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Item: B6_001_Hand_Calculation_BS EN_1992 Click on the blue numbered

Punching Shear Analysis (x64) B6+ 02/22B (FRILO R-2022-2/P06) buttons to jump to the associated
Output/Hand calculated position
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Geometry and Material
Slab h = 200 mm dm = 160 mm
Intern. column Cx = 250 mm cy = 250 mm
Concrete covering Cu = 20 mm Co = 20 mm
Materials Concrete: C 20/25 Steel: B 500A
Yo = 1.50 Vs = 1.15
foc = 20.0 N/mm? fe = 500.0 N/mm?
Loads
Given shear force Ve = 317.0 KN (= Vg)
Increase B = 1.150
Results

Punching through NA to BS EN 1992-1-1/A2:2015-07, CHECK for a flat slab acc.to par. 6.4

Loaded area perimeter Up = 1000 mm(ata= Omm)
Design shear force Vequo = 2.278 N/mm?
max. design resistance  Veramax = 3.680 N/mm?

basic control perimeter Uy

3011 mm (ata= 320 mm)@
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Design shear force Veg = 0.757 N/mm? <[:]

Prefactor Crae = 0.120

Scale factor k = 2.000

Design resistance Vrde = 0.643 N/mm? @
Vmin = 0.443 N/mm?

Result: Vrac < Ved £ 2 * VRrd,e, Veduo € VrRamax Punching shear reinforcement required

Longitudinal reinforcement ratio (p per direction) :

without punching reinforcement regp = 1.568 % = 2509 mm?/m
max. reinforc. ratio permp < 2.000 % = 3200 mm?/m
exist reinforc. ratio existp = 0.963 % = 1541 mm?*/m

Reinforced areas :

cal. reinforcement width calby = 1000 mm
required installation width in the y-direction for A reqbg = 1210 mm
required installation width in the x-direction for A, reqbg =2 1210 mm

outer control perimeter :
outer control perimeter Iyt

440 mm (I+1.5*d)
3765 mm

Length of perimeter Uout =
Design shear force Veg = 0.605 N/mm?
Design resistance Vrde = 0.643 N/mm?> vggOK
Vmin = 0.443 N/mm2
RESULT : punching sh. reinf.B 500A, fywaer = 290.0 N/mm?, a = 90°, s, = 120 mm
Row S Iy u red. Asw
[] [mm] [mm] [mm] [mm?]
1 80 80 1503 228 152
2 120 200 2257 228 101

Note: Bar diameter d#£ 8 mm (punching shear reinforcement)

The longitudinal réinforcement is to be anchored outside the outermost perimeter.

min. Agy
[mm?]

57
129
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Calculation by hand

Geometry and loading
Slap depth =200 mm

Static height dm =160 mm
Column thickness and width c,/c, =250/250 mm
Loading: Vg =317 kN

Reinforcement ratio slab averaged (EN 1992 (6.4.4):

_ a5 _ 154
Pi=/pirpty ~ A-a 100160 0,0096 1

0,02

= 0,010
04 Lt =4 1033
fyd 435

Basic control perimeter (EN 1992 (6.4):
Distance from loaded area: r=2,0-d,,=2,0-160 =320 mm a

Length of the basic control perimeter:ul =4-a+2-nt-r=4-250+2-1-320=3011 mm

Maximum punching shear stress at the control perimeter (6.4.3):

BVgq _ 115317 _ kN _ 5
s T 3oro1e = 197057 = 0,757 MN/m (6.38) ﬂ

Punching shear resistance without shear reinforcement (6.4.4):

VEdul —

1
VRd,c = CRd,c k- (100 " PL 'fck)5 + kl *Ocp = (vmin + kl ' Ucp) (6-47)

he 14 200_1+ 200<20
B d 160~

VRdc = 15 2,0-(100-0,0096 - 20)3 + 0 = 0,643 MN/m

3 1 3 1
Vpin = 0,035 - k2 - f,,2 =0,035-2,02 - 202 + 0 = 0,443 MN /m?
Vgqu1 = 0,757 E > Vpao = 0,643 Py

Shear reinforcement required.
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Punching shear resistance with shear reinforcement (6.4.5):

Evidence of maximum punching shear resistance Vrd,max

-V 1,15-317 KN
:'8 Ed _ :2278'4W= 2,278 MN/"l2 D

VEA T "d  4-025-0,16

VRd,max = 0,5-v- fcd

_ fck]_ | 20]_
v=06[1-2%] =06 [1- | = 0552

fcd:f];c_k

C

20
T = 133 MN/m’

= 1
Vramax = 0,570,552 - 13,3 = 3,68 MN /m?

VEa < de,max

Required shear reinforcement

d 1 .
VRd,cs = 0,75+ VRd,cs T 15- (;) “Agy - fywd,ef ’ (111_61) ‘sina (6'52)

N
1250+ 0,25+-d = 250 + 0,25 - 160 = 290 >
fywd.ef =min mm

fywa = 435 N/mm?

For veq = Vrycs after rearranging the equation (6.52)

- 0,75 - -d- 0,757 - 0,75-0,643) - 160 - 3010
Ay = (VEq . URd,c) Uq — ( 5 ) = 2281 mm? = 228 cm? Q

15- (E) fywaef - Sinet 15- (0,75—-160) .290- 1,0

Control perimeter uout, at which shear reinforcement is not required

v
req. Ugyr = B E‘Z (6.54)

VRd,c’

Vrae = Crac k- (100 p - fu)'/3 = % -2,0(100 - 0,0096 - 20) /3 = 0,643 MN /m? (6.2)

115-0,317
req.Uogytr = m = 3,55m = 3550 mm
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Arrangement of the shear reinforcement (9.4.3)
Radial

1.Row: 0,5 d from loaded area: 05 -160= 80 mm @
2.Row: 0,75 -d

from loaded area: 0,75 :160= 120 mm

Distance from second row to ug 1,5-d= 15 160 = 240 mm

EXiSting Up=4-a+2-1-r=4.250+2-1-(05+0,75+15) - 160 = 3765 mm > 3550 mm 4[:]
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