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I NTRODUCTI ON

Te mpe r a t ur e  c ha nge s  c a n s i gni f i c a nt l y  a f f e c t  de f l e c t i ons  of
r e i nf or c e d c onc r e t e  bui l di ng s t r uc t ur e s .  De f l e c t i ons  oc c ur  i n
unr e s t r a i ne d f l e xur a l  me mbe r s  whe n a  t e mpe r a t ur e  gr a di e nt  i s  s e t  up

be t we e n oppos i t e  f a c e s  of  t he  me mbe r .  In c a s e s  whe r e  de f or ma t i ons
due  t o  t e mpe r a t ur e  c ha nge  a r e  r e s t r a i ne d,  t e ns i l e  s t r e s s e s  i nduc e d

i n t he  me mbe r  c a n r e s ul t  i n  c r a c ki ng a nd c ons e que nt  r e duc t i on i n
f l e xur a l  s t i f f ne s s .  Be c a us e  t e mpe r a t ur e  e f f e c t s  do not  of t e n
a f f e c t  t he  ul t i ma t e  l i mi t  s t a t e  of  t he  s t r uc t ur e ,  e f f e c t s  of

t e mpe r a t ur e  on de f l e c t i on a r e  s ome t i me s  not  c ons i de r e d i n  de s i gn.
Howe ve r ,  i t  ha s  be e n s t a nda r d pr a c t i c e  t o  c omput e  t he r ma l  s t r e s s e s
a nd di s pl a c e me nt s  i n  s t r uc t ur e s  f or  t a l l  bui l di ng de s i gn.  Al s o,
e l onga t i on a nd s hor t e ni ng of  br i dge  s upe r s t r uc t ur e s  a nd pr e c a s t

c onc r e t e  s t r uc t ur e s  a r e  nor ma l l y c omput e d f or  s uppor t  a nd e xpa ns i on
j oi nt  de s i gns .

De  Se r i o ( 1)  s t a t e s  t ha t " De s i gni ng f or  t he r ma l  a nd s hr i nka ge
s t r e s s e s  i s  t he  mos t  ne gl e c t e d pa r t  of  t oda y ' s  de s i gn pr a c t i c e . "
Wi t h t he  us e  of  hi ghe r  s t r e ngt h ma t e r i a l s  a nd mor e  r e f i ne d me t hods

of  a na l ys i s  t he  ne e d t o  c ons i de r  t e mpe r a t ur e  e f f e c t s  i s  be c omi ng
i nc r e a s i ngl y i mpor t a nt .

Mos t  ge ne r a l  pur pos e  c omput e r  pr ogr a ms  ha ve  t he  c a pa bi l i t y  t o
i nc l ude  t e mpe r a t ur e  c ha nge s  i n  t he  a na l ys i s  f or  c e r t a i n  t ype s  of
me mbe r s .  Howe ve r ,  i n  ma ny c a s e s , pa r t i c ul a r l y  t hos e  i nvol vi ng

r e l a t i ve l y s i mpl e  s t r uc t ur e s , whe r e  c omput e r  a na l ys i s  i s  not
r e qui r e d,  or  whe r e  t he  c omput e r  pr ogr a m doe s  not  i nc l ude  t he

c a pa bi l i t y  f or  a na l ys i s  of  f l e xur a l  me mbe r s  s ubj e c t e d t o
t e mpe r a t ur e  gr a di e nt , c a l c ul a t i ons  ma y be  r e qui r e d t o  i nve s t i ga t e
t he  e f f e c t  of  t e mpe r a t ur e  c ha nge  on s e r vi c e a bi l i t y .

The  obj e c t i ve  of  t hi s  r e por t  i s  t o  i ndi c a t e  s ome  of  t he
pr obl e ms  t ha t  c a n r e s ul t  f r om di f f e r e nt i a l  t he r ma l  move me nt  a nd t o
out l i ne  pr oc e dur e s  f or  c a l c ul a t i ng de f l e c t i ons  t ha t  r e s ul t  f r om

t e mpe r a t ur e  c ha nge .  The  s c ope  of  t he  r e por t  i s  r e s t r i c t e d t o
pe r f or ma nc e  of  s t r uc t ur e s  i n  s e r vi c e .  Te mpe r a t ur e  e f f e c t s  due  t o
he a t  of  hydr a t i on a r e  not  c ons i de r e d.

SERVI CEABI LI TY PROBLEMS RELATED TO DI FFERENTI AL THERMAL MOVEMENT

The  f ol l owi ng e xa mpl e s  i l l us t r a t e  pot e nt i a l  pr obl e ms  t ha t  c a n
r e s ul t  f r om di f f e r e nt i a l  t he r ma l  move me nt  i n  bui l di ng s t r uc t ur e s .

Of f i c e  bui l di ng -  c a nt i l e ve r  r oof  a nd f l oor  s l a bs .  Da i l y
t e mpe r a t ur e  c ha nge s  c a us e d de f l e c t i ons  of  a bout  one  i nc h a t  t he
c a nt i l e ve r  e nds  of  r oof  s l a bs  i n  a  f our - s t or y bui l di ng c ons t r uc t e d
of  c a s t - i n- pl a c e  c onc r e t e .  The  pos t - t e ns i one d f l oor s  a nd r oof  we r e
80 f e e t  by 80 f e e t  i n  pl a n.  Onl y  f our  c ol umns  we r e  pr ovi de d a nd
t he s e  we r e  48 f e e t  a pa r t  i n  e a c h di r e c t i on whi c h r e s ul t e d i n  t he
c ol umns  be i ng 16 f e e t  f r om t he  e dge s  of  t he  f l oor  a nd r oof  s l a bs  i n

e a c h di r e c t i on.  Dur i ng c ons t r uc t i on i t  wa s  not e d t ha t  di ur na l
s ol a r  he a t i ng c a us e d t he  r oof  s l a b t o  de f l e c t  up a nd down.  Th e
c ha nge  i n  e l e va t i on wa s  a bout  one  i nc h a t  t he  e xt r e me  ove r ha ngi ng
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e nds .  For t una t e l y t he  de t a i l  f or  t he  c onne c t i on of  t he  wi ndows ,
whi c h we r e  l oc a t e d i n  t he  pe r i me t e r  of  t he  f l oor s  a nd r oof ,
pr ovi de d f or  s uf f i c i e n t  move me nt  t ha t  t he  wi ndows  r e ma i n a t t a c he d

t o t he  r oof  whe n i t  i s  i t s  hi ghe s t  pos i t i on a nd doe s  not  r e s ul t  i n
t he  wi ndow be c omi ng l oa de d whe n t he  r oof  i s  i n  i t s  l owe s t  pos i t i on.

I ndus t r i a l  bui l di ng -  c a nt i l e ve r  r oof  s l a b.  Si mi l a r  t e mpe r a t ur e -
i nduc e d move me nt s  c a us e d da ma ge  a t  t he  j o i n t  be t we e n a  c a nt i l e ve r

r oof  s l a b a nd e xt e r i or  wa l l  i n  a  one - s t or e y bui l di ng t ha t  wa s
e r e c t e d us i ng t he  l i f t - s l a b t e c hni que .  The  pos t - t e ns i one d wa f f l e

r oof  s l a bs  ha d s i gni f i c a nt  ove r ha ngs  a t  a l l  f our  e xt e r i or  wa l l s .

The  e xt e r i or  wa l l s  we r e  c ons t r uc t e d us i ng t he  t i l t - up me t hod.
Be c a us e  of  t he  c ons t r uc t i on t e c hni que s  us e d,  t he  r oof  wa s  not

s uppor t e d ve r t i c a l l y  by t he  e xt e r i or  wa l l s  a nd t he  c onne c t i on of
t he  e xt e r i or  wa l l s  ( f or  hor i z ont a l  l oa ds )  wa s  ma de  whe n t he  e dge s
of  t he  r oof  we r e  i n  a  l ow pos i t i on due  t o  t he  e f f e c t s  of  di ur na l
s ol a r  he a t i ng.  Dur i ng s e r vi c e  t he  e f f e c t  of  s ol a r  he a t i ng ha s  be e n

t o a ppl y ve r t i c a l  l oa ds  t o  t he  e xt e r i or  wa l l s .  Thi s  ha s  r e s ul t e d
i n t he  ve r t i c a l  c a s t - i n- pl a c e  c onc r e t e  c l os ur e  pour s  be t we e n t he
wa l l  pa ne l s ,  pa r t i c ul a r l y  a t  t he  c or ne r s  of  t he  bui l di ng,  t o  c r a c k
a nd di s i nt e gr a t e  ne a r  t he i r  bot t oms  wi t h t he  pa s s a ge  of  t i me .
Re c ons t r uc t i ng t he  de s t r oye d c onc r e t e  doe s  not  s ol ve  t he  pr obl e m;

i t  s i mpl y di s i nt e gr a t e s  a ga i n.  Eve nt ua l l y ,  a t t e mpt s  t o  r e c ons t r uc t

t he  di s i nt e gr a t e d c onc r e t e  we r e  a ba ndone d a nd s t e e l  pl a t e s ,  pa i nt e d
t o ma t c h t he  c ol or  of  c onc r e t e ,  we r e  pl a c e d on t he  a f f e c t e d j oi nt s

t o  c ove r  t he  da ma ge  a nd i mpr ove  t he  a ppe a r a nc e  of  t he  bui l di ng.

Pa r ki ng s t r uc t ur e  -  de f l e c t i on of  doubl e  t e e  be a ms .  I n  a  pr e c a s t
pa r ki ng s t r uc t ur e ,  r ot a t i on a t  be a r i ng e nds  of  be a ms  r e s ul t i ng f r om

de f l e c t i ons  c a us e d by di ur na l  s ol a r  he a t i ng pr oduc e d c r a c ki ng ne a r

t he  e nds  of  t he  be a ms .  The  pr e c a s t  pr e s t r e s s e d doubl e - t e e  be a ms

s pa n a bout  55 f e e t .  A c onc r e t e  t oppi ng wa s  pl a c e d ove r  t he  t op of
t he  doubl e - t e e  be a ms .  Re i nf or c i ng s t e e l  wa s  pl a c e d i n  t he  t oppi ng
a t  i nt e r i or  j oi nt s  i n  a  c onf i gur a t i on s i mi l a r  t o  t ha t  us e d wi t h

ne ga t i ve  mome nt  r e i nf or c e me nt  i n  c a s t - i n- pl a c e  c ons t r uc t i on.  At

s ome  l oc a t i ons  e l a s t ome r i c  be a r i ng pa ds  we r e  pl a c e d be t we e n t he
s t e ms  of  t he  doubl e - t e e  be a ms  a nd t he i r  s uppor t s ;  a t  ot he r s ,
e l a s t ome r i c  be a r i ng pa ds  we r e  not  pr ovi de d unde r  t he  s t e ms .

Me a s ur e me nt s  s howe d t he  de f l e c t i on c a us e d by di ur na l  s ol a r  he a t i ng
t o be  of  t he  or de r  of  0. 75 i nc he s  a t  mi ds pa n  of  t he  doubl e - t e e
be a ms .  The  de f l e c t i on due  t o  s ol a r  he a t i ng c a us e d r ot a t i ons  a t  t he
e nds  of  t he  doubl e - t e e  be a ms  a nd ma ny of  t he  doubl e - t e e  be a m s t e ms ,
not  pr ovi de d wi t h e l a s t ome r i c  be a r i ng pa ds ,  c r a c ke d a s  a  r e s ul t  of

t he  r ot a t i on.

Of f i c e  bui l di ng -  ve r t i c a l  wa l l  pa ne l s .  Ext e r i or  pr e c a s t  wa l l

pa ne l s  t wo s t or i e s  hi gh we r e  s uppor t e d a t  t he  bot t om a nd s uppor t e d
l a t e r a l l y  a t  t he  t op of  t he  s e c ond s t or e y.  In s ome  l oc a t i ons  t he
pa ne l s  we r e  pl a c e d a dj a c e nt  t o  wa l l  c ons t r uc t i on s uppor t e d
l a t e r a l l y  a t  t he  t op a nd bot t om of  t he  s e c ond s t or e y.  Se a s ona l

t e mpe r a t ur e  c ha nge s  c a us e d bowi ng of  t he  t wo s t or e y pa ne l s
r e s ul t i ng i n  mi d pa ne l  de f l e c t i ons  up t o  3/ 4  i n .  Re l a t i ve

de f l e c t i on be t we e n t he  t wo- s t or e y pa ne l s  a nd a dj a c e nt  wa l l s

s uppor t e d a t  t he  bot t om of  t he  s e c ond s t or e y c a us e d da ma ge  t o  t he
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