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Other applications of stud shear reinforcement

Stud shear reinforcement can be used and designed using the
above equations to resist punching in raft foundations, footings,
and in walls subjected to concentrated horizontal forces (e.g.,
offshore structures). Fig. 13(a) represents the arrangement of
shear studs in the vicinity of a column in a raft foundation; the
studs are mechanically anchored by heads at the top and by a
steel strip at the bottom similar to Fig. 1(c).

Fig. 13(b) shows arrangement of shear studs with respect to
other reinforcement in a wall. The figure can represent a vertical
or a horizontal section. It is to be noted that the studs have dou-
ble heads situated in the same plane as the outermost flexural re-
inforcement. Thus, the overall length of the studs, including the
heads, should ideally be equal to the wall thickness minus the
sum of the specified cover at the two wall faces.
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Design for Punching Shear Strength with ACI 318-95

by Amin Ghali and Sami Megally

Brittle punching failure of flat plates can occur due to the
wransfer of shearing forces and unbalanced moments between
slabs and columns. Design of connections of columns to flat
plates 10 insure safety against punching failure is presented.
This paper covers the design procedure in most practical situa-
tions, including interior, edge, and corner columns; presiressed
and nonprestressed slabs; slabs with openings; and slabs with
shear reinforcement. The ACI 318-95 Building Code require-
ments are adhered to where applicable. Numerical examples
are presented to demonstrate the design procedure. Seismic
design considerations are not discussed in this paper.

Keywerds: columns (supports); conaections; flat concrete plates; pre-
siressed coscrete; punching shear; raft foundations; reinforced concrete;
shear strengh; slabs; structural design.

INTRODUCTION

The punching shear resistance of concrete flat plates fre-
quently needs to be increased by the provision of drop panels or
by shear reinforcement. The latter solution is more acceptable
architecturally, and is often more cconomical. This paper gives
the details of punching shear design of flat plates without drop
panels, with or without shear reinforcement. Requircments of
the ACI 318-95' Building Code for design of slabs against
punching arc reviewed. The design steps are prescated, adher-
ing to the code requirements when they apply. Most conditions
that occur in practice are considered for slabs with or without
prestressing, including slabs with openings in the columa vicin-
ity. Interior, edge, and corner column-slab connections subject-
ed 10 shear and moment transfer are considered. The design
steps are demonstrated by computed examples. This paper pre-
seats a complete design procedure for punching shear. Refer-
ence is made to an available computer program that can be used
for the design. When drop panels are used, the design procedure
for flat plates applies with an additional provision that is also
discussed.

The ACI 318-95' Building Code allows the use of shear
heads, in the form of steel I- or channel-shaped sections, a5

hear n slabs presea

Iy used, it wil not be discussed here. The two most common
types of shear reinforcement are shown in Fig. 1. To save space
in this paper, the amangements of the reinforcement with the
two types are shown in a single top view in Fig. 1(s). Fig. 1(5)
and (c) are 2 pictorial view and a cross section showing, respec-
tively, details of conventional stirrups and stud shear reinforce-
‘ment (SSR). The vertical legs of the stirrups or the stems of the
studs intersect the shear cracks and prevent their widening (Fig.
2). Because the intersection can occur at-any section of the stir-
1up leg or the stud stem, the leg or the stem should be as long as
possible and must be anchored as closely as possible to the top
and bottom surfaces of the slab (observing the cover require-
‘ments for corrosion and fire protection).

Effective anchorage is essential to develop the yield strength
of the shear reinforcement of both types. With stirrups [Fig.
1(b)), the anchorage is provided by hooks, bends, and the longi-
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1—Types o ;hmr mn forcement considered:
reinforcements (iop view): (8) stirrups; and (c) stud s
forcement alternate details (Section A-A).
wdinal flexural reinforcing bar lodged st the corers, Before the
force in a stirrup leg reaches its yield strength, the concrete in-
side the hooks or bends crushes or splits, causing slip, thus pre-
venting development of the full stength of the stimup,
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Fig, 12(0) shows what is known in practice as shear capital. It
Giffers from drop panc] in the plan dimensions. The shear capita
is commonly small in size and is provided with po reinforce-
meat other than the vertical bars of the column. The punching
design is based on & critical section at &2 outside the shear cap-
ital with the nominal shear stress v, givea by Eq. (4) o (6). Re-
cent experiments '* show that the penching fulure with s ype
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Fig. 12—Drop panels and shear capitals. . a) Vertical section in a raft foundation
.
Step 4—Select 3/8-in.-diameter studs with the smangement u
shown in Fig. 11(b). H -1 —’\/—-—
»/4=355 psi <6 [T (=379 psi) 5,50.5d;5<0.75d Select u Wall
5,=225in;s=4ini4,= 1104in v =180 psi[Ba- ) % L~
e= 190 psi [Eq. (13)] H P
¥y = 190 + 180=370 psi < 8 JiT' (=506 psi) [Eq. (12)] - Flexural .
%< §¥, (= 315 psi), shear reinforcement is adequate H reinforcement ear
Step S—Properties of the critical section at d/2 from the out- = studs
ermost peripheral 3 .
&, H
.
ne ‘projestions of crifical section on principal mxes x andy §
are73.7 io. and 78.7 in., respectively. Eq. (16) nd (17) give: w AL A 1L
0 1, =0352. The coordinates of columa ceatroid are 8
2) in. Statical equivalent forces at critical section cea- 1 N _ o
troid are: V, = ”011}1, 2= 158 kip-in ; and M,z =-168 kip-in. b) Horizontal or vertical section in a wall
Following, the same procedure as for the e e
from column face, the maximum shear stress ¥, = 98 psi < 1
24 [l (= 108 psi). This indicates that the extension of the » Fig. J3—drrangement of shear studs in rafi foundations and
shear-reinforced zone is adequaic [Fig. 11(B)). H
.
Circular columns = ofcapitals can be extremely brittl; therefore, this practice i not
The punching shear design steps described carlierin this pa- 8 1 Py b e uhors.
per are applicable for connections of slabs with E:ym]-r col- 5
umas, The circular column cross section i replaced by a square m
scction 50 that the eritical section at &2 from the square column 8 Other of stud shear o
face will have the same perimeter length s for the critical sec- §  Stud shear reinforcement can be used und designed using the
tion for the circular column. 2 above equations o resist punching in rat foundations, footings,
= ad in walls subjected o concentrated horizontal forces (e.g.,
. = offshore structures). Fig. 13(a) represcnts the amangement of
5’:” ikt "’f’? W"'d"f '“";h’:'_"‘;szz puching & e stds in the viciaiy of acoluen n 4t foundatio; the
common solution used in practics io = e pun b Racis 1 bua et L n,
shesr strength of slab-column consections is 10 s el H f:::’;:,‘p :f“”m e T 163, op and by
* thickness around the columns; this can be achieved by use of w )
5 Fig 13(b) shows amangement of shear studs with respect to
drop pancls [Fig. 12(s)). When drop panels are used, two critical L 30 Jpest o
sections must be nvestigaed for punching shearsrcagth, atdy/ 5 O reinforcement n s wall. The figur an epresent » verienl
2 from column face and at &2 outside (be drop panel, Whert dh 8y o cinaed in the same plane as the outermost flexural re-
e p jde the = P
ey o s bl secoms e checked § inorocmeot.The, . vell gt of e sucs, icldin e
following the design steps mentioned earlier, Plan dimensions = l‘:l':-;r;‘f:”“ :::ﬂtlaly;:.q:ﬂ::::&u e mizus the
are selected so that Eq. (1) is satisfied at the critical section out- 2 spes
the drop panel with w, determined by Eq. (15) andv,=ve= 3
mk llt r " V0D - CONCLUSIONS

A complete design procedure for slsb-column connections
‘against punching shear is preseated. This design procedure sat-
isfies the requirements of the ACI 318-95 Building Code. Equa-
tions based on research are used in the design procedure of
practical design situations oot covered by the ACI 318-95 Code.
Design 1 ‘The design can
s of an available computer program.
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