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At such a section, in addition to the shearing stresses and horizontal compressive

stresses due to negative bending moment, vertical or somewhat inclined compressive

stress is present, Jwing to the ieaction of the column. The simultaneous presence of

vertical u.rd horirortal"compression increases the shear strength of the concrete' For

slrabs supported by columns havittg a ratio of long to short sides not greater than 2,

tests indiiate that the nominal shear strength may be taken equal to

v,: 4fib.d

\

I
h

(b)(a)

according to ACI Code 11.12.2, where bo: theperimeter along the_critical section'

Hoivever, for slabs supported by very rectangular columns, the shear strength

oredicted bv Eq. (13.i1a) has been found to be unconservative' According to tests

;;;;;1"hJ'r j.rs, the value of V. approaches2t/Jlb"d as Bc, the ratio of long to

short sides of the column, becomes ,".y t*g". Reflecting this test data, ACI Code

ll.lz.zstates further lhatv,in punching shear shall not be taken greater than

/ ^ \ -v:(2-+\lf:a"a' \ tJ,./
(r3.11b)

(i3.11c)

The variation,of the shear strength coefficient, as governed by Eqs. (13.11a) and

(l3.llb) is shown in Fig. 13.22 as a function of B.'
Further tests, repirted in Ref. 13.16, have shown that the shear strength V"

decreases as. the ratio of 
"tlti"ut 

perimeter to slab depth b,f d increases' Accordingly,

ACI Code ll.t2.2 states that v, in punching shear must not be taken greater than

',: (X + 2)\'Eb'd

where a, is 40 for interior columns, 30 for edge columns, atd20 for corner columns,

i.e., columns having critical sections with 4, 3, or 2 sides, respectively'

Thus, according to the ACI Code, the punching shear strength of slabs and foot-

ings is to be taken as-the smallest pf the values of V. given byEqs. (13.11a), (13'llb),

-"a (6.ttr). The design strength is taken as $V" as risual, where { : 0.75 for shear'

The basic requirement is then Vu = +V,.
For columns with nonrectingulartross sections the ACI Code indicates that the

perimeter b, must be of minimuri length, but need not approach closer than dl2 to

ihe perimetJr of the reaction area. The manner of defining the critical perimeter bo and

the iatio B. for such irregular support configurations is illustrated in Fig. 13'23'
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columns, it is reasonable to Suppose that the portion transfen'ed by flexure increases

aS lhe width of the critical section that resists the moment increases, i'e', as c, * d

becomes larger relative to c, * ctinFtg. ).3.3lb.According to ACI Code 13'5'3' the

moment considered to be transferred by flexure is

-l-l

M*: lfMu i (13.16a)

-t-
1 iOrlItIf;

ft -----
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Tests indicate that for square columns about 60 percent of the unbalanced

moment is transferred by flexure ilorces I and C in Fig. 13.l3dr) ancl ahout 40 percent

by shear stressss on the faces of the critical section (Ref. 13.24). Fbr rectangular

columns, it is reasonable to suppose tliat the portion transferred hy flexure increa,ses

.rs the width of the critical section that resists the moment increases. i.e., its c, * d
becomes larger relative to c1 * d in Fig. 13.33b. According to ACI Code 13.5.3, the

momenf considered to trc transferred hy flexure is

where

M,6 * y;lulu

1

Y" = ---------:--

" I + i:/b1lb2

Vu fuIurc1
,r:A.- 

J,

V,, Mu,c,
+-

" Ar. ' J"

( 1 3.1 6n)

(13.16ir)

(1 3. l7a)

(1 3. r 7b)

and /r, : width of critical section lbr shear measured in direction of span for which
momsrts are deternrined

b, : width o1'critical section for shear measured in direction perpendicular to b,

J'he value of y, may tre nrodified i[ cerlain conditions are met: For unbalanced
motrents about'ar axis parallel to the edge o1'exterior supporls, Tymay be increased

to 1.0, provided that the factored shear V,, at the edge sullport does trot exceed 0.7sQV,
or at a comer supporl does not exceed 0.5dl4. For unbalanced monrcnls at interior
supports and about an axis perpendicular to the edge at exterior supports, ?prna| be

increased up to L25 times the value in lrq. i13.l6b), provicted that V, * 0.4$V.. In all
of these cases, the net tensile strain e, calculated fbr the section within I .5/r on either
side of the column or r:olumn capital must be at ltast 0.010.

The moment assumed to be transf'erred by she.ar, hy ACI Code I I .11.7, is

M,t, * 11 - ylM,"* y,hf ,, (1 3.16c)

It is seen that tor a squarc column }iqs. (13.16a), (13.16b), and (13.16c) indicate that
60 percent of tl-re untralanced moment is transf'ened by flexure and 40 percent by
shear, in accordance with the available dakr. If}, is very largr relative to },, nearly all
of the moment is trarsferred by flexure.

The moment Mu, can be accorrmodated by concenlrating a suitahle fracticn of
the slab colurnn-strip rcinforcement near the column. According to ACI Code 13.5.3,

this steel must bs placed within a width between lines 1.5fi on each side of the column
or capital. where lr is the total thickness r:fl the sliib or drop panel.

The moment M,,, together with the vertical reaction delivered to the column,
calrses she&r stresses assumed to vary linearly with distance frorn the centroid of the
critical section, as indicated for an interior column by Fig. 13.33c. 'fhe sfresses can be
calculated lrom

where A" : area oI critical section : 2d[fu, + d) -t- (cu + r0l
{)11 c. = distances from centroid of critical r'ection to leti and right faces of sec-

tir:n, respectively
J. * property of critical section analogons to polar moment of inertia

..' ', ...J'., :
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