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Punching shear can result from a concentrated load or reaction acting on a relatively
small area, called the loaded area A, _, of a slab or a foundation
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Punching shear can result from a concentrated load or reaction acting on a relatively
small area, called the loaded area A, of a slab or a foundation

column
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Punching Shear

Neg = Vig
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Ways of failure

Cracks due to bending

punching

bending
Pattern of crack

Cracks due to punching
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Punching surface for
Circular column section = truncated cone
Rectangular column section = truncated pyramid
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Ways of failure

RESH Y 4 1 8 o LTI 2
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Failure within shear-reinforced area Failure outside shear- reinforced area
L R e

Failure closed to column by crushing of concrete Delamination of concrete core
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Failure between transverse reinforcement Flexural failure
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Load distribution and basic control perimeter

= : L L) 1 [ a ] [
> 200 mm : » § 9 \ © d| b
d = 0.5(dy + d,) 2w | [A]
e —— :
o [ | #= arctan (1/2)
' = 26,6°

effective depth of the
slab is assumed constant

A - basic control section (1)

B - basic control area A_,,;
C - basic control perimeter, u; = 2d
D - loaded area A4

Teont - further control perimeter
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Load distribution and basic control perimeter

> 200 mm

d = 0.5(dy + d,)
m-
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effective depth of the
slab is assumed constant

A - basic control section (1)

i

= 26,67

= arctan (1/2)
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B - basic control area A_,,;
C - basic control perimeter, u; = 2d
D - loaded area A4

Teont - further control perimeter

Dr.ing. Nagy-Gyorgy T. ©

01. PUNCHING / STRAPUNGEREA

Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat I. 01. PUNCHING / STRAPUNGEREA

Load distribution and basic control perimeter
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u,=2(b + h) + 2n(2d) = u, + 4 nd
Ug = 2(b + h) - perimeter

Near edge Corner
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Load distribution and basic control perimeter

h> /|

V(h.k)

Near an opening
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Punching shear calculation

Shear stress depends on: Vg & Mgy

U. - length of the perimeter being considered:
- basic control perimeter u,
- column perimeter u,

VEd
u.d

Veg :ﬁ

- punching shear stress
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Punching shear calculation

The design procedure for punching shear is based on checks at the:
* face of the column u,
* basic control perimeter u,

If shear reinforcement is required a further perimeter u_,, should be
found where shear reinforcement is no longer required.

The following design shear stresses along the control sections are defined:

is the design value of the punching shear resistance of a slab without punching shear

VRd.c
reinforcement along the control section considered.

Vraes IS the design value of the punching shear resistance of a slab with punching shear
reinforcement along the control section considered.

Vra.max IS the design value of the maximum punching shear resistance along the control
section considered.

Faculty of Civil Engineering
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Punching shear calculation

VEa
VEdu, = .3 < VRdmax — 0,5-v- fcd
uO ¢ d

design value of the maximum punching shear resistance along
the control section considered

Uo for an interior column up = length of column periphery [mm]
for an edge column Up = Cz +3d < cp + 2¢1 [mm]
for a corner column up =3d < cq+ ca2[mm]
=1,5d
: :H:‘_q_:*'— <0,5¢
— " |2 o i

o 2d <1,5d
. <0,5¢
a) edge column b) corner column
| compressed conical veil
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Punching shear calculation

VEa
= de,max ?
uO * d

vEd,uo — ﬁ

What todo ?

* locally, increased slab thickness

* increased dimensions of column

* higher quality concrete
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Check at the basic control perimeter (u,)

The punching resistance of column bases should be verified at control
perimeters within 2d from the periphery of the column!

e e e e ms o -

2 2 o---~ : .
2d - _f_ 2L < ‘v  Typical basic control
,” Y A T T N perimeters around
/ ‘ | ' % loaded
! \ b:| ) | \ oadeaq areas
I
|\ / : : : :
\ / \ | ! |
h ’ A ' ! \\ /I
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by
_______ N I— 1
| 2e | 2a // B
7/ ! 7/ ~ o Control perimeters for
: "/ . s
4 o ;Y o loaded areas close to or
o at edge or corner
——————— 2d T 2d
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Check at the basic control perimeter (u,)

Slabs without shear reinforcement

VEd <

ul-d _

If Veau, = Vrac ho calculation for punching reinforcement

The design punching shear resistance:

VRdc — CRd,ck(looplfck)1/3+k10-cp = (Vmin + klo-cp)

where:
focis in MPa

_—
k=14 290 <20 d inmm

\ d
A = \;‘.ply Pz = 0r02

P, pr relate to the bonded tension steel in y- and z- directions respectively. The values
Py and p should be calculated as mean values taking into account a slab width

equal to the column width plus 3d each side.
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Check at the basic control perimeter (u,)

Slabs without shear reinforcement

s,bottom

3d a3dJ

A=A

s s,tensile

oep = (oey + 0cz)2

owy, Ocz  are the normal concrete stresses in the critical section in y- and z-
directions (MPa, positive if compression):

o —Neay . Neww  Cpy. =018/y,=018/15=0,12

C.y A ) C.Z A

CZ

Voin = 0,035k £, 2
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Check at the basic control perimeter (u,)

Slabs with shear reinforcement

If Vpgu, =B "= = Vrac punching reinforcement is required

The control perimeter u_, . at which reinforcement is not require is obtained

from:

out

Vege = BVegy — (resistance force of plain concrete = load)

VRd,c uoutd = BVEd . BVEd

u
out
VRd,cd

The outermost perimeter of reinforcement u,, should be placed at a
distance <1,5d from u,,
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Check at the basic control perimeter (u,)

u

out
u 1 outermost
basic control perimeter
perimeter < 1,5d
uopr
area with outermost

. perimeter of

reinforcements ireinforcement

. Uopr

reinforcements MR e
o

Uy A

most probable crack —— i
VI

another possible crack ?
uout |
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Check at the basic control perimeter (u,)

o (o] o<I> g o o ,. ‘t.
° o o o ¢ '. ' '||
oo g OO ,.l‘;f ‘ d"".
_'__-- i
A | Perimeter 4, B| Perimeter 4 ¢

Figure 6.22: Control perimeters at internal columns
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Check at the basic control perimeter (u,)

<
<kd 0,254

> 0,3d

L

|/

1A /'

0,75¢
: . A 4
A |- outer cor_'ltrol perimeter requiring _J|.<05d
shear reinforcement
e NS T
B | - first control perimeter not requiring Pl
shear reinforcement =2d
a) Spacing of links b) Spacing of bent-up bars

Figure 9.10: Punching shear reinforcement
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Check at the basic control perimeter (u,)

Problem: how far from the edge of the columnisu_,?

quarter circle with x radius

L7 T‘_T'F" \./ P u

) out
X __'./Uout rf X ,/

"
!
t
!

-

I
| | )
2 N y
| ]
S I B

U, = 2b +2h + 4.quarters = u, + 2rt-xd u_, = 27:(r + x)

X = (Ugy - U,)/2md X = Uy /2T -T
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Check at the basic control perimeter (u,)

s, - spacing of shear links in the tangential direction
s, - spacing of shear links in the radial direction
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Checking of punching shear resistance with shear reinforcement

VRd,cs = O'75(VRd,c + VRd,s ) < VEd

imprecision in assessment of resistance

Concrete contribution:  Veee = Crse K (1000 £,)° + ko, = (v, +k0,,)

Reinforcement contribution: vy o =15 (dfs;) Asw i ef (1/(th d)) sSine

NOTE:
1. Contribution of concrete and reinforcement to the shear induced by punching !

2. No such contribution of concrete and reinforcement in case of shear induced by
shear force !

Faculty of Civil Engineering
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Checking of punching shear resistance with shear reinforcement

VRds =A

, SW, tot

ywd,ef

ANV
20

= ywd, ef
St

SW
N
number of/ \area of bars in

perimeters one perimeter

v =—-2A
Rd,s Uy - S, swfywd,ef
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Checking of punching shear resistance with shear reinforcement

VRd,cs = 0'75(VRd,c + VRd,s ) < VEd

2
VRd,s = Aswfywd,ef
U;S,
A f
d,ef
VRd,cs = 0975VRd,c +1,5 S“l]l };W - (EC2 format)
1

r

where
fywd,ef - 250 + 025d < fywd
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Reinforcement calculation
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Assessment of basic control perimeter u,
There is chosen's, — number of rings inside u,

There is chosen's, — number of bars for one ring

01. PUNCHING / STRAPUNGEREA

Area of bars for control perimeter is obtained from condition: VRdcs = VEd

A f
d,ef
0,75VRg,c +1L,5——"=—= v,
, U;S,
B Veq — 0975VRd,C
sw,req — 1.5f UiS;  (mm?/perimeter u,)
)

ywd,ef

— "4 (mm?2/mm) - area for unit length of control perimeter
Uy

A

A1¢ req — A S¢ (mm?2) —required area of one bar in perimeter u;,
2 ul
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Reinforcement calculation

o0osfy,

Pmin =

fok
A > 08 S /1,5
19.eff = PminSrS¢/ L at least two
A perimeters
A
Uopr = UYout

=0,3d

= L =i L

N/

<0,75d

Minimum/Maximum distance between the face of a support and the nearest shear
reinforcement >0,30d & <0,50d
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Punching shear reinforcements
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Punching shear reinforcements
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Punching shear reinforcements
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Retrofitting
Figure 3 - Typical solutions for shear strengthening of a slab-column connection
New Concrete
New Concrete New Concrete : a
1"-., T I:___. f \ — a a " " s
B e/
| 4
—— : ! t
o Concrefing of capital o Widening of column o Addition of upper concrete layer

Steel Collars

‘I..' _]'\- 2 1"'\- |
o Post-installed shear reinforcement o Bonded post-installed shear o Steel Collars
with mechanical anchorage reinforcement

Rev. IBRACON Estrut. Mater. vol.7 no.4 Sdo Paulo Aug. 2014
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Retrofitting
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Retrofitting

Figure 6 - Postinstalled shear reinforcement with steel plates as anchorage (CARVALHO, 2001) (10)
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Rev. IBRACON Estrut. Mater. vol.7 no.4 Sao
Paulo Aug. 2014
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Retrofitting
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