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212 DESr,-,N titr CoNCI{ET-il ST.RUC.I-Ulitis

ia) Lien,t,nq ol center sirips of slob

liigure 5..5 'i wo-rvav slab on siurplc cdga supports.

(D) Grid modei of siut:

C.tl' r
in{in}ents in rrvo directions br
irr ding rnonlents in elastic si
of , unconrrected strips loatJc
sur.;ported s(luare slab, rr,,, =
nlaxiillunr rnonlenl in each stt

T'he cxact theory of benclir
rnaxirntrnr rnonter)t in suclr a r

tlie tu,isting nloments relieve
1'hc largcst illornenl occu

sho,'vs this to be the case at nl
increased until tlris locatiou is
strip S1 is yielding. If the st
Considering the slab as a who
will occur. Thc neighbc;ring s
cular to 5r), being actually rno
additional load rvhich strip S
yiclding" This inelastic reilisrri
in the central portion of the I

Only then will rhe entire slab I
tcsls. it follorvs that slabs net
lromenl in each of the tw,o clir
previ<tus pariigraph) but orrly ir
directiotrs itr tlie ccntral portio
aiialytical ructhods irr gcnera
tlesillned for a nrornent of 0.i
tttaximurn urclrrrerrt 0"048rr,/r, it
rironrent rcduction of 25 perccr

'fhe Iargest rnomeltt in tlte
F'ig. : 5r,. It is eviderrt tliat the r

Sr i less than iit the corresp
vaiiai,ioil of sltot t-spail rnornen
variation is shoryn rlualitativciy
Irig. 5.6cr is valid oniy alorng tlr
nloiilent value is lcss, as shorvt
rcduced proportionately. Sinrila
applies only at the Iongitudinal
redrrced according to the varia
maxiltturtr nlL\tnent across the
accountcd for in an trprrroxinri
designing for a rcrlucecl nrolnenr
direction.

It should be noted tliat onll

Irigurt: 5.5a shorvs. the trvo ce,ter strips of a recrangukir prate rvith srrortrPittt 1,, anrl long span 17,. If tric unifornr ro:rd is ru pcr rq,[." ru,,i or slab. eacrr,f tlre rwi; strirrs acts alrlrroxir,ately like a si,rple bcaru unifornrly loairecr byits shiire rr,, *,. g".ouse these irnagirr.ry strips actuaily are p,r.t ur ilic sametttottoiititir: slab. their deflectious at- the iirterscctiou point niust be the sanrc"iirluati*g iire':crte'rieirecr-io,s c,f ihe srrort and Iong str.ips gives

5 rv,,l l_ _ 5 x,t ll 
.

384D1 384EI
rvhcre ri', i; 'tirc sharc of the road rp carricd irr the sirort direci.itrn ancr ri,;, is tiieshare o['Li t: Ioird i, carriccr in tlie Icr,g directioil. Ccrnscqucrrtti,,

tt"' 
- 

iil

'%-n (r)
(Jnc sccl; t'tar tlie largel'sllare cf thc luiicl is carried in the short direction, lheratio ol' tii(: l.!vo ptlltiolts ol thc lr.rtal loatJ bcing invels.tv p,lui,o, tir)iial to tirs'iourtlr po\t lr of ihe ratio of the sparrs.

l-'lris rc:;rrit is approxinrate bccause tlie actuar bcliavior of a srab is l,oriicor:lplcx rrrirn th:rt ni ,11: two i,terscctiirg sr.rips. z:in u*irerstauding of tirebeitavior o., the siab iiseif can bc 1,,;riued frorrr llig. 5.5ir, rvhich srro*,s a sia!;rn,dcl coir'isti,g of t*,cl sets of threc strips eacli. [t is sccn that thc tlv'central strills si and r1 rrcnd i, a iirilrlrer sir,ir.r to thar" of Fig.5.-5c..i.he0trtcr stril;s sr and L2, howevcr', are not ouly bent but arso twisted. Cc,sider,for irstanc;', one of trre iirtcrs.:ctions of s', with r,2. ii is scen that at therrrtc'sc.'iitrr rlic exrcriu'edgc cf srrip I-,-i;,;;'; irr,,.l '.,*-i,r,, ri)a, t,cintelior edgc, rvhile at tlie,carb1, end oi rt.ip t, botlr eclges ar.e at tlle sailleelc'ati.lt: t'ie strip is tr.vistecl. firis trvisti,g resuits i, torsional stresscs andlorsio.^l r,()rrrerlts rvhich are secn r.o bc rilost prortouirced ,ear Lhc co,ers.couscquerrtiy, thc totar roatr on ilre srab is carried not oniy by,he berrdirrg

(rt)

Sirnple su;rpo s
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'Iable 5.2 Co"rniftts for ncg
iiI,,.,,", = C,",,..rr1]

"[f a.".s = Cr..ru,li where w : toI

Ratio
t"

Case I

fl
Case 2

r*"1
Case

;

I.Lxr 4'"' 0.045
0.045 0.0;

,).e5 9" ".
Li 

""e

0.050
0.041 0.0;

0.e,' !'*' 0.055
0.037 0.0i

orrr 
3'""-

0.()60

0.01I 0.06

0.80 :" "'. 0.065
0.027 0.06

C.n.r
Cr,."".

0.069
0.022 0.0-5

o.'lo C."'"* 0.074
0.0r7 0.05

0.65 E;"'.
0.07't
0.014 0.04.

, * 3:.:
0.081

0.010 0.03.

0.55 c'"" 0.084
0.007 0.02r

u.50 c, *, 0.086
0.006 0.02:

lA crosshatched edge ir:dicates t

unmarked ctlge indicates a supporl a

coinlrJted for this total load.
assurned eqilal t(} one-third o
Oire niust provide for such
provtded tliscontinuous eclges
the r;.rpportirrg lvall.

:'or posiliue r?rorneflr.r the

I

Ir
i

Column
5trip

-dlo
I

T-
I

I

*ulN

I

i

I

T-
-ol o

L

1-'

1--1Irll-
l_
I

I

-o *u

I

l;
l*.
I

t

/-)
,/' i(l
IIit

i I i,o,t-oit+s+tli\I\t
\_l

Iiigurl 5"7 f.i.rr iation ol
1\\'(r-\\'a]/ Slal..

(d)

design lnonrents across *iiith of critical scctions for sirnply su pportcd

liigure 5.8 Ilortitrn of typical lwo-tvay slab flcr-'r rvith
beants on ooluinn iines-
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f'able 5.2 Coellicrr:rts for negative lnonrenl.s in slab.s'f

/-1/'t(tt.lllri
| !, l,r,

I la, j
l-l!-l
I* -s -'lri\i\t

\-_i

l

-i

1

l

I

I

----1
I

I
!

I

... _ --!
i

I

i

)
I

i
I

I

i

I
I

.iI,,,,.i = C,,.,,..rlll
,(J r.,.s = C, .."rll i

where w = [olai unrfornr dead plus iive loa<]

(G\
: -: I sections f or sitnply sr,i1;portcd

n of typical two-way slab lloor rvith
r lines.

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

corlrpilted for tltis total Itlad. I'legctiue fitontents ut discorrlirtuo1,s edges itre
assulned eqtlal trr one-third of tlie positive fiton]er]ts for t|c sarrre tiirectr6n.
Ottc niust providc for sucil riloillents because sorne degrec sf restr.ilint rs
providetl discotttirruous edges by thc torsionai rigidiiy of tire e6ge belnr r.rr bytl,; ; rppurtirrg u,all.

:-or positiae rnorrtenls there rviil bc little, if any, rotation at llre cgntinrous

Ratio
t,,r:i

Case I

fl
Case 2

r3
Case 3

{-- -1.
Casc ,1 Case 5r: Casc 6

1

C:rse ?

:=
Casc 8

;J
Case 9

{r

I.Ul c"*, 0.045
0.045 0.076

0.050
0.050

0.075 0.071

0.07 1

0.01l
0.06 r

0.06I
i1.03i

o. C.,...r 0.050
0.041 0.072

0.055
0.045

0.079 0.075
0 "O(r7

0.018
0.0-56

0.06.5

0.029

o.rr !;;;;
0.055
0.03? 0.070

0.060
0.040

0.080 0.079

0.062
0.013
0.052

0.068

0.02J

0.85 9,""*
L r. ncr

0.()60

0.03 I 0.065

0.066

0.014

0.082 0.081

0.0-51

0.0.19

0.0.lir
0,07?

0.021

u.u,, !"'"
Ln nee

0.065
u.021 0.061

0.071

0.029
0.08--r 0.08(;

0_u5 I

iJ.05",

0.041
0"07,i
r).t) I l

,. ". c" 
".. 0.069

0.022 0.056
0.076
0.024

0.08-5 0.0ti8
0.044

0.06 i

0.016
0.07ti

0.0 r,i

o.7o :""-
0.074
0.017 0.050

0.081

0"0 l9
().086 0.091

0-0lB
(,.0(r8

i).021,

t).08 i

0.01 l

0.65 Lq;"'.
{).077

0"0 I4 0.043
0.08-5

0.015
0.087 0.093

0.ol I

0.07 4

0.024
0.08-l
0.00:i

u*:;:.: 0.081

u.0 lt) 0.01-5

0.089
0.01 I

0.088 0.095

0.024
0.0tt0
0.0 l8

0.08.5
().00rr

0.55 !'"'. 0.084
0.007 0.028

0.092
0.008

0.089 0.096
0.019

0.0ii-5

0.0 l4
0.03(;
0.rlJi

o.5o c:*, 0.086
0.006 0.022

0.094
0.006

0.090 0.097
0.0 l4

0.089
0.0 l0

0.068

0.00i
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"t'rrble 5.3 locilicients Ior dead-klad positive tttontcltts ilr slili;" r

ilo.rus.ri : C' ,ntt'li
trIr.ry,,.,ir = C,.,rrr'li

*t dL?
,4\

'I'able 5.4 Coelliciirllri for livc-l
trI,.*.x = C,.xrllj
,nlr-", = cr,,,rr; wltcre x'- tolal

I{atio
t.

til =;

Case I

[j
Case 2

1*"-1
Case

1-

,.o, ?''
Lr, a

0.036
0.036

0.a27
0.027

0.027

0.012

o.e5 E "
0.040
0.033

0.030
0"025

0.03 t

0.029

u.90 ?'
Ll, r

0.045
0.029

0.034
0.022

0.035
0.027

0.85 ?'' 0.050
0.026

0.037
0.0 r9

0.010
0.024

0.80 :-'" 0.056
0,023

0.041
0.017

0.045
0.a27

- -- C..r(r./1 
L̂i,-l

0.061

0.019
0.045
0.014

0.051

0.019

0.70
C,.u

Ct.n

0.068
0.016

'0.049

0.0t2
0.057
0.0 l6

u.* 
2,"",

0.074
0.0 l3

0.053
0.010

0.0Gt
0.0 l4

0.60 9''Lir
0.08 r

0.010
0.058
0.007

0.071

0.0t i

.. Ct.tt))^ 0.088
0.008

0.062
0.006

0.080
0.009

C,.u

Cr.n

0.095
0.006

0.066
0.004

0.088

0.007

iA crosshatched edge indica(es thi
unmarked edge indicates a support at I

case, some rotation will occur a

is assumed that there is 50 pe
moments. The corresponding c
cornputing shear in the slab ar
gives the fractions of the totz
directions.

u,hcrc rr : total uniforttr dead loatl

1A crossltatched cdge inclicates that the slab continucs acloss. ur is fixetl at, tlre support; an
unrnatked ecle indicat.es:i support at s,hich torsional resistirnce is negiigible.

eclges if dt,yl load alone is acting, because the loads on both adjacent p;urels
tend to piodtrce opposite rotations rvhich caucel, or nearly so. For this
conditior-i, {he comtinuous edges can be regardecl as fixed, and the appropriate
coeflicientri for tlic dead-load rrronlents arc given in Tabic 5.3. on the othcr
Irarrd, the rraxirnllm liue-load n!orrr€r1rs are obtained when live loail is placcd
olily oii thc particular panel and not on any of the adjircent pailels. in this

I(atic ilase I

tI
Case 2t: Casc J

,f;

Case 4

;)
Case 5

-,;
Case (r

fl
Casc 7

::l
Case 8
.-1
1..---I

Case 9

ti

1.rru :" ''
0.016
r).0J{r

0.0 i8
t.).0 I 8

0.0t8
0.027

{).02?

0.02'7

0.027
0.018

0.013
0.0)1

0.077
0.031

0.020
0.023

0.02i
0.020

o.ei 5:"
r).040

i).031
il.020
0.016

0.021

0.02-s

0.030
0.024

0.023
0.0 t-5

0.036
0.024

0.01I
0.031

0.02:
0.021

0.024
0.0 r7

0.90 'j'"Lra
r).0.15

{).019
\').022

0.014
0.02-5

0,02.1

0.0-13

t).022
0.029
0.011

0.039
0.021

0.015
0.028

0.025
0.0 l9

0.026
il.0 I5

il.s: l"'' ,).050

,).026
0.02.i
0.012

0.029
0.022

0.036
0.019

0.01I
0.011

0.042
0.0 r7

0.040
0.025

0.029
0.017

0.028
0.011

u*:"' ,J.0-56

1.023

0.02(r
0.01 I

0.034
0.020

0.039
0.016

0.032
0.009

0.045
0.015

0.04-s

0.a22
0.012
0.01-5

0.029
0.010

,1.15 ?"'
.)"061
.).0 l9

0.018
0.0'.)9

0.040
0.0 l8

0.043
0.0 ll

0.033
0.007

0.048
0.0 l2

0.051

0.020
0.036
0.013

0.01I
0.007

0.70
C'r.at

3.068
0.015

0.030
0.007

0.046
0.0 l5

0.046
0.() I I

0.015
0.005

0.051

0.009
0.058
0.017

0.040
0.0r I

0.013
0.006

C, ot
0.65 .-

,).a14

i"0 ll
0.012
ii.fi)6

0.05.1

0.014
0.0-si)

0.m9
0.01(;
0.004

0.054
u.007

0.065
0.014

0.044
0.009

0.034
0.005

- _. C..rt
u.b0 -,

0.081

r.r.0 l0
0.034
0.004

0.062
0.01 I

0.053
0.007

0.037
0.003

0.056
c.tvJ6

0.071

0.012
0.048
0.007

0.036
0.ui4

u.:: 9-"''
1).088

0.m8
0.035
0.001

0.071

0.0{J9

0.056
0.0r),5

0.0-rE

0.002
0.058
0.004

0.08I
0.009

0.052
0.005

0.037
0.003

C..ui
0.-50 -

0.095
,).00{r

0.037
0.002

0.080
0.007

0.059
0.004

0.039

0.001

0.061

0.001
0.089

0.007

0.056

0.004

0.038
0.002



*t dL?

Case 7

-

Case 8 Casc 9r:
0.027

0.031

0.020
0.023

0.021
0.020

l.i 0.03 r

0.iii I

0.022
0.021

0.024
0.0 l7

lil 0.035

0.028
0.025
0.019

0.026
0.0 l5

t-
0.040
0.025

0.029
0.017

0.028
0.013

l-i 0.04-5

0.022

0.012
0.015

0.029
0.011)

T

0.051

0.020
0.036
0.0t3

0.031

0.007

. _..\.)

c.058
0.017

0.0.10

0.01 l
0.033
0.006

,i ,l
0.065
u.014

0.044
0.009

0.034
0.005

". 
ra)

0.071

0.012
0.048
0.007

0.{)16

0.ffi4

I,..3 ().081

0.009
0.052
0.005

0.01?
0.0,J3

i,i. i 0.089

0.0u7

0.056

0.004

0.038
0.002

::i.\ss, or is fixcd at. the support; an

:::e is negiigible.

.;ads on both adjacent panels

.rcel, or nearly so. For this
I as fixed, and the appropriate
en in Tabie 5.3. On the othcr
irned rvhen live load i-< irlaccd
i tire adjacent pairels. In this

c rt ts itt s!ilir" r

st-AiJS 2ly
^\

'i'ablc 5.4 C,elliciL;;rs for Iive-loarI positive ,ilo,lcnts in stabs-f
Af ".*,., = 1--..rrr1;

^ " ,, rvhere w = total unifornr live ioadl}:tt.Fd(, = LAtrlr,l;

$

tA crosshatched edge indicates that the slab continues across, or is fixert at, the supporti an
unmarked edge indicates a support at which torsionar resistance is negrigibre.

case, some rotation will occur at all continuous edges. As an approximation itis assumed that there is 50 percent restraint to.-cut"urai;,.giil";; ]i"*i;;;
moments' The corresponding coefficients are given iri Tabr6-5.4. Finaily; f;;'computing shear in the slab and loads on the supporting beams, Tabre 5.5gives the fractions of the total load ry which ai" tranirnitteJ in the two
directions.

I{atio
1..

ril =;
Case I

t_l
Case 2

tr:
Case 3

1l

Case 4

;;
Casc 5

ffi
Case 6(a Case ?

[]
Casc ll
r-.1L

Casc !-l

I '.--t
L-**

t.u, !" 0.036
0.036

0.027
0.027

0.027
0.012

0.032
0.032

0.012
0"o27

0.035
0.432

0.03 2

0.035
0"028

0.010
0.03()

0.023

o.9s c:r' 0.040
0,033

0.030
0.025

0.031

0.029
0.035
0.029

0.034
0.024

0.038
0.029

0.036
0.032

0"01i
0"427

{).037
0.02_5

0.e0 q"
Lir

0.045
0.029

0.034
0.022

0.035
0.027

0.039
0.026

0.037
t).021

0.042
0.025

0.040
0.029

0.0-1-!

0.02.1

0.016
0.022

0.85 :,,
0.050
0.026

0.037
0.019

0.040
0.024

0.043
0.023

0.041

0.019
0.046
0.022

0.045
0.026

u.040
0,022

0.019
0.020

0.80 ir",,
0.056
0,023

0.041
0.017

0.045
o.022

0.048
0.020

0.044
0.0i6

0.051
0.019

0.05 I
0.023

0.044
0.0 19

0.042
0.017

0.7.5 *''Lr.l
0.06t
0.019

0.045
0.014

0.051

0.019
0.052
0.016

4.047
0.013

0.055
0.016

0.056
0.020

0.049
0.0 I6

0.046
0.0 t1

o.7a 
3,'t,

0.068
0.016

0.049
0.012

0.057
0.016

0.057
0.0r4

0.051

0.01 I

0.060
0.01 3

0.063
0.017

0.054
0.0 1,i

0.050
i).0 I I

0.65
C^.tr

Cr.u

0.074
0.013

0.053
0.010

0.0(yl
0.0 I4

0.062
0.01 I

0.055
0.009

0.064
0.0 t0

0.070
0.0t4

0.059
0.0tI

{).0.5J

0.0119

0.60 9''
Llt

0.081

0.010
0.058
0.007

0.071

0.0i I

0.067
0.009

0.059
0.007

0.068
0.008

0.077
0.01 1

0.06-5

0.c09
0.u.59

0.fi)7

o.ss !"'
0.088
0.008

0.062
0.006

0.080
0,009

4.072
0.r$?

0.063
0.005

0.073
0.006

0.085
0.009

0.070
0.007

0.06 r

0.0fi6

0., 3"
0.095

0.006
0.066
0.004

0.088
0.m7

0.077
0.005

0.067

0.004
0.078
0.005

0.092
0.007

0.076

0.005

u.067

0.00.1
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CODE

Alternatively, rein{orcement shall be placed in two
layers parallel to the sides of the slab in both the top
and bottom of the slab.

13.3.7 - When a drop panel is used to reduce the

amount of negative moment reinforcement over the

column of a flat slab, the dimensions of the drop panel

shall be in accordance with . ln computing
required slab reinforcement, the thickness of the drop
panel below the slab shall not be assumed 1o be

greater than one-quarter the distance from the edge of

drop panel to the face of column or column capital.

13.3.8 - Details of reinforcement in slabs without
beams

13.3.8.1 - ln addition to the other requirements of
.l 3.3, reinforcement in slabs without beams shall have

minimum extensions as prescribed in ' ,:.j :.r: irr

13.3.8.2 - Where adjacent spans are unequal,

extensions of negative moment reinforcement beyond

the face ol support as prescribed in :lr:. i:: ''1 : 5[21;

be based on requirements of the longer span.

CHAPTER 13

COMMENTARY

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

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

Fig. R 1 3.3.6-Slab comer reinforcement.

R13.3.8 - Details of reinforeement in slabs without
beams

In the 1989 Code, bent bars were removed from 
".

This was done because bent bars are seidom used and are

difficult to place properly. Bent bars are permitted, howevet

if they cornply with
Code.

Refer to 13.4.8 of the 1983

45 bottom Per 13.3.6

OPTION 1

As per 13.3.6

top and bottom

OPTION 2

Notes:

ACI 318 Building Code and Commentary
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