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CHAPTER 1 - INTRODUCTION 

P r e s e n t  t r e n d s  toward t h e  u s e  o f  h i g h e r  s t r e n g t h  mate- 
r i a l s ,  r e f i n e d  methods o f  d e s i g n ,  and sha l low members p r o -  
duce r e i n f o r c e d  c o n c r e t e  systems i n  which- r equ i r emen t s  o f  
s e r v i c e a b i l i t y  may n o t  be met, even though adequate  
s t r e n g t h  i s  provided .  Excess ive  d e f l e c t i o n  o f  s t r u c t u r a l  
members and systems must be inc luded  i n  a broad d e f i n i t i o n  
o f  s t r u c t u r a l  f a i l u r e .  Such f a i l u r e  may be accompanied by 
v i s u a l l y  apparent  s agg ing  o f  f l o o r s ,  c r a c k i n g  o f  p a r t i -  
t i o n s ,  i l l - f i t t i n g  windows and d o o r s ,  o r  d i f f i c u l t y  w i t h  
al ignment  of s e n s i t i v e  machinery.  

P r e d i c t i o n  o f  d e f l e c t i o n  o f  r e i n f o r c e d  c o n c r e t e  s t r u c -  
t u r e s  i n  g e n e r a l  i s  compl ica ted  by t h e  non-homogeneous 
n a t u r e  o f  t h e  c o n s t r u c t i o n ,  t h e  e f fec ts  o f  c r a c k i n g ,  and 
t h e  t ime-dependent  n a t u r e  o f  m a t e r i a l  r e sponse .  
o f  t h e s e  f a c t o r s ,  s imple  and r easonab ly  a c c u r a t e  methods 
have been dev i sed  by which d e s i g n e r s  may p r e d i c t  t h e  de -  
f l e c t i o n  o f  r e i n f o r c e d  c o n c r e t e  beams ( 2 , 6 ) .  

r e i n f o r c e d  c o n c r e t e  systems such a s  w a l l -  o r  beam-sup- 
p o r t e d  s l a b s ,  f l a t  s l a b ,  and f l a t  p l a t e s .  I n  such  c a s e s ,  
f u r t h e r  compl i ca t ions  a r e  p r e s e n t  a s  a consequence of  t h e  
th ree -d imens iona l  n a t u r e  o f  t h e  problem, t h e  less-wel l -  
d e f i n e d  i n f l u e n c e  o f  c r a c k i n g ,  and t h e  e f f ec t  o f  d e f l e c -  
t i o n  and r o t a t i o n  o f  s u p p o r t i n g  members. 

d e f l e c t i o n s  i n  one o f  two ways. D e f l e c t i o n s  may be l i m -  
i t e d  i n d i r e c t l y  by s p e c i f y i n g  minimum d e p t h - t o - s p a n  r a t i o s ,  
based on expe r i ence .  
c a l c u l a t e d  e x p l i c i t l y ,  and t h e  r e s u l t s  compared w i t h  d e -  
f l e c t i o n  limits which are e s t a b l i s h e d  c o n s i d e r i n g  t h e  con-  
sequence o f  e x c e s s i v e  f l e x i b i l i t y .  

The AC1 Bu i ld ing  Code ( 4 )  i n c l u d e s  bo th  methods o f  
d e f l e c t i o n  c o n t r o l .  Chapter  9 o f  t h e  Code c o n t a i n s  a 
t a b l e  o f  minimum t h i c k n e s s  f o r  beams and one-way s l a b s ,  
w i t h  d e p t h s  expressed  as a s imple  f r a c t i o n  o f  t h e  span.  
For two-way c o n s t r u c t i o n ,  analogous e x p r e s s i o n s  are  i n -  
c luded .  These a r e  compl ica ted  by t h e  need t o  c o n s i d e r  
such f a c t o r s  as t h e  a s p e c t  r a t i o  o f  t h e  s l a b  p a n e l s ,  t h e  
boundary c o n d i t i o n s  on a l l  s i d e s  o f  t h e  p a n e l s ,  and t h e  
f l e x u r a l  s t i f f n e s s  of  t h e  s u p p o r t i n g  beams. For c a s e s  
where d e f l e c t i o n  i s  c a l c u l a t e d  e x p l i c i t l y ,  Chapter  9 o f  
t h e  Code c o n t a i n s  a t a b l e  o f  maximum a l l o w a b l e  computed 
d e f l e c t i o n s  (see a l s o  Ref. 3 ) .  

I n  s p i t e  

U n f o r t u n a t e l y ,  t h e  same cannot  be s a i d  f o r  two-way 

The b u i l d i n g  codes o f  many n a t i o n s  have d e a l t  w i t h  

A l t e r n a t i v e l y ,  d e f l e c t i o n s  may be 

The impor tan t  q u e s t i o n ' o f  beam moment o f  i n e r t i a  t o  
be used  f o r  d e f l e c t i o n  c a l c u l a t i o n s  i s  t r ea t ed  i n  t h e  Code 
th rough  u s e  o f  an e f f e c t i v e  moment o f  i n e r t i a  a s  sugges t ed  
by Branson ( 6 ) ,  be ing  t h e  weighted average  o f  t h e  moment 
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o f  i n e r t i a  o f  t h e  g r o s s  c o n c r e t e  s e c t i o n  and t h a t  o f  t h e  
c racked  t ransformed s e c t i o n .  The i n f l u e n c e  o f  c reep .  and 
s h r i n k a g e  i s  i n c o r p o r a t e d  through u s e  of  a m u l t i p l y i n g  
f a c t o r ,  t o  be a p p l i e d  t o  c a l c u l a t e d  immediate d e f l e c t i o n ,  

For two-way sys tems,  it i s  s t a t e d  i n  t h e  Code t h a t  
t h e s e  same d e v i c e s  may be u s e d ,  b u t  it i s  no ted  f u r t h e r  
t h a t  d e f l e c t i o n  c a l c u l a t i o n s  f o r  two-way systems s h a l l  
t a k e  i n t o  account  t h e  s ize  and shape o f  t h e  p a n e l ,  t h e  
c o n d i t i o n s  o f  s u p p o r t ,  and t h e  n a t u r e  of r e s t r a i n t  a t  t h e  
pane l  edges .  L i t t l e  guidance i s  g iven  i n  e i t h e r  t h e  Code 
(4 )  o r  t h e  accompanying Code Commentary (5 )  r e g a r d i n g  t h e  
means by which t h i s  may be done. 

temporary methods by which t h e  d e f l e c t i o n  o f  two-way s y s -  
tems may be c a l c u l a t e d .  Some o f  t h e s e  methods a r e  mainly 
o f  h i s t o r i c a l  i n t e r e s t  and a r e  summarized o n l y  b r i e f l y .  
O the r s  o f  g r e a t e r  p r a c t i c a l  importance a r e  t r e a t e d  more 
f u l l y .  I n  a l l  c a s e s ,  r e f e r e n c e  m a t e r i a l  i s  g iven  where 
more complete  d e t a i l s  may be found. 

The p r e s e n t  r e p o r t  w i l l  r ev iew b o t h  classical  and con-  

CHAPTER 2 - CLASSICAL METHODS OF ELASTICITY 
I 
I f  stress l e v e l s  are low, so t h a t  t h e  normal assump- 

t ims made f o r  t h e  s o l u t i o n  o f  t h i n  p l a t e s  w i th  small  de-  
f l e c t i o n s  are s a t i s f i e d ,  t h e  c lass ical  methods o f  a n a l y s i s  
can be used t o  p r e d i c t  t h e  d e f l e c t i o n s  o f  c o n c r e t e  s l a b s  
c a r r y i n g  d i s t r i b u t e d  o r  c o n c e n t r a t e d  l o a d s .  A comprehen- 
s i v e  rev iew o f  t h e  response  o f  s l a b s  w i t h  v a r i o u s  suppor t  
c o n d i t i o n s  and l o a d s  i s  g iven  by Timoshenko and Woinowsky- 
Kr i ege r  (28) . 
form t h i c k n e s s  can be expres sed  by t h e  Lagrange e q u a t i o n :  

The d e f l e c t i o n  of  a t h i n ,  r e c t a n g u l a r  p l a t e  of  u n i -  

435.6R3-3 

where x ,  y = or thogona l  c o o r d i n a t e  axes  o f  t h e  middle 
s u r f  ace 

w - d e f l e c t i o n  o f  t h e  p l a t e  
3 2 q = t r a n s v e r s e  l o a d  

D = f l e x u r a l  r i g i d i t y  o f  t h e  p l a t e ,  Eh / 1 2 ( 1 - w  ) 
E = modulus o f  e l a s t i c i t y  o f  t h e  p l a t e  material 
h - t h i c k n e s s  o f  p l a t e  
w = P o i s s o n ' s  r a t i o  o f  t h e  p l a t e  m a t e r i a l  

For a g iven  l o a d i n g  c o n d i t i o n  q = f l ( x , y )  and boundary con- 
d i t i o n s ,  t h e  d e f l e c t i o n  w - f Z ( x , y )  can be found by i n t e -  
g r a t i n g  Eq. (2 .1) .  Once t h e  d e f l e c t i o n  i s  known, t h e  mo- 
ments ,  s h e a r s  and r e a c t i o n s  can be e v a l u a t e d  by combining 
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a p p r o p r i a t e  d e r i v a t i v e s  o f  t h e  d e f l e c t i o n  f u n c t i o n .  
S t r e s s e s  can be found from t h e  known moments and s h e a r s .  

S o l u t i o n s  f o r  i s o l a t e d  p l a t e s  s u b j e c t e d  t o  v a r i o u s  
l o a d i n g  c o n d i t i o n s  and w i t h  v a r i o u s  suppor t  c o n d i t i o n s  a re  
g i v e n  i n  d e t a i l  i n  Ref. 28 ( s e e  a l s o  Ref. 1 4 ) .  In  a d d i -  
t i o n  t o  t h e  u s u a l  l o a d i n g  c o n d i t i o n s  ( d i s t r i b u t e d ,  p a r t i a l -  
l y  d i s t r i b u t e d ,  o r .  c o n c e n t r a t e d ) ,  t h e  e f f e c t s  o f  moments 
d i s t r i b u t e d  a long  t h e  edges  are  a l s o  t r e a t e d ;  and i n  a d d i -  
t i o n  t o  t h e  u s u a l  suppor t  c o n d i t i o n s  ( b u i l t  i n ,  s imply  
s u p p o r t e d  and f r ee  e d g e s ) ,  e l a s t i c a l l y  suppor t ed  and e l a s -  
t i c a l l y  b u i l t - i n  edges  are  d i s c u s s e d .  With t h e  a i d  o f  
t h e s e  s o l u t i o n s ,  t h e  r e a l i s t i c  problem o f  m u l t i p l e  pane l  
two-way f l o o r  s l a b s  can  be s o l v e d  u s i n g  o r d i n a r y  t e c h -  
n i q u e s  employed f o r  i n d e t e r m i n a t e  s t r u c t u r e s  ( e . g . ,  con-  
s i s t e n t  de fo rma t ions  and s u p e r p o s i t i o n ) .  

Because o f  t h e  t e d i o u s  n a t u r e  o f  such methods,  a p -  
proximate  means f o r  t h e  a n a l y s i s  o f  con t inuous  r e c t a n g u l a r  
p l a t e s  have been proposed (28) whereby t h e  moments a t  t h e  
c e n t e r s  o f  t h e  p l a t e s  and a t  t h e  middle  o f  t h e  s u p p o r t i n g  
edges  can be found u s i n g  t a b u l a t e d  v a l u e s  o f  c o e f f i c i e n t s .  
These a re  f u n c t i o n s  o f  a s p e c t  r a t i o  and s u p p o r t  cond i t ions .  

I n  a d d i t i o n  t o  t h e  v a r i o u s  p l a t e  problems d i s c u s s e d  
i n  Ref. 28,  a comprehensive s t u d y  o f  t h e  r e sponse  o f  rec-  
t a n g u l a r  s l a b s  w i t h  d i f f e r e n t  s u p p o r t  c o n d i t i o n s  and v a r i -  
o u s  l o a d  c o n d i t i o n s  was made by J e n s e n  (17) u s i n g  t h e  
c lass ica l  methods o f  t h i n  p l a t e  a n a l y s i s .  

D e f l e c t i o n  o f  f l a t - p l a t e  s l a b s  suppor t ed  on columns 
w i t h o u t  d rop  p a n e l s  o r  c a p i t a l s  have a l s o  been t r e a t e d  i n  
Ref. 28. Assuming t h a t  t h e  column c r o s s - s e c t i o n a l  dimen- 
s i o n s  a re  n e g l i g i b l e  compared w i t h  t h e  column s p a c i n g ,  t h e  
d e f l e c t i o n  a t  t h e  c e n t e r  o f  a t y p i c a l  i n t e r i o r  pane l  can  
be e v a l u a t e d  from t h e  e x p r e s s i o n :  

, = a $  

where b = l o n g e r  span  
a = c o e f f i c i e n t  v a r y i n g  w i t h  a s p e c t  r a t i o  
q = uniform t r a n s v e r s e  l o a d  E L 3  

JA11 D = f l e x u r a l  r i g i d i t y  o f  t h e  p l a t e ,  
1 2 ( 1 - v 2 )  

Eq. ( 2 . 2 )  can be w r i t t e n  

w = k $  

2 where k = 12(1 -v  ) a .  

Eq. (2.3) has  been proposed t o  de t e rmine  t h e  d e f l e c -  
t i o n  o f  a l l  two-way f l a t  s l a b s  as wel l  as waff le  s l a b s ( l 1 ) .  
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For f l a t  s l a b s  w i t h  d rop  p a n e l s  o r  f o r  waffle s l a b s ,  an 
e q u i v a l e n t  average  t h i c k n e s s  1, i s  used  i n  Eq. ( 2 . 3 ) .  

CHAPTER 3 - CROSSING BEAM ANALOGIES 

3 .1  General Concezits 

The c o m p l e x i t i e s  and l i m i t a t i o n s  o f  t h e  c lass ical  
methods l e d  v e r y  e a r l y  t o  a t t e m p t s  t o  d e v i s e , s i m p l e ,  y e t  
r easonab ly  a c c u r a t e ,  methods t o  o b t a i n  s l a b  moments and 
d e f l e c t i o n s .  I n  1904 Marsh (21) sugges t ed  t h e  replacement  
o f  a uni formly  loaded  con t inuous  s l a b  p a n e l  by a gr idwork 
o f  c r o s s i n g  beams, as shown i n  F ig .  l ( a ) .  The a p p l i e d  
l o a d  was assumed t o  be d i v i d e d  between t h e  beams spanning  
i n  t h e  s h o r t  d i r e c t i o n  A and t h e  long  d i r e c t i o n  B. By ap-  
p l y i n g  t h e  requi rement  o f  e q u a l  ve r t i ca l  d e f l e c t i o n  a t  t h e  
c e n t e r  o f  t h e  p a n e l ,  Marsh concluded t h a t  t h e  f r a c t i o n  o f  
t h e  un i fo rmly  d i s t r i b u t e d  l o a d  q t o  be c a r r i e d  by t h e  beam- 
s t r i p s  i n  t h e  s h o r t  d i r e c t i o n  was 

-4 
D 

Irs = 
(3 .1)  

wh i l e  t h e  remaining l o a d  (1 - r ) q was c a r r i e d  by t h e  beam- 
s t r i p s  spanning i n  t h e  long  d i r s c t i o n .  

T h i s  r e s u l t  i s  approximate because it n e g l e c t s  t h e  
p re sence  o f  t o r s i o n a l  moments i n  t h e  s l a b .  R e f e r r i n g  t o  
F ig .  l ( b ) ,  i t  w i l l  be seen  t h a t  t h e  two c e n t r a l  s t r i p s  S1 
and L1 bend i n  a manner s imilar  t o  t h a t  o f  F ig .  l ( a ) .  
o u t e r  s t r i p s  S2 and L z ,  however, are  n o t  o n l y  b e n t  b u t  
t w i s t e d .  The l o a d  on t h e  s l a b  i s  r e s i s t e d  n o t  o n l y  by t h e  
bending moments, bu t  a l s o  by t h e  t w i s t i n g  moments; conse -  
q u e n t l y  t h e  bending moments are smaller t h a n  would be com- 
pu ted  f o r  a se t  of  unconnected s t r i p s  loaded  by qs and q R .  
For a s imply-suppor ted  s q u a r e  p l a t e ,  t h e  e r r o r  i n  bending 
moments i s  about  25  p e r c e n t ,  Corresponding e r r o r s  a r e  
in t roduced  i n  t h e  c a l c u l a t i o n  o f  d e f l e c t i o n ,  and a c t u a l  
c e n t e r  d e f l e c t i o n  of  a s l a b  p a n e l  i s  s i g n i f i c a n t l y  l e s s  
t h a n  p r e d i c t e d  by Marsh 's  a n a l y s i s .  

The 

Marsh 's  approach was l a t e r  modi f ied  by Marcus ( 2 0 )  i n  
an a t t empt  t o  t a k e  t o r s i o n a l  moments i n t o  accoun t .  Marcus 
in t roduced  modifying f a c t o r s  i n  t h e  c a l c u l a t i o n  o f  moments 
and d e f l e c t i o n s ;  t h e s e  f a c t o r s  were a f u n c t i o n  o f  t h e  a s -  
p e c t  r a t i o  o f  t h e  s l a b  pane l  and t h e  c o n d i t i o n s  o f  suppor t  
a t  t h e  boundar i e s .  S i n c e  t h e  method was a p p l i c a b l e  o n l y  
t o  uni formly  loaded  r e c t a n g u l a r  p a n e l s  on u n y i e l d i n g  sup-  
p o r t s ,  f o r  which t h e o r e t i c a l  s o l u t i o n s  are a v a i l a b l e ,  
t h e r e  appea r s  t o  be l i t t l e  v a l u e  i n  t h e  approach.  
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A v a r i a t i o n  o f  t h e  c r o s s i n g  beam analogy has  been p r o -  
posed i n  which t h e  d e f l e c t i o n  a t  t h e  c e n t e r  o f  a uni formly  
loaded  i n t e r i o r  pane l  i s  e s t i m a t e d  by c o n s i d e r i n g  a beam 
o f  u n i t  width having a span equa l  t o  t h e  d i agona l  l e n g t h  
o f  t h e  s l a b .  The beam i s  assumed t o  have f i x e d  e n d s ,  and 
t o  c a r r y  a load  p e r  u n i t  l e n g t h  equa l  t o  t h e  l o a d  p e r  u n i t  
a r e a  a c t i n g  on t h e  s l a b .  Th i s  r e p r e s e n t s  a c r u d e r  model- 
l i n g  o f  a c t u a l  behav io r  t h a n  e a r l i e r  p r o p o s a l s  and has  
l i t t l e  merit o t h e r  t h a n  s i m p l i c i t y .  

3 .2  Analogous Gridwork Method 

method" was p r e s e n t e d  by E w e l l ,  Okubo, and Abrams i n  
1952 (12 ) .  I t  r e p r e s e n t s  a s i g n i f i c a n t  improvement o v e r  
t h e  c r o s s i n g  beam method d e s c r i b e d  above i n  t h a t  t h e  i n -  
f l u e n c e  o f  t o r s i o n a l  moments can be accounted f o r  d i r e c t l y .  

A r e l a t e d  method known a s  t h e  "analogous gridwork 

The s l a b  i s  f i r s t  d i v i d e d  i n t o  s t r i p s  i n  each  d i r e c -  
t i o n  a s  shown i n  F ig .  2 ( a ) .  These s l a b  s t r i p s  are t h e n  re-  
p l a c e d  by e q u i v a l e n t  beams as i n  F ig .  2 ( b ) .  The beam 
s t r i p s  are assumed t o  be i n t e r c o n n e c t e d  a t  t h e i r  c r o s s i n g  
p o i n t s ;  t h e  f l e x u r a l  and t o r s i o n a l  p r o p e r t i e s  o f  t h e  b-eams 
a r e  t h o s e  o f  t h e  co r re spond ing  s l a b  s t r i p s .  A t  each  j o i n t  
o f  t h e  g r i d  of beams, f l e x u r a l  and t o r s i o n a l  s t i f f n e s s  f a c -  
t o r s  a r e  found i n  t h e  u s u a l  way, f i n d i n g  t h e  bending o r  
t o r s i o n a l  moment a s s o c i a t e d  w i t h  a u n i t  r o t a t i o n  o f  t h e  
n e a r  end o f  t h e  member, t h e  f a r  end be ing  f i x e d .  The t o t a l  
s t i f f n e s s  a t  j o i n t  o ,  F i g .  2 ( c ) ,  i s  t h e  sum o f  t h e  s t i f f -  
n e s s e s  ( f l e x u r a l  a n 3  t o r s i o n a l )  a t  t h a t  j o i n t  c o n t r i b u t e d  
by t h e  i n d i v i d u a l  members. D i s t r i b u t i o n  f a c t o r s  f o r  each 
member a r e  d e f i n e d  i n  t h e  u s u a l  s e n s e ,  a s  t h e  r a t i o  o f  
member s t i f f n e s s  ( f l e x u r a l  o r  t o r s i o n a l )  t o  t o t a l  s t i f f -  
n e s s  a t  t h e  j o i n t ,  An a p p l i e d  moment M a c t i n g  i n  t h e  v e r -  
t i c a l  p l a n e  11 o m i s  d i s t r i b u t e d  t o  t h e  f o u r  members shown. 
I t  w i l l  prodÜcF Fending moments i n  members - Ro and - om and 
t w i s t i n g  moments i n  members no _. and 2. 

Next each joint i of the equivalent grid is given an a rb i t ra ry  
ver t ical  displacement A i .  The fixed end moments produced a r e  
distributed.according to the distribution factors  found as above 
and moments a r e  car r ied  over to adjacent joints. The solution 
proceeds a s  a two-dimensional adaptation of conventional moment 
d i  st ribut ion. 

- 

Using t h e  end moments so  o b t a i n e d ,  t h e  v e r t i c a l  r e a c -  
t i o n s  a t  each j o i n t  a r e  found. These r e p r e s e n t  " a u x i l i a r y  
forces" r e q u i r e d  t o  h o l d  t h e  gridwork i n  t h e  d i s p l a c e d  
c o n f i g u r a t i o n  f o r  which t h e  s t a r t i n g  moments were found. 
A s e p a r a t e  f o r c e  system a r i s e s  from each j o i n t  t h a t  is 
d i s p l a c e d ,  and a s  a r e s u l t  o f  t h i s  procedure  j o i n t  f o r c e s  
are expres sed  i n  terms o f  t h e  a r b i t r a r y  d i sp lacemen t s  Ai .  
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The t o t a l  moments, t o r q u e s ,  and ve r t i ca l  r e a c t i o n s  a t  each 
j o i n t  a r e  found by adding t h e  c o n t r i b u t i o n s  a s s o c i a t e d  
wi th  each j o i n t  d i sp lacement  and t h e  t o t a l  r e a c t i o n s  a r e  
equa ted  t o  t h e  a c t u a l  e x t e r n a l  j o i n t  l o a d s .  In  t h i s  way, 
a s e t  o f  s imul taneous  e q u a t i o n s  i s  c r e a t e d ,  i n  terms o f  
t h e  a r b i t r a r y  j o i n t  d i sp l acemen t s  A i ;  t h e s e  e q u a t i o n s  a r e  
s o l v e d  f o r  t h e s e  unknown d i sp lacemen t s .  Then a c t u a l  bend- 
i n g  and t w i s t i n g  moments a s  well  a s  d i sp l acemen t s  may e a s -  
i l y  be found. 

Engineers w i l l  recognize this approach as dir'ectly analogous 
to the moment distribution analysis of a multi-story plane f r ame  
f o r  sidesway. 
refined, the solution agrees  increasingly well w i t h  theoretically 
exact solutions. However it must be noted that the amount of work 
required is considerable. And for practical  cases  the number of 
simultaneous equations to be solved i s  too la rge  for manual 
solution. 

c o r r e c t i o n s  which e l i m i n a t e s  t h e  need t o  s o l v e  a s e t  o f  
s imul taneous  e q u a t i o n s  ( 2 6 )  . However, f o r  p r a c t i c a l  
cases t h e  c a l c u l a t i o n s  a r e  s t i l l  l e n g t h y .  

I ts  familiari ty is appealing, As the grid s ize  is 

S c o r d e l i s  has  sugges t ed  a method o f  s u c c e s s i v e  s h e a r  

3 . 3  S t a t i c s  Ra t io  Method 

435.6R-7 

S t i l l  a n o t h e r  v a r i a t i o n  of  t h e  c r o s s i n g  beam analogy 
was o f f e r e d  by Fur r  (15)  i n  1959. He r e f e r s  t o  t h e  method 
a s  t h e  s t a t i c s  r a t i o  method, I t  makes use  o f  an assumed 
d e f l e c t i o n  c o n f i g u r a t i o n  which i s  modi f ied  a s  n e c e s s a r y  t o  
s a t i s f y  t h e  requi rements  of  s t a t i c s .  I n  common w i t h  t h e  
Marcus m o d i f i c a t i o n  o f  t h e  c r o s s i n g  beam analogy,  t h e  

- s t a t i c s  r a t i o  method p e r m i t s  i n c l u s i o n  o f  t h e  e f f ec t s  o f  
t o r s i o n a l  r e s i s t a n c e  o f  t h e  beam s t r i p s .  By t h i s  method, 
t h e  d i s t r i b u t e d  s l a b  l o a d  i s  r e p l a c e d  by s t a t i c a l l y  e q u i v -  
a l en t  c o n c e n t r a t e d  l o a d s  a c t i n g  a t  t h e  beam s t r i p  i n t e r -  
s e c t i o n  p o i n t s .  The g r i d  i s  d e f l e c t e d  t o  an a r b i t r a r y  
p o s i t i o n ,  w i t h  j o i n t s  c o n s i d e r e d  locked  a g a i n s t  r o t a t i o n  
d u r i n g  t h i s  d i sp lacement .  Fixed end moments developed a r e  
t h e n  d i s t r i b u t e d  i n  t h e  way d e s c r i b e d  above, and v e r t i c a l  
s h e a r s  a t  each j o i n t  are found. The s t a t i c s  r a t i o  i s  d e -  
f i n e d  as t h e  r a t i o  o f  t h e  summation o f  v e r t i c a l  s h e a r s  a t  
each j o i n t  co r re spond ing  t o  t h e  assumed d i sp lacemen t s ,  t o  
t h e  a p p l i e d  l o a d  a t  t h e  j o i n t .  I f  t h e  s l a b  has  a c o n s t a n t  
s t a t i c s  r a t i o  a t  a l l  j o i n t s ,  t h e  a c t u a l  moments a n d ' d e -  
f l e c t i o n s  are found by d i v i d i n g  t h e s e  f o r  t h e  assumed d i s -  
placement p a t t e r n  by t h e  c o n s t a n t  s t a t i c s  r a t i o .  I f  t h e  
s ta t ics  r a t i o  d i f f e r s  a p p r e c i a b l y  o v e r  t h e  gridwork t h e  
assumed d e f l e c t i o n  p a t t e r n  i s  modi f ied  u n t i l  a c o n s t a n t  
o r  n e a r l y  c o n s t a n t  v a l u e  i s  o b t a i n e d .  

The method i s  a t t r a c t i v e  i n  t h a t  t h e  convergence can 
be a c c e l e r a t e d  by wise i n i t i a l  c h o i c e  o f  d e f l e c t i o n  s u r -  
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face,  and by j u d i c i o u s  m o d i f i c a t i o n  c o n s i d e r i n g  t h e  r e s u l t s  
o f  t h e  p rev ious  i t e r a t i o n .  However t h e  s o l u t i o n  i s  l a b o -  
r i o u s  and t h e  method has  n o t  been wide ly  used.  

CHAPTER 4 - WIDE BEAM METHOD 

An approximate method f o r  calculating slab deflection has been 
used for  flat-plates, or  for slabs for which the stiffening effects 
of column-line beams, drop panels, and column capitals may be 
neglected, 
panel in one direction separately f rom that in the other,  l a te r  
adding the two contributions to  obtain the total deflection at any 
point of inter e s t. * 

The method considers the deformation of a typical slab 

Referring to F i g ,  3 ( a ) ,  the slab in any panel i s  considered to  
act  a s  a broad, shallow beam of width equal to the panel dimension 
!¿yand having a Spantx. At this stage, the slab is considered to 
be resting on unyielding support lines at the two opposite edges. 
A similar  analysis is car r ied  out in the perpendicular direction 
( F i g .  3(b)). The mid-panel deflection, for example, is obtained 
as  the sum of the center span deflection of the column in a s t r ip  
direction, and that of the middle s t r ip  in the other direction a s  
shown in F i g .  3(c). 
accounted for  in the calculations for  each direction. 

Note that the full applied loading must be 

A l l  s l a b  s t r i p s  spanning i n  t h e  X d i r e c t i o n  ( f o r  
example) w i l l  n o t  deform i d e n t i c a l l y .  I t  i s  a convenient  
approximation i n  a n a l y s i s  t o  d i v i d e  t h e  s l a b  i n t o  a "mid- 
d l e  s t r i p "  of o n e - h a l f  t h e  f u l l  pane l  w i d t h ,  bounded by 
two h a l f  "column s t r i p s "  o f  o n e - f o u r t h  t h e  pane l  wid th .  
Because o f  t h e  c o n c e n t r a t i o n  o f  moments and c u r v a t u r e s  i n  
t h e  column s t r i p s ,  t h o s e  d e f l e c t i o n s  w i l l  be g r e a t e r ,  a s  
shown i n  F ig .  3 ( a ) .  This  can be accounted f o r  i n  an ap-  
proximate  way by c a l c u l a t i n g  an average  v a l u e  o f  d e f l e c -  
t i o n  f o r  t h e  e n t i r e  pane l  spanning i n  t h e  X d i r e c t i o n ,  
assuming a l l  s t r i p s  t o  deform i d e n t i c a l l y ,  t h e n  p ropor -  
t i o n i n g  t h e s e  d e f l e c t i o n s  acco rd ing  t o  t h e  AC1 l a t e r a l  
d i s t r i b u t i o n  f a c t o r s  f o r  a s s i g n i n g  moments t o  column and 
middle  s t r i p s  ( 4 , s ) .  Since  t h e  g r e a t e r  p a r t  o f  t h e  span 
i s  s u b j e c t e d  t o  p o s i t i v e  bending ,  and a l s o  c o n s i d e r i n g  t h e  
approximate n a t u r e  o f  t h e  c a l c u l a t i o n ,  it i s  u s u a l l y  con-  
s i d e r e d  s u f f i c i e n t l y  a c c u r a t e  t o  work wi th  t h e  l a t e r a l  d i s -  
t r i b u t i o n  f a c t o r s  f o r  p o s i t i v e  bending moment. 

For example, for  an interior slab panel without column line 
beams,  the Code contains the recommendation that the column 
s t r ip s  be assigned 60 percent of the moment in the positive 
bending region (instead of 50 percent a s  fo r  the uniform distribu- 
t ion of moments). Accordingly, the column s t r ip  deflection can 

~ ~~ 
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