s i g n i f i c a n t  p a r a m e t e r  

and t h i s  was expec ted  t o  a p p l y  a l s o  i n  t h e  c a s c  o f  t r i a n g u l a r  t r u s s e s .  

Values  o f  to = 4 . 7 8  mm ( b o / t O  = 26.6)  and to = 7.95 mm ( b o / t O  = 16 .0 )  were 

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

( a )  T e s t s  No. 1 ( t o  = 4.78 mo) and No. 5  ( t o  = 7.95 m n ~ )  

According t o  t h e  S h e f f i e l d ,  Corby, D e l f t  and Packer  p r o p o s a l s ,  t h e  

u l t i m a t e  s t r e n g t h  o f  j o i n t  no.  5  was p r e d i c t e d  t o  be,  r e s p e c t i v e l y ,  183%, 

128%, 221% and 265% of t h a t  o f  j o i n t  no. 1, w h i l e  t h e  measurcd maximum l o a d  

was 229%. The maximum l o a d  a p p l i e d  i n  T e s t  Xo. 1 was a s s o c i a t e d  w i t h  t h c  

i n t e r a c t i o n  between t h e  b u c k l i n g  o f  a  compress ion web member and t h e  j o i n t  

d e f o r m a t i o n s ,  whereas  i n  T e s t  Xo. 5  i t  was a s s o c i a t e d  w i t h  t h c  b u c k l i n g  o f  



a compress ion ucb membcr wi thou t  much j o i n t  d e f o r m a t i o n .  F i g .  1 7 ( c )  shows 

t h a t  j o i n t  no. 5 ,  w i t h  t h e  t h i c k c r  chord x a l l s ,  was s t i f f e r  and deformed 

much l e s s  t h a n  j o i n t  no. 1. Bccausc o f  t h c  lower s t i f f n e s s  o f  no. 1, 

t h e  s t r e n g t h  of t h e  compress ion web member was d e c r e a s e d ,  t h e  r a t i o  o f  t h e  

exper imenta l  t o  p r e d i c t e d  c o n ~ p r e s s i o n  web nieinber s t r e n g t h  being a b o u t  10% 

lower i n  t e s t  no. 1 t h a n  i n  T e s t  No. 5 .  

(b) T e s t s  No. 3  ( t o  = 4.78 inm) and No. 7  ( t o  = 7.95 mm) 

According t o  t h e  S h e f f i e l d ,  Corby, D e l f t  and Packer  p r o p o s a l s ,  t h e  

u l t i m a t e  s t r e n g t h  of j o i n t  no. 7  was p r e d i c t e d  t o  be ,  r e s p e c t i v e l y ,  173h, 

139%. 260% and 294" o f  t h a t  o f  j o i n t  no. 3. The ineasurcd maximum l o a d  was 

153%. The maximum load  a p p l i e d  i n  T e s t  0 .  3  was a s s o c i a t e d  w i t h  t h e  

i n t e r a c t i o n  bctween t h e  buck l ing  o f  a  compress ion web member and t h e  j o i n t  

deforinatj.ons, whereas i 7 1  T e s t  No. 7  t h e  u l t i m a t e  s t r e n g t h  was n o t  r eached .  

The d e f o r m a t i o n s  shown i n  F ig .  1 7 ( f )  show t n e  same t r e n d s  a s  i n  F i g .  1 7 ( e j .  

5 .3 .4  Angle Between Web P lanes ,  a 

I n  t r u s s e s  where t h i s  a n g l e  i s  go0 ,  t h e  j o i n t s  a r e  i n  some ways 

s i m i l a r  t o  t h o s e  i n  p l a n a r  t r u s s e s  because  t h e  web members a r e  conncc ted  

a t  90' t o  t h e  chord w a l l s .  On t h e  o t h c r  hand, when a i s  60•‹,  t h e  web mem- 

b e r s  a r e  connected a t  75' t o  t h e  p l a n e  o f  t h e  wa l l  o f  a  s q u a r e  chord .  The 

a n g l e  between t h e  web members and t h e  chord ,  8, was 45' i n  t h e  90' t r u s s  

specimens and abou t  39' i n  t h e  60' t r u s s e s .  

A l l  comparisons between t e s t  specimens a r e  e x p r e s s e d ,  i n  F i g .  17 

f o r  example, i n  terms o f  t h e  s h e a r  i n  t h e  t r u s s ,  i . e .  t h e  t e s t  l o a d  a p p l i e d  

a t  t h e  end o f  t h e  s p e c i n ~ e n .  Becausc o f  t h e  s i g n i f i c a n t l y  d i f f e r e n t  geom- 

e t r i e s  o f  t h e  60' and 90' t r u s s  specimens,  a  g iven  s h e a r  l o a d  i n  a  t r u s s  

l e a d s  t o  d i f f e r e n t  f o r c e s  on t h e  j o i n t s  i n  t h e  two c a s e s .  S i n c e  t h e  behaviour  

of a  j o i n t  i s  norinally dependent p r i l i l a r i ly  on t h e  load  a p p l i c d  normal t o  t h e  



chord w a l l ,  t h e  cnd s h e a r s  on t h c  t r u s s e s  which a r e  r e q u i r c d  t o  producc 

t i le  samc l o a d  normal t o  t h c  chord  w a l l s  i n  t h e  90' and 60' t r u s s e s  havc 

bcen computed. For u n i t  compress ion f o r c c  normal t o  t h e  chord  w a l l  a t  t h e  

j o i n t  i n  t h e  90' t r u s s ,  a n  end s h e a r  l o a d  o f  1 .41  i s  r e q u i r e d ,  whercas  t h e  

end s h e a r  would have t o  be  1.74 i n  t h e  60' t r u s s ,  i . e .  a 23% g r e a t e r  a p p l i e d  

load.  T h i s  s h o u l d  b e  c o n s i d e r e d  when i n t e r p r e t i n g  F i g s .  17(g)  and (11) and  

i f  t h e s c  a r e  used t o  compare d e f o r m a t i o n s  under i d e n t i c a l  normal l o a d s  on 

t h e  chord  w a l l s ,  t h e  60' t r u s s  c u r v e  s h o u l d  be  lower r e l a t i v e  t o  t h e  90'  

t r u s s  r e s u l t s .  I t  s h o u l d  a l s o  be  n o t e d  t h a t  t h e  compress ion web members i n  

t h e  60' t r u s s e s  were 9 %  s h o r t e r  t h a n  t h o s e  i n  t h c  90' t r u s s e s .  

(a)  T e s t s  w .  1 ( a  = 90') and So. 6 ( a  = 60') 

Accordin2 t o  t h e  S h e f f i e l d ,  Corby, D e l f t  and Packer  p r o p o s a l s ,  t h e  

s h e a r  l o a d  a p p l i e d  on t r u s s  no. 6 c o r r e s p o n d i n g  t o  t h e  u l t i m a t e  j o i n t  

r e s i s t a n c e  was p r e d i c t e d  t o  b e ,  r e s p e c t i v e l y ,  1206,  1213, 141% and 1602 

o f  t h a t  a p p l i c d  on t r u s s  no. 1, w h i l e  t h e  measured maximum s h e a r  l o a d  

a p p l i e d  on t r u s s  no. 6 was 1983, a s  shown i n  F ig .  1 7 ( g ) .  The ~naximum 

a p p l i e d  s h e a r  l o a d s  i n  b o t h  tests were  a s s o c i a t e d  w i t h  t h e  i n t e r a c t i o n  

between t h e  b u c k l i n g  o f  a compress ion web member and t h e  j o i n t  d e f o r m a t i o n s .  

The 60' t r u s s  t h u s  s u s t a i n c d  a s i g n i f i c a n t l y  h i g h e r  nonna l  l o a d  on i t s  chord  

w a l l s  t h a n  t h e  90' t r u s s .  

(b) T e s t s  Xo. 3 (a = 90') and No. 4 (a = 60') 

According t o  t h e  S h e f f i e l d ,  Corby, D e l f t  and Packer  p r o p o s a l s ,  t h e  

s h e a r  l o a d  a p p l i e d  on t r u s s  no. 4 c o r r e s p o n d i n g  t o  t h e  u l t i m a t e  j o i n t  

r e s i s t a n c e  was p r e d i c t e d  t o  b e ,  r e s p e c t i v e l y ,  122". 121%. 117% and  156' 

o f  t h a t  a p p l i e d  on t r u s s  no. 3 ,  w h i l e  t h e  measured n~aximum s h e a r  l o a d  

a p p l i e d  on t r u s s  no. 4 was 986.  Thc j o i n t  de fo rmat ions  a r e  shown i n  F i g .  

1 7 ( h ) .  The maximum a p p l i c d  s h e a r  l o a d  was a s s o c i a t e d  i n  b o t h  t e s t s  rvith 



t h e  i n t e r a c t i o n  between t h e  conlprcssion wcb member buck l ing  and t he  j o i n t  

de format ions ,  i n c l u d i n g  deformat ions  o f  t h e  una t tached  chord w a l l s .  The 

u l t i m a t e  load  o f  t r u s s  no. 4 was n o t  q u i t e  a t t a i n e d  because t h e  limit of 

t r a v e l  o f  t h c  specimen was reached.  

I n  t h e s e  two t r u s s e s ,  both wi th  B = 0 .6 ,  t h e  normal chord wa l l  

l oad  s u s t a i n e d  by t h e  60' t r u s s  was about  20% less than  t h a t  s u s t a i n e d  

by t h e  90' t r u s s .  I t  is o f  i n t e r e s t  t o  n o t e  t h a t  t h e  r e v e r s e  o f  t h i s  

occu r r ed  i n  t e s t s  1  and 6  f o r  which f3 was 0 .4 .  Th is  s u g g e s t s  t h a t  because 

of t h e  o f f  c e n t r e  a t t achment  of t h e  web members i n  t h e  60' t r u s s e s ,  a s  

i l l u s t r a t e d  i n  F ig .  18, t h e  j o i n t  s t r e n g t h  i n  t h e s e  t r u s s e s  i s  l e s s  s i g -  

n i f i c a n t l y  i n f l uenced  by low v a l u e s  of 5 than i n  a  90' t r u s s .  This  i s  

f u r t h e r  i l l u s t r a t e d  by t h e  comparison between t h e  r e l a t i v e  r e s u l t s  f o r  

t r u s s e s  4  and 6  shown i n  F ig .  17(d)  and t h e  r e l a t i v e  r e s u l t s  f o r  t r u s s e s  

1 and 3 shown i n  F ig .  17 (b ) .  

5.3.5 RHex-Type J o i n t s .  T e s t s  no. 8, 9  and 10 

Thc t h r e e  specimens,  nos .  8, 9  and 10, were t e s t e d  wi th  t h r e e  d i f f e r -  

e n t  web t o  chord member width r a t i o s ,  B = 0.51, 0 .68 and 0.85, r e s p e c t i v e l y .  

Other  j o i n t  pa ramete rs  wcre i d e n t i c a l .  J o i n t  de format ion  measurements a r e  

shown ,on F ig .  l 7 ( i ) .  

The maximum a p p l i e d  t e s t  l o a d s  on t r u s s e s  8  and 9  were 75% and 85%, 

r e s p e c t i v e l y ,  of t h a t  a p p l i e d  t o  t r u s s  10, and j o i n t  s t i f f n e s s  a l s o  i n c r e a s e d  

a s  5 i n c r e a s e d .  The same t r e n d  i s  p r e d i c t e d  by t h e  S h e f f i e l d ,  Corby and Delft 

n~e thods  wi th  t h e  l a t t e r  p rov id ing  t h e  more a c c u r a t e  i n d i c a t i o n  o f  t h e  s t r e n g t h  

v a r i a t i o n .  The mode o f  f a i l u r e  i n  a l l  c a s e s  invo lved  f l a t t e n i n g  a f  t h e  chord 

s e c t i o n ,  wi th  l a r g e  l a t e r a l  sp r ead ing  and f o l d i n g  o f  t h e  una t tached  s i d e  

w a l l s ,  a s  shown i n  Fig .  16(g)  t o  ( i ) .  The punching i n t o  t h e  chord o f  t h e  



web comprcss ion members was g r e a t e r  i n  t r u s s c s  8 and 9  t h a n  i n  1 0 ,  which 

had t h e  l a r g e r  B r a t i o .  Consequent ly ,  i n  t r u s s  10 ,  t h e  f l a t t e n i n g  o f  t h e  

chord s e c t i o n  took p l a c e  i n  t h c  r -g ion  o f  t h e  gap,  whereas i n  t r u s s c s  S and 

9 it o c c u r r e d  a t  t h e  end o f  t h e  web compress ion members and t o  some e x t c n t  

i n  t h e  a d j a c e n t  chord on t h e  s i d e  away from t h e  j o i n t .  The h i g h  s h e a r  

s t r e s s e s  p r e d i c t e d  by t h e  a n a l y s i s  o f  511.2.3 shou ld  a l s o  be n o t e d ,  t h e s e  

be ing  more c r i t i c a l  i n  t r u s s  10 t h a n  i n  8;' 

6. PRINCIPAL OBSERVATIONS IUD CONCLUSIOSS 

( i )  I n  t h e  t e s t  s e r i e s ,  a  v a r i e t y  o f  f a i l u r e  modes were observed .  These 

i n c l u d e d  punch ing- in  o r  p u s h - p u l l  f a i l u r e s  o f  t h c  t e n s i o n  chord w a i l s ,  l o c a l  

and o v e r a l l  b u c k l i n g  o f  t h e  comprcss ion web members, and a n  i n t e r a c t i o n  o f  

t h i s  buck l ing  w i t h  j o i n t  de format ions  i n  some c a s e s .  

( i i )  A t r i a n g u l a r  t r u s s  w i l l  c a r r y  o n e - h a l f  o f  t h e  s h e a r  f o r c e  i n  each web 

and, f o r  a l l  p r a c t i c a l  c o n f i g u r a t i o n s ,  t h e  f o r c e  i n  each  web w i l l  be  l e s s  

t h a n  i n  t h e  web o f  a n  e q u i v a l e n t  p l a n a r  t r u s s .  Thus t h e  web members o f  t h e  

t r i a n g u l a r  tniss w i l l ,  i n  g e n e r a l ,  be  s m a l l e r  t h a n  t h o s e  o f  t h e  e q u i v a l e n t .  

p l a n a r  one. I n  a d d i t i o n ,  f o r  t h e  same depth  o f  truss, t h e y  w i l l  be  l o n g e r .  

Thus, i n  g e n e r a l ,  i t  can be  a n t i c i p a t e d  t h a t  t h e  r e l a t i v e  s i z e  o f  web member 

t o  t e n s i o n  chord  member w i l l  be  l e s s  t h a n  p a s t  e x p e r i e n c e  w i t h  p l a n a r  t r u s s e s  

would s u g g e s t .  While t h i s  w i l l  g e n e r a l l y  l e a d  t o  more s e v e r e  c o n d i t i o n s  i n  

t h e  j o i n t  because  o f  t h e  s m a l l e r  wid th  r a t i o  o f  t h e  members, t h e  c a p a c i t i e s  

o f  t h e  s m a l l e r  and more s l e n d e r  web mcn~bers a r e  a l s o  more l i k e l y  t o  be  c r i t i c a l .  

( i i i )  By assuming a  co lunn  s t r e n g t h  c u r v e  ( c u r v e  1 o f  C i - 2 3 ,  e f f e c t i v e  l e n g t h  

f a c t o r s  f o r  t h o s e  web members which underwent o v e r a l l  b u c k l i n g  were c a l c u l a t e d .  

Values  i n  t h e  f i v e  r e l e v a n t  t e s t s  v a r i e d  from 0.7 t o  0 . 9 .  I n  two t e s t s ,  t h e  

c a l c u l a t e d  K was equa l  t o  0 .9  ( T e s t s  1 and 6) and i n  bo th  c a s e s  s i g n i f i c a n t  

chord wal l  de format ions  had t a k e n  p l a c e  under  t h e  compression member ends  p r i o r  



t o  buckling.  Other ca l cu la t ed  R va lues  were 0.74 o r  l e s s .  

( i v )  Values o f  t h e  e f f e c t i v e  length  f a c t o r s  c a i c u l a t e d  using t h e  pro- 

posed ClDECT method (15) were equal t o  o r  l a r g e r  ( i . e .  conserva t ive)  than 

t h c  va lues  c a l c u l a t e d  from t h e  t e s t  buckling loads,  cxcept f o r  Tes ts  1 and 

6, both o f  which exh ib i t ed  s i g n i f i c a n t  chord wal l  deformations. However, 

t h e  end condi t ions  i n  t h e  t e s t s  d i f f e r e d  somewhat from those on which t h e  
- 

r e s u l t s  o f  (15) a r e  based. 

(v) In a  60' t r u s s  with a  square  tens ion  chord with web members welded 

t o  ad jacent  s i d e s ,  t h e  o f f - c e n t r e  attachment o f  t h e  web members appears t o  

diminish the  s e n s i t i v i t y  of  the  j o i n t  s t r e n g t h  t o  a  r educ t ion  i n  t h e  parameter 

8, t h e  r a t i o  o f  web member width t o  chord width. 

( v i )  Hexagonal chords exhib i ted  very l a r g e  deformations a t  t h e  j o i n t ,  

involving a  f l a t t e n i n g  o f  the c ross - sec t ion  accompanied by outward d i s -  

placements and f o l d i n g  o f  t h e  chord s i d e  wa l l s .  O f  t h e  t r u s s e s  with square  

sec t ion  chords, only t r u s s e s  3 and 4 showed any s i g n i f i c a n t  f l e x u r e  i n  t h e  

unconnected wa l l s ,  and i n  these ,  t h e  c ross - sec t iona l  shape changed very . 
l i t t l e  compared with those  wi th  hexagonal chords. The only d i r e c t  compari- 

son which can be made between 60' t r u s s e s  with hexagonal and with r ec t angu la r  

s e c t i o n s  i s  between t r u s s e s  9 and 6 r e spec t ive ly ,  s i n c e  they had i d e n t i c a l  web 

members. Truss 6  sus ta ined  a  load 15' g r e a t e r  than t r u s s  9 ,  bu t  i t s  chord 

a rea  was 21% g r e a t e r  and chord wall  th ickness  6% g r e a t e r .  I t  appears ,  t he re -  

fo re ,  t h a t  t h e r e  i s  no major d i f f e r e n c e  i n  t h e  j o i n t  s t r e n g t h s  f o r  rcctangu- 

l a r  and hexagonal chords o f  s i m i l a r  weight.  

( v i i )  Nember a x i a l  f o r c e s  and d e f l e c t i o n s  i n  t h e  e l a s t i c  range o f  loading 

may be c a l c u l a t e d  by t r e a t i n g  t h e  t r u s s  a s  a  p in - jo in t ed  space  t r u s s .  This 

app l i e s  t o  a l l  types o f  j o i n t s  and chords t r e a t e d  i n  the  t e s t  s e r i e s .  



( v i i i )  bleasured moments i n  the e l a s t i c  range were l a r g e r  than those given 

by analys ing  t h e  t r u s s  a s  a  space frame, with assumed e c c e n t r i c i t i e s  i n  the  

j o i n t s .  

( i x )  The e f f e c t  o f  t h e  v a r i a t i o n  o f  the  gap j o i n t  parameters i n  t h e  

t r i a n g u l a r  t r u s s e s  showed the  same t rends  a s  f o r  the  p l ana r  t r u s s e s :  

- a  j o i n t  with a  small gap was found t o  be s t i f f e r  and s t r o n g e r  

than one with a  l a r g e  gap; .. 

- the  j o i n t s  with h igher  r e l a t i v e  s i z e  o f  t h e  web and chord members 

were found t o  be s t i f f e r  and s t r o n g e r  than those  with lower va lues  

i n  90' t r u s s e s ;  

- the  j o i n t s  with t h i c k e r  chords were found t o  be s t i f f e r  and 

s t r o n g e r  than those  wi th  th inne r  chords. 

(x) Previous ly  developed methods o f  p r e d i c t i n g  the  s t r e n g t h  o f  p l ana r  

t r u s s  j o i n t s  might have some a p p l i c a t i o n  to  t r i a n g u l a r  t r u s s  j o i n t s .  They 

w i l l  be p a r t i c u l a r l y  r e l evan t  t o  90' t r u s s e s  with square  chords, kvhen a  

punching type o f  f a i l u r e  involv ing  on ly  the  connected chord wall  is c r i t i c a l .  

There a r e  cons iderable  d i f f e rences  between c u r r e n t  methods f o r  p l ana r  t r u s s e s ,  

which is  p a r t l y  due t o  t h e i r  d i f f e r e n t  bases ( e .g .  some a r e  lower bounds t o  

experimental r e s u l t s ,  o t h e r s  a r e  based s t a t i s t i c a l l y  on a  given p r o b a b i l i t y  

o f  not  being exceeded, e t c . ) .  The l imi t ed  number o f  t e s t  r e s u l t s  f o r  t r i-  

angular  t r u s s e s  t o  which the  p l a n a r  t r u s s  methods might be appl ied ,  do not  

permit  genera l  conclusions to  be reached. However, i t  may be noted t h a t  a l l  

r e s u l t s  f o r  t r u s s e s  with r ec t angu la r  chords l i e  w i th in  (or  a t  most 2% ou t s ide )  

o f  t h e  range o f  va lues  given by the  fou r  methods considered.  

( x i )  Methods o f  a n a l y s i s  f o r  t r i a n g u l a r  t r u s s  j o i n t s  should be at tempted 

i n  o rde r  t o  avoid t h e  ex tens ive  and expensive t e s t i n g  which would be  requi red  

of  an empir ica l  approach. 



Much o f  t h e  work described i n  t h i s  r epor t  was c a r r i e d  o u t  by 

two s tudcn t s  working toward t h e i r  Master o f  Engineering degrees:  

Martin Clebe, now o f  Marshall  S t e e l  Co., and Dominique Bauer, o f  

NcGill Univers i ty .  The w r i t e r s  wish t o  acknowledge t h e s e  c o n t r i b u t i o n s  

and a l s o  t h a t  o f  t h e i r  co l league ,  D r .  S. C .  Shr ivas tava ,  who a s s i s t e d  

i n  t h e  dcs ign  and v e r i f i c a t i o n  of  t h e  t e s t  r i g  and specimens. 

CC- j o i n t  

CHS 

CR- j o i n t  

HexHS 

HSS 

NOTATION 

2 
a r e a  o f  a  s e c t i o n  [mm ]  

width o f  RHS chord, compression web member, t ens ion  
web member [nun] 

Bottom Chord 

column curve no. 1, Ref. (14) 

2 
e l a s t i c  shea r  cons tant  o f  a  c ross - sec t ion  [mm ] 

L 
p l a s t i c  shea r  cons tant  of  a  c ross - sec t ion  [mm ] 

a  j o i n t  made of CHS web members connected t o  a  CHS 
chord member 

C i rcu la r  Hollow Sect ion  

a  j o i n t  made o f  CHS web members connected t o  an 
RHS chord member 

Compression Web Member 

e c c e n t r i c i t y  o f  the  j o i n t  [mm] 

gap betwecn toes  o f  t h e  web members [ m ]  

dcpth o f  RHS chord,  compression web member, t ens ion  
web member [mm] 

Hexagonal Hollow Sec t ion  

Hollow S t r u c t u r a l  Sec t ion  



0 0 0 
eO' e l '  e2 

e f f c c t i v e  length  f a c t o r  of  n comprcssion member 

length  o f  a  mcmber, measured from c e n t r e l i n e  t o  
c e n t r c l i n e  [mu111 

Rectangular Hollow Sect ion  

a  j o i n t  made o f  EIS web members connected t o  an 
tlexHS chord member 

a  j o i n t  made o f  RtlS web members connected t o  a  
RHS chord membcr 

s i d e  1 of  a  t r i a n g u l a r  t r u s s  

s i d e  2  o f  a  t r i a n g u l a r  t r u s s  

th ickncss  o f  HSS chord, compression web member, 
tens ion  web member [mm] 

Tension h'eb Member 

t o t a l  appl ied  shea r  load on t h e  specimens [kt\'] 

shea r  on HSS t o  cause f i rs t  y i c l d  [kN]  

ang lc  between the  v~eb p lanes  i n  t r i a n g u l a r  t r u s s e s  
[degl 

mean width r a t i o  between t h e  web members and t h e  
chord = (b 

1 + b2)/2b0 [m] 

ang:e between t h e  compression web member and t h e  
chord [deg] 

ang le  between t h e  tens ion  web member and the  chord 
[degl 

y i e l d  s t r e s s  o f  t h e  chord, compression web members, 
t ens ion  web member [ W a ]  

u l t ima te  s t r e s s  [NPa] 
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Specimen iYo. 

.Wtes:  o: = a n g l c  b e t w c n  wcb p l a n c s  
0 = a n g l e  b c w e c n  d iagonal  web membcrs and t c n s i o n  chord 
g = gap d i n e n s i o n  
e = e e c c n t r i c i t y  
'bo is based upon t h e  width of  onc face o f  rhc hexagonal s e c t i o n s  

Table  2 .  J o i n t  Parunerers. (:lensurcd Values)  

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

Yie ld  

I S t r m g t h  

W a l  

Square I6S Canadian: 
CSA G40.20 ,  C l a s s  tl 
CSA G40.21 .  Gradc SOW 1 345 

l ~ x a y a n a l  165 1 French: E-21 S t e e l  1 240 

S t r e n g t h  

Table  3. S p e c i f i e d  M a t e r l a l  P r o p e r t i e s  







; ! B.C. Shear F irs t  Y l e h t  - Full Y ~ r l d  
," I 

! 

T.Y.H. 51 
82 

T a b l e  7. Tcrc no. 1 Shear hadl on TNSS for Various Joint  and Xenbsr Rerlrrmccs 

i - 5 :  no. 2-5 

Sheff le ld 
Carby 
Delft 
Packer 

B.C. 5 h e u  Flrsr Yleht 
Full Yield 

T.S.C. 

C.I.H. Loc. mck. !il 
nz 

c . r .n .  s l  c~ K . 0.7 
(reinforced) K - 0.9 

X - 0.77 
C.Y.H. 52 c l  K . 0.7 
(rsinforeed) C . 0.9 

X - 0.77 
T.W.M. S l  

82 

0 100 200 300 400 5-30 600 LkNI 
Table 8 .  Test no. 2 4  Shear L o d r  on Tmrr for 'V~rious Joint  =hi Slnber R c s i r l a n c e r  



I - 103.1 

Packer 
I 

I 333.0 

- 

0 100 200 300 400 500 600 [kt41 
Table 9. Terr no. J Shear Loadr an Trurr for Yariau Joint and 'ledxi- aeslrtmces 

Terr n o .  3 
I 

i o r  no J 

I I 
I 

I\ 
Y ~ e l d  

5heif;rld 
Corbr 
D e l f t  
Packer 

9.C. Shear Fir: 
Full Yield 

C.X.3. Loc. Buck. 31 
.a 

Table LO. Test no. 4 S h e w  Loads on Truss for V ~ r i a u  Joior acd Merhr Seririlncer 





Tcsr no. 7 - 2  

, . 
i l  

t k i d  

j h c f f i c l d  
:orb? 
lelf: 
?x!.er 

B.C. Shear F ir s t  Yic id 
'"11 Yield 

Test no. 5 - 2  

Y s r i v n  Applied Shear 
Lira4 in  Tesc (k<] 

B.C. She- F l n c  Yield 



T.B.C. 
.I C.B.C. - 

0 100 200 300 400 500 [ i N l  
T ~ b l e  15. Test no. 9 Shear Loads on Tmss for Vsriorrr J o i n t  and Ymber R e r i l r a x c r  

B.C. Shear Firrr Yield 
Full Yxcld  



J o i n t  Deformations along 
thc  C . W . M .  's [mm] * 

- -  

Predicted K (Ref. 13) \ \  0.77 

10 

Push-Pull Ult imate 
F a i l u r e  

- 

Shear Yielding o f  t h e  
fhttom Chord 

C l i .  Ebckling 

Local Euckling 11 

x 

x 

B.C.  Tension Yield 
-. 

T.W.M.  Yield ---I- 
I n t e r a c t i o n  Between J o i n t  
Deformations and C.W.M. 
P l~ckl ing  

impending 

x 

impending 

~ - 

impending 

I 

impending I 

Note: 'bracket ted terms a r e  co r rec ted  va lues .  The unbracket ted  terms may be  compared d i r e c t l y  with those  
given f o r  T e s t s  1 t o  5. 

-- 
l i t t l e  

( l i t t l e :  

Table 17,  F a i l u r e  Modes i n  Tes t s  no. 1 t o  10 



Specimen 
no.  

NOTES: * For  specimens  no. 8 ,  9 and 10,  bo i s  assumed t o  be 75 rnm. 

Paramete r  
Var ied  

T a b l e  18.  Comparisons Between t h e  J o i n t  Pa ramete r s  
(Nominal Values)  

d b o  0 b ~ / t ~  a 
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Section 5 

FIGURE 8 . STRAIN GAGE LOCATIONS ON SPECIMEN N 0 . 6  

FIGURE 9 . STRAIN GAGE LCCATIONS ON SPECIMENS NOS. 8 .9 .6  10 



FIGURE 10 . OUT-OF-WEB-PLANE BENDING OF THE 
COMPRESSION WEB MEMBERS. 
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FIGURE 17e . TEST ho. I COMPRESSIO~I - 5 1 0 ~  I 
TEST NO. 5 CCMPRESSrON - SIDE 1 

0 

0 2 4 6 8 I0  12 14 16 
JOINT DEFORMATION I rnm I 
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FIGURE 17h . TEST KO. I c o ~ P R E s s l o N  -SIDE 2 
TEST NO. 4 COkPRESSION- SIDE I 
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TEST NO.10 C0I:PRESSION-SIDE I 
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F i g .  18. J o i n t  geometry f o r  60' t r u s s e s  


