POS. 46: END OF WALL AND OPENING

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

Punching shear calculation for end of wall below floor slab
acc. to DIN EN 1992-1-1:2011-01 with NA Germany (DIN EN 1992-1-1/NA:2013-04)

scale 1:50 anchored tension reinforcement
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- concrete strength class €35/45
| 34°) 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
kN kNm kNm
1 ‘fu11 load ‘permanent ‘ 350.00 ‘ 0.00 ‘ 0.00
VEd - shear force  MEdx/MEdy - moments
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-VEd/(u1-d)

distance and length of the basic control perimeter
ar,1 = 2:d=38cm=u1 = 2.08 m

(unwirksamer Bereich due to Lochfldchen durf = 0.26 m)

Toad increase factor acc. to figure 6.21DE
end of wall =>p = 1.35

decisive shear stress within the basic control perimeter

LK VEd VEd,crit
kN N/mm?2

1] 350.00 | 1.197

VEdcrit - 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 = 0.18/1¢ A
k=1 + sqrt(200/d) < 2.0 with d [mm]

plzugmax = 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(200/190) = 2.03 > 2 =k =2

Tongitudinal reinf. ratio of the anchored tension reinf.
mean of the tension reinforcement to the distance 3d from the column

pix,zug = 22/19-10°2 = 0.01158
ply,zug = 22/19-10°2 = 0.01158
pl.zug = sqrt(0.01158:0.01158) = 0.01158

punching shear resistance without shear reinforcement

Crd,c = 0.18/1.5 = 0.12

p1,zug,max = minimum from (0.02, 0.5-19.83/434.78) = 0.02 > 0.0116
vmin = 0.0525/1.5-23/2.350.5 = (0,586 N/mm2

VRd,c = 0.12:2-(100-0.01158-35)1/3 = 0.824 N/mm2 > 0.586 N/mm?

1.197 N/mm2 > 0.824 N/mm? = shear reinforcement required

maximal load-bearing resistance
VRd,max = 1.4-VRd,c

VRd,max = 1.4-0.824 = 1.154 N/mm?

1.197 N/mm2 > 1.154 N/mm? = Increase tensile reinforcement to pi1,zug = 0.0129
VRd,c (p1,zug=0.0129) = 0.12-2-(100-0.0129-35)1/3 = 0.855 N/mm?

VRd,max (p1,zug=0.0129) = 1.4-0.855 = 1.197 N/mm?

1.197 N/mm2 = 1.197 N/mmZ = ved,crit enabled to resist with shear reinforcement
basic value of the minimum shear reinforcement

Aswerit = (VEd-0.75-VRd,c)-sr-u1/(1.5 fywd ef)
fywd,ef = 25040.25.d < fywd

fywd,ef = 250+0.25-190 = 297.5 N/mm?

fywd = 500/1.15 = 434.8 N/mm? > 297.5 N/mm?

spr = 0.75-19 = 14.3 cm

Asw,crit = (1.197-0.75-0.855)-14.3-2.08/(1.5-297.5)-100 = 3.69 cm?

5. design calculation

5.1.  stirrup reinforcement rows
Aswmin = xsw-Asw,crit
Asw,min = 0.08/1.5 fck0.5/fyk-sr,max-u

bar diameter
max @sw < 0.05-190 ~ 10 mm = selected @ 10

information on erection of 1l0er stirrups: both reinforcement Tayers have to be covered

Nr | xsw Asw,min Sr Tw u Asw,min min n | selected | st | Asw,exis
- cm? cm cm m cm? - leg cm cm?
11]2.50 9.22 | 9.5 9.5 | 1.31 1.18 5| 12@ 10| 10.9 9.42
21.40 5.16 | 14.3 | 23.8| 1.69 1.52 6 8@10 | 21.1 6.28
311.00 3.69 | 14.3 | 38.0| 2.08 1.87 8 8@10 | 26.0 6.28
4 11.00 3.69 | 14.3 | 52.3 | 2.47 2.22 7 8@ 10 30.8 6.28
511.00 3.69 | 14.3 | 66.5 | 2.86 2.57 8 8 @10 | 35.7 6.28

permitted spacing of 1ink legs:
st £28.5em inl., 2. and 3. row
st £ 38.0 em 1in der 4. and 5. Reihe

information on the positional tolerance:
acc. to [2] radial deflection up to +0.2d (here £3.8cm) concerning theoretical section allowed.
for this it is important that the first row always lies between 0.3d and 0.5d.

xsw - Anpassungsfaktor acc. to [1], NCl zu 6.4.5 (1)  sr - distance to preceding row in radial direction
lw - distance to column edge  u - length of effective control perimeter
Aswmin - minimum shear reinforcement of total row st - mean spacing of link legs in section

5.2.  verification of outer control perimeter
shear resistance at a distance of 1.5d from the last reinforcement row

VRd,c = CRd,c-k-(100-pl,zugfck) 13 = vmin [N/mm?2]
CRd,c = 0.15/v¢

perimeter of outer control perimeter
Tw,out = 66.5+1.5-19 = 95 cm = uout = 3.64 m

decisive shear stress
VEd,out = 1.197-2.08/3.64 = 0.684 N/mm2

shear resistance
Crd,c = 0.15/1.5 = 0.1
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VRd,c = 0.1-2-(100-0.01158-35)1/3 = 0.687 N/mm2 > 0.586 N/mm2
0.684 N/mm2 ~ 0.687 N/mm2 = Verification done
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5.3. additional tensile reinforcement

to guarantee the required reinforcement ratio pi1,zug = 0.0129

increase the tension reinforcement within a distance of 3d from the column:
x-direction: Aasx,zug,min = 2.52 cm2/m

y-direction: Aasy,zug,min = 2.52 cmZ/m

selected:
x-direction: @ 10 with s < 31 cm
y-direction: @ 10 with s < 31 cm

add the reinforcement up to a distance of 0.95 m from the Toad application.

6. minimum longitudinal reinforcement to ensure shear resistance
acc. to [3] table NA.6.1.1

tens.zone direction n MEd ,min aso,min asu,min distribution width
- kNm/m cm?/m cm?/m m
top X 0.125 43.75 5.22 --- |(per m slab width)
y 0.250 87.50 10.97 --- 0.00
bottom X 0.125 43.75 --- 5.22| (per m slab width)
y 0.000 0.00 --- --- 0.00

n - moment coefficient  mEd,min = n'VEd - minimum design moment

literature and norms:

[1]1 DIN EN 1992-1-1/NA: Nationaler Anhang - National fix gelegte Parameter - Eurocode 2, part 1-1, April 2013

[2] DAfStb Heft 525: Erlauterungen zu DIN 1045-1, 2. liberarb. Aufl., Beuth, 2010

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