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Table 7.3.1.1—Minimum thickness of solid
nonprestressed one-way slabs

Support condition Minimum A"
Simply supported £/20
One end continuous £/24
Both ends continuous /28
Cantilever €/10

[(UExpression applicable for normalweight concrete and £, = 420 MPa. For other
cases, mmmum / shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3,

as appropmnate.

7.3.1.1.1 For f; other than 420 MPa, the expressions in
Table 7.3.1.1 shall be multiplied by (0.4 + f;/700).
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Table 20.5.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members

pedestals, and
tension ties

stirrups, ties, spirals,
and hoops
.A( B L. 4 .

Specified
cover,
Concrete exposure Member Reinforcement mm
Cast against and
permanently in All All 75
contact with ground
No. 19 through
‘ 50
Exposed to weather No. 57 bars
or in contact with All No. 16 bar. MW200
ground or MD200 wire, and | 40
smaller
No. 43 anq No. 57 40
Slabs, joists, bars
and walls ar ¢
Not exposed to No. 36 bar and
: smaller
weather or in
contact with ground Beams, Primary
columns, reinforcement, 40
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Flat plate slab —__
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(d) Two-way slab with beams.

Drop panel

() Flat slab.
Types of two-way slabs.

Fig. 13-2

(b} Waffle slab.
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(b) Strip A.

AE Deflection

(a) Deflected slab strips.

Moments

(c) Strip B.
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Comparison of One-way and Two-way slab
behavior

w, =load taken by short direction

L A >/
w, = load taken by long direction ¥
0, = Op ,/ | |
Sw.A'  SwB’ £l § /| s

/
384E7  384E] /
w, B’ / 4 /

—~=— ForB=2A=w, =16w, ' ' /
. 44 " hé
w, A

Rule of Thumb: For B/A > 2,
design as one-way slab
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Types of moment diagram
Four-edges fixed slab

7S iz 99 oS 4 (¢) Moments in strip ABC.
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Fig. R8.4.1.8—Examples of the portion of slab to be included
with the beam under 8.4.1.8.
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Beam and slab sections for
calculations of «y.
(a) Section for lp—Edge beam.
AE ., 1,/¢ E.,I
4E . 1/¢ E.I
(b) Section for Is—Edge beam.
0l2 £a/2
- -
\ \
Ay, btl# nodtrhmore
" Ow A 2nw PULTOWT™  (c) Section for Ip—Interior beam.
|= / J
\
Fig. 13-15 T
Cross section of beams
as defined in ACI Code J‘%‘S Dl S50 S (WY Section for ls—Interior beam. o0

Section 8.4.1.8.
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0.35 to 0.63 M,

0 to 0.65 M,

0.35M,
M,
0.65M,

0.65 to 0.75 MD/

Exterior span EJUINC SR IRTICT SIVIT U Interior span 53
(see Table 13-2)
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TABLE 13-2 Distribution of Total Factored Static Moment, M,, in an Exterior Span
(3) (4) (5)
(2) _ Slab without Beams )
(1) Slab with between Interior Supports Exterior Edge
Exterior Edge Beam between Without With Fully
Unrestrained All Supports Edge Beam Edge Beam Restrainded
Interior 0.75 0.70 0.70 0.70 0.65
Negative
Factored
Moment
Midspan 0.63 0.57 0.52 0.50 0.35
Positive
Factored
Moment
Exterior 0 0.16 0.26 0.30 0.65
Negative
Factored
Moment
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fmin | I '
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- > Column strips - an -

(a) Short direction of panel.
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(b) Long direction of panel.
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TABLE 13-3 Percentage Distribution of Interior Negative
Factored Moment to Column Strip
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TABLE 13-4 Percentage Distribution of Midspan Positive
Factored Moment to Column Strip
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TABLE 13-5 Percentage Distribution of Exterior Negative
Factored Moment to Column Strip
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Table 20.5.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members
Specified
cover,
Concrete eXposiire Member Reinforcement T
Cast against and
permanently in All All 75
contact with ground
No. 19 through
50
Exposed to weather No. 57 bars
or in contact with All No. 16 bar, MW 200
ground or MD200 wire, and | 40
smaller
No. 43 and No, 57 40
Slabs, joists, bars
and walls N
Not exposed to Mo. 36 bar and 20
. smaller
weather or in
contact with ground Beams, Primary
columns, reinforcement,
. . . 40
pedestals, and | stirrups, ties, spirals,
tension ties and hoops
e oo e kil
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Minimum

Strip | Location Ag at Without drop panels With drop panels
section
-~ 0.304, 030/ 44y _ 0.330, 0334, |
| l :
50%
Top I ‘ 0_206,,\— Not : 0.204, 0.204, : 0.204, | I
. 1 less 1 = I—
Remainder ( | than | | | Not less | |
Column S 5d | i anas | than 5d e
strip T 150 mm | | 150 mm 7477
gk | ! | 7
| : | / |
Bottom 100% | ' _ ZAt leasttwo | Splices shall be | ZContinuous Lyl
| bars or wires | permitted in this region |  bars .
‘ shall conform 1~ L
| to 8.7.4.2

S rosS el 58 oS ay
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. 0.22/, 0.22/, 41, 022/, 0.220,

Top | | L
Middle = e ,

strip 150 mm
N B ET B
Bottom | % | | |
ottom | |- 150mMmM  Max. 0.150,— | Max. 0.15¢, 150mm _|
Remainder ; | \ / | '
c C, c
L ' "[=—  Clear span - {5 _:+.+:_ Clear span - /, —1: I
| Face of support Face of support |
~— Centertocenterspan %~ Center to centerspan
Exterior support Interior support Exterior support
(No slab continuity) (Continuity provided) (No slab contin uity)|
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Notes:

1. Applies where B-1 or B-2 has o> 1.0 @ pagrard

2. Max. bar spacing 2h, where h = slab thickness
! V | ' V '
— _|_ _________________ —I— —_— _l_ _________________ _l_
| | I I |
| | | |
: : ' '
| |
-~ | N -~ | oy
| o L | A per8.7.3 N i
| A top per 8.7.3 : Short | top and bottom m: Short
| | | x |
| j | i
| |
' N (Liong) | ( LLLHQ)/ 5
- N | B-1 |
' =E o CEEEER Teeees T
|
- (LLong)/ i (LLon g)/5
| LLong - L =
Long
OPTION 1
OPTION 2
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8.7.3 Corner restraint in slabs o lls ooy (sloaif 55 638 57le,] F-¥-¥-1.-4

8.7.3.1 At exterior corners of slabs supported by edge o Wiz b S 0 ad e Gl sladlb b g lago 4 4 Sla s ol slaadsT o -
walls or where one or more edge beams have a value of a;
greater than 1.0, reinforcement at top and bottom of slab
shall be designed to resist M|, per unit width due to corner W35 Sty S SV g by o
effects equal to the maximum positive M,, per unit width in
the slab panel.

225 (@) B (@) sloay 7,d 4y adoS sla,gible,T b Wikt (Soa Sl 50 A Jads b

Jood s olB wib e bye axly o (o sV 5 ol o ailflas jsb 4 adeS glaygile,)] —

8.7.3.1.1 Factored moment due to corner effects, M, shall ALl pye aly 0 (o anlar Cuts phes S 2Sas
be assumed to be about an axis perpendicular to the diagonal
from the corner in the top of the slab and about an axis parallel 5o o o iF L b M, wsd B s o &2 —
. : 2 4sg8 3l eni 35 i p ogac (gy9me o b o My algS BT o @ o e S -
to the diagonal from the corner in the bottom of the slab. . .
Syien 28 S5 el o absS e 38 Sl (ilge (5597 Joo 9 I SV
8.7.3.1.2 Reinforcement shall be provided for a distance
iln each direction from the corner equal to one-fifth the 0 kb 1 ogee gliwly 1o 5 s T o kB L (g3lsa bty 4o ouly |, aisF sla,pile)]
onger span.
et 5P Ol g YU jo daalsf o adsis oMol wiljlsedy g delaiis (645D 90 Wjgo A L g S ls
8.7.3.1.3 Reinforcement shall be placed parallel to the Sla e s
diagonal in the top of the slab and perpendicular to the diag-
onal in the bottom of the slab. Alternatively, reinforcement .
) : ila wSe Jilos Lol U oaled 3 colacdl > Wb ad la,gile,! —&
shall be placed in two layers parallel to the sides of the slab] ... bwlitsj I3 @Jﬂb Al ek T ol 4T slayly 69
in both the top and bottom of the slab. g 03l 41,8 ¢3S 3
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Table 8.3.1.1—Minimum thickness of nonprestressed two-way slabs without interior beams (mm)!"l

Without drop panels”!

With drop panels?!

Exterior panels

Exterior panels

8.3.1.1 For nonprestressed slabs without interior beams
spanning between supports on all sides, having a maximum
ratio of long-to-short span of 2, overall slab thickness & shall

not be less than the limits in Table 8.3.1.1, and shall be at
least the value in (a) or (b), unless the calculated deflection

limits of 8.3.2 are satisfied:

(a) Slabs without drop panels as given in 8.2.4.... 125 mm
(b) Slabs with drop panels as given in 8.2.4......... 100 mm

S rosS el 58 oS ay

"» MPal?l | Without edge beams | With edge beams!*! | Interior panels Without edge beams | With edge beams!*! | Interior panels
) g g p g g p

280 £,/33 £,/36 £,/36 £,/36 £,/40 £,/40

420 £,/30 £,/33 £,/33 {,/33 £,/36 £,/36

550 £,/27 £,/30 £,/30 {,/30 £,/33 £,/33

column
capital

drop
panel

|

column

~

flat slab with
column capital

flat slab with
column capital
and drop panel
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Table 7.3.1.1—Minimum thickness of solid
nonprestressed one-way slabs

Support condition Minimum A"
Simply supported {120
One end continuous {124
Both ends continuous (/128
Cantilever £/10

”]Expressiun applicable for normalweight concrete and f, = 420 MPa. For other
cases, minimum # shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3,

as appropriate.
Pp P 15”9.5 k‘).uol.‘.l.v ,.'QSQ oS A 71
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Table 8.3.1.2—Minimum thickness of
nonprestressed two-way slabs with beams
spanning between supports on all sides

U] Minimum /&, mm
o, = 0.2 8.3.1.1 applies (a)
f,r(0.8+i} i
02<a,<20 Greater 1400 (b)lHA
&= O = 2. of: 36+5B(o,, —0.2)
125 (c)
l, ([}.8+ LJ
=20 Greater 1400 (d)
O = = of: 36+9B
90 (e)

Moy, is the average value of o for all beams on edges of a panel.
(%I¢, is the clear span in the long direction, measured face-to-face of beams (mm).
31 is the ratio of clear spans in long to short directions of slab.

laad saod o LelFasT o slo i b adbogo sl I Caolnd JBluo Y-+ Jguo
el o sleo) B s Jilas W
(il R S R e O < 0.2
fy
1519 In (0-3 i 1400)
36 + 58 (apm —0.2) |5 Juie uifyn| 0.2 <04 <2
() YO
by
A o (0'8 + 1400)
36+98 Sl lde (e 38 )5 2<oip,
(&) i
SOWPUNCEP W PIEY PO, SRR IORNIVIY, Sy L)
Sgdi o SpSoilail e, U A adl e e les s g ails Sy 0 3T saitas 1, [Y]
il oo o olgS Ay aily g 0 o] sladiles Cos B[v]
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Punching Shear Failure at Interior Slab-Column
Connections-Piper's Row Car Park,
Wolverham

76



Progressive collapse of Tropicana Casino
parking garage due to punching of flat slab




(a8,b g0) @b op plp 0 a8,b SO 5y

Inclined crack Pyramid-shaped
failure surface

(@) One-way shear. (b) Two-way shear.
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Fig. 13-37
Inclined cracks in a slab
after a shear failure.

(Photograph courtesy of J. G.

MacGregor.)
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Critical shear

(a) perimeter

Edge of
slab
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(a) Section through drop panel.

:‘—dgll?

[_ - /:Edge of drop panel
I

|

| |
- |
|
|

(b) Critical sections.
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Critical section for
one-way shear-
/ column 4

, Tributary area Tributary area for <
0.5¢ for two-way |\ two-way shear-column 2

| 3hear-c<?;1/jr2 X \/: g /

Tributary area for
two-way shear-column 3

0.5 (x115) €

Tributary area for
one-way shear-column 5

\_ SO

Cr|t|cal
section
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Table 22:6'5'2_v° for two-way members without 22.5.5.1.3 The size effect modification factor, A, shall be
shear reinforcement determined by
Ve
2
; . A, =\/ <1 (22.5.5.1.3)

[0.17 + %) NI (b)

Least of (a), (b), and (c):

[o. 17+ —0'013“‘”1 J?le\/f (c)

i

Notes:
(1) A, 1s the size effect factor given in 22.5.5.1.3.

(11) P 1s the ratio of long to short sides of the column, concentrated load, or reaction

arca.

(111) oy 1s given in 22.6.5.3.
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v, =0334 4/ (il -Yo-A-1)

v =0. 17[1+ ];L YNIA (o -Yo-A-4)

v, =0.083 [2 . —]A NI (o —Yo—A-4)
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: : r 0 kCriticaI

L R section

e y \\f_ (22.6.4.1)
- 0 T Effective

|

|

rd ~
o 'i\’ load area
ra
L - - - - - -~ “— Actual load area

Fig. R22.6.5.2—Value of B for a nonrectangular loaded

ared.
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Ineffective

~/1/— :k*—Opening
S A .\ /---1: uoL> UYL‘> )Q CUL: Ja.ayc.o
< < < -
i | '
L______h____l L e e e e =
$Lcwm| ,
section
F
/1/ fﬁ_ Hegard | ree corner 7
// as free :
I I edge I
Ty -8
e —

Note: Openings shown are located within
4 hjof the column periphery.

Fig. R22.6.4.3—Lffect of openings and free edges (effective

perimeter shown with dashed lines).

L5’)"°9’5 u.wol.‘.u ).SQ owda.e; 86




S 4y 87

= &5 A afe );"5"5 Ol S50 rod
2 aladio e glaw p JI9 50 93l 55T 1-A-4 S



B oo p il > la Sl
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DROP PANEL aS 3l eolawl .2

v, 1
v, 1

(a) Section through drop panel.

(b) Critical sections. 88
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INTEGRAL BEAM igals 5l oolawl b b SN 51 eolaiwl  (C

Critical section
through slab

shear reinforcement
(first line of
stirrup legs)

—— Critical section

/outside slab shear
— TN\ .
N reinforcement.

(d) Stirrup layout showing inner and outer critical shear perimeters.

arl ~_ | |/

_+_
S ro9S ell S50 Al g

<

‘
6d, IZ 6,

(a) Single-leqg stirrup. (b) Multiple-leg stirrup.

(c) Closed stirrups.
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Stud rail ,
N Head, diameter at least

3.2 times the diameter
*\ of the shear stud
Column

shear perimeter ™\ _ P shear perimeter
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Critical section /L
through slab shear
reinforcement
(first line of

stirrup legs)

Loz

()

Critical section
outside slab shear
reinforcement

dz2y .

{

Plan

£
/[/ \—Slab

Fig. R22.6.4.2a—Critical sections for two-way shear in slab
with shear reinforcement at interior column.

Critical section
through slab shear

reinforcement (first )

line of stirrup legs) ~\

e Rl el |

0

Critical section
outside slab shear
reinforcement

=

Slab edge K

SR |

d?2
A

Slab

v

Plan

|d/2

LE ;g . R22.6.4, M ritical sections for two-way shear in slab
with shear reinforcement at edge column.
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I Table 22.6.6.1—v, for two-way members with shear

uyol} O‘MC\"LS"QBU*’LS“’)" WBLQ.«O

DS oyl 48 solaiul

= ablie (3 a SV jlabe o b (6105 0Ysd L 48l 5o glael ol Y-Y-B-A-4

bl J e gy Sgaom Gl Saub o0 Al

il eoud eolazil Cogels 5l 31— Ladl

v, <0.174A(f! (¥1-A-1)

reinforcement
Type of shear Critical
reinforcement sections Ve
Stirrups All 0.17A A[f! (a)
0.25A A1 (b)
) Least of 2
According to 0.17 [1 +— ]k S
Headed 22.6.4.1 ®). (). B)~ V1 ©
shear stud and (d):
reinforcement ad
o.os3[z+—é—] AT | (d)
According to ;
22 6.4.2 0.17A,A/ £, (e)
Notes:

(1) A, 1s the s1ze effect factor given in 22.55.1.3.

(11) P 1s the ratio of long to short sides of the column, concentrated load, or reaction

area.

(111) @, 1s given n 22.6.5.3.
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=12d,
A\S,b
=2d
45° max. >
Z i <
6d, 6d, 60,

(a) Single-leg stirrup. (b) Multiple-leg stirrup.

(c) Closed stirrups.
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A

0.35t0 0.63 M,

¥ 0.35M,

f
0t0065M, §

0.65M,

..._________/
0.65 to 0.75 M,

Exterior span Interior span
(see Table 13-2)
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8.4.2.2.2 The fraction of factored slab moment resisted
by the column, y,M,,, shall be assumed to be transferred by
flexure, where yy shall be calculated by:

1
Y, = (8.4.2.2.2)

1+(2) b
3)\b,
8.4.2.2.3 The effective slab width by, for resisting y M,

shall be the width of column or capital plus a distance on
each side in accordance with Table 8.4.2.2.3.
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Muf = yf'Msc

Sgis oo ygiow O,lg (HLid g yiiS) cied 0355 Jawgs a5 ST 5l e
Myy = Yo Mse = (1 — yf)'Msc

S9b (o0 5w )y Ot dib 0 (LA S9 Eey Gk &S S 4l
Mic =Muf + Myy

ERREN

2o Sogw slp
Muf — O'6MSC
M, = 0.4M,,



ﬁ,b,a GIDJL: ‘_gl)g od.i'bc)l.aﬂ Yf ).‘ULJA:- Y-y.-9 J,d-?

ouds oMo ¥ 25N> | (Bt (50 ) & Vi aldd Sy | gt Condse
) =&y, +0.003 | <059y, | cwz o | adsS e
\ 2 &y +0.003 | <0.750v, | ot poges
1+ (-2-) by o = Ety + 0.008 < 0'4(1)”(: 0,LS (55l
3/l b,
1.25
> &, + 0.008 < 0.4¢v. S g 0 | (Plee gt

<1
1+ () &
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Table 8.4.2.2.4—Maximum modified values of y; for nonprestressed two-way slabs

Column location Span direction Vi &, (within by,;) Maximum modified v,
Corner column Either direction <0.5¢v, =g, +0.003 1.0
Perpendicular to the edge <0.750v, =g, +0.003 1.0
Edge column 1.25 <1.0
Parallel to the edge <0.4¢v, >g,, +0.008 14 [ 2 J b
3\ b,
1.25
<10
Interior column Either direction <0.4¢v, >g, +0.008 1+ (z) b
3)4b,

& 09SOl XSO
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Table 8.4.2.2.3—Dimensional limits for effective
slab width

Distance on each side of column or capital
Without drop panel 1.5h of slab
Lesser
or shear cap Distance to edge of slab
1.5h of drop or cap
With drop panel or
shear cap Lesser Distance to edge of the drop or
cap plus 1.54 of slab
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Fig. 13-46

Definition of slab width, by,
connection without drop
panel or shear cap.

1.5h C2 1.5h

(]

bS.Iab J“) uoﬁ

| 3 h

» bslab , < bslab N
(a) Interior connection. (b) Exterior connection.
1.5hy4 |
hdln I
c, 1.5h
Fig. 13-47 bgjab
Definition of slab width, b, ‘ "

exterior connection wWithdrop L. =55 eus ays
(a) Exterior connection with drop panel.

panel or shear cap.
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(b) Exterior connection with shear cap.
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C
Shear stresses V= ywMyc
Edge due to y,M, D Jo
\ B
My
A
(c) Shear stresses due to M,,.

(a) Transfer of moment at edge column.
(d) Total shear stresses.

(b) Shear stresses due to V.
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Y Myy — Myy) C

Je

)
e / Z ;

Shear stresses due to (c) Shear due to unbalanced moment.
Tv |(Mw = Muyy)

(a) Transfer of unbalanced moments to column.

(b} Shear stresses due to V. (d) Total shear stresses.
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bs=ca+d c3

()

(c)

Vi M,
K

Vi My,
vV, = A_C + JC

where A. = area of critical section = 2d[(c; + d) + (¢, + d)]
¢;, ¢, = distances from centroid of critical section to left and right faces of section,
respectively
J. = property of critical section analogous to polar moment of inertia

o
I

For an interior column, the quantity J. is

2d ) &
J = (c; + d) + (c; + d)
12 12

d 2
‘1t ) (13.13)

+ 2d(C2 + d) (
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ci+d ¢ Column

1C

TVU,AB

I |
1 |
| |
C+d| L ! B N Shear
| ! : :\ stress
1 L~ = -l-—— s [\—Critical Vuv
C i B ) )
v section c
|
Ccp | CaB
'c ,
Interior column
ci+d/2 € Column
[
_Dl____ L_JA IVU,AB
| : |
|
[
c+d D s Shear
Lo stress
|
t---- -=*g [ Critical
C /1/ . .
, section
— |
Ccp (CaB
|
1C S r0525 ealein 50 20008 4
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Thin section

(a) Direct tension.

N
$pad by dady

Thick section

() ( i;@ . %@3

(b) Bending with or without axial load.

!

1
e [ =

77

1 Flexure-shear

{c) Shear.

1 Web-shear

(c) Shear.

No crack or
steep crack

Inclined crack

(d) Torsion and shear,

L ;\J

Bond cracks

Section

(e) Bond cracks.

_..E

(f) Concentrated load.
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Large widely spaced cracks 7

/

Fig. 9-7
Heat-of-hydration cracking.




(a) Plastic slumping crack. ~
(b) Map cracking.

(c) Effect of corrosion.
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short-term deflection gl s -Y
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F 3
£ 3
p .|
Yielding at ends
and midspan
C!
- C—Service Load
S
=l
B—Cracking at midspan
A—Ends of beam crack
S I S O T A
P MRLEL R
O Midspan deflection, A A h
055 Cpmalis SIS 00l s (b) Beam and loading. 124

(a) Load-deflection diagram.




Maximum moment, M,
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Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8
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long-term deformation or time- &ow oy 5 =Y
dependent
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