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Synops i s :  Thi s  r e por t  i s  i n  t wo di s t i nc t  pa r t s.

Pa r t  I  i s  a  s umma r y of  publ i s he d s t udi e s  on s l a b de f l e c t i ons

( 3 f r om Aus t r a l i a ,  1  f r om Sc ot l a nd,  1  f r om Swe de n,  2 f r om U. S. ) .

The  s umma r y f oc us e s  on c ons t r uc t i on pr a c t i c e s  a nd ma t e r i a l s

qua l i t y .  Compa r i s on of  de f l e c t i ons  c a l c ul a t e d by va r i ous  me t hods

wi t h a c t ua l  l ong- t e r m de f l e c t i ons  i s  ma de  i n  s ome  c a s e s .

Pa r t  I I  s umma r i z e s  s e ve r a l  c ons t r uc t i on pr obl e ms  a nd ma t e -

r i a l  de f i c i e nc i e s  whi c h c a n c ont r i but e  t o  l a r ge  l ong- t e r m de f l e c -

t i ons .  Foc us i ng on l a r ge  c ons t r uc t i on l oa ds ,  t he  a ut hor s  s how
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t ha t  c ons t r uc t i on l oa ds  ma y be  c ons i de r a bl y hi ghe r  t ha n de s i gn
l oa ds  a nd t ha t  hi gh c ons t r uc t i on l oa ds  c a us e  hi gh i ni t i a l  de f l e c -
t i ons  be c a us e  c onc r e t e  ha s  a  l owe r  modul us  of  e l a s t i c i t y whe n
l oa de d a t  a n e a r l y a ge .  Fur t he r mor e ,  c onc r e t e  c r e e ps  mor e  whe n
i t  i s  l oa de d a t  a n e a r l y a ge ,  t he r e by c a us i ng a ddi t i ona l  hi gh
l ong- t e r m de f l e c t i ons ,  e ve n whe n c o n s t r u c t i o n  l oa ds  a r e  s us -
t a i ne d onl y f or  a  f e w da ys .

The  a ut hor s  t he n s ugge s t  a  me t hod of  f or m r e mova l  a nd
r e s hor i ng t ha t  ha s  pr ove d s uc c e s s f ul  i n t he  Ne w Yor k Ci t y a r e a
i n pr e ve nt i ng l a r ge  s l a b de f l e c t i ons .  Es s e nt i a l l y,  no mor e  t ha n
a n 8- f oot  s l a b s pa n i s  l e f t  uns uppor t e d unt i l  a  s l a b i s  ma t ur e .

A r e a de r  i nt e r e s t e d onl y i n t he  Commi t t e e ' s  f i ndi ngs  a nd
r e c omme nda t i ons  ma y pr oc e e d s t r a i ght  t o Pa r t  I I  of  t he  r e por t .

; concrete slabs; creep
properties; deflection; flat concrete plates; form removal;

loads (forces); modulus of elasticity; reinforced concrete;
shorinq; shrinkage; two-way slabs.
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Pa r t  I

FI ELD DEFLECTI ON MEASUREMENTS OF REI NFORCED CONCRETE
FLAT PLATES,  FLAT SLABS AND BEAMS:  A REVI EW OF LI TERATURE

Thi s  pa r t  of  t he  r e por t  r e vi e ws  a nd s umma r i z e s  t he  e xi s t i ng
l i t e r a t ur e  on f i e l d de f l e c t i on me a s ur e me nt s  of  r e i nf or c e d c on-
c r e t e  f l a t  pl a t e s , f l a t  s l a bs  a nd be a ms .

I NVESTI GATI ON A

S u mma r y

Thr e e  e xpe r i me nt a l  f l a t  pl a t  s t r uc t ur e s  we r e  e r e c t e d a t  t he
Di vi s i on of  Bui l di ng Re s e a r c h,  Commonwe a l t h Sc i e nt i f i c  a nd
I ndus t r i a l  Re s e a r c h Or ga ni z a t i on,  Me l bour ne ,  Aus t r a l i a .  The
i nve s t i ga t i ons  we r e  c a r r i e d out  unde r  f i e l d c ondi t i ons ,  t he
s t r uc t ur e s  be i ng c ompl e t e l y e xpos e d t o t he  we a t he r .

St r uc t ur e  Ma r k I  c ons i s t e d of  a n e xpa nde d s ha l e  c onc r e t e
s l a b,  3- l / 2  i n.  t hi c k,  s pa nni ng t hr e e  ba ys  of  9 f t  i n one  di r e c -
t i on a nd t hr e e  ba ys  of  12 f t  i n t he  ot he r ,  wi t h c a nt i l e ve r s  4 f t
6 i n.  l ong i n t hi s  di r e c t i on.  The  r e i nf or c e me nt  wa s  c onve nt i ona l
i ndi vi dua l  pl a i n r ound ba r s  a nd wa s  de s i gne d by t he  e mpi r i c a l
de s i gn me t hod gi ve n i n  ACI  318- 56.  The  s l a b wa s  c a r r i e d on 16
s t e e l  c ol umns  of  box s e c t i on wi t h a  gr i l l a ge  t ype  s he a r  c onne c -
t i on.  The  s i gni f i c a nt  f e a t ur e s  of  t hi s  s t r uc t ur e  we r e  ( 1)  s pa n/
de pt h r a t i os  of  41 i n one  di r e c t i on a nd 31 i n t he  ot he r ;  ( 2)  t he
r a t i o 4: 3  of  t he  s i de s  of  t he  pa ne l s ;  a nd ( 3)  t he  s t e e l  c ol umns .
       of  l i ght we i ght  a ggr e ga t e  c onc r e t e  wa s  a l s o  a n i mpor t a nt

Fur t he r ,  no e dge  be a ms  or  t or s i on r e i nf or c e me nt  ne a r
t he  e dge  c ol umns  wa s  us e d.

The  l ong- t e r m de f l e c t i ons  r e a c he d " a nnoyi ng"  pr opor t i ons .
The  s l a b wa s  a l l owe d t o s t a nd unde r  i t s  own we i ght  f or  8  mont hs ,
dur i ng whi c h  t i me  t he  de f l e c t i on a t  t he  c e nt e r  of  t he  mi ddl e
pa ne l  i nc r e a s e d by O. 62 i n.  Thi s  wa s  12 t i me s  t he  i ni t i a l  e l a s -
t i c  de f l e c t i on of  O. O5 i n.  I n  a  s t udy of  t he  l ong- t e r m de f or ma -
t i on of  t hi s  s t r uc t ur e  i t  wa s  s ugge s t e d t ha t  a bout  2O% of  t he
i nc r e a s e  a t  t he  c e nt e r  of  t he  mi ddl e  pa ne l  wa s  due  t o d i f f e r e n -
t i a l  s e t t l e me nt  of  i nne r  a nd out e r  c ol umns ,  a bout  4O% wa s  due  t o
f ur t he r  c r a c ki ng c a us i ng a  r e duc t i on i n s t i f f ne s s ,  a nd t o l oc a l
bond s l i p,  a nd a bout  4O% t o c r e e p.  Thi s  a na l ys i s  a l s o s ugge s t e d
t ha t  t he  i nc r e me nt  of  de f l e c t i on due  t o c r e e p wa s  a bout  85% of
t he  i mme di a t e  de f l e c t i on of  a  c ompl e t e l y c r a c ke d s l a b. .

I n  c onne c t i on wi t h t he  l a r ge  l ong- t e r m de f or ma t i ons ,  t hr e e
f e a t ur e s  we r e  poi nt e d out .  Fi r s t ,  t he  s t r uc t ur e  wa s  c ons t r uc t e d
of  e xpa nde d s ha l e  c onc r e t e .  Ava i l a bl e  e vi de nc e  s ugge s t s  t ha t  i n
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c onc r e t e  ma de  wi t h we l l - c oa t e d,  e xpa nde d s ha l e  a ggr e ga t e ,  t he
c r e e p ma y i n c e r t a i n c a s e s  be  20% gr e a t e r  t ha n f or  na t ur a l  r oc k
c onc r e t e  a t  t he  s a me  s t r e s s ,  whi c h woul d be  a n i ns i gni f i c a nt
c ont r i but i on i n t hi s  c a s e .  Se c ondl y,  t he  e xpe r i me nt a l  s t r uc t ur e
wa s  bui l t  i n t he  s umme r ,  a nd dur i ng i t s  e a r l y hi s t or y wa s  e xpos e d
r e gul a r l y t o hi gh a mbi e nt  t e mpe r a t ur e s  a nd di r e c t  s unl i ght .  I t
ha s  be e n s hown t ha t  c r e e p i s  di r e c t l y pr opor t i ona l  t o t e mpe r a -
t ur e ,  f or  s e t  c e me nt  pa s t e s .  Fi na l l y,  s i nc e  t he  s t r uc t ur e  wa s
out door s ,  c ompl e t e l y e xpos e d,  i t  wa s  unde r  wi de l y f l uc t ua t i ng
c ondi t i ons  of  t e mpe r a t ur e  a nd r e l a t i ve  humi di t y.  Cr e e p a nd
s hr i nka ge  unde r  f l uc t ua t i ng c ondi t i ons  ha ve  be e n s hown t o be
gr e a t e r  t ha n unde r  c ons t a nt  a ve r a ge  c ondi t i ons  of  s t or a ge .

St r uc t ur e  Ma r k I I  ha d 9- f t  s pa ns  ove r  t wo ba ys  i n one  di r e c -
t i on a nd t hr e e  ba ys  i n t he  ot he r .  Ca nt i l e ve r s  3 f t  l ong e xt e nde d
i n t he  t wo- s pa n di r e c t i on.  The  s l a b wa s  of  e xpa nde d s ha l e  c on-
c r e t e  a nd wa s  i nt e nde d t o be  4- i n.  t hi c k,  but  be c a us e  of  di s t or -
t i on of  t he  f or mwor k i t  wa s  muc h t hi c ke r  i n s ome  pl a c e s .  The
c onc r e t e ,  s uppl i e d by a n out s i de  c ont r a c t or ,  c ont a i ne d i n e r r or
s ome  de ns e  ba s a l t  i n a ddi t i on t o t he  e xpa nde d s ha l e  a ggr e ga t e .
The s e  t wo f a c t or s  c ombi ne d t o ma ke  t he  s l a b muc h s t i f f e r  t ha n wa s
i nt e nde d a nd us e l e s s  f or  s t udi e s  of  de f or ma t i on.  No a t t e mpt ,
t he r e f or e ,  wa s  ma de  t o e xa mi ne  i t s  de f l e c t i on unde r  i mpos e d l oa d-
i ng,  a nd i t  wa s  t e s t e d di r e c t l y t o de s t r uc t i on.

St r uc t ur e Ma r k I I I ,  pr oba bl y t he  f i r s t  pr e s t r e s s e d,  pos t -
t e ns i one d f l a t pl a t e  i n Aus t r a l i a ,  wa s  a l l owe d t o s t a nd unde r
i t s  own we i ght t o obt a i n da t a  on l os s  of  pr e s t r e s s .
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