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212 DESIGN OF CONCRETE STRUCTURES
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{a) Bening of center strips of slab

(&) Grid model of siab

Figure 5.5 Two-way slab on simple edge supports.

Figure 5.5a shows the two center strips of a rectangular plate with short
span [, and long span I,. If the uniform load is w per square foot of slab, each
of the two strips acts approximately like a simple beam uniformly loaded by
its share of w. Because these imaginary strips actually are part of the same
monolithic slab, their deflections at the intersection point must be the same.
Equating the center deflections of the short and long strips gives

4
Swala  Swyl}

384ET ~ 384E] (a)

where w, is the share of the load w carried in the short direction and Wy 1S the
share of tl.e load w carried in the long direction. Consequently,

w, 1}

= (b)

Wp [a

One sees that the larger share of the lead is carried in the short direction, the
ratio of the two portions of the total load being inverscly proportional to the
fourth power of the ratio of the spans.

This result is approximate because the actual behavior of a slab is more
coriplex than that of the two intersecting strips. An understanding of the
behavior of the slab itself can be gained from Fig. 5.5b, which shows a slab
model con:isting of two sets of three strips each. It is seen that the two
central strips S; and L, bend in a manner similar to that of Fig. 5.5a. The
outer strips S, and L,, however, are not only bent but also twisted. Consider,
for instanc:, one of the intersections of Sy with L,. It is seen that at the
intersection the exterior edge of strip L; is at a higher elevation than the
interior edge, while at the nearby end of strip L, both edges are at the same
elevation; the strip is twisted. This twisting results in torsional stresses and
torsional moments which are seen to be most pronounced near the corners.
Consequently, the total load on the slab is carried not oniy by the bending

AL - D

moments in two directions b
be ding moments in elastic si
of . unconnected strips loade
supported square slab, w, =
maximum moment in each st

The exact theory of bendi
maximum moment in such a
the twisting moments relieve

The largest moment occu
shows this to be the case at m
increased until this location is
strip S, is yielding. If the st
Considering the slab as a who
will occur. The neighboring s
cular to §y), being actually mo
additional load which strip S
yielding. This inelastic redistri
in the central portion of the :
Only then will the entire slab f
tests, it follows that slabs nec
moment in each of the two dir
previous paragraph) but only {
directions in the central portig
analytical methods in genera
designed for a moment of 0.
maximum moment 0.048w/?, it
moment reduction of 25 percer

The largest moment in the
Fig. 1.5b. 1t is evident that the
Sy i less than at the corresp
variation of short-span momen
variation is shown qualitatively
Fig. 5.6a is valid only along th
moinent value is less, as show;
reduced proportionately. Simila
applies only at the longitudinal
reduced according to the variz
maximum moment across the
accounted for in an approximsz
designing for a reduced momen
direction.

It should be noted that only
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Figure 5.7 Variation of design moments across width of critical sections for simply supported
two-way slals,

| | ! i Figure 5.8 Portion of typical two-way slab floor with
L/\J_l/‘l‘ beams on column lines.
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Table 5.2 Coefficszats for neg
M aneg = Cn.zx:gwl(zl

5
M pnee = Chneewlt

where w = {ot

Ratio Case 1 | Case 2 | Case
m =%‘: [:] i:::}, E
Loo oo a0ts | o
085 c 3081 |
0 Ei:: gﬁﬁi 0.0
085 303 | o
0.80 82 882? 0.06
075 G gt || 0
070 o it -
0.65 g,,ﬁ 8:8174 0.04
060 ¢ S50 | v
055 & 000 | 002
050 oo aon |

tA crosshatched edge indicates |
unmarked edge indicates a support a

computed for this total load.
assumed equal to one-third o
Oune must provide for such
provided discontinuous edges
the sapporting wall.
~or positive momerits the
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)
Table 5.2 Coefficiznts for negative moments in slabst
Maney = Canee 1} wi = total uniform dead plus live load
M= Chag0l} here w = {ota orm plus |
Ratio Case | | Case 2 | Case 3 | Cased | Case 5 | Case 6 | Case 7 | Case 8 | Case 9
RT3 O o I s e
1.00 Canea 0.045 0.050 0.075 0.071 0.033 0.061
' Ch.neg 0.045 0.076 0.050 0.071 0.061 0.033
0.95 Clnes 0.050 0.055 0.079 0.075 0.038 0.065
' Chnee 0.041 0.072 0.045 0.067 0.056 0.029
0.90 Cunes 0.055 0.060 0.080 0.079 | 0.043 0.068
Y Chnes 0.037 0.070 0.040 : 0.062 0.052 0.025
0.85 Caner 0.060 0.066 0.082 0.083 0.049 0.072
7 Chaoer 0.031 0.065 0.034 0.057 0.046 0.021
.50 Gos 0.065 0071 | 0.083 | 0.086 0.055 | 0.075
T iChineg 0.027 0.061 0.029 0.051 0.041 0.017
075 Canien 0.069 0.076 0.085 0.088 0.061 0.078
7 Chieg 0.022 0.056 0.024 0.044 0.036 0.014
0.70 Comg 0.074 0.081 0.086 0.091 0.068 0.081
= Chieg 0.017 0.050 0.019 . 0.038 0.029 0.011
0.65 Caneg 0.077 0.085 0.087 0.093 0.074 0.083
7 Choner 0.014 0.043 0.015 0.031 0.024 0.008
0.60 Caunex 0.081 0.089 0.088 0.095 0.080 0.085
 Cheg 0.010 0.035 0.011 0.024 0.018 0.006
0.55 Canes 0.084 0.092 0.089 0.096 0.085 0.086
7 Chner 0.007 0.028 0.008 0.019 0.014 0.005
0.50 Canes 0.086 0.094 0.090 0.097 0.089 0.088
' Chineg 0.006 0.022 0.006 0.014 0.010 0.003

TA crosshatched edge indicates that the slab continues across, or-is fixed at, the support; an
unmarked edge indicates a support at which torsional resistance is negligible.

computed for this total load. Negative moments at discontinuous edges are
assumed equal to one-third of the positive moments for the same direction.
One must provide for such moments because some degree of restraint is
provided discontinuous edges by the torsional rigidity of the edge beam or by
the supporting wall.

Jor positive moments there will be little, if any, rotation at the continuous
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218 DESIGHN OF CONCRETE STRUCTURES

P

Table 5.3 Coeflicients {or dead-load positive moments in slabis1 7}‘&)/; 0 tf!)
-~

&) 2

M apos.di = C, m\\‘la

P

My pos.at = Crawli
T

Ratio Case | | Case?2 | Case3 | Case4 | Case 5 | Case 6 | Case 7 | Case 8 | Case 9

m=l O DT D

Iy

where w = total uniform dead load

00 Cotr 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023
b Coat 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.02¢

Caar 1.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024

095 & 1 0033 | 0016 | 0025 | 0.024 | 0015 | 0.024 | 0031 | 0.021 | 0.017

Coat 0.045_1 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026

090 =0 0029 | 0014 | 0024 | 0022 | 0013 | 0.021 | 0028 | 0019 | 0015

Cow | 0050 | 0.024 | 0029 | 0036 | 0.031 | 0042 | 0.040 | 0.029 | 0.028
085 ' 1 0026 | 0012 | 0.022 [ 0019 | 0011 | 0017 | 0025 | 0017 | 0.013

Caai 1.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029

080 <" ' 5023 | 0011 | 0020 | 0016 | 0.009 | 0.015 | 0022 | 0015 | 0010
0 Con | 0061 | 0028 | 0.040 | 0043 | 0033 | 0.048 | 0051 | 0.036 | 0031
075 cow | 0019 | 0.009 | 0018 | 0013 | 0007 | 0012 | 0020 | 0013 | 0.007
Cow | 0.068 | 0.030 | 0046 | 0046 | 0.035 | 0051 | 0058 | 0040 | 0.033
070 ¢, . I 0016 | 0007 | 0016 | 0011 | 0.005 | 0.009 | 0017 | 0.011 | 0.006
Cow | 0074 | 0032 | 0054 | 0050 | 0036 | 0054 | 0065 | 0.044 | 0.034
065 cow | 0013 | 0006 | 0014 | 0009 | 0.004 | 0007 | 0014 | 0.009 | 0.005
oo Cot | 0081 | 0034 | 0062 | 003 | 0037 | 005 | 0073 | 0.048 | 0.036
60 o1 0010 | 0004 | 0011 | 0007 | 0003 | 0.006 | 0012 | 0.007 | 0.004
o5 Coar | 0088 | 0035 | 0071 | 00356 | 0038 | 0.058 | 0.081 | 0052 | 0.037

- Cha 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003

Coar | 9095 | 0037 | 0080 | 0059 | 0.039 | 0061 | 0.08 | 0056 | 0.038
050w | 0006 | 0.002 | 0007 | 0004 | 0.001 | 0003 | 0007 | 0.004 | 0.002

TA crosshatched edge indicates that the slab continues across, or is fixed at, the support; an
unmarked ecge indicates a support at which torsional resistance is negligible.

edges if dead load alone is acting, because the loads on both adjacent panels
tend to produce opposite rotations which cancel, or nearly so. For this
condition, the continuous edges can be regarded as fixed, and the appropriate
coefficients for the dead-load moments are given in Table 5.3. On the other
hand, the maximum live-load moments are obtained when live load is placed
only on the particular panel and not on any of the adjacent panels. In this

Table 5.4 Coefficits:is for live-
A'!u.pos.n = Cu,u\rvl,z,

where w = total
My pocti = Chywl}

Ratio Case | | Case 2 | Case |

N ] e

Can | 0.036 0.027 0.027

1.00
Coun 0.036 0.027 0.032
0.95 Caun 0.040 0.030 0.031
T Cha 0.033 0.025 0.029
0.90 Can 0.045 0.034 0.035
T Cn 0.029 0.022 0.027
0.85 Cau 0.050 0.037 0.040
T G 0.026 0.019 0.024
pe
0.80 =t 0.056 0.041 0.045

Chan 0.023 0.017 0.022

Can 0.061 0.045 0.051

075 e | 0019 | 0014 | 0019

Cau 0.068 | "0.049 0.057

70
070 w1 0016 | 0012 | 0016

Can 0.074 0.053 0.064

0.65
5 G | 0013 | 0010 | 0014

0.60 Cou 0.081 0.058 0.071
T G 0.010 0.007 0.011

0.55 Can 0.088 0.062 0.080
= Gea 0.008 0.006 0.009

0.50 Cou 0.095 0.066 0.088
T Chu 0.006 0.004 0.007

tA crosshatched edge indicates th:
unmarked edge indicates a support at 1

case, some rotation will occur :
is assumed that there is 50 pe
moments. The corresponding c
computing shear in the slab a
gives the fractions of the tot:
directions.



Vi

ents in slabsi 7,\‘0)// ;‘_) (j? ;
”~ ;

6 ‘ Case 7 | Case 8 | Case 9

T

0.033 0.027 0.020 0.023
0.027 0.033 0.023 0.02¢

0.036 0.031 0.022 0.024
0.024 | 0.031 0.021 0.017

0.039 0.035 0.025 0.026
0.021 0.028 0.019 0.015

2.042 0.040 0.029 0.028
0.017 0.025 0.017 0.013

0.045 0.045 0.032 0.029
0.015 0.022 0.015 0.010

2.048 0.051 0.036 0.031
0.012 0.020 0.013 0.007

0.058 0.040 0.033
0.017 0.011 0.006

0.054 0.065 0.044 0.034
0.007 0.014 0.009 0.005 °

0.056 0.073 0.048 0.036
0.006 0.012 0.007 0.004

| 0.081 0.052 0.037
0.004 0.009 0.005 0.003

=)
(9]
co

0.061 0.089 0.056 0.038
0.003 0.007 0.004 0.002

loads on both adjacent panels
ncel, or nearly so. For this
I as fixed, and the appropriate
en in Table 5.3. On the other
ined when live load is placed
f the adjacent panels. In this

. SLABS 21Y

Table 5.4 Cueﬂiciﬂm‘s for live-load positive moments in slabs¥
M aposu = Capwl?

3 where w = total uniform live load
M posni = Couwl;,

Ratio Case | | Case 2 | Case 3 | Case 4 | Case § Case 6 | Case 7 | Case 8 | Case 9
m =§1 31 E 7 Lot § ot | Lot L7 - E {:W*J
h

1.00 Can | 0.036 0.027 0.027 0.032 0.032 0.035 0.032 1 0.028 0.030
T Con 0.036 0.027 0.032 0.032 0.027 0.032 0.035 0.030 0.028
0.95 Can 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.03] 0.032
7 Chu 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025
0.90 Can 0.045 0.034 0.035 0.039 0.037 0.042 0.040 | 0.035 0.036
T Chn 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022
0.85 Cau 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
7 G 0.026 0.019 0.024 0.023 0.019 0.022 0.026 0.022 0.020
0.80 Cait 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
T Lo 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017
0.75 Cau 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
7 Cou 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013
0.70 Cau 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
T G 0.016 0.012 0.016 | 0.014 0.011 0.013 0.017 0.014 0.011
0.65 Can 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
ey 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0.011 0.009
0.60 Cau 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
G 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 | 0.007
0.5 Can 0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
= Cha 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006
0.50 Can 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0.067
R 6" 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004

TA crosshatched edge indicates that the slab continues across, or is fixed at, the support; an
unmarked edge indicates a support at which torsional resistance is negligible.

case, some rotation will occur at all continuous edges. As an approximation it
is assumed that there is 50 percent restraint for calculating these live-load
moments. The corresponding coefficients are given in Table 5.4, Finally, for
computing shear in the slab and loads on the supporting beams, Table 5.5
gives the fractions of the total load w which are transmitted in the two
directions.
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CODE COMMENTARY
Alternatively, reinforcement shall be placed in two | Liong
layers parallel to the sides of the slab in both the top E (Liong)/5
and bottom of the slab. ‘ }-ﬂ>
13.3.7 — When a drop panel is used to reduce the ﬁ - ‘
amount of negative moment reinforcement over the |  Jed————————————~ SXNGR — R
column of a flat slab, the dimensions of the drop panel i B-1 % g
shall be in accordance with . In computing 1‘ Astop per 13.3.6 g J_
required slab reinforcement, the thickness of the drop | %
panel below the slab shall not be assumed to be | Asbatior per1s.3:48 o j
greater than one-quarter the distance from the edge of ’ cr'J]\
drop panel to the face of column or column capital. ' }
| |
_%
OPTION 1
] LLong
} (Liong)/5
) 1 — —2
1 B-1 g
‘ 3
| £
| Asper13.3.6 1 g
l top and bottom NI ~
m!
| |
1 |
[
#

13.3.8 — Details of reinforcement in slabs without
beams

13.3.8.1 — In addition to the other requirements of
13.3, reinforcement in slabs without beams shall have
minimum extensions as prescribed in

13.3.8.2 — Where adjacent spans are unequal,
extensions of negative moment reinforcement beyond
the face of support as prescribed in shall
be based on requirements of the longer span.

OPTION 2
Notes:

1. Applies where B-1 or B-2 has o5 >1.0

2. Max. bar spacing 2h, where h = slab thickness.

Fig. R13.3.6—Slab corner reinforcement.

R13.3.8 — Details of reinforcement in slabs without
beams

In the 1989 Code, bent bars were removed from .
This was done because bent bars are seldom used and are
difficult to place properly. Bent bars are permitted, however,
if they comply with . Refer to 13.4.8 of the 1983
Code.

ACI 318 Building Code and Commentary



—— — — —— — — — So—

ﬂ.m,_«..‘,;_;; w S

3 bﬁ A W(M.v llllllllll l_

<C _
a_

- .

. ]




= 30w

56

< |

4 N 4%@ i
Q¥ < ﬂ
- — + — S SUDDIN TSGR SO R S SR S—
| i
g f
| | !




e f——— T e

!

7
i S | 10 st | s e o IR T T RS T A ,
[ [ [ BN 2NN st
| / ! | S A L,
. ek, _
| 4 | S ! "o, S I
,, : I : d o) - // _
[ | % .
| | S O | A |2
| it Bl | Rl el et r Serie iy
q | A S / ~ /
| ! IR i R s
| ; l o , :
| o2 | “m e B N Tk S
% Im’m “m m \\\ /// —_R!\\ ,// w
| S St | g sa e 2 e B e e R
_ m“ 1 // \Ny_’ﬂu/ 71
b z \ AN T . ”
_ | m L ’ g
_ i ! _ | yla&z | \Vlulﬂ |
! ; I “ P ™ Q o N
| ol N7 N
o i i, iy | e b b s e | s, e i V D
— [[[[[[[[[[[[[[[[ — — — —— Sy o ~——r “—
! i T ] N 7"
_ / g | RN A TS 1
i | __ : ’ | //v.. 7
W_ “‘ \Vl-iiﬁ/ | 7/ dlﬁ/ 1
I | I LN
u

|
o ‘ | /L
Y — =g = —— Nk _ N

1 [ i

; ; "_ / _// 7 |
_ ! i ~ / w N, / |

X. Z _. yifﬁ : \vT!..A/ ,w

H I 1" o .
NSRRI | WS TSP | POt R | e 1 A e — N

!
{
_
IE
|
/




| Example:

| Example- Bre el Zalobfini—
Slab Wakmw = lT?ZCM’L

LL_: ﬁcéq ‘5/m2‘

| DL = CelF x2.4 = 0.408 E/m*

Sbﬂg }\w{jl\f = 3. 70

‘pc./: 20 Hfa 5 6) - 280HMHfa

Ww = I:z(a.qag> + I.é(@.é“i) = (.59 (:/m2
Ov 49 Efim* (1O ¢ /in*

o= _Aa = _5.6S5 - o Fy
Ly, 430

Use im= 075

for. He shok djvechon = Cane 4 Ne&aéi"va‘

C‘f(j hﬂg = 0|O(¥€)
‘{*{’OLUW/ Cearax ﬁ M &.QM Le Cf[«oc;LQaQ/
Ca.,p\.g = 0,098 @u‘fmlS,

i

. (6?1@1%) Hb\? —ye = 0;078 ( [v 97) (5‘?é5>2. — Bﬁczé} C,m

| P tte Mg divechion :
Cpyreq = 01024
Ajo:?/ Cpae 8 MG’QAF be CAP'C,‘G—&GVQQ

Cbp/ug = 91@36 C?wh/vlﬁj

- o - | 2
('éﬁ’wj) Hu.)~V¢; 2 @1036(/.57)(7: 50) :3;05 Cos



= @
P \W/ o e = divection: Cone 4 [osi€ive

C}Lp dﬂ, = @043
Caj ,éﬁ = @(OSZ,

Huj +ve o(_Q 0:0(/3 (9,!1,?)(5:65) O, é'(q' éom
H\L7 ‘tVe? l-e = 0¢0gl (( IO)( 5 6_}) = [s" 83 éew\

Shek)  Mu 5 +ve s Sled Tkl e = 2,50 Eem

Foo Yl lmfj djvechion 5

CZ, o(.ﬂ = 0;9/3

Cb;; jé = gcf’lé‘

My vve, dd = 0.0/3(0.49)(B30) = 0,39t
Muy +ve, L4 = piole (Lio) (F30) = 0.4 buw

("Zﬁ"’:'j) HV\; Q’Vﬁ?»&h}j Tﬂ!—ﬂ»@/ +ve = Iczgecw
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5.65 xi.c9

-l ]

AL
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7 3

|
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e L

O.35 in .%

wdml)l
2 043 8 030 K 24
= 03] t/”h

= L2 (o “31) = 0

Dvﬂ,p:: GO~ (F = 4 3 cn,

5, 85 0,35,
[Feu, - jL
43 e Q‘“‘K
7 - ‘

| As P He (Fep Huck  Slab)
|

We = 030 % .59 = ﬂ'lfgf/”‘"

Tobk = 037+ 0.48 = 0.85 é/m_
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