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54)  Portal  frame  structures. 
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@  A  portal  frame  structure  is  provided  comprising  a 
horizontal  truss  (10)  and  vertical  supports  (11,  12)  se- 
cured  to  the  respective  ends  of  the  truss  (10),  the  truss 
(10)  being  provided  with  a  joint  arrangement  (13)  inter- 
mediate  its  end,  said  joint  arrangement  (13)  being  such 
that  outside  elements  (15,  16)  of  the  truss  (10)  on  one 
side  of  its  neutral  axis  (X-X)  are  maintained  in  com- 
pression  in  both  directions  of  load  on  the  truss,  and 
that  outside  truss  elements  (18,  19)  on  the  other  side 
of  said  neutral  access  are  subjected  to  predetermined 
tension,  such  that  as  the  load  increases  in  one  of  said 
load  directions  the  tension  is  reduced,  and  to  tension 
exerted  in  the  other  of  said  load  directions.  The  pre- 
determined  tension  may  be  zero,  such  that  the  joint 
arrangement  collapses  immediately  a  compressive  load 
is  applied.  Alternatively,  it  may  have  a  value  such  that 
it  reaches  zero  at  any  point  up  to  the  maximum  designed 
load  for  a  particular  building  application.  The  portal 
frames  are  for  use  with  cladding  secured  to  the  inner 
side  of  the  frames. 
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T h i s   i n v e n t i o n   r e l a t e s   to   p o r t a l   f r a m e   s t r u c t u r e s .  

I t   i s   known   to  p r o v i d e   s u c h   s t r u c t u r e s   h a v i n g  

a  h o r i z o n t a l   t r u s s  a n d   two  v e r t i c a l   s u p p o r t s   w h i c h  

a r e   r i g i d l y   s e c u r e d   to  r e s p e c t i v e   e n d s   of   t h e   t r u s s .  

I t   i s   a l s o   known   to   p r o v i d e   s u c h   f r a m e s   w i t h   a  

p i v o t   j o i n t   a t   t h e   c e n t r e   of  t h e   t r u s s ,   and   w i t h  

two  p i v o t   j o i n t s   a t   c o n n e c t i o n s   b e t w e e n   t h e  

r e s p e c t i v e   v e r t i c a l   s u p p o r t s   and   t h e   g r o u n d .   S u c h  

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

p o r t a l s .  

In   a d d i t i o n   to  i t s   own  d e a d   l o a d   t h e   h o r i -  

z o n t a l   t r u s s   of   a  p o r t a l   f r a m e   may  be  r e q u i r e d   t o  

s u p p o r t   a d d i t i o n a l   d o w n w a r d   l o a d s ,   f o r   e x a m p l e ;  

snow  l o a d s   i f   t h e   t r u s s   f o r m s   p a r t   of   a  r o o f .  

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

on  a  h o r i z o n t a l   t r u s s   of   a  r o o f ,   t h e s e   w i n d   l o a d s  

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

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

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

r e s u l t s   i n   a  r e v e r s a l   of   t h e   s t r e s s e s   in   t h e   u p p e r  

and   l o w e r   m e m b e r s   of   t h e   t r u s s ,   and   c o n s e q u e n t l y  

in   a  r e v e r s a l   of   t h e   b e n d i n g   m o m e n t   a t   t h e   r i g i d  

c o n n e c t i o n s   b e t w e e n   t h e   t r u s s   and   i t s   v e r t i c a l  

s u p p o r t s .  

I t   i s   an  o b j e c t   of   t h e   i n v e n t i o n   to  p r o v i d e  

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



r e v e r s a l s   of   s t r e s s   and   b e n d i n g   m o m e n t   a r e   t a k e n  

i n t o   a c c o u n t .  

A c c o r d i n g   to  t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d  

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

t r u s s   a n d   v e r t i c a l   s u p p o r t s   s e c u r e d   to   r e s p e c t i v e  

e n d s   o f   t h e   t r u s s ,   s a i d   t r u s s   b e i n g   p r o v i d e d  

w i t h   a  j o i n t   a r r a n g e m e n t   i n t e r m e d i a t e   i t s   e n d s ,  

s a i d   j o i n t   a r r a n g e m e n t   b e i n g   s u c h   t h a t   o u t s i d e  

e l e m e n t s   o f   t h e   t r u s s   on  one   s i d e   of   i t s   n e u t r a l  

a x i s   a r e   m a i n t a i n e d   i n   c o m p r e s s i o n   i n   b o t h   d i r e c t i o n s  

o f   l o a d   on  t h e   t r u s s ,   and   t h a t   o u t s i d e   t r u s s  

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

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

e x e r t e d   o n l y   in   one   of   s a i d   l o a d   d i r e c t i o n s .  

In   a  f u r t h e r   a s p e c t   of   t h i s   i n v e n t i o n ,  

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

h o r i z o n t a l   t r u s s   and   v e r t i c a l   s u p p o r t s   s e c u r e d   t o  

t h e   r e s p e c t i v e   e n d s   o f   t h e   t r u s s ,   t h e   t r u s s   b e i n g  

p r o v i d e d   w i t h   a  j o i n t   a r r a n g e m e n t   i n t e r m e d i a t e   i t s  

e n d ,   s a i d   j o i n t   a r r a n g e m e n t   b e i n g   s u c h   t h a t   o u t s i d e  

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

a x i s   a r e   m a i n t a i n e d   i n   c o m p r e s s i o n   i n   b o t h   d i r e c t i o n s  

of   l o a d   on  t h e   t r u s s ,   and   t h a t   o u t s i d e   t r u s s   e l e m e n t s  

on  t h e   o t h e r   s i d e   of   s a i d   n e u t r a l   a c c e s s   a r e  

s u b j e c t e d   to  p r e d e t e r m i n e d   t e n s i o n   s u c h   t h a t   a s  

t h e   l o a d   i n c r e a s e s   in   one   of   s a i d   l o a d   d i r e c t i o n s  

t h e   t e n s i o n   i s   r e d u c e d ,   a n d   to  t e n s i o n   e x e r t e d   i n   t h e  

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



In  one   e m b o d i m e n t   t h e   s t r u c t u r e   i s   a  t w o - p i n  

p o r t a l   f r a m e ,   t h e   j o i n t   a r r a n g e m e n t   p r o v i d i n g   a  

t i e   u n d e r   t e n s i o n .  

In  g e n e r a l   when   t h e   j o i n t   a r r a n g e m e n t   i s  

s u b j e c t e d   to  a  p r e d e t e r m i n e d   t e n s i o n ,   t h e   t e n s i o n  

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

l o a d   d i r e c t i o n s   t h e   t e n s i o n   w i l l   r e d u c e   to  z e r o  

and   when  i t   r e a c h e s   z e r o ,   t h e   j o i n t   a r r a n g e m e n t   h a s  

no  e f f e c t   c a u s i n g   t h e  f r a m e   as  a  w h o l e   t o  

c o n v e r t   f r o m   a  t w o - p i n   p o r t a l   f r a m e   to   a  t h r e e - p i n  

p o r t a l   f r a m e .  

In  a  f u r t h e r   e m b o d i m e n t   s a i d   s t r u c t u r e   i s  

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

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

In  a  p a r t i c u l a r   e m b o d i m e n t   s a i d   j o i n t  

a r r a n g e m e n t   c o m p r i s e s   a  p i v o t   j o i n t   c o n n e c t i n g   t h e  

o u t s i d e   t r u s s   e l e m e n t s   on  s a i d   one   s i d e   of   t h e   n e u -  

t r a l   a x i s ,   and   a  f l e x i b l e   l i n k a g e   i n t e r c o n n e c t i n g  

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

s a i d   n e u t r a l   a x i s .  

The  j o i n t   a r r a n g e m e n t   can   c o m p r i s e   a  p i v o t  

j o i n t   on  one  s i d e   of   t h e   t r u s s   e l e m e n t s   and   a  

f l e x i b l e   l i n k a g e   made  up  of   t h r e e   p i v o t   j o i n t s  

l i n k e d   by  two  r o d s   on  t h e   o t h e r   s i d e   of   t h e   n e u t r a l  

a x i s .   A  p i v o t   j o i n t   l i n k s   e a c h   of   t h e   o u t s i d e  

m e m b e r s   of   t h e   t r u s s   and   w i t h   t h e   t h i r d   p i v o t  

j o i n t   l i n k i n g   t h e   two  r o d s .   The  t h r e e   p i v o t  



f l e x i b l e   l i n k a g e   c a n   be  u s e d   i n   a  u n s t r e s s e d   s t a t e  

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

of   t h e   n e u t r a l   a x i s   a r e   s u b j e c t e d   to   t e n s i o n   o n l y .  

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

l i n k a g e   c o l l a p s e s   c a u s i n g   t h e   s t r u c t u r e   to   a c t   a s  

a  t h r e e - p o i n t   p o r t a l   f r a m e .   By  a p p l y i n g   p r e -  

d e t e r m i n e d   t e n s i o n   to   t h e   f l e x i b l e   l i n k a g e ,  

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

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

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

l o a d   h a s   b e e n   e x c e e d e d .   The  s t r u c t u r e   c a n   b e  

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

l i n k a g e   o n l y   r e a c h e s   z e r o   when  t h e   m a x i m u m  

d e s i g n e d   l o a d   i s   r e a c h e d   in   one   d i r e c t i o n .  

O t h e r   j o i n t   a r r a n g e m e n t s   a r e   a l s o   p o s s i b l e .  

A  r i g i d   b a r   c o n n e c t e d   to   t h e   o u t s i d e   m e m b e r s   o f  

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

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

i s   to  be  p r e - s t r e s s e d   s u c h   t h a t   t h e   t e n s i o n   w i l l  

n o t   r e d u c e   to   z e r o   u n d e r   any   a n t i c i p a t e d   l o a d s .  

F o r   e x a m p l e ,   c a r e f u l   c a l c u l a t i o n   of  a l l  

u p w a r d   l o a d s   c a n   be  made   s u c h   t h a t   t h e   p r e -  

s t r e s s e d   b a r   w i l l   r e m a i n   i n   t e n s i o n   and   o n l y  

r e a c h   z e r o   t e n s i o n   when   t h e   max imum  d e s i g n e d   l o a d  

i s   r e a c h e d   i n   one   d i r e c t i o n .  

A n o t h e r   j o i n t   a r r a n g e m e n t   i s   a  c a b l e   c o n n e c -  

t i n g   t h e   o u t s i d e   e l e m e n t s   o f   t h e   t r u s s ,   t h e   i n n e r  



m e m b e r s   b e i n g   c o n n e c t e d   w i t h   a  p i v o t .   The  c a b l e  

may  be  u s e d   f o r   b o t h   e m b o d i m e n t s  o f   t h e   p r e s e n t  

i n v e n t i o n ,   i . e .   t h e   t h r e e - p i n   p o r t a l   s t r u c t u r e   s u c h  

t h a t   on  t h e   c h a n g e   of   l o a d   d i r e c t i o n   t h e r e   i s   n o  

t e n s i o n   in   t h e   c a b l e ,   or   as  a  p r e - s t r e s s e d   l i n k a g e  

to  f o r m   a  t w o - p i n   p o r t a l   f r a m e   u n t i l   a  p r e -  

d e t e r m i n e d   l o a d   i s  r e a c t e d   in   one   d i r e c t i o n .  

At  t h i s   p o i n t   t h e   t e n s i o n   i n   t h e   j o i n t   a r r a n g e -  

m e n t   r e a c h e s   z e r o   and  t h e   s t r u c t u r e   w i l l   t h e n   a c t  

as  a  t h r e e - p i n   p o r t a l   f r a m e .  

In   one   e m b o d i m e n t   s a i d   t r u s s   i s   j o i n e d   t o  

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

f o r   p r o v i d i n g   l i f t e d   p i v o t a l   m o v e m e n t   in   r e s p o n s e  

to  a  l o a d   in   t h e   a f o r e s a i d   one   d i r e c t i o n .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  w a y  

of   e x a m p l e   o n l y   and  w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y -  

i n g   d r a w i n g s ,   in   w h i c h : -  

F i g u r e   1  s h o w s ,   d i a g r a m m a t i c a l l y ,   an  e l e -  

v a t i o n   o f   t h e   h y b r i d   p o r t a l   f r a m e   of   t h e   p r e s e n t  

i n v e n t i o n ;  

F i g u r e s   2,  3  and   4  show,   to  an  e n l a r g e d   s c a l e ,  

d e t a i l s   of   t h e   f r a m e   of  F i g u r e   1 ;  

F i g u r e   5A  s h o w s ,   to   a  f u r t h e r   e n l a r g e d  

s c a l e ,   a  s e c t i o n   on  t h e   l i n e   5 - 5   in   F i g u r e   3;  a n d  

F i g u r e   5B  i s   a  v i e w ,   c o r r e s p o n d i n g   to  F i g u r e  

5A  w i t h   an  u p w a r d   l o a d   on  t h e   f r a m e .  



The  f r a m e   shown  i n   F i g u r e   1  i s   a  m o d i f i c a t i o n  

of   a  t h r e e - p i n   p o r t a l   f r a m e   h a v i n g   a  h o r i z o n t a l  

t r u s s   p i n   and   v e r t i c a l   s u p p o r t   s t r u c t u r e s   11,   1 2  

w h i c h   a r e   s e c u r e d   to  r e s p e c t i v e   e n d s   o f   t h e   t r u s s  

10.   A  j o i n t   a r r a n g e m e n t   13  i n   t h e   m i d d l e  

o f   t h e   t r u s s   10  s h o w n   in   m o r e   d e t a i l   i n  

F i g u r e   2,  a n d   c o m p r i s e s   a  p i v o t   j o i n t   14  i n t e r -  

c o n n e c t i n g   t h e   l o w e r   h o r i z o n t a l   m e m b e r s   15,   16  o f  

t h e   t r u s s   10,   t h e s e   m e m b e r s   15,   16  b e i n g   t h e   o u t s i d e  

m e m b e r s   b e l o w   t h e   t r u s s   n e u t r a l   l i n e   XX.  T h e  

j o i n t   a r r a n g e m e n t   13  a l s o   c o m p r i s e s   a  f l e x i b l e  

l i n k a g e   17  i n t e r c o n n e c t i n g   t h e   u p p e r   h o r i z o n t a l  

m e m b e r s   18,   19  o f   t h e   t r u s s   10 ,   t h e   m e m b e r s   18 ,   1 9  

b e i n g   t h e   o u t s i d e   m e m b e r s   o f   t h e   t r u s s   a b o v e   i t s  

n e u t r a l   l i n e   XX.  The  l i n k a g e   17  c o m p r i s e s   t h r e e  

p i v o t   j o i n t s   20,   21,  22,  a  r o d   23  t h r e a d l y   e n g a g i n g  

e l e m e n t s   o f   t h e   p i v o t s   20,   21,   and   a  f u r t h e r   r o d  

24  s e c u r e d   to   an  e l e m e n t   of   t h e   p i v o t   21  a n d   t h r e a d l y  

e n g a g e i n g   an  e l e m e n t   of   t h e   p i v o t   22.   The  t o t a l  

l e n g t h   o f   t h e   l i n k a g e   17  may  t h u s   be  a d j u s t e d   t o  

p r o v i d e   a  r e q u i r e d   i n i t i a l   t e n s i o n   i n   t h e   u p p e r  

m e m b e r s   18 ,   19  o f   t h e   t r u s s   10 ,   b u t   w i l l   c o l l a p s e  

to   p r e v e n t   t h e   m e m b e r s   18,   19  b e i n g   s u b j e c t e d   t o  

c o m p r e s s i v e   l o a d .  

The  i n i t i a l   t e n s i o n   may  be  i n c r e a s e d   s u c h  

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

t e n s i o n   r e m a i n s   i n   t h e   u p p e r   m e m b e r s   18 ,   19  o f  

t h e   t r u s s   10.   T h i s   p r e - t e n s i o n i n g   may  b e  



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

e l e m e n t s   o f   t h e   p i v o t s   20,  21  and   22.   A l t e r n a t i v e l y ,  

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

t h e   t r u s s   p r i o r   to   i n s e r t i o n   of   t h e   f l e x i b l e  

l i n k a g e ,   p a r t i c u l a r l y   i f   t h e   l i n k a g e   i s   a  

r i g i d   b a r   or   a  c a b l e .  

The  j o i n t   3 0  b e t w e e n   t h e   t r u s s   10  and   s u p p o r t  

s t r u c t u r e   12  i s   shown  in   m o r e   d e t a i l   i n   F i g u r e   3  

and   c o m p r i s e s   a  p i v o t   31  b e t w e e n   t h e   m e m b e r   1 9  

and   an  o u t e r   m e m b e r   32  o f   t h e   s t r u c t u r e   1 2 ,  

t o g e t h e r   w i t h   a  c o n n e c t i o n   33  b e t w e e n   t h e   m e m b e r  

16  and   an  i n n e r   m e m b e r   34  of   t h e   s t r u c t u r e   1 2 .  

The  c o n n e c t i o n   33  i s   shown  in   more   d e t a i l   i n  

F i g u r e   5  and   c o m p r i s e s   a  p i n   35  t h r o u g h  

e l o n g a t e   h o l e s   36 ,   37  in   r e s p e c t i v e   e l e m e n t s   38,   3 9  

w h i c h   a r e   in   t u r n   s e c u r e d   to  t h e   m e m b e r s   16 ,   3 4  

r e s p e c t i v e l y .   The  a r r a n g e m e n t   i s   s u c h   t h a t   w i t h  

a  d o w n w a r d   l o a d   on  t h e   t r u s s   10  t h e   e l e m e n t s  

38,   39  a b u t   t h e   p i n   35  as   shown  i n   F i g u r e   5A,  t h e  

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

l o a d i n g   on  t h e   t r u s s   10,   and   d e p e n d i n g   u p o n   t h e  

i n i t i a l   t e n s i o n   a p p l i e d   to   t h e   l i n k a g e   17  

( F i g u r e   2)  t h e   e l e m e n t s   38,   39  can   move  a p a r t  

to   t h e   p o s i t i o n   shown   in   F i g u r e   5B,  t h e r e b y  

p e r m i t t i n g   l i m i t e d   m o v e m e n t   a b o u t   t h e   p i v o t   3 1 .  

The  j o i n t   b e t w e e n   t h e   t r u s s   10  and  s u p p o r t  

s t r u c t u r e   11  i s   made  in   a  s i m i l a r   m a n n e r .  

As  shown  more   c l e a r l y   in   F i g u r e   4  t h e  

s t r u c t u r e s   11,  12  a r e   p i v o t a l l y   c o n n e c t e d   t o  



s u p p o r t i n g   f e e t   4 0 .  

In   one   e m b o d i m e n t ,   w i t h   a  d o w n w a r d   l o a d   o n  

t h e   t r u s s   10,   and   by  v i r t u e   o f   t h e   p i v o t   j o i n t   1 4  

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

s t r u c t u r e s   11,   12  to   t h e   g r o u n d ,   t h e   t r u s s   1 0  

as   a  w h o l e   i s   u n d e r   c o m p r e s s i o n .   The  l i n k a g e   1 7  

t h u s   c o l l a p s e s   a n d   no  c o m p r e s s i v e   l o a d   i s  

e x p e r i e n c e d   by  t h e  u p p e r   m e m b e r s   18,   19  of   t h e  

t r u s s .   The  e l e m e n t s   38,   39  in   b o t h   of   t h e  

j o i n t s   b e t w e e n   t h e   t r u s s   and   t h e   s u p p o r t   s t r u c t u r e s  

11,   12  a r e   u r g e d   i n t o   t h e   p o s i t i o n s   shown  i n  

F i g u r e   5 A .  

In   a n o t h e r   e m b o d i m e n t ,   when   t h e   l i n k a g e   17  

i s   p r e - s t r e s s e d ,   t h e   d o w n w a r d   l o a d   on  t h e   t r u s s   1 0  

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

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

Once   t h e   t e n s i o n   i n   t h e   l i n k a g e   17  r e a c h e s   z e r o ,  

i t   c o l l a p s e s   s u c h   t h a t   no  c o m p r e s s i v e   l o a d   i s  

a p p l i e d   to   t h e   u p p e r   m e m b e r s   o f   t h e   t r u s s .  

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

b u i l d i n g   s u c h   t h a t   t h e   s t r u c t u r e   a c t s   as  a  h y b r i d  

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

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

t w o - p i n   h y b r i d   p o r t a l   f r a m e   to  a  t h r e e - p i n   p o r t a l  

f r a m e   w i t h   no  t e n s i o n   in   t h e  l i n k a g e   1 7 .  

U n d e r   an  u p w a r d   w i n d   l o a d   t h e   t r u s s   10  h o g s  

and   t h e   l i n k a g e   17  i s   s u b j e c t e d   to  t e n s i o n ,   p r e -  

v e n t i n g   m o v e m e n t   in   t h e  j o i n t   a r r a n g e m e n t   13  a n d  

c a u s i n g   t h e   s t r u c t u r e   as  a  w h o l e   to   a c t   as  a  t w o -  

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



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

f r a m e ,   as  s e e n   in   F i g u r e   1,  t h e   j o i n t   a r r a n g e m e n t  

13  r e m a i n s   r i g i d   and   t h e   e l e m e n t s   38,   39  o f   t h e  

l e f t - h a n d  j o i n t   3 0  w i l l   be  m a i n t a i n e d   in   t h e   a b u t -  

m e n t   c o n d i t i o n   shown  i n   F i g u r e   5A.  D e p e n d e n t   o n  

t h e   i n i t i a l   t e n s i o n   s e t   i n   t h e   l i n k a g e   1 7 ,  

a n y   a d d i t i o n a l   h o g g i n g  o f   t h e   t r u s s   10  w i l l  

c a u s e   t h e   m e m b e r s   38 ,   39  of   t h e   r i g h t - h a n d   j o i n t  

30  to   move  t o w a r d s   t h e   p o s i t i o n s   shown  i n  

F i g u r e   5B,  r e s u l t i n g   in   m o v e m e n t   a b o u t   t h e   p i v o t  

31  of   t h a t   j o i n t .   D u r i n g   t h i s   m o v e m e n t   t h e   f r a m e  

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

h a n d   one  of   t h e   j o i n t s  3 0   p r o v i d i n g   t h e   t h i r d   p i n .  

I t   i s   n e v e r t h e l e s s   p o s s i b l e   by  s u i t a b l e   p r e -  

t e n s i o n i n g   of   t h e   l i n k a g e  1 7   to  m a i n t a i n   t h e   f r a m e  

as  a  t w o - p i n   p o r t a l   u n d e r   a l l   a n t i c i p a t e d   u p w a r d  

l o a d s .  

I t   i s   p r i n c i p a l l y   i n t e n d e d   t h a t   a  p l u r a l i t y  

of   p o r t a l   f r a m e s   of   t h e   t y p e   d e s c r i b e d   s h a l l   b e  

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

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

i n s i d e   m e m b e r s   of   t h e   f r a m e s .   The  f r a m e s   a r e  

t h e r e b y   l e s s   l i a b l e   to  b u c k l e   in   t h e   e v e n t   of   a n  

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

a l s o   a c t s   to  r e s t r a i n   t h e   m e m b e r s   15,   16  of   t h e  

f r a m e s   f r o m   b u c k l i n g   due  to   c o m p r e s s i o n .   P o r t a l  

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

t h e   m e m b e r s   15,  16  a r e   a l w a y s   in   c o m p r e s s i o n   a r e  



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

u p p e r   m e m b e r s   18,   19  n e e d   n o t   be  d i m e n s i o n e d   o r  

b r a c e d   to   t a k e   c o m p r e s s i v e   l o a d s .  

By  p r e - s t r e s s i n g   t h e   j o i n t   a r r a n g e m e n t   i n  

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

i n c r e a s i n g   t h e   m e m b e r   f o r c e s   due   to   t h e   s n o w  

l o a d .   The  s t r u c t u r e   w i l l   d e f l e c t   u n d e r   a  snow  l o a d ,  

as   i f   i t   w e r e   a  t w o - p i n   p o r t a l   f r a m e   u n t i l   t h e  

f o r c e   i n   t h e  j o i n t   a r r a n g e m e n t   r e a c h e s   z e r o .   F r o m  

t h a t   p o i n t   o n w a r d s ,   t h e   s t r u c t u r e   w i l l   a c t   as  a  

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

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

o f   c o m p r e s s i o n   a r o u n d   t h e   k n e e   j o i n t   s u c h   t h a t  

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

of   t h e   s t r u c t u r e .   T h e  l o a d s   o f   t h e   t r u s s ,  

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

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

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

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

m e n t   i n t e r m e d i a t e   i t s   e n d ,   in   w h i c h   t h e   j o i n t  

a r r a n g e m e n t   i s   on  t h e   u p p e r   s i d e   of   t h e   n e u t r a l  

a x i s .   H o w e v e r ,   d e p e n d i n g   on  t h e   l o a d s   a n t i c i -  

p a t e d   on  t h e   t r u s s ,   t h e   j o i n t   a r r a n g e m e n t   may  b e  

p o s i t i o n e d   on  t h e   l o w e r   s i d e   of   t h e   n e u t r a l   a x i s .  



1.  A  p o r t a l   f r a m e   s t r u c t u r e   c o m p r i s i n g   a  h o r i z o n t a l  

t r u s s   and   v e r t i c a l   s u p p o r t s   s e c u r e d   to   t h e   r e s p e c t i v e  

e n d s   of   t h e   t r u s s ; ,   t h e   t r u s s   b e i n g   p r o v i d e d   w i t h   a  j o i n t  

a r r a n g e m e n t   i n t e r m e d i a t e   i t s   e n d ,   s a i d  j o i n t   a r r a n g e m e n t  

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

of   i t s   n e u t r a l   a x i s   a r e   m a i n t a i n e d   i n   c o m p r e s s i o n   i n  

b o t h   d i r e c t i o n s   of   l o a d   on  t h e   t r u s s ,   a n d   t h a t   o u t s i d e  

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

a r e   s u b j e c t e d   to   p r e d e t e r m i n e d   t e n s i o n   s u c h   t h a t   as  t h e  

l o a d   i n c r e a s e s   in   one   of   s a i d   l o a d   d i r e c t i o n s   t h e  

t e n s i o n   i s   r e d u c e d ,   and   to   t e n s i o n   e x e r t e d   i n   t h e   o t h e r  

of   s a i d   l o a d   d i r e c t i o n s .  

2.  A  p o r t a l   f r a m e   s t r u c t u r e   as  c l a i m e d   i n   c l a i m   1 

w h e r e i n   t h e   p r e d e t e r m i n e d   t e n s i o n   i n   one   of   t h e   t r u s s  

e l e m e n t s   i s   z e r o   o r   s u f f i c i e n t   to  p r o v i d e   i n i t i a l   t e n s i o n  

i n   t h e   t r u s s   e l e m e n t   b u t   w i l l   c o l l a p s e   to   p r e v e n t   t h e  

t r u s s   e l e m e n t   b e i n g   s u b j e c t e d   t o   any   c o m p r e s s i v e   l o a d .  

3.  A  p o r t a l   f r a m e   s t r u c t u r e   as  c l a i m e d   i n   c l a i m   2  

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

j o i n t   a r r a n g e m e n t   p r o v i d i n g   one  of   t h e   p i v o t  p o i n t s   o f  

s a i d   f r a m e .  

4.  A  p o r t a l   f r a m e   s t r u c t u r e   as  c l a i m e d   i n   c l a i m   1 

w h e r e i n   s a i d   p r e d e t e r m i n e d   t e n s i o n   i n   one   o f   t h e   t r u s s  

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

d i r e c t i o n   t h e   t e n s i o n   w i l l   r e d u c e   to   z e r o   c a u s i n g   t h e  

f r a m e   s t r u c t u r e   to   c o n v e r t   f r o m   a  t w o - p i n   p o r t a l   f r a m e  

to  a  t h r e e - p i n   p o r t a l   f r a m e .  



5.  A  p o r t a l   f r a m e   as  c l a i m e d   in   a n y  o n e   of  t h e  

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

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

on  s a i d   one   s i d e   of  t h e   n e u t r a l   a x i s ,   and  a  f l e x i b l e  

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

on  t h e   o t h e r   s i d e   of  s a i d   n e u t r a l   a x i s .  

6.  A  p o r t a l   f r a m e   s t r u c t u r e   as  c l a i m e d   in   c l a i m  

5  w h e r e i n   t h e   j o i n t   a r r a n g e m e n t   i s   a  r i g i d   b a r   c o n n e c t e d  

by  p i v o t s   t o   t h e   m e m b e r s   of  t h e   t r u s s .  

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

one   of  t h e   p r e c e d i n g   c l a i m s   f o r m i n g   an  i n v e r t e d   U - s h a p e  

f r a m e   h a v i n g   i n n e r   and   o u t e r   h o r i z o n t a l   t r u s s   m e m b e r s  

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

e a c h   j o i n t   b e t w e e n   t h e   h o r i z o n t a l   t r u s s   and  t h e   v e r t i c a l  

s u p p o r t s   c o m p r i s e   a  p i v o t   b e t w e e n   an  o u t e r   member   o f  

t h e   t r u s s   and   an  o u t e r   member   of  t h e   s u p p o r t   and  a  

s l i d a b l e   c o n n e c t o r   b e t w e e n   an  i n n e r   member   of  t h e   t r u s s  

and   an  i n n e r   member   of  t h e   s u p p o r t .  
8.  A  p o r t a l   f r a m e   s t r u c t u r e   as  c l a i m e d   in   a n y  

one   of  t h e   p r e c e d i n g   c l a i m s   f o r m i n g   an  i n v e r t e d   U - s h a p e  

f r a m e   h a v i n g   i n n e r   and  o u t e r   h o r i z o n t a l   t r u s s   m e m b e r s  

i n   w h i c h   t h e   j o i n t   a r r a n g e m e n t   c o n n e c t s   t h e   o u t e r   h o r i z o n t a l  

t r u s s   m e m b e r s .  

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

one   of  c l a i m s   1  to   7  f o r m i n g   an  i n v e r t e d   U - s h a p e d   f r a m e  

h a v i n g   i n n e r   and  o u t e r   h o r i z o n t a l   t r u s s   m e m b e r s   i n  

w h i c h   t h e   j o i n t   a r r a n g e m e n t   c o n n e c t s   t h e   i n n e r   h o r i z o n t a l  

t r u s s   m e m b e r s .  

10 .   A  p l u r a l i t y   of  p o r t a l   f r a m e   s t r u c t u r e s   e a c h  

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

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

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