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Reinforced Concrete II. / Beton Armat Il.

Initial data

Flat slab
Thickness
Concrete class
Reinforcement

Shear reinforcement
Concrete cover

Interior column

Vgqg = 850 kN
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hs =26 cm
C30/37

A, =014/15cm
Ay, = 014/15cm
fyk = 500 MPa
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Reinforced Concrete Il. / Beton Armat II. 01. PUNCHING / STRAPUNGEREA

Computation of the effective depth

hs=26cmA :. N N ° N ® E B
: : dx dy
Vo |
1 1
14
Cx = 20 +— =27 mm > d, =7
14
cy=20+14+7=41mm - d, =7
d
> d=% 4+ 2 =2mm
2 2
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Computation of the effective depth

h$=26cmA :. o N N N CE B
: : dx dy

v |

| 1
cx = 20 + = = 27 mm > d, = 260 — 27 = 233 mm
cy =20+ 14 +— = 41mm > d, = 260 — 41 = 219 mm

dyx dy

> d=7+7=226mm
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Longitudinal reinforcement coefficient

- should be calculated as mean values taking into account a slab width equal to the column
width plus 3d each side, see #6.4.4

=? mm?

3d a3dJ

A=A

S s,tensile
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Longitudinal reinforcement coefficient

- should be calculated as mean values taking into account a slab width equal to the column
width plus 3d each side, see #6.4.4

_m-@* bo+2-3d mw-14* 400+ 2-3-226

A =24 = 1802 mm?
X y 4 S 4 150 i
_ o Ax 1802 — 0.0045
Ple = PLy = 370 T (400 + 2-3-226) - 226
AS
p o
(6d +a)d
. 3d |al3d J
I\ )
As = As,tensile
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Checking the shear stress at the column face

For structures where the lateral stability does not depend on
frame action between the slabs and the columns, and where

VEd the adj iffer i 9
. . jacent spans do not differ in length by more than 25%,
VEdu, = :B un-d < VRd,max = 0,5-v- fcd approximate values for B may be used
0
Column perimeter Uy =7 mm
fck
v=06(1-— =7
250 , e |
, P = f(Mgq) :
fck . R
=% =2 MPa n
=14
)/C \:\Iﬂ 1
="
- vEd,uo <?> de,max

Faculty of Civil Engineering
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01. PUNCHING / STRAPUNGEREA

Checking the shear stress at the column face

VEdu, = ,B d < VRdmax — 0,5-v- fcd
Ug
Column perimeter Uy = 1600 mm
fck
=06(1-— = 0.53
Y 250
fek
4 = —=20MPa

Yc

\Z

Vgau, = 2.70 MPa

> Vramax = 9-28 MPa

For structures where the lateral stability does not depend on
frame action between the slabs and the columns, and where
the adjacent spans do not differ in length by more than 25%,
approximate values for B may be used

B =f(Mgy)

vEd,uo < de,max

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

Faculty of Civil Engineering
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Checking the shear force in the basic control perimeter (u,)

_ VEka B 13
Veau, = By g S Vrae = Crack(100pfe) 2 Vi
2d
Basic control perimeter U, = 2(cy +¢c3) +2m-2d =?7mm
Cra,c = 0,18/y, =7 ul/
basic control
perimeter
200
k=14 |—=7<2
d
Vmin = 0,035k3/2 . f;(/z =7
- v = VLd =7 MPa
Ed,u1 ul'd .
- vEd,ul <?> de,C
> Vra,c = Cra,ck(100p;fe)'/3=7
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Checking the shear force in the basic control perimeter (u,)

VEa
VEdu, = ﬂul d < VRdc = CRd,ck(lOoplfck)l/32 Vmin
Basic control perimeter uy = 2(c; +¢,) + 2m - 2d = 4440 mm |
Crac = 0,18/, = 0.12 ul/
basic control
perimeter
200
k=1+ |—=194<2
d
Vmin = 0,035k3/2 . f1/2 = 0,52
_ pYEd _
> Vrdu, = B72% = 0.97 MPa
- UEd,ul > de,c
2 Vra,c = Cra,ck(100p,fe)'/3=0.57

- transversal reinforcement is needed!
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01. PUNCHING / STRAPUNGEREA
Computation of the control perimeter at which reinforcement is not required (u,,,)

VEa
Upyt = 'B—d =7 mm
VRd,c °

Distance from the column edge to the control perimeter

Upyt = 2b. + 2h. + 4 quarters = uy + 2m - xd - X = (Upyr — Ugp)/21d
X =7 \
Tout =/d =7 mm / .....................................
Uout 2d
” e

Dr.ing. Nagy-Gyorgy T. ©

Faculty of Civil Engineering



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

Computation of the control perimeter at which reinforcement is not required (u,,,)

VEd

= 7546 mm
VRd,c ° d

Uoyt = P

Distance from the column edge to the control perimeter

Upyt = 2b. + 2h. + 4 quarters = uy + 2m - xd - X = (Upyr — Ugp)/21d
x=419
Tyur = 4.19d = 946 mm / .......................................
Uouyt | oy A
ou Pkt 419d .
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01. PUNCHING / STRAPUNGEREA
Computation of the control perimeter at which reinforcement is not required (u,,,)

The outermost perimeter of shear reinforcement (u,,,) should be placed at a distance not

greater than 1.5d within u,,;

> Topr = Tour — 1.5d =7d =7 mm
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01. PUNCHING / STRAPUNGEREA
Computation of the control perimeter at which reinforcement is not required (u,,,)

The outermost perimeter of shear reinforcement (u,,,) should be placed at a distance not

greater than 1.5d within u,,;

Uout [ .
\,I ///—__:G_A__—_—\\\ |
Lo S\ R S
. : l / Ny .
area with 7 M 4194 _
reinforcements | |
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Spacing of shear links in the tangential (s,) and radial direction (s,)

at least two
] perimeters
uopr <154 uout
<0,5d -
- 0,3d -\31 —
NS
<0,75d
s, < 0.75d =7 mm - S, =7mm

Maximum distance between the face of a support and the nearest shear reinforcement

Srmax < 0.5d =7mm

> Sy min =7/ MM
rmin .
Srmin > 0.3d =7 mm
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Spacing of shear links in the tangential (s,) and radial direction (s,)

at least two
] perimeters
uopr <154 uout
<0,5d
= 0,3d -\N
<0,75d
s, < 0.75d = 170 mm - s, = 150 mm

Maximum distance between the face of a support and the nearest shear reinforcement

Srmax < 0.5d =113 mm

K Srmin = 75 Mmm
Srmin > 0.3d = 67.8mm r,min
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Spacing of shear links in the tangential (s,) and radial direction (s,)

s, <1,5d

inside u,

s¢ < 1.5d =?7mm inside u,

s¢ < 2d =?7mm  outside uy
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Spacing of shear links in the tangential (s,) and radial direction (s,)

s, <1,5d

inside u,

___________________

< 2d —

s < 1.5d = 339 mm inside u;

S¢ < 2d =452 mm outside uy
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Spacing of shear links in the tangential (s,) and radial direction (s,)

The number of perimeters

Topr = Tout — 1.5d = 2.69d = 607 mm

1st perimeter distance =7 mm
2nd perimeter distance= =7 mm
3rd perimeter distance= =7 mm
4th perimeter distance= =7 mm
5th perimeter distance= =7 mm
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01. PUNCHING / STRAPUNGEREA

Spacing of shear links in the tangential (s,) and radial direction (s,)

The number of perimeters

Topr = Tout — 1.5d = 2.69d = 607 mm

1st perimeter distance =75 mm

2nd perimeter distance= (75+150) =225 mm
3rd perimeter distance= (225+150) =375 mm
4th perimeter distance= (375+150) =525 mm
5th perimeter distance= (525+150) =675 mm

Dr.ing. Nagy-Gyorgy T. ©

2 Uppr =7 Mm
> ???
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Reinforced Concrete II. / Beton Armat Il.

Spacing of shear links in the tangential (s,) and radial direction (s,)

The number of perimeters

Topr = Tout — 1.5d = 2.69d = 607 mm

1st perimeter distance

2nd perimeter distance= (75+150)
3rd perimeter distance= (225+150)
4th perimeter distance= (375+150)

=75 mm

=225 mm

=375 mm

=525 mm 2 Uppr = 4899 mm

5th perimeter distance= (525+150)

= 675 mm -2 out of the outermost perimeter of
reinforcement
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The minimum shear reinforcement area

Required area of one bar in perimeter u,

\/E.Sr'st n

A -~ >0.08 =7 2 — ?=7mm?
swmin = fywk 15 mm )
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The minimum shear reinforcement area

Required area of one bar in perimeter u,

1/ S-S
Asw min = 0.08 ok Sr St _ 29.7 mm? > ¢ 8 = 50.3 mm?
fywk 1.5
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Necessary shear reinforcement area on 1 perimeter

Required area of one bar in perimeter u,

A = Uy S - =7 2

fywd,ef — 250 + 025d < fywd

fywaer =? MPa < 500 MPa ??

The necessary number of shear reinforcement per perimeter =777
- ? ¢ ?7=?mm?
- St = Uppyr/(?—1)=mm  <?> St max = 2d =?mm
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Necessary shear reinforcement area on 1 perimeter

Required area of one bar in perimeter u,

Aswrea = gp oy % > Aswreq = 788 mm?

fywd,ef — 250 + 025d < fywd

fywda,er = 307 MPa < 500 MPa

The necessary number of shear reinforcement per perimeter = Aswreq/Asw,ps =15.7
- 16 ¢ 8 = 50.3 mm?
- St = Ugpyr/(16 — 1) = 327mm < St max = 2d = 452mm
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Shear reinforcement layout

<45 cm

7.5 15 15 15
<S> > >
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Shear reinforcement layout
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Shear reinforcement layout

Dr.ing. Nagy-Gyorgy T. ©

[
L
o
o
| |
[ J
[
| J o
7.5 15
«>—>
o
o
o [
o
o
[ J
o

01. PUNCHING / STRAPUNGEREA

15 15
>

Faculty of Civil Engineering

<45 cm

Y



Reinforced Concrete II. / Beton Armat Il.

THANK YOU FOR YOUR ATTENTION!

(ASCE Library)
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