POS. 56: FOUNDATION SLAB

4H-STANZ version: 8/2012-2d

Punching shear calculation column on foundation slab
acc. to DIN EN 1992-1-1:2011-01 with NA Germany (DIN EN 1992-1-1/NA:2013-04)

scale 1:50 spans
_____________________________ . Lx = 4.00 m
Ly = 4.00 m

anchored tension reinforcement
as,zug,x = 30.00 cm2/m
as,zug,y = 33.50 cm?/m
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X
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concrete strength class €35/45
| 45 | steel class B500A
1. load
design values of punching shear load in centroid of load distribution
LK | notation design situat. VEd MEd,x Med,y OEd,gd,m
kN kNm kNm N/mm?
1 ‘new load comb. ‘permanent ‘1400.00 ‘ 200.00 ‘ 50.00 ‘ 0.000

VEd - shear force  MEdx/MEdy - moments  cEd,gd,m - mean ground pressure

2. material safety factors
design situat. ‘ Ye ‘ Ys

permanent and transient h.50 h.15

3. action within the basic control perimeter
VEd,crit = B-VEdred / (Ucritd)
VEdred = VEd - AVEd
AVEd = AcritoEd,gdm
B =1+ sqrt( (keMEdx / VEd - Ucrit / Weritx)2 + (ky-MEdy / VEd - Ucrit/ Werity)2 ) = 1.10

Worit = ]Iel dl mit di:differential of perimeter
e :distance of dl to axis of Med

coefficient for the calculation of shear stresses from moment action
(acc. to [1], table 6.1)

c1 =c2=0.45=>kx = ky = 0.6

calculated values of basic control perimeter

a/d

cm m m? m? m?
1| 50.0|2.00 | 4.94 | 1.888 | 2.4606 | 2.4606

LK | acrit Ucrit ‘ Acrit ‘ Werit,x | Werit,y

decisive shear stress within the basic control perimeter

LK VEd AVEd Med.x.sp | MEd,y,sp B VEd,crit
kN kN kNm kNm - N/mm?

1|1400.00 |  0.00 | 200.00 | 50.00 | 1.18| 1.334

AVEd - resultant of ground pressure  Medx Sp/MEd,ySp - moments concerning centre of control perimeter
B - load increase factor from eccentric load  vEd,crit - decisive shear stress within the basic control perimeter
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4. punching shear resistance within the basic control perimeter
VRd,c = CRd,c-k-(100-pl,zugfck) 13 = vmin [N/mm?2]
CRd,c = 0.15/v¢
k=1 + sqrt(200/d) < 2.0 with d [mm]
pl.zugmax = minimum from (0.02, 0.5 fcd/fyd)

plzug = Sqrt(plx,zug-ply,zug) < pl,zug,max
Vmin = 0.0525/yc-k3/2fck1/2 for d < 600 mm

scale factor

k = 1 + sqrt(200/250) = 1.89 < 2 L/
Tongitudinal reinf. ratio of the anchored tension reinf.

mean of the tension reinforcement to the distance 3d from the column

pix,zug = 30/25-10-2 = 0.012

ply,zug = 33.5/25-10°2 = 0.0134

pl,zug = sqrt(0.012-0.0134) = 0.01268

punching shear resistance without shear reinforcement

Crd,c = 0.15/1.5 = 0.1

p1,zug,max = minimum from (0.02, 0.5-19.83/434.78) = 0.02 > 0.0127
vmin = 0.0525/1.5-1.893/2.350.5 = (.54 N/mm2

VRd,c = 0.1-1.89-(100-0.01268-35)1/3 = 0.671 N/mm? > 0.54 N/mm2
1.334 N/mm2 > 0.671 N/mm2 = shear reinforcement required

maximal load-bearing resistance

VRd,max = 1.4-VRd,c

VRd,max = 1.4-0.671 = 0.939 N/mm?

resistances at pi1,zug = p1,zug,max

VRd,c (p1,zug=0.02) = 0.1:1.89-(100-0.02-35)1/3 = 0.781 N/mm2
VRd,max (p1,zug=0.02) = 1.4-0.781 = 1.093 N/mm?

1.334 N/mm2 > 1.093 N/mm2 = maximum punching shear resistance exceeded !t

5. design calculation
Design calculation with additional reinforcement impossible!

The design resistance of the compression strut is not ensured even with maximum
allowable longitudinal reinforcement of pi1,zug,max = 0.02. Mark only can be achieved
in increasing the concrete quality and/or the statically effective depth.

Use one of the following options:

© Bei gleicher effective depth concrete quality auf C70/85 erhdhen.
° Increase of mean statically effective depth to dm = 29.0 cm with same concrete quality.

literature and norms:
[1]1 DIN EN 1992-1-1: Eurocode 2: Bemessung und Konstruktion von Stahlbeton- und Spannbetontragwerken, Teil 1-1, Januar 2011
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