CANTILEVER COLUMN, HE300B

4H-STAST version: 4/2025-1a

steel column
design calculation acc. to DIN EN 1993-1-1:2010-12 with NA-Deutschland(DIN EN 1993-1-1/NA:2022-10 )
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foot fix fix fix fix
1. loading
1.1. structure of action effects
on the left-hand side, the action effects and load cases are shown in a tree structure. the right-hand side
shows their characteristics of the superposition.
applied symbols: (4L, action effect _J, load case
Cll 1: permanent loads permanent loads
=[], 1: dead load additive
Llll 4: live load transient live loads of storage rooms
“[J) 2:live load additive
Cil 9: wind transient wind load
—:L 3: Y-direction alternative in group A
~[ll| 4: Z-direction additive
1.2. table of load pictures
Toadc. Toadpic. introduct. | direction value | entity
1 | pointload head N 150.00 | kN
My 22.00 | kNm
2 | pointload head N 50.00 | kN
My 30.00 | kNm
3 | pointload head Qy 15.00 | kN
4 | pointload head Qz 30.00 | kN
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1.2.1. graphics of point loads

Toad case 1 (figure 1) Tload case 1 (figure2) Tload case 2 (figure 3)

X X X X
m’w—? vy m’w—? vy m’w—? vy m’w—?

Toad case 4 (figure 6)

Nl

1.3. dead load of the column
the weight of the column is taken into account with 78.50 kN/m3 in Toad case 1.

1.4. load sums

ZN=209.42 kN X Hy =15.00 kN X Hz = 30.00 kN

2. design resistance acc. to Th.1l.O.

cross sectional check: elastic stress verification incl. c/t-verification

material safety: ym1 = 1.10
perm. normal, shear, equivalent stresses: ox,Rd =

2.1. consideration of structural imperfections

2.1.1. imperfection figures

an imperfection figure is determined for each axis direction acc. to [2] resp. [1], section 5.3.
replacement length p = lo/l

global initial obliquity ® = ®0-ah-oum

buckling load Nki= (x/lo)?-EIl

direct. form B To L e EI Nki

- m - cm MNm? MN
Y obliquity 2.00 | 6.00 | 0.0050 | 1.499 17.98 4.93
Z obliquity 2.00 | 6.00 | 0.0050 | 1.499 52.84 14.50

lo - buckling length e - max. pre-deformation  El - bending stiffness
2.1.2. direction of imperfection

aimp = (atload-abend)/(3-1)-(NKi,z/NKiy-1) + abend

with aload : direction due to load, ahend : direction of the weak axis

Toad case 2 (figure 4)

Toad case 3 (figure 5)

oo

213.6 N/mm2, trd = 123.3 N/mm2, ov,rRd = 213.6 N/mm2

1 < Nki,z/Nki,y = 2.94 < 3 = interpolation between deformation direction and weak axis:

the decisive direction is interpolated between the direction of deformation due to the design

Toad and the direction of Teast buckling safety.
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n
(V)

. factorization

of load case combinations

LS | design situat. factorization
1| perman. Lcl+0.99- Iy+0.14 I,
2 | perman. 1.35 Lcl+0.99- Iy+0.14- I
3 | perman. Lcl+1.5.Lc2+0.99 Iy+0.14 I,
4 | perman. 1.35 Lcl+1.5 Lc2+0.99. Iy+0.14 I,
5 | perman. Lcl+0.6- 1.5 Lc3+Iy-0.008049. I
6 | perman. 1.35 Lcl+0.6- 1.5 Lc3+Iy-0.0106- I
7 | perman. Lcl+1.5. Lc2+0.6- 1.5 Lc3+Iy-0.02082 I,
8 | perman. 1.35 Lcl+1.5 Lc2+0.6- 1.5 Lc3+1y-0.02234- 1,
9 | perman. Lcl+0.6- 1.5 Lcd+Iy+0.04765 17
10 | perman. 1.35-Lcl+0.6- 1.5 Lc4+Iy+0.04765 I,
11 | perman. Lcl+1.5. Lc2+0.6- 1.5 Lc4+0.99- Iy+0.14- I,
12 | perman. 1.35. Lcl+1.5 Lc2+0.6- 1.5 Lcd+0.99 Iy+0.14 I
13 | perman. Lc1+0.6- 1.5 (Lc3+Lcd)+Iy+0.01141 Iz
14 | perman. 1.35-Lcl+0.6- 1.5 (Lc3+H.c4)+1y+0.008775- Iz
15 | perman. Lcl+1.5. Lc2+0.6- 1.5 (Lc3+Hcd)+Iy
16 | perman. 1.35 Lcl+1.5 Lc2+0.6- 1.5 (Lc3+Lc4)+Iy-0.007481- 1
17 | perman. Lel+1.5 Le3+1y
18 | perman. 1.35 Lcl+1.5 Le3+1y-0.006526- 12
19 | perman. Lcl+1.5. (Le2+c3)+1y-0.01386- I
20 | perman. 1.35 Lcl+1.5 (Lc2+Lc3)+Iy-0.01511 I,
21 | perman. Lcl+1.5. Lc4+Iy+0.04765 17
22 | perman. 1.35 Lcl+l.5 Lcd+Iy+0.04765 17
23 | perman. Lcl+1.5. (Le2+c4)+Iy+0.04765 12
24 | perman. 1.35 Lcl+1.5 (Lc2+Lc4)+Iy+0.04765 I,
25 | perman. Lcl+1.5. (Le3+lc4)+Iy+0.01415. I,
26 | perman. 1.35 Lcl+1.5 (Lc3+Lc4)+Iy+0.01266- I,
27 | perman. Lcl+1.5. (Le2+lc3+Lcd)+Iy+0.005058. I
28 | perman. 1.35. Lcl+l.5 (Le2+lc3+Hcd)+Iy
2.3. extreme results
the internal forces are related to the deformed system axis
300w extr M, extrV, extr M, extr V, U,
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2-00:m -282.2 \ 0.41 \ 0.96
N My Vz Mz Vy
X min max min max min max min max min max u
m kN kN kNm kNm kN kN kNm kNm kN kN
3.00 | -277.55 -149.75 22.00 74.700 -1.20 45.44 -0.00 0.00 0.03 24.26 0.30
2.53 | -278.28 -150.29 0.70 75.220 -1.01 45.48 0.36 12.02 0.03 24.220 0.40
2.44 | -278.42 -150.41 -3.56 75.31) -0.98 45.48 0.43 14.42 0.03 24.21 0.42
2.34 | -278.57 -150.52 -7.82 75.401 -0.94 45.48 0.51 16.82 0.03 24.18 0.44
0.00 | -282.24 -153.51 | -113.99 76.51] -0.00 45.00 2.31  75.23 0.00 22.50, 0.96

relevant utilisation:

from Toad spectrum 26 at the location x

N = -207.24 kN, My

Ue/t

m 4H-STAST / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002

0.41, Us

-106.40 kNm, Vz

45.00 kN, M

22.50 kN

0.00 m, with the internal forces and moments:
73.08 kNm, Vy

0.96 >max U =0.96 < 1.0 = permissible utilisation is complied with



2 4. torsional-flexural buckling
verification of stability acc. to [2], section 6.3

note: fork support at the head and foot end of the column is assumed.

degree of arch tension: Bo = 1.00

the cross-section is torsionally flexible.

perman. a. variab. exceptional
evasive direction B buck1. curvel Np,rd Nb,Rd Nb,Rd
- kN kN kN
perpendic. to y-axis 2.00 b 0.00 0.00 0.00
perpendic. to z-axis 2.00 C 0.00 0.00 0.00
B - buckling coefficient  NbRd - design value of the resistance to flexural buckling
NEd NEd / Ned/ | Med,y Mb.Rd.y | Med,y /| Med.z Mb,Rd,z Med,z /
LS | QKL Nb,Rrd,y | Nb,Rd,z Mb,Rrd,y Mb,Rd,z
kN - - kNm kNm - kNm kNm -
1 -0 999.99 | 999.99 0.00 0.00 | 999.99 -0 0.00 | 999.99
2 0.00 | 999.99 | 999.99 0.00 0.00 | 999.99 | 1.42E188 0.00 | 999.99
3 -0.00 | 999.99 | 999.99 0.00 0.00 | 999.99 | 3.38E125 0.00 | 999.99
4 0.00 | 999.99 | 999.99 0.00 0.00 | 999.99 0.00 0.00 | 999.99
51 3 153.51 0.05 0.08 | 22.29 | 358.29 0.06 43.89 | 121.99 0.36
6| 3 207.24 0.07 0.10 | 30.22 | 358.29 0.08 45.12 | 121.99 0.37
713 228.51 0.08 0.11 | 68.31 | 358.29 0.19 45,63 | 121.99 0.37
8| 3 282.24 0.10 0.14 | 76.51 | 358.29 0.21 46.90 | 121.99 0.38
91 3 153.51 0.05 0.08 | 59.53 | 358.29 0.17 2.33 | 121.99 0.02
10| 3 207.24 0.07 0.10 | 51.88 | 358.29 0.14 3.18 | 121.99 0.03
111 3 228.51 0.08 0.11 | 67.00 | 358.29 0.19 3.50 | 121.99 0.03
12| 3 282.24 0.10 0.14 | 74.70 | 358.29 0.21 4.36 | 121.99 0.04
13 ] 3 153.51 0.05 0.08 | 59.44 | 358.29 0.17 43.89 | 121.99 0.36
141 3 207.24 0.07 0.10 | 51.76 | 358.29 0.14 45,12 | 121.99 0.37
15| 3 228.51 0.08 0.11 | 67.00 | 358.29 0.19 45.63 | 121.99 0.37
16 | 3 282.24 0.10 0.14 | 74.70 | 358.29 0.21 46.90 | 121.99 0.38
171 3 153.51 0.05 0.08 | 22.29 | 358.29 0.06 71.59 | 121.99 0.59
18] 3 207.24 0.07 0.10 | 30.22 | 358.29 0.08 73.08 | 121.99 0.60
19| 3 228.51 0.08 0.11 | 68.31 | 358.29 0.19 73.70 | 121.99 0.60
20| 3 282.24 0.10 0.14 | 76.51 | 358.29 0.21 75.23 | 121.99 0.62
211 3 153.51 0.05 0.08 | 113.99 | 358.29 0.32 2.33 | 121.99 0.02
22| 3 207.24 0.07 0.10 | 106.51 | 358.29 0.30 3.18 | 121.99 0.03
23| 3 228.51 0.08 0.11 | 68.61 | 358.29 0.19 3.53 | 121.99 0.03
24| 3 282.24 0.10 0.14 | 74.70 | 358.29 0.21 4.40 | 121.99 0.04
25| 3 153.51 0.05 0.08 | 113.92 | 358.29 0.32 71.59 | 121.99 0.59
26| 3 207.24 0.07 0.10 | 106.40 | 358.29 0.30 73.08 | 121.99 0.60
27| 3 228.51 0.08 0.11 | 68.47 | 358.29 0.19 73.70 | 121.99 0.60
28 3 282.24 0.10 0.14 | 74.70 | 358.29 0.21 75.23 | 121.99 0.62
LS | eq, Cmy Kyy cmLT kzy Cmz Kzz kyz U
1] (6.61) --- --- --- --- --- --- ---|-1.00
(6.62) .- .- .- .- .- .- --- | -1.00
2| (6.61) --- --- --- --- --- --- ---|-1.00
(6.62) .- .- .- .- .- .- --- | -1.00
3| (6.61) --- --- --- --- --- --- ---|-1.00
(6.62) .- .- .- .- .- .- --- | -1.00
41 (6.61) --- --- --- --- --- --- ---|-1.00
(6.62) .- .- .- .- .- .- --- | -1.00
51(6.61) | 0.950 | 0.965| 0.950 --- --- ---| 0.986 | 0.05
(6.62) --- --- | 0.950 .995 | 0.950 | 0.986 --- | 0.08
6| (6.61) | 0.950 | 0.971 | 0.950 --- --- --- | 0.999 | 0.07
(6.62) --- --- | 0.950 .994 | 0.950 | 0.999 --- | 0.10
7 1(6.61) | 0.950 | 0.973 | 0.950 --- --- --- 1.004 | 0.08
(6.62) --- --- | 0.950 .993 | 0.950 | 1.004 --- | 0.11
8| (6.61) | 0.950| 0.978 | 0.950 --- --- --- 1.017 | 0.10
(6.62) --- --- | 0.950 .992 | 0.950 | 1.017 --- | 0.14
9(6.61) | 0.950 | 0.965| 0.950 --- --- ---| 0.986 | 0.11
(6.62) --- --- | 0.950 .995 | 0.950 | 0.986 --- | 0.14
10 | (6.61) | 0.950 | 0.971 | 0.950 --- --- --- | 0.999 | 0.15
(6.62) --- --- | 0.950 .994 | 0.950 | 0.999 --- | 0.18
11 | (6.61) | 0.950 | 0.973 | 0.950 --- --- --- 1.004 | 0.26
(6.62) --- --- | 0.950 .993 | 0.950 | 1.004 --- | 0.30
12 | (6.61) | 0.950 | 0.978 | 0.950 --- --- --- 1.017 | 0.30
(6.62) --- --- | 0.950 .992 | 0.950 | 1.017 --- | 0.35
13 | (6.61) | 0.950 | 0.965 | 0.950 --- --- ---| 0.986 | 0.11
(6.62) --- --- | 0.950 .995 | 0.950 | 0.986 --- | 0.14
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LS | eq, Cmy Kyy cmLT kzy Cmz Kzz kyz U
14 | (6.61) | 0.950 | 0.971 | 0.950 --- --- --- | 0.999 | 0.15
(6.62) --- --- | 0.950 | 0.994 | 0.950 | 0.999 ---| 0.18
15| (6.61) | 0.950 | 0.973 | 0.950 --- --- ---| 1.004| 0.26
(6.62) --- --- | 0.950 | 0.993 | 0.950 | 1.004 --- | 0.30
16 | (6.61) | 0.950 | 0.978 | 0.950 --- --- ---| 1.017 | 0.30
(6.62) --- ---| 0.950 | 0.992 | 0.950 | 1.017 --- | 0.35
17 | (6.61) | 0.950 | 0.965 | 0.950 --- --- ---| 0.986| 0.05
(6.62) --- --- | 0.950 | 0.995 ] 0.950 | 0.986 ---| 0.08
18 | (6.61) | 0.950 | 0.971 | 0.950 --- --- ---| 0.999 | 0.07
(6.62) --- --- | 0.950 | 0.994 | 0.950 | 0.999 --- | 0.10
19| (6.61) | 0.950 | 0.973 | 0.950 --- --- ---| 1.004| 0.08
(6.62) --- --- | 0.950 | 0.993 | 0.950 | 1.004 --- | 0.11
20 | (6.61) | 0.950 | 0.978 | 0.950 --- --- ---| 1.017 | 0.10
(6.62) --- ---| 0.950 | 0.992 | 0.950 | 1.017 --- | 0.14
21 | (6.61) | 0.950 | 0.965 | 0.950 --- --- ---| 0.986| 0.11
(6.62) --- --- | 0.950 | 0.995 ] 0.950 | 0.986 --- | 0.14
22 | (6.61) | 0.950 | 0.971 | 0.950 --- --- --- | 0.999 | 0.15
(6.62) --- --- | 0.950 | 0.994 | 0.950 | 0.999 ---| 0.18
23 | (6.61) | 0.950 | 0.973 | 0.950 --- --- ---| 1.004| 0.26
(6.62) --- --- | 0.950 | 0.993 | 0.950 | 1.004 --- | 0.30
24 | (6.61) | 0.950 | 0.978 | 0.950 --- --- ---| 1.017 | 0.30
(6.62) --- ---| 0.950 | 0.992 | 0.950 | 1.017 --- | 0.35
25 | (6.61) | 0.950 | 0.965 | 0.950 --- --- ---| 0.986| 0.11
(6.62) --- --- | 0.950 | 0.995 ] 0.950 | 0.986 --- | 0.14
26 | (6.61) | 0.950 | 0.971 | 0.950 --- --- --- | 0.999 | 0.15
(6.62) --- --- | 0.950 | 0.994 | 0.950 | 0.999 ---| 0.18
27 | (6.61) | 0.950 | 0.973 | 0.950 --- --- ---| 1.004| 0.26
(6.62) --- --- | 0.950 | 0.993 | 0.950 | 1.004 --- | 0.30
28 | (6.61) | 0.950 | 0.978 | 0.950 --- --- ---| 1.017 | 0.30
(6.62) --- ---| 0.950 | 0.992 | 0.950 | 1.017 ---| 0.35

2.4.1. verification for relevant load combination 12

flexural buckling for normal force (incl. drill buckling)

lp = 33730 cm#, IT = 186 cm4, ip2 = 22638 mm, im2 = 22638 mm?2

flexural buckling about the y-axis (evasion L y-axis):

iy =130.0 mm, By = 1.999, Lery =5.997 m, 11 =93.913

hy = 0.491, y-buckling curve b = ay = 0.34, ®y = 0.670, yy = 0.888, Nby,Rd = 2826.80 kN
the y-buckling curve b was selected as user-defined!

flexural buckling around the z-axis (evasion L z-axis):

iz=75.8 mm, Bz=1.999, Ler,z=5.997 m, k1 =93.913

Az = 0.842, z-buckling curve ¢ = oz = 0.49, ®z = 1.012, yz = 0.636, Nbz,Rd = 2022.96 kN
the z-buckling curve ¢ was selected as user-defined!

Utilizations
Lk Na Uy Uz
kN - -

1| 282.24 | 0.100 | 0.140

torsional-flexural buckling for bending about the y-axis
c2 = 109253 mm2, buckling curve b = aLT = 0.34, Ner = 4933.15 kN

Utilizations
Lk Mer ALT f LT ALT ALT,mod MEd Mb, Rd U
kNm - - - m m kNm kNm

11839.39 | 0.463| 0.977 | 0.591| 0.975 | 0.998 | 74.70 | 358.29 | 0.208

bending around the z-axis

Utilizations
Lk MEd Mb, Rd U
kNm kNm -

1| -0.00| 121.99 | 0.000
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interaction

Lk | eq, ‘ Cmy ‘ Kyy ‘ CmLT ‘ kzy ‘ Cmz ‘ Kzz ‘ Kyz ‘ U
1] (6.61) |0.950|0.978 | 0.950 --- --- ---[1.017 | 0.304
(6.62) --- ---10.950 | 0.992 | 0.950 | 1.017 ---| 0.346

max U =0.35<1.0 = permissible utilisation is complied with

3. serviceability

calculation acc. to theory Il. Order for the quasi-permanent combination acc. to [3], eq, 6.16
verification of the permissible horizontal deformation acc. to [2], section 7.2.2

3.1. factorization of load case combinations

LS | design situat. | factorization
1 | perman. Lel
2 | perman. Lcl+0.8- Lc2

3.2. extreme results
the internal forces are related to the deformed system axis

3.2.1. deformation in Z-direction

3.00 m extr M, extr V, extr u,
; 46.0 % | -0.5 -3.97

= 46.8 ~0.0 | -0.00
My Vz uz
X min max min max min max
m kNm kNm kN kN mm mm

3.00 | 22.00 46.00| -0.50 -0.19| -3.97 -1.89
0.00 | 22.29 46.76 | -0.00 -0.00| -0.00 0.00

relevant deformation in Z-direction:

from load spectrum 2 at the location x = 3.00 m, with the internal forces and moments:
N =-190.00 kN, My = 46.00 kNm, Vz = -0.50 kN, Mz = -0.00 kNm, Vy =-0.00 kN

uz=-3.97 <5.00 mm = permissible deformation is complied with

4. support reaction

4.1. characteristic support reactions of load cases at the column base

Lc Nk Hk,y Hk,z Mk,y Mk,z
kN kN kN kN kN
1] 153.51 -0.00 0.00 | 22.00 -0.00
2| 50.00 -0.00 0.00 | 30.00 -0.00
3| -0.00| 15.00 -0.00 -0.00 | 45.00
4 0.00 -0.00 | 30.00 | -90.00 -0.00
¥ | 203.51 15.00 | 30.00 | -38.00 | 45.00

4.2. extreme design values of support reactions (design resistance Th.I.0.) at the column base

LS | Ned Hed,y Hed,z Med,y Med,z
kN kN kN kN kN

1]153.51 0.00 | -0.00| 21.96 2.31
4| 282.24 0.00 | -0.00| 75.90 4.36
8|282.24 | 13.50 | -0.00| 76.51 | 46.90
12 | 282.24 0.00 | 27.00 | -6.41 4.36
17 | 163.51 | 22.50 0.00 | 22.29 | 71.59
21 | 153.51 0.00 | 45.00 |-113.99 2.33
25 | 153.561 | 22.50 | 45.00 -113.92 | 71.59
28 | 282.24 | 22.50 | 45.00 | -60.68 | 75.23
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5. summary
all verifications were carried out successfully.

maximum utilisation of the verifications:

design resist Th.II.0 96 %
tors-flex. buckl. 3 %
deformation in Z-direct. 79 %

literature and standards:

[1]1 DIN EN 1993-1-1/NA: Nationaler Anhang - National festgelegte Parameter - Eurocode 3: Teil 1-1, Okt. 2022
[2] DIN EN 1993-1-1: Eurocode 3: Bem. und Konstr. von Stahlbauten - Teil 1-1: Allg. Bem.regeln u. Regeln fiir den Hochbau, Dez. 2010
[3] DIN EN 1990: Grundlagen der Tragwerksplanung, Oktober 2021
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BASE PLATE ON ISOLATED FOUNDATION

4H-FUND version: 12/2022-1u
steel code verifications acc. to DIN EN 1993-1:2010-12 with NA-Deutschland
reinf. concr. design acc. to DIN EN 1992-1-1:2011-01 with NA-Deutschland(DIN EN 1992-1-1/NA:2013-04)
external stability acc. to DIN EN 1997-1:2014-03 with NA-Deutschland
additional rules acc. to DIN 1054:2021-04 , DIN 4017:2006-03 and DIN 4019:2015-05

wpvbvybasepIate column cross section
scale 1:10 standardized profile: HE300B, of quality S235
base plate

bx = 600 mm by = 600 mm t = 60 mm, of quality S235

mortar joint
——— tF = 20 mm

shear connector
standardized profile: HE180A, of quality S235
with a length of 100 mm

anchors

4 anchors, FK 8.8, M36, without shaft
with a length of 450 mm

edge distances ax/ay = 60/60 mm

elevation, top view isolated foundation
scale 1:50

X .. - soil profile
+0.00 0.00,
z Vi v _|
8 stratum 1 0.80 i
w [ !
1
) 2.00 |
!
2.50
| 70 | s0 | 70 | | 80 | =%
I I I I 1
X . .

<
70

60
2.00

70

concrete strength class €25/30
steel class B500A

1. soil situation
the anchoring depth of the foundation is t = 0.80 m.
the ground water level (below top edge soil) is at tw = 2.50 m.

1.1. designation and characteristic values of soil strata

stratum z % v’ @ Ck Em Sp
m KN/m3 | kN/m3 ° | kN/mZ | MN/m? °
stratum 1| 0.00 | 19.00 | 11.00 | 32.5| ---|10.00| auto

z - altitude at the top of the layer  y - unit weight v’ - unit weight of submerged soil ¢ - friction angle
ck - char. cohesion of the dained soil Em - mean compression modulus  Sp - angle of wall friction on the passive side
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1.2. char. passive earth pressure

the passive earth pressure is determined for flat sliding surfaces

fFor a rough wall surface, with a wall friction angle & = 2/3-¢’k
Z(y-h) total soil weight at the considered depth

:-T'OO m eph Kpgh coeff. of earth pressure acc. to [1] section 6.2.1, eq,(7) (formulation acc. to Miiller-Breslau)
0.0 i eph ordinate of horiz. earth pressure
z 2(y-h) Kpgh €ph
m kN/m2 - kN/m2
0.00 0.00 | 7.152 0.00
080 M 1gg 5 0.80 | 15.20 | 7.152 108.71

the resultant maximum passive earth pressure is Ephg = 43.48 kN/m, at zs = 0.53 m.

2. loading
2.1. design calculation situation of load cases for external stability
Toadc. | notation | BS-P | BS-T

1 | dead 1load X

2 | live Toad X

3 | Y-direction X

4 | Z-direction X

2.2. design values column load from 'EC 3 design resistance Th.I.O.’ for reinforced concrete design
point of application in centroid of the column on the top of the foundation slab

LS notation design situat. Nst.d Hx,st,ed | Hy,st,Ed | Mx,st,Ed | My,st,Ed
KN KN KN KNm KNm
5|LS 1 (auto) perman. a.v. 153.51 -0.00 0.00 2.31 21.96
6 | LS 2 (auto) perman. a.v. 207.24 -0.00 0.00 3.15 29.78
7 | LS 3 (auto) perman. a.v. 228.51 -0.00 0.00 3.50 67.82
8 | LS 4 (auto) perman. a.v. 282.24 -0.00 0.00 4.36 75.90
9 | LS 5 (auto) perman. a.v. 153.51 -0.00 13.50 43.89 22.29
10 | LS 6 (auto) perman. a.v. 207.24 0.00 13.50 45.12 30.22
11 | LS 7 (auto) perman. a.v. 228.51 -0.00 13.50 45.63 68.31
12 | LS 8 (auto) perman. a.v. 282.24 -0.00 13.50 46.90 76.51
13 | LS 9 (auto) perman. a.v. 153.51 27.00 0.00 2.33 -59.53
14 | LS 10 (auto) perman. a.v. 207.24 27.00 0.00 3.18 | -51.88
15 | LS 11 (auto) perman. a.v. 228.51 27.00 0.00 3.50 -14.24
16 | LS 12 (auto) perman. a.v. 282.24 27.00 0.00 4.36 -6.41
17 | LS 13 (auto) perman. a.v. 153.51 27.00 13.50 43.89 | -59.44
18 | LS 14 (auto) perman. a.v. 207.24 27.00 13.50 45,12 | -51.76
19 | LS 15 (auto) perman. a.v. 228.51 27.00 13.50 45.63 | -13.75
20 | LS 16 (auto) perman. a.v. 282.24 27.00 13.50 46.90 -5.80
21 | LS 17 (auto) perman. a.v. 153.51 0.00 22.50 71.59 22.29
22 | LS 18 (auto) perman. a.v. 207.24 0.00 22.50 73.08 30.22
23 | LS 19 (auto) perman. a.v. 228.51 -0.00 22.50 73.70 68.31
24 | LS 20 (auto) perman. a.v. 282.24 -0.00 22.50 75.23 76.51
25 | LS 21 (auto) perman. a.v. 153.51 45.00 0.00 2.33 | -113.99
26 | LS 22 (auto) perman. a.v. 207.24 45.00 0.00 3.18 | -106.51
27 | LS 23 (auto) perman. a.v. 228.51 45.00 0.00 3.53 -68.61
28 | LS 24 (auto) perman. a.v. 282.24 45.00 0.00 4.40 -60.87
29 | LS 25 (auto) perman. a.v. 153.51 45.00 22.50 71.59 | -113.92
30 | LS 26 (auto) perman. a.v. 207.24 45.00 22.50 73.08 | -106.40
31 | LS 27 (auto) perman. a.v. 228.51 45.00 22.50 73.70 | -68.47
32 | LS 28 (auto) perman. a.v. 282.24 45.00 22.50 75.23 | -60.68
2.3. dead load

the weight of the foundation plate is taken into account with ye = 25.00 kN/m3.
no earth load in action.

the resultant of dead Toad in the floor joint is No,dead1,k = 80.00 kN.
the dead weight is taken into account in load case 1.

m 4H-STAST / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002



3. verification of steel column base

3.1. partial safety factors for material

design situat. ‘ YM1

“YMZ ‘ Yc

permanent

the resistance values of the steel are determined for stability failure.

| 1.10 ] 1.25| 1.50

3.2. design values of steel verifications

3.2.1. factorization of load case combinations

LS ‘ factorization LS ‘ factorization LS factorization LS factorization LS factorization
1|Lcs 7 | Lell 13 | Lel7 19 | Lc23 25 | Lc29
2| Lcé 8 | Lcl2 14 | Lc18 20 | Lc24 26 | Lc30
3| Lc7 9 | Lc13 15 | Lc19 21 | Lc25 27 | Le3l
4| Lc8 10 | Lcl4 16 | Lc20 22 | Lc26 28 | Le32
5| Lc9 11 | Lel5 17 | Le21 23 | Le27
6 | Lcl0 12 | Lcl6 18 | Lc22 24 | Lc28
3.2.2. column load
LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
kN kN kN kNm kNm kN kN kN kNm kNm
1 153.51 -0.00 0.00 2.31 21.96 15 228.51 27.00 13.50 45.63 -13.75
2 207.24 -0.00 0.00 3.15 29.78 16 | 282.24 | 27.00 13.50 46.90 -5.80
3| 228.51 -0.00 0.00 3.50 67.82 17 153.51 0.00 22.50 71.59 22.29
4| 282.24 -0.00 0.00 4.36 75.90 18 | 207.24 0.00 22.50 73.08 30.22
5 153.51 -0.00 13.50 43.89 22.29 19 228.51 -0.00 22.50 73.70 68.31
6| 207.24 0.00 13.50 45,12 30.22 20 282.24 -0.00 22.50 75.23 76.51
7 228.51 -0.00 13.50 45.63 68.31 21 153.51 | 45.00 0.00 2.33 | -113.99
8| 282.24 -0.00 13.50 46.90 76.51 22 207.24 | 45.00 0.00 3.18 | -106.51
9 153.51 27.00 0.00 2.33 -59.53 23 | 228.51 | 45.00 0.00 3.53 -68.61
10 207.24 | 27.00 0.00 3.18 -51.88 24 | 282.24 | 45.00 0.00 4.40 -60.87
11 228.51 27.00 0.00 3.50 -14.24 25 153.51 | 45.00 22.50 71.59 | -113.92
12 282.24 | 27.00 0.00 4.36 -6.41 26 | 207.24 | 45.00 22.50 73.08 | -106.40
13 153.51 27.00 13.50 43.89 -59.44 27 228.51 | 45.00 22.50 73.70 -68.47
14| 207.24 | 27.00 13.50 45,12 -51.76 28 | 282.24 | 45.00 22.50 75.23 -60.68
3.3. weld between column shaft and base plate
design with direction oriented method acc. to clause 4.5.3.2
61wEd = (612+3.11243.1,2)05
G2wEd =061
f1,w,Rd = fu/(BwyMm2)
fo,w,Rd = 0.9 fu/ym2
U = max{ ¢1,w,Ed/f1wRd, c2,w,Ed/f2,wRd }
connection designed with a full-size double fillet weld.
axial force transfer of 100 % by the weld.
minimum value of the weld thickness amin = 8 mm
LS | aw,F1 | aw,$ oL TL T o1,w,Ed f1,w,Rd | 62,w,Ed f2,w,Rd decisiv | U
mm mm | kN/cm? kN/cm? kN/cm? kN/cm? kN/cm? kN/cm? kN/cm? -
1 8 8 -4.29 -4.29 0.00 8.59 36.00 4.29 25.92 | flange | 0.24
2 8 8 -5.82 -5.82 0.00 11.63 36.00 5.82 25.92 | flange | 0.32
3 8 8 -11.59 -11.59 0.00 23.18 36.00 11.59 25.92 | flange | 0.64
4 8 8 -13.15 -13.15 0.00 26.30 36.00 13.15 25.92 | flange | 0.73
5 8 8 -6.73 -6.73 0.00 13.46 36.00 6.73 25.92 | flange | 0.37
6 8 8 -8.29 -8.29 0.00 16.59 36.00 8.29 25.92 | flange | 0.46
7 8 8 -14.08 -14.08 0.00 28.17 36.00 14.08 25.92 | flange | 0.78
8 8 8 -15.69 -15.69 0.00 31.37 36.00 15.69 25.92 | flange | 0.87
9 8 8 -9.85 -9.85 -0.32 19.70 36.00 9.85 25.92 | flange | 0.55
10 8 8 -9.09 -9.09 -0.32 18.18 36.00 9.09 25.92 | flange | 0.50
11 8 8 -3.67 -3.67 -0.32 7.35 36.00 3.67 25.92 | flange | 0.20
12 8 8 -2.88 -2.88 -0.32 5.78 36.00 2.88 25.92 | flange | 0.16
13 8 8 -12.22 -12.22 -0.32 24.46 36.00 12.22 25.92 | flange | 0.68
14 8 8 -11.48 -11.48 -0.32 22.96 36.00 11.48 25.92 | flange | 0.64
15 8 8 -6.01 -6.01 -0.32 12.04 36.00 6.01 25.92 | flange | 0.33
16 8 8 -5.23 -5.23 -0.32 10.48 36.00 5.23 25.92 | flange | 0.29
17 8 8 -8.32 -8.32 0.00 16.65 36.00 8.32 25.92 | flange | 0.46
18 8 8 -9.90 -9.90 0.00 19.80 36.00 9.90 25.92 | flange | 0.55
19 8 8 -15.70 -15.70 0.00 31.39 36.00 15.70 25.92 | flange | 0.87
20 8 8 -17.32 -17.32 0.00 34.63 36.00 17.32 25.92 | flange | 0.96
21 8 8 -17.90 -17.90 -0.53 35.82 36.00 17.90 25.92 | flange | 0.99
22 8 8 -17.16 -17.16 -0.53 34.34 36.00 17.16 25.92 | flange | 0.95
23 8 8 -11.71 -11.71 -0.53 23.43 36.00 11.71 25.92 | flange | 0.65
24 8 8 -10.93 -10.93 -0.53 21.88 36.00 10.93 25.92 | flange | 0.61
25 10 8 -17.59 -17.59 -0.42 35.18 36.00 17.59 25.92 | flange | 0.98
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LS | aw,F1 | aw,$ oL TL Tn o1,w,Ed f1,w,Rd | 62,uw,Ed f2,w,Rd decisiv | U
mm mm | kN/cm? kN/cm? kN/cm? kN/cm? kN/cm? kN/cm? kN/cm? -
26 10 8| -17.04 | -17.04 -0.42 34.09 36.00 17.04 25.92 | flange | 0.95
27 8 8| -15.72 -15.72 -0.53 31.45 36.00 15.72 25.92 | flange | 0.87
28 8 8| -14.98 | -14.98 -0.53 29.97 36.00 14.98 25.92 | flange | 0.83

awFl - flange weld thickness  aws - web weld thickness o1 - normal stresses perpendicular to weld
t1 - shear stresses perpendicular to weld 1, - shear stresses parallel to weld U - utilization

maximum weld thickness flange aw,F1,max = 10 mm
maximum weld thickness of the web aw,S,max = 8 mm

maximum utilization U = 0.99 < 1.00

3.4. FE-calculation

the calculation of pressures under the base plate and of the base plate decisive internal forces and moments is

done by a FEM-calculation using constrained modulus method. the initial bedding of the plate results from the

concrete modulus of elasticity under the base plate. tension springs are eliminated in elastic bedded areas. anchors are

considered as point springs only acting in case of tension.

the plate is devided into 45 elements in X-direction and 49 elements in Y-direction.

the concrete compression is Timited to the allowable partial area pressure with 1im oc,d = fRrd,u.
the equivalent spring for the anchors is applied with ¢ = E-A/1 = 3810.80 kN/cm.

3.4.1. stresses in base plate (elast.-plast.)

internal forces and moments

LS | xFp YFp Mxx Myy Mxy Vx Vy
cm cm | kNem/cm | kNem/cm | kNem/em | kN/em | kN/cm
1]14.0|15.3 6.42 6.26 0.04 | -0.12 0.23
2114.0 | 15.3 8.70 8.49 0.05 -0.16 0.32
3114.0116.5 22.54 16.98 0.21 -1.11 -0.71
4114.0| 16.5 24.63 19.23 0.24 | -1.11 -0.82
5114.0 | 16.5 11.35 13.76 1.57 0.19 -0.29
6|14.0 | 16.5 13.55 15.27 1.29 0.10 -0.48
7114.016.5 25.46 23.71 1.91 -0.57 -0.71
8|14.0| 16.5 27.63 25.83 1.77 -0.60 -0.85
9 146.0 | 16.5 21.29 14.63 -0.18 1.25 -0.57
10 | 46.0 | 16.5 17.19 13.64 -0.16 0.74 | -0.59
11| 46.0 | 15.3 6.32 6.59 0.04 0.05 0.23
12 | 46.0 | 15.3 5.99 6.56 0.08 0.01 0.21
13 | 12.7 | 43.5 -21.67 -25.33 4.28 | -0.39 -0.21
14 | 46.0 | 16.5 20.50 20.25 -1.71 0.28 | -0.60
15| 46.0 | 16.5 10.77 13.16 -1.02 -0.21 -0.42
16 | 46.0 | 16.5 10.22 12.74 -0.68 | -0.22 -0.47
17 | 47.3 | 44.7 -20.44 | -23.02 -4.03 0.53 0.93
18 | 47.3 | 44.7 -20.25 -22.74 -3.55 0.50 0.92
19 | 47.3 | 44.7 -29.12 -33.056 -5.56 0.68 1.45
20 | 47.3 | 43.5 -28.68 | -33.25 -4.69 0.53 | -0.41
21 | 46.0 | 16.5 42.29 25.63 -0.26 3.10 -0.86
22 | 46.0 | 16.5 39.01 25.10 -0.29 2.58 | -0.91
23 | 46.0 | 16.5 23.92 17.70 -0.22 1.22 -0.73
24 | 46.0 | 16.5 19.74 16.57 -0.18 0.73 | -0.74
25 | 12.7 | 44.7 -45.38 | -52.20 11.53 | -1.05 2.58
26 | 12.7 | 44.7 -40.67 -46.69 9.59 -0.94 2.24
27 | 12.7 | 44.7 -29.84 | -33.90 5.78 | -0.70 1.50
28 | 12.7 | 44.7 -256.33 | -28.66 4.24 | -0.59 1.20

stresses and utilizations
GPLV = (0x2+6y2-ox-oy+3-(tx2+ix2+1y2)) 0.5

oRd = fy/ymo
U = oPIV/6Rd
LS | xFp | ¥Fp oP1,V ORd u LS | xFp | ¥Fp oP1,V ORd U
cm cm | kN/cm? kN/cm? - cm cm | kN/cm? kN/cm?
1]14.0|15.3 0.71 21.50 | 0.03 15| 46.0 | 16.5 1.37 21.50 | 0.06
2 |14.0 | 15.3 0.96 21.50 | 0.04 16 | 46.0 | 16.5 1.31 21.50 | 0.06
3114.0 | 16.5 2.29 21.50 | 0.11 17 | 47.3 | 44.7 2.57 21.50 | 0.12
4 114.0 | 16.5 2.52 21.50 | 0.12 18 | 47.3 | 44.7 2.51 21.50 | 0.12
5114.0 | 16.5 1.45 21.50 | 0.07 19 | 47.3 | 44.7 3.66 21.50 | 0.17
6 |14.0 | 16.5 1.63 21.50 | 0.08 20 | 47.3 | 43.5 3.59 21.50 | 0.17
7114.0 | 16.5 2.77 21.50 | 0.13 21 | 46.0 | 16.5 4.20 21.50 1 0.20
8|14.0]16.5 3.01 21.50 | 0.14 22 | 46.0 | 16.5 3.89 21.50 | 0.18
9| 46.0 | 16.5 2.13 21.50 | 0.10 23 | 46.0 | 16.5 2.42 21.50 | 0.11
10 | 46.0 | 16.5 1.77 21.50 | 0.08 24 | 46.0 | 16.5 2.06 21.50 | 0.10
11 |46.0 | 15.3 0.72 21.50 | 0.03 25 | 12.7 | 44.7 5.95 21.50 | 0.28
12 | 46.0 | 15.3 0.70 21.50 | 0.03 26 | 12.7 | 44.7 5.27 21.50 | 0.25
13 | 12.7 | 43.5 2.76 21.50 | 0.13 27 | 12.7 | 44.7 3.76 21.50 | 0.18
14 | 46.0 | 16.5 2.30 21.50 | 0.11 28 | 12.7 | 44.7 3.15 21.50 | 0.15
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maximum utilization U = 0.28 < 1.00

XFp/yFp - coordinates on the base plate  mx/myy - internal moments  myy - torsional mom.  vx/vy - shear force
oPLy - plastic equivalent stress  oRd - limit normal stress U - utilization

stress distribution - op1,v [kN/cm2]
LS 25 (max cPlV)

(T
" 4| s
{ 1.19
w—— 147

2.38
= 2.97
| 3.57
= 4.16

s B
1 T

3.4.2. concrete compression under base plate
fed = acefek/ve
U = ocm/fid

design value of concrete or mortar strength under bearing stress: fjd = 1.0-fcd
verification only for pressing areas larger than 5% of the base plate area (Acompr > 180.0 cm?)

LS | 1im oc,d | Acompr F compr oc,max oc,m fjd U
kN/cm? cm? kN kN/cm? kN/cm? kN/cm? -

1 4.25 2619.2 154.75 0.28 0.059 1.42 | 0.04
2 4.25 2619.6 | 209.01 0.37 0.080 1.42 | 0.06
3 4.25 1477.6 | 277.19 0.69 0.188 1.42 | 0.13
4 4.25 1547.3 | 328.92 0.82 0.213 1.42 | 0.15
5 4.25 1490.2 193.51 0.49 0.130 1.42 | 0.09
6 4.25 1778.0 239.06 0.59 0.134 1.42 | 0.09
7 4.25 1433.1 294.71 0.94 0.206 1.42 | 0.15
8 4.25 1535.9 | 346.35 1.03 0.226 1.42 | 0.16
9 4.25 1271.0 214.02 0.51 0.168 1.42 | 0.12
10 4.25 1588.2 237.85 0.59 0.150 1.42 | 0.11
11 4.25 | 3576.3 | 228.51 0.29 0.064 1.42 | 0.05
12 4.25 | 3595.1 282.24 0.29 0.079 1.42 | 0.06
13 4.25 1192.7 231.71 0.79 0.194 1.42 | 0.14
14 4.25 1500.8 | 259.09 0.79 0.173 1.42 | 0.12
15 4.25 1886.1 249.78 0.50 0.132 1.42 | 0.09
16 4.25 2138.4 | 292.31 0.51 0.137 1.42 | 0.10
17 4.25 1231.8 | 245.80 0.57 0.200 1.42 | 0.14
18 4.25 1348.6 | 286.61 0.71 0.213 1.42 | 0.15
19 4.25 1252.7 | 326.53 1.07 0.261 1.42 | 0.18
20 4.25 1361.2 | 372.87 1.21 0.274 1.42 | 0.19
21 4.25 1026.9 | 318.82 0.78 0.310 1.42 | 0.22
22 4.25 1146.9 | 338.56 0.75 0.295 1.42 1 0.21
23 4.25 1429.4 | 283.23 0.70 0.198 1.42 | 0.14
24 4.25 1749.4 | 309.54 0.75 0.177 1.42 | 0.12
25 4.25 931.4 | 347.21 1.22 0.373 1.42 1 0.26
26 4.25 1058.0 | 367.54 1.32 0.347 1.42 | 0.25
27 4.25 1239.6 | 329.84 1.10 0.266 1.42 | 0.19
28 4.25 1439.6 | 359.84 1.08 0.250 1.42 | 0.18

maximum utilization U = 0.26 < 1.00

Acompr - area with concrete compressions  Fcompr - res. compressive force on concrete  ocmax - max. concrete compression
cec,m - mean concrete compression U - utilization
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pressure distribution [kN/cm?]
LS 25 (max cc,m)

+ H M.,

1 0.293
-1 —— 0.44

0.587

= 0.733
| 0.88
= 1.03

IS
+ +

3.4.3. anchor tensile forces
FiRd = ko-fub-As/yM2
U = FtEdmax/F,Rd

stress area of M36: As = 8.17 cm?
no countersunk bolts used: k2 = 0.90

3 4
LS | Ft,Ed,1 Ft,ed,2 Ft,ed,3 Ft,ed,4 Ft,rd Umax
kN kN kN kN kN -

1 --- 1.19 --- 0.05 | 470.36 0.00
2 --- 1.67 --- 0.10 | 470.36 0.00
3 --- 26.56 --- 22.12 | 470.36 0.06
4 --- 25.99 --- 20.70 | 470.36 0.06
5 6.71 33.30 --- ---| 470.36 0.07
6 0.76 31.06 --- ---| 470.36 0.07
7 --- 59.86 --- 6.34 | 470.36 0.13
8 --- 58.38 --- 5.73 | 470.36 0.12
9 31.88 --- 28.63 ---| 470.36 0.07
10 17.19 --- 13.42 ---| 470.36 0.04
11 --- --- --- ---| 470.36 0.00
12 --- --- --- ---| 470.36 0.00
13 67.28 1.33 9.59 ---| 470.36 0.14
14 49.92 --- 1.92 ---| 470.36 0.11
15 18.66 2.62 --- ---| 470.36 0.04
16 8.54 1.53 --- ---| 470.36 0.02
17 31.20 61.08 --- ---| 470.36 0.13
18 20.54 58.84 --- ---| 470.36 0.13
19 7.06 87.35 --- 3.61 | 470.36 0.19
20 2.94 84.84 --- 2.85 | 470.36 0.18
21 84.46 --- 80.85 ---| 470.36 0.18
22 68.00 --- 63.32 ---| 470.36 0.14
23 29.65 --- 25.07 ---| 470.36 0.06
24 16.01 --- 11.29 ---| 470.36 0.03
25 | 148.65 7.71 37.34 ---| 470.36 0.32
26 | 130.12 4.98 25.20 ---| 470.36 0.28
27 89.93 6.74 4.65 ---| 470.36 0.19
28 73.43 4.17 --- ---| 470.36 0.16

maximum utilization U = 0.32 < 1.00

fub - tensile strength of bolt material ~ FiEd,i - anchor tension force  FiRd - design tension resistance of anchors
Umax - max. utilization

3.5. shear connector for transfer of horizontal force into the foundation
total length T =10.0 cm
Tength in concrete 1c = 8.0 cm

3.5.1. concrete compression
cc = VEd/(lcb)

Ge,web,cal = Gc,web-fc,web

U = cemax/fed

additional safety factor in case of concrete compressions by web fs,web = 0.00
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LK | VEd, f1ange VEd,web | Oc,flange oc,web Oc,web,cal fed U
kN kN N/mm? N/mm? N/mm? N/mm?

1 0.00 0.00 0.00 0.00 0.00 14.17 | 0.00
2 0.00 0.00 0.00 0.00 0.00 14.17 | 0.00
3 0.00 0.00 0.00 0.00 0.00 14.17 | 0.00
4 0.00 0.00 0.00 0.00 0.00 14.17 | 0.00
5 13.50 0.00 0.94 0.00 0.00 14.17 | 0.07
6 13.50 0.00 0.94 0.00 0.00 14.17 | 0.07
7 13.50 0.00 0.94 0.00 0.00 14.17 | 0.07
8 13.50 0.00 0.94 0.00 0.00 14.17 | 0.07
9 0.00 27.00 0.00 2.22 3.33 14.17 | 0.24
10 0.00 27.00 0.00 2.22 3.33 14.17 | 0.24
11 0.00 27.00 0.00 2.22 3.33 14.17 | 0.24
12 0.00 27.00 0.00 2.22 3.33 14.17 | 0.24
13 13.50 27.00 0.94 2.22 3.33 14.17 | 0.24
14 13.50 27.00 0.94 2.22 3.33 14.17 | 0.24
15 13.50 27.00 0.94 2.22 3.33 14.17 | 0.24
16 13.50 27.00 0.94 2.22 3.33 14.17 | 0.24
17 22.50 0.00 1.56 0.00 0.00 14.17 | 0.11
18 22.50 0.00 1.56 0.00 0.00 14.17 | 0.11
19 22.50 0.00 1.56 0.00 0.00 14.17 | 0.11
20 22.50 0.00 1.56 0.00 0.00 14.17 | 0.11
21 0.00 45.00 0.00 3.70 5.55 14.17 | 0.39
22 0.00 45.00 0.00 3.70 5.55 14.17 | 0.39
23 0.00 45.00 0.00 3.70 5.55 14.17 | 0.39
24 0.00 45.00 0.00 3.70 5.55 14.17 | 0.39
25 22.50 45.00 1.56 3.70 5.55 14.17 | 0.39
26 22.50 45.00 1.56 3.70 5.55 14.17 | 0.39
27 22.50 45.00 1.56 3.70 5.55 14.17 | 0.39
28 22.50 45.00 1.56 3.70 5.55 14.17 | 0.39

maximum utilization U = 0.39 < 1.00

cc flange - concrete compression by flange  ocweb - concrete compression by web U - utilization

3.5.2. stresses in connection of base plate
ovEd = (GER+31ER)05

6Rd = fy/lyMo
u = ovEd/6Rd
LS | Mx,ed My.Ed OEd TEd ov,Ed ORd U
kNcm kNcm kN/cm? kN/cm? kN/cm? kN/cm?

1 -0.00 -0.00 0.00 0.00 0.00 23.50 | 0.00
2 -0.00 -0.00 0.00 0.00 0.00 23.50 | 0.00
3 -0.00 -0.00 0.00 0.00 0.00 23.50 | 0.00
4 -0.00 -0.00 0.00 0.00 0.00 23.50 | 0.00
5 81.00 -0.00 0.28 1.39 2.41 23.50 | 0.10
6 81.00 0.00 0.28 1.39 2.41 23.50 | 0.10
7 81.00 -0.00 0.28 1.39 2.41 23.50 | 0.10
8 81.00 -0.00 0.28 1.39 2.41 23.50 | 0.10
9 0.00 | 162.00 1.58 -1.18 2.05 23.50 | 0.09
10 0.00 | 162.00 1.58 -1.18 2.05 23.50 | 0.09
11 0.00 | 162.00 1.58 -1.18 2.05 23.50 | 0.09
12 0.00 | 162.00 1.58 -1.18 2.05 23.50 | 0.09
13 81.00 | 162.00 1.85 1.39 2.41 23.50 | 0.10
14 81.00 | 162.00 1.85 1.39 2.41 23.50 | 0.10
15 81.00 | 162.00 1.85 1.39 2.41 23.50 | 0.10
16 81.00 | 162.00 1.85 1.39 2.41 23.50 | 0.10
17 | 135.00 0.00 0.46 2.32 4.02 23.50 | 0.17
18 | 135.00 0.00 0.46 2.32 4.02 23.50 | 0.17
19 | 135.00 -0.00 0.46 2.32 4.02 23.50 | 0.17
20 | 135.00 -0.00 0.46 2.32 4.02 23.50 | 0.17
21 0.00 | 270.00 2.63 -1.97 3.41 23.50 | 0.15
22 0.00 | 270.00 2.63 -1.97 3.41 23.50 | 0.15
23 0.00 | 270.00 2.63 -1.97 3.41 23.50 | 0.15
24 0.00 | 270.00 2.63 -1.97 3.41 23.50 | 0.15
25| 135.00 | 270.00 3.09 2.32 4.02 23.50 | 0.17
26 | 135.00 | 270.00 3.09 2.32 4.02 23.50 | 0.17
27 | 135.00 | 270.00 3.09 2.32 4.02 23.50 | 0.17
28 | 135.00 | 270.00 3.09 2.32 4.02 23.50 | 0.17

maximum utilization U = 0.17 < 1.00

ov,Ed - equivalent tensile stress  oRd - limit normal stress  tRd - limit shear stress U - utilization

m 4H-STAST / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002



3.5.3. weld between base plate and shear connector
design with direction oriented method acc. to clause 4.5.3.2

61wEd = (612+3.11243.1,2)05

G2wEd =061

f1,w,Rd = fu/(BwyMm2)

fo,w,Rd = 0.9 fu/ym2

U = max{ 1,w,Edf1wRd, c2wEdf2wRd}

connection designed with a full-size double fillet weld.
axial force transfer of 100 % by the weld.

minimum value of the weld thickness amin = 8 mm

LS | aw,F1 | aw,s oL TL T ol,w,kd | fl,w,Rd | o2,w,kd | f2,w,Rd | decisiv
mm mm | kN/cm? | kN/cm? | kN/cm? | kN/cm? | kN/cm? | kN/cm? | kN/cm?
1 8 8 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.00
2 8 8 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.00
3 8 8 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.00
4 8 8 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.00
5 8 8 0.09 0.09 0.69 1.21 36.00 0.09 25.92 | web 0.03
6 8 8 0.09 0.09 0.69 1.21 36.00 0.09 25.92 | web 0.03
7 8 8 0.09 0.09 0.69 1.21 36.00 0.09 25.92 | web 0.03
8 8 8 0.09 0.09 0.69 1.21 36.00 0.09 25.92 | web 0.03
9 8 8 0.66 0.66 -0.52 1.61 36.00 0.66 25.92 | flange | 0.04
10 8 8 0.66 0.66 -0.52 1.61 36.00 0.66 25.92 | flange | 0.04
11 8 8 0.66 0.66 -0.52 1.61 36.00 0.66 25.92 | flange | 0.04
12 8 8 0.66 0.66 -0.52 1.61 36.00 0.66 25.92 | flange | 0.04
13 8 8 0.80 0.80 -0.52 1.83 36.00 0.80 25.92 | flange | 0.05
14 8 8 0.80 0.80 -0.52 1.83 36.00 0.80 25.92 | flange | 0.05
15 8 8 0.80 0.80 -0.52 1.83 36.00 0.80 25.92 | flange | 0.05
16 8 8 0.80 0.80 -0.52 1.83 36.00 0.80 25.92 | flange | 0.05
17 8 8 0.16 0.16 1.15 2.02 36.00 0.16 25.92 | web 0.06
18 8 8 0.16 0.16 1.15 2.02 36.00 0.16 25.92 | web 0.06
19 8 8 0.16 0.16 1.15 2.02 36.00 0.16 25.92 | web 0.06
20 8 8 0.16 0.16 1.15 2.02 36.00 0.16 25.92 | web 0.06
21 8 8 1.11 1.11 -0.87 2.68 36.00 1.11 25.92 | flange | 0.07
22 8 8 1.11 1.11 -0.87 2.68 36.00 1.11 25.92 | flange | 0.07
23 8 8 1.11 1.11 -0.87 2.68 36.00 1.11 25.92 | flange | 0.07
24 8 8 1.11 1.11 -0.87 2.68 36.00 1.11 25.92 | flange | 0.07
25 8 8 1.33 1.33 -0.87 3.06 36.00 1.33 25.92 | flange | 0.08
26 8 8 1.33 1.33 -0.87 3.06 36.00 1.33 25.92 | flange | 0.08
27 8 8 1.33 1.33 -0.87 3.06 36.00 1.33 25.92 | flange | 0.08
28 8 8 1.33 1.33 -0.87 3.06 36.00 1.33 25.92 | flange | 0.08
awFl - flange weld thickness  aws - web weld thickness o1 - normal stresses perpendicular to weld
t1 - shear stresses perpendicular to weld 1 - shear stresses parallel to weld U - utilization
maximum weld thickness flange aw,F1,max = 8 mm
maximum weld thickness of the web aw,S,max = 8 mm
maximum utilization U = 0.08 < 1.00
4. design calculation of foundation slab
4.1. partial safety factors for material
design situat. ‘ Yc ‘ Ts
permanent and transient ‘ 1.50 ‘ 1.15
4.2. design values of reinforced concrete design
the mobilisation of the passive earth pressure is neglected
4.2 1. factorization of load case combinations
LS design situat. factorization LS design situat. factorization
1 | permanent and transient Lel*+H. c5 21 | permanent and transient Lel*+H clb
2 | permanent and transient 1.35 Lcl*+Lebh 22 | permanent and transient 1.35 Lcl*+Lcl5
3 | permanent and transient Lel*+H. c6 23 | permanent and transient Lel*+H clb
4 | permanent and transient 1.35 Lcl*+Leh 24 | permanent and transient 1.35 Lcl*+Lcl6
5 | permanent and transient Lel*+H.c7 25 | permanent and transient Lel*+Hcl7
6 | permanent and transient 1.35 Lel*+Le7 26 | permanent and transient 1.35 Lel*+Lel7
7 | permanent and transient Lel*+.c8 27 | permanent and transient Lel*+H cl8
8 | permanent and transient 1.35 Lcl*+Lc8 28 | permanent and transient 1.35 Lcl*+Lcl8
9 | permanent and transient Lel*+.c9 29 | permanent and transient Lel*+ cl9
10 | permanent and transient 1.35. Lel*+Lc9 30 | permanent and transient 1.35 Lcl*+Lcl9
11 | permanent and transient Lel*+Lcl0 31 | permanent and transient Lel*+Lc20
12 | permanent and transient 1.35. Lcl*+cl0 32 | permanent and transient 1.35. Lcl*+c20
13 | permanent and transient Lel*+H cll 33 | permanent and transient Lel*+H c2l
14 | permanent and transient 1.35 Lel*+Lell 34 | permanent and transient 1.35 Lel*+Le2l
15 | permanent and transient Lel*+Hcl2 35 | permanent and transient Lel*+H c22
16 | permanent and transient 1.35 Lcl*+Lel2 36 | permanent and transient 1.35 Lcl*+Lc22
17 | permanent and transient Lel*+H cl3 37 | permanent and transient Lel*+H c23
18 | permanent and transient 1.35 Lcl*+Lel3 38 | permanent and transient 1.35 Lcl*+Le23
19 | permanent and transient Lel*+H cl4d 39 | permanent and transient Lel*+H.c24
20 | permanent and transient 1.35. Lcl*+.cl4 40 | permanent and transient 1.35 Lcl*+Lc24
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LS design situat. factorization LS design situat. factorization
41 | permanent and transient Lel*+H.c25 49 | permanent and transient Lel*+H.c29
42 | permanent and transient 1.35. Lcl*+c25 50 | permanent and transient 1.35. Lcl*+H.c29
43 | permanent and transient Lel*+Lc26 51 | permanent and transient Lel*+Le30
44 | permanent and transient 1.35. Lcl*+.c26 52 | permanent and transient 1.35. Lcl*+c30
45 | permanent and transient Lel*+H c27 53 | permanent and transient Lel*+ 31
46 | permanent and transient 1.35 Lel*+Le27 54 | permanent and transient 1.35 Lecl*+Le3l
47 | permanent and transient Lel*+H c28 55 | permanent and transient Lel*+H c32
48 | permanent and transient 1.35 Lcl*+Lc28 56 | permanent and transient 1.35 Lcl*+Le32
*) without consideration of column load
4.2.2. column load
LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
kN kN kN kNm kNm kN kN kN kNm kNm
1 153.51 -0.00 0.00 2.31 21.96 29 | 228.51 | 27.00| 13.50 45.63 | -13.75
2| 1563.51 -0.00 0.00 2.31 21.96 30| 228.51 | 27.00| 13.50 45.63 | -13.75
3| 207.24 ) -0.00 0.00 3.15 29.78 31| 282.24 | 27.00| 13.50 46.90 -5.80
41 207.24 | -0.00 0.00 3.15 29.78 32| 282.24 | 27.00| 13.50 46.90 -5.80
5] 228.51 -0.00 0.00 3.50 67.82 33| 1563.51 0.00 | 22.50 71.59 22.29
6| 228.51 -0.00 0.00 3.50 67.82 34 | 153.51 0.00 | 22.50 71.59 22.29
7| 282.24 | -0.00 0.00 4.36 75.90 35| 207.24 0.00 | 22.50 73.08 30.22
8| 282.24| -0.00 0.00 4.36 75.90 36| 207.24 0.00 | 22.50 73.08 30.22
9| 153.51 -0.00 | 13.50 43.89 22.29 37 | 228.51 -0.00 | 22.50 73.70 68.31
10 | 153.51 -0.00 | 13.50 43.89 22.29 38| 228.51 -0.00 | 22.50 73.70 68.31
11 | 207.24 0.00 | 13.50 45.12 30.22 39| 282.24 | -0.00| 22.50 75.23 76.51
12 | 207.24 0.00 | 13.50 45.12 30.22 40 | 282.24 | -0.00| 22.50 75.23 76.51
13 | 228.51 -0.00 | 13.50 45.63 68.31 41 163.51 | 45.00 0.00 2.33 | -113.99
14 | 228.51 -0.00 | 13.50 45.63 68.31 42 | 153.51 | 45.00 0.00 2.33 | -113.99
15 | 282.24 | -0.00| 13.50 46.90 76.51 43| 207.24 | 45.00 0.00 3.18 | -106.51
16 | 282.24 | -0.00| 13.50 46.90 76.51 44 | 207.24 | 45.00 0.00 3.18 | -106.51
17 | 153.51 | 27.00 0.00 2.33 | -59.53 45| 228.51 | 45.00 0.00 3.53 | -68.61
18 | 153.51 | 27.00 0.00 2.33 | -59.53 46 | 228.51 | 45.00 0.00 3.53 | -68.61
19 | 207.24 | 27.00 0.00 3.18 | -51.88 47 | 282.24 | 45.00 0.00 4.40 -60.87
20 | 207.24 | 27.00 0.00 3.18 | -51.88 48 | 282.24 | 45.00 0.00 4.40 -60.87
21 | 228.51 | 27.00 0.00 3.50 -14.24 49 | 153.51 | 45.00 | 22.50 71.59 | -113.92
22 | 228.51 | 27.00 0.00 3.50 -14.24 50 | 1563.51 | 45.00 | 22.50 71.59 | -113.92
23 | 282.24 | 27.00 0.00 4.36 -6.41 51 | 207.24 | 45.00| 22.50 73.08 | -106.40
24 | 282.24 | 27.00 0.00 4.36 -6.41 b2 | 207.24 | 45.00 | 22.50 73.08 | -106.40
25| 163.51 | 27.00| 13.50 43.89 -59.44 53 | 228.51 | 45.00| 22.50 73.70 -68.47
26 | 153.51 | 27.00| 13.50 43.89 -59.44 b4 | 228.51 | 45.00| 22.50 73.70 -68.47
27 | 207.24 | 27.00| 13.50 45.12 -51.76 bb | 282.24 | 45.00 | 22.50 75.23 | -60.68
28 | 207.24 | 27.00| 13.50 45.12 -51.76 56 | 282.24 | 45.00 | 22.50 75.23 | -60.68
4 3. design calculation for bending
4.3.1. longitudinal reinforcement in x-direction
reinforcement edge distance top/bottom hso/hsu = 5.0/5.0 cm
moments in design calculation sections
LS| x=70.0cm | x = 130.0 cm LS| x=70.0cm | x = 130.0 cm LS| x=70.0cm | x = 130.0 cm
kNm kNm kNm kNm kNm kNm
1 24.99 12.62 20 4.68 46.09 39 56.43 13.48
2 24.99 12.62 21 17.90 38.09 40 56.29 13.27
3 33.78 17.00 22 17.90 38.09 41 -9.80 73.65
4 33.78 17.00 23 26.68 42.46 42 -13.23 68.67
5 47.10 8.88 24 26.68 42.46 43 -9.40 68.94
6 47.10 8.88 25 -2.60 42.63 44 -11.64 67.41
7 55.96 13.19 26 -3.18 42.18 45 -1.47 57.48
8 55.96 13.19 27 5.01 46.23 46 -1.48 57.47
9 25.08 12.53 28 4.83 46.12 47 7.28 61.87
10 25.08 12.53 29 18.03 37.95 48 7.28 61.87
11 33.90 16.87 30 18.03 37.95 49 -9.80 75.63
12 33.90 16.87 31 26.85 42.29 50 -12.93 71.25
13 47.29 8.83 32 26.85 42.29 51 -7.82 71.77
14 47.25 8.76 33 25.24 12.69 52 -9.28 70.13
15 56.14 13.04 34 25.17 12.64 53 0.89 59.28
16 56.13 13.02 35 33.99 17.00 54 0.33 58.72
17 -4.02 41.68 36 33.93 16.91 55 8.38 62.53
18 -4.05 41.66 37 47.76 9.47 56 8.04 62.27
19 4.68 46.09 38 47.55 9.21
design calculation for LS 42: =&o/su = 26.68/-0.21% min As,o = 0.4 cm?
design calculation for LS 49: &o/eu = -0.52/26.70% min As,u = 2.2 cm?
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4.3.2. longitudinal reinforcement in y-direction
reinforcement edge distance top/bottom hso/hsu = 6.0/6.0 cm

moments in design calculation sections

LS|y=70.0cm |y =130.0 cm LS|y=70.0cm |y =130.0 cm LS|y=70.0cm |y =130.0 cm
kNm kNm kNm kNm kNm kNm
1 18.15 19.46 20 24.49 26.28 39 8.82 61.16
2 18.15 19.46 21 27.01 28.98 40 8.59 61.01
3 24.50 26.27 22 27.01 28.98 41 18.15 19.46
4 24.50 26.27 23 33.35 35.80 42 18.15 19.46
5 27.01 28.98 24 33.35 35.80 43 24.49 26.28
6 27.01 28.98 25 4.25 34,94 44 24.49 26.28
7 33.35 35.80 26 3.98 34.65 45 27.00 28.99
8 33.35 35.80 27 9.89 41.30 46 27.00 28.99
9 3.40 34.21 28 9.74 41.20 47 33.34 35.81
10 3.40 34.21 29 12.09 43.89 48 33.34 35.81
11 9.63 41.14 30 12.09 43.89 49 -3.38 47.10
12 9.63 41.14 31 18.32 50.83 50 -3.80 46.69
13 12.18 43,94 32 18.32 50.83 51 2.17 53.49
14 12.11 43.90 33 -5.63 44,53 52 1.91 53.22
15 18.34 50.84 34 -6.15 44,21 53 4.07 55.46
16 18.32 50.83 35 -0.06 51.17 54 3.65 55.00
17 18.15 19.46 36 -0.22 51.08 55 9.32 61.54
18 18.15 19.46 37 3.10 54.44 56 8.99 61.29
19 24.49 26.28 38 2.72 54.17
design calculation for LS 34: &o/eu = 27.04/-0.14% min As,o = 0.2 cm?
design calculation for LS 55: =&o/eu = -0.47/27.07% min As,u = 1.8 cm?
4 .3.3. selected reinforcement in x-direction
top B500A, to distribute evenly
4 @10 = 3.1 > 0.4 cm?
bottom (distribution acc. to [2])
width cm 200.0 select. 3010
distrib. % 100.0 exist As cm? 2.4
min As cm?2 2.2
total existing bottom reinforcement: X As = 2.4 > 2.2 cm?
4.3.4. selected reinforcement in y-direction
top B500A, to distribute evenly
4 @10 =3.1 > 0.2 cm?
bottom (distribution acc. to [2])
width cm 200.0 select. 3010
distrib. % 100.0 exist As cm? 2.4
min As cm?2 1.8
total existing bottom reinforcement: © As = 2.4 > 1.8 cm?
€ofeu - strains in extreme fibres (top/bottom)
4 4. punching shear calculation
4.4 1. action within the basic control perimeter
VEd,crit = B-VEdred / (Ucritd)
VEdred = VEd - AVEd
AVEd = Acrit (cEd,gd,m - gEd,slab )
B =1+ sqrt( (keMEdx / VEd - Ucrit / Weritx)2 + (ky-MEdy / VEd - Ucrit/ Werity)2 ) = 1.10
Worit = [Iel dl mit dl:Differential des Umfangs
e :Abstand von dl zur Achse von Mgd
coefficient for the calculation of shear stresses from moment action
(acc. to [3], table 6.1)
c1=c2=0.6=>kx =ky =0.6
calculated values of basic control perimeter
LS | acrit | a/d | ucrit | Acrit Werit,x | Werit,y LS | acrit | a/d | ucrit | Acrit Werit,x | Werit,y
cm - m m? m? m? cm - m? m? m?
1] 30.20.41| 4.30| 1.370 | 1.8350 | 1.8350 9| 28.3/0.38| 4.18 | 1.291 |1.7339|1.7339
2| 30.2|0.41 | 4.30| 1.370|1.8350 | 1.8350 10| 28.3/10.38| 4.18 | 1.291 | 1.7339|1.7339
3| 30.2|0.41 | 4.30| 1.370|1.8350 | 1.8350 11| 28.710.38| 4.20 | 1.307 | 1.7539 | 1.7539
4| 30.20.41| 4.30| 1.370 | 1.8350 | 1.8350 12| 28.710.38 | 4.20 | 1.307 |1.7539 | 1.7539
5| 28.3|0.38| 4.18 | 1.291|1.7339 | 1.7339 13 27.910.38| 4.16 | 1.276 | 1.7141 | 1.7141
6| 28.3/0.38| 4.18 | 1.291 | 1.7339|1.7339 14| 27.910.38| 4.16 | 1.276 | 1.7141 | 1.7141
7| 28.7,0.38| 4.20| 1.307 |1.7539 | 1.7539 15| 28.3/10.38 | 4.18 | 1.291 | 1.7339|1.7339
8| 28.710.38| 4.20| 1.307 | 1.7539 | 1.7539 16 | 28.3/0.38| 4.18 | 1.291 | 1.7339|1.7339
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LS | acrit | a/d | ucrit | Acrit Werit,x | Werit,y LS | acrit | a/d | ucrit | Acrit Werit,x | Werit,y
cm m m? m? m? cm m m? m? m?
17| 27.610.37 | 4.13 | 1.260 | 1.6943 | 1.6943 37| 27.6 10.37 | 4.13| 1.260|1.6943 | 1.6943
18| 27.60.37 | 4.13 | 1.260 | 1.6943 | 1.6943 38| 27.6 10.37 | 4.13| 1.260 | 1.6943 | 1.6943
19| 28.710.38| 4.20 1.307 | 1.7539 | 1.7539 39| 27.910.38 ] 4.16 | 1.276 |1.7141 | 1.7141
20| 28.7 10.38| 4.20 1.307 | 1.7539 | 1.7539 40| 27.910.38| 4.16 | 1.276 | 1.7141 | 1.7141
21| 31.7 1 0.43 | 4.39 1.435 |1.9178 | 1.9178 41 27.6 1 0.37 | 4.13 | 1.260 | 1.6943 | 1.6943
22| 31.7 10.43 | 4.39 1.435 |1.9178 | 1.9178 42 | 27.6 10.37 | 4.13 | 1.260 | 1.6943 | 1.6943
23| 31.7 |1 0.43 | 4.39 1.435 |1.9178 | 1.9178 43| 26.8 10.36| 4.09 1.230 | 1.6551 | 1.6551
24 | 31.7 |1 0.43 | 4.39 1.435 |1.9178 | 1.9178 44 | 26.8 10.36 | 4.09 1.230 | 1.6551 | 1.6551
25| 27.210.37 | 4.11 1.245 | 1.6746 | 1.6746 45| 28.310.38| 4.18 | 1.291 | 1.7339|1.7339
26 | 27.210.37 | 4.11 1.245 | 1.6746 | 1.6746 46 | 28.310.38| 4.18 | 1.291 | 1.7339|1.7339
27 | 27.9,0.38| 4.16 | 1.276 | 1.7141 | 1.7141 47 | 29.1 1 0.39 | 4.23 | 1.323|1.7740 | 1.7740
28 | 27.9,0.38| 4.16 | 1.276 | 1.7141 | 1.7141 48 | 29.1 1 0.39 | 4.23 | 1.323|1.7740 | 1.7740
29 | 29.1/0.39 | 4.23 | 1.323 |1.7740 | 1.7740 49 | 28.310.38| 4.18 | 1.291 | 1.7339|1.7339
30 29.1 10.39 | 4.23| 1.323 |1.7740 | 1.7740 50 | 28.3/0.38| 4.18| 1.291 |1.7339|1.7339
31| 30.2(0.41 | 4.30 1.370 | 1.8350 | 1.8350 51 27.6 1 0.37 | 4.13 | 1.260 | 1.6943 | 1.6943
32| 30.2(0.41 | 4.30 1.370 | 1.8350 | 1.8350 52 | 27.610.37 | 4.13 | 1.260 | 1.6943 | 1.6943
33| 27.210.37 | 4.11 1.245 | 1.6746 | 1.6746 53 | 27.6 1 0.37 | 4.13 | 1.260 | 1.6943 | 1.6943
34| 27.210.37 | 4.11 1.245 | 1.6746 | 1.6746 54 | 27.6 1 0.37 | 4.13 | 1.260 | 1.6943 | 1.6943
35| 27.610.37 | 4.13| 1.260|1.6943 | 1.6943 55| 27.910.38 | 4.16 | 1.276 | 1.7141 | 1.7141
36| 27.610.37 | 4.13| 1.260|1.6943 | 1.6943 56 | 27.910.38| 4.16 | 1.276 | 1.7141 | 1.7141
decisive shear stress within the basic control perimeter
LS VEd OEd,gd,m AVEd Med.x.sp | MEd,y,sp B VEd,crit
kN kN/m? kN kNm kNm - N/mm?2
1 153.51 38.42 52.64 2.31 -21.96 | 1.20 0.038
2 153.51 38.42 52.64 2.31 -21.96 | 1.20 0.038
3] 207.24 51.86 71.056 3.15 -29.78 | 1.20 0.051
4| 207.24 51.86 71.056 3.15 -29.78 | 1.20 0.051
5| 228.51 57.18 73.83 3.50 -67.82 | 1.43 0.071
6| 228.51 57.18 73.83 3.50 -67.82 | 1.43 0.071
7| 282.24 70.62 92.29 4.36 -75.90 | 1.39 0.084
8| 282.24 70.62 92.29 4.36 -75.90 | 1.39 0.084
9 153.51 38.42 49.61 43.89 -22.29 | 1.46 0.049
10 153.51 38.42 49.61 43.89 -22.29 | 1.46 0.049
11 207.24 51.86 67.77 45.12 -30.22 | 1.38 0.061
12 | 207.24 51.86 67.77 45.12 -30.22 | 1.38 0.061
13| 228.51 57.17 72.93 45.63 -68.31 | 1.52 0.077
14 | 228.51 57.17 72.93 45.63 -68.31 | 1.52 0.077
15| 282.24 70.62 91.19 46.90 -76.51 | 1.46 0.090
16 | 282.24 70.62 91.19 46.90 -76.51 | 1.46 0.090
17 153.51 38.42 48.42 2.33 59.53 | 1.57 0.054
18 | 153.51 38.42 48.42 2.33 59.53 | 1.57 0.054
19 | 207.24 51.86 67.77 3.18 51.88 | 1.36 0.061
20 | 207.24 51.86 67.77 3.18 51.88 | 1.36 0.061
21 228.51 57.18 82.04 3.50 14.24 | 1.10 0.049
22 | 228.51 57.18 82.04 3.50 14.24 | 1.10 0.049
23 | 282.24 70.62 101.33 4.36 6.41 | 1.10 0.061
24 | 282.24 70.62 101.33 4.36 6.41 | 1.10 0.061
25 153.51 38.17 47.52 43.89 59.44 | 1.71 0.059
26 | 153.51 38.17 47.52 43.89 59.44 | 1.71 0.059
27 | 207.24 51.86 66.15 45.12 51.76 | 1.48 0.068
28 | 207.24 51.86 66.15 45.12 51.76 | 1.48 0.068
29 | 228.51 57.18 75.62 45.63 13.75 [ 1.30 0.063
30 | 228.51 57.18 75.62 45.63 13.75 [ 1.30 0.063
31 282.24 70.62 96.76 46.90 5.80 | 1.24 0.072
32 | 282.24 70.62 96.76 46.90 5.80 | 1.24 0.072
33| 1563.51 38.33 47.71 71.59 -22.29 | 1.72 0.059
34 | 153.51 38.33 47.71 71.59 -22.29 | 1.72 0.059
35| 207.24 51.85 65.35 73.08 -30.22 | 1.56 0.072
36 | 207.24 51.85 65.35 73.08 -30.22 | 1.56 0.072
37 | 228.51 56.71 71.47 73.70 -68.31 | 1.64 0.084
38 | 228.51 56.71 71.47 73.70 -68.31 | 1.64 0.084
39 | 282.24 70.44 89.86 75.23 -76.51 | 1.55 0.097
40 | 282.24 70.44 89.86 75.23 -76.51 | 1.55 0.097
41 153.51 33.11 41.72 2.33 | 113.99 | 2.09 0.076
42 153.51 33.11 41.72 2.33 | 113.99 | 2.09 0.076
43 | 207.24 51.59 63.44 3.18 | 106.51 | 1.76 0.083
44 | 207.24 51.59 63.44 3.18 | 106.51 | 1.76 0.083
45 | 228.51 57.18 73.83 3.53 68.61 | 1.43 0.071
46 | 228.51 57.18 73.83 3.53 68.61 | 1.43 0.071
47 | 282.24 70.62 93.40 4.40 60.87 | 1.31 0.079
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LS VEd OEd,gd,m AVEd Med.x.sp | MEd,y,sp VEd,crit
kN kN/m? kN kNm kNm N/mm?2
48 | 282.24 70.62 93.40 4.40 60.87 | 1.31 0.079
49 | 153.51 25.70 33.18 71.59 | 113.92 | 2.27 0.088
50 | 153.51 25.70 33.18 71.59 | 113.92 | 2.27 0.088
51 | 207.24 46.99 59.22 73.08 | 106.40 | 1.91 0.092
52 | 207.24 46.99 59.22 73.08 | 106.40 | 1.91 0.092
53 | 228.51 56.70 71.46 73.70 68.47 | 1.64 0.084
54 | 228.51 56.70 71.46 73.70 68.47 | 1.64 0.084
b5 | 282.24 70.59 90.06 75.23 60.68 | 1.50 0.093
56 | 282.24 70.59 90.06 75.23 60.68 | 1.50 0.093

AVEd - resultant of ground pressure

B - load increase factor from eccentric load

MEdx sp/MEd,ySp - moments concerning centre of control perimeter

VEdcrit - decisive shear stress within the basic control perimeter

4.4 2. Punching shear resistance within the basic control perimeter
VRd,c = CRd,c-k-(100-pltension-fck) 173-2.d/a = vmin-2-d/a [N/mm?2]

CRd,c = 0.15/v¢

k=1 + sqrt(200/d) < 2.0 with d [mm]
pltension,max = minimum from (0.02, 0.5fcd/fyd)
pltension = Sqrt(pIx,lension-ply,lension) < pltension,max
Vmin = 0.0525/yc-k3/2fck1/2 for d < 600 mm
Vmin = 0.0375/yc-k3/2fck1/2 for d > 800 mm

mean effective depth
dn = (75 + 74)/2 = 74.5 cm

scale factor

k =1+ sqrt(200/745) = 1.52 < 2

Tongitudinal reinf. ratio of the anchored tension reinf.

mean of the tension reinforcement to the distance 3d from the column
as,x,3d = 2.4/2 = 1.18 cm2/m
as,y,3d = 2.4/2 = 1.18 cm?/m

pIx,tension =
ply,tension =

1.18/75-10-2 = 0.00016
1.18/74-10-2 = 0.00016

p1,tension = sqrt(0.00016-0.00016) = 0.00016
punching shear resistance without shear reinforcement

Crd,c = 0.15/1.5 = 0.1

p1,tension,max = minimum from (0.02, 0.5-14.17/434.78) = 0.0163 > 0.0002
vmin-2-d/a = 0.0416/1.5-1.523/2.250.5.2.74.5/27.9 = 1.384 N/mm2

VRd,c = 0.1-1.52-(100-0.00016-25)1/3-2.74.5/27.9 = 0.595 N/mm? < 1.384 N/mm2
0.097 N/mm2 < 1.384 N/mm2 = no additional reinforcement required

5. external stability - verification of design resistance (ULS)

5.1. partial safety factors on load side
acc. to [4] table A 2.1

5.2. partial safety factors on resiistance side
acc. to [4] tables A 2.2 and A 2.3

5.3. design values overturning (EQU)
the mobilisation of the passive earth pressure is neglected

5.3.1. factorization of load case combinations

= VRd,c = 1.384 N/mm2

LS | design situat. factorization LS | design situat. factorization

1|BS-P 0.9 Lcl 15 | BS-P 0.9-Lcl+1.5 Lc2+0.6. 1.5. (Lc3+Lcd)

2 | BS-P 1.1 Lel 16 | BS-P 1.1 Lcl+1.5. Lc2+0.6. 1.5 (Lc3+.c4)

3| BS-P 0.9 Lcl+l.5 Le2 17 | BS-P 0.9 Lcl+l.5 Le3

4 | BS-P 1.1 Lcl+l.5 Le2 18 | BS-P 1.1 Lcl+1.5 Le3

5| BS-P 0.9 Lcl+0.6- 1.5 Lc3 19 | BS-P 0.9 - Lcl+l.5 (Lc2+.c3)

6 | BS-P 1.1 Lcl+0.6- 1.5 Lc3 20 | BS-P 1.1 Lcl+1.5. (Lc2+Lc3)

7 | BS-P 0.9 Lcl+l.5 Le2+0.6- 1.5 L¢3 21 | BS-P 0.9 Lcl+l.5 Le4

8 | BS-P 1.1 Lcl+1.5 Le2+0.6- 1.5 Le3 22 | BS-P 1.1 Lcl+l.5 Lc4

9 | BS-P 0.9 Lcl+0.6- 1.5 Lc4 23 | BS-P 0.9 - Lcl+1.5 (Lc2+.c4)
10 | BS-P 1.1-Lcl+0.6- 1.5 Lc4 24 | BS-P 1.1 Lcl+1.5. (Lc2+lcd)
11 | BS-P 0.9 Lcl+l.5 Lc2+0.6- 1.5 Lca 25 | BS-P 0.9 - Lcl+1.5 (Lc3+Hc4)
12 | BS-P 1.1 Lcl+1.5 Le2+0.6- 1.5 Le4 26 | BS-P 1.1 Lcl+1.5. (Le3+lcd)
13 | BS-P 0.9.Lcl+0.6. 1.5 (Lc3+.c4) 27 | BS-P 0.9-Lcl+1.5. (Lc2+c3+cd)
14 | BS-P 1.1 Lc1+0.6. 1.5 (Lc3+c4) 28 | BS-P 1.1-Lcl+1.5 (Lc2+Lc3+Lc4)

5.3.2. column load
LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
kN kN kN kNm kNm kN kN kN kNm kNm

1 138.16 0.00 -0.00 -0.00 19.80 7 213.16 0.00 13.50 40.50 64.80

2 168.86 0.00 -0.00 -0.00 24.20 8| 243.86 0.00 13.50 40.50 69.20
3| 213.16 0.00 -0.00 -0.00 64.80 9 138.16 | 27.00 -0.00 -0.00 -61.20
4| 243.86 0.00 -0.00 -0.00 69.20 10 168.86 | 27.00 -0.00 -0.00 -56.80

5 138.16 0.00 13.50 40.50 19.80 11 213.16 | 27.00 -0.00 -0.00 -16.20
6 168.86 0.00 13.50 40.50 24.20 12 243.86 | 27.00 -0.00 -0.00 -11.80
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LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
kN kN kN kNm kNm kN kN kN kNm kNm
13| 138.16 | 27.00 | 13.50 40.50 | -61.20 21| 138.16 | 45.00| -0.00 -0.00 | -115.20
14 | 168.86 | 27.00 | 13.50 40.50 | -56.80 22 | 168.86 | 45.00| -0.00 -0.00 | -110.80
15| 213.16 | 27.00| 13.50 40.50 | -16.20 23 | 213.16 | 45.00| -0.00 -0.00 | -70.20
16 | 243.86 | 27.00| 13.50 40.50 | -11.80 24 | 243.86 | 45.00| -0.00 -0.00 | -65.80
17 | 138.16 0.00 | 22.50 67.50 19.80 25| 138.16 | 45.00 | 22.50 67.50 | -115.20
18 | 168.86 0.00 | 22.50 67.50 24.20 26 | 168.86 | 45.00 | 22.50 67.50 | -110.80
19 | 213.16 0.00 | 22.50 67.50 64.80 27 | 213.16 | 45.00 | 22.50 67.50 | -70.20
20 | 243.86 0.00 | 22.50 67.50 69.20 28 | 243.86 | 45.00 | 22.50 67.50 | -65.80
5.4. verification against overturning (EQU)
LS | decisive edge Mdst Mstb n LS | decisive edge Mdst Mstb pn
kNm kNm - kNm kNm
1 --- 0.00 | 190.36 | 0.00 15 y (right) 102.60 | 349.96 | 0.29
2 --- 0.00 | 232.66 | 0.00 16 y (right) 102.60 | 401.06 | 0.26
3 --- 0.00 | 220.36 | 0.00 17 x (bottom) 85.50 | 210.16 | 0.41
4 --- 0.00 | 262.66 | 0.00 18 x (bottom) 85.50 | 256.86 | 0.33
5 x (bottom) 51.30 | 210.16 | 0.24 19 x (bottom) 85.50 | 285.16 | 0.30
6 x (bottom) 51.30 | 256.86 | 0.20 20 x (bottom) 85.50 | 331.86 | 0.26
7 x (bottom) 51.30 | 285.16 | 0.18 21 y (right) 171.00 | 229.96 | 0.74
8 x (bottom) 51.30 | 331.86|0.15 22 y (right) 171.00 | 281.06 | 0.61
9 y (right) 102.60 | 229.96 | 0.45 23 y (right) 171.00 | 349.96 | 0.49
10 y (right) 102.60 | 281.06 | 0.37 24 y (right) 171.00 | 401.06 | 0.43
11 y (right) 102.60 | 349.96 | 0.29 25 y (right) 171.00 | 229.96 | 0.74
12 y (right) 102.60 | 401.06 | 0.26 26 y (right) 171.00 | 281.06 | 0.61
13 y (right) 102.60 | 229.96 | 0.45 27 y (right) 171.00 | 349.96 | 0.49
14 y (right) 102.60 | 281.06 | 0.37 28 y (right) 171.00 | 401.06 | 0.43
umax = 0.74 < 1.0 =>verification against overturning successful
5.5. design values base failure (GEO-2)
the assumed mobilised passive earth pressure is ephg,mob = 0.50-ephg.
5.5.1. factorization of load case combinations
LS | design situat. factorization LS | design situat. factorization
1|BS-P Lel 15 | BS-P Lcl+1.5 Lc2+0.6- 1.5 (Lc3+lcd)
2 | BS-P 1.35 Lcl 16 | BS-P 1.35 Lcl+1.5 Lc2+0.6- 1.5 (Lc3+cd)
3| BS-P Lcl+l.5 Le2 17 | BS-P Lcl+1.5 Le3
4| BS-P 1.35 Lcl+l.5 Le2 18 | BS-P 1.35 Lcl+l.5 Lc3
5 | BS-P Lcl+0.6. 1.5 Lc3 19 | BS-P Lcl+1.5 (Lc2+le3)
6 | BS-P 1.35 Lc1+0.6-1.5. Le3 20 | BS-P 1.35 Lcl+1.5. (Lc2+Lc3)
7| BS-P Lel+1.5 Lc2+0.6- 1.5 Le3 21 | BS-P Lcl+l.5 Leé
8 | BS-P 1.35 Lcl+1.5 Lc2+0.6- 1.5 Lc3 22 | BS-P 1.35 Lcl+l.5 Lc4
9| BS-P Lcl+0.6- 1.5 Lcd 23 | BS-P Lcl+1.5 (Lc2+lcd)
10 | BS-P 1.35 Lc1+0.6- 1.5 Lc4 24 | BS-P 1.35 Lcl+1.5. (Lc2+Lcd)
11 | BS-P Lel+1.5 Lc2+0.6- 1.5 Le4 25 | BS-P Lcl+1.5 (Lc3+lcd)
12 | BS-P 1.35 Lcl+l.5. Lc2+0.6- 1.5 Lcd 26 | BS-P 1.35 Lcl+1.5. (Lc3+Lc4)
13 | BS-P Lcl+0.6- 1.5 (Lc3+.cd) 27 | BS-P Lcl+1.5 (Le2+lc3+.cd)
14 | BS-P 1.35 Lc1+0.6- 1.5 (Lc3+Lc4) 28 | BS-P 1.35 Lcl+1.5. (Lc2+Lc3+Llc4)
5.5.2. column load
LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
kN kN kN kNm kNm kN kN kN kNm kNm
1] 153.51 0.00| -0.00 -0.00 22.00 15| 228.51 | 27.00 | 13.50 40.50 | -14.00
2| 207.24 0.00| -0.00 -0.00 29.70 16 | 282.24 | 27.00 | 13.50 40.50 -6.30
3| 228.51 0.00| -0.00 -0.00 67.00 17 | 153.51 0.00 | 22.50 67.50 22.00
4| 282.24 0.00| -0.00 -0.00 74.70 18 | 207.24 0.00 | 22.50 67.50 29.70
5] 153.51 0.00 | 13.50 40.50 22.00 19 | 228.51 0.00 | 22.50 67.50 67.00
6| 207.24 0.00 | 13.50 40.50 29.70 20 | 282.24 0.00 | 22.50 67.50 74.70
7| 228.51 0.00 | 13.50 40.50 67.00 21| 153.51 | 45.00| -0.00 -0.00 | -113.00
8| 282.24 0.00 | 13.50 40.50 74.70 22 | 207.24 | 45.00| -0.00 -0.00 | -105.30
9| 153.51 | 27.00| -0.00 -0.00 | -59.00 23 | 228.51 | 45.00| -0.00 -0.00 | -68.00
10 | 207.24 | 27.00| -0.00 -0.00 | -51.30 24 | 282.24 | 45.00| -0.00 -0.00 | -60.30
11| 228.51 | 27.00| -0.00 -0.00 | -14.00 25| 153.51 | 45.00 | 22.50 67.50 | -113.00
12 | 282.24 | 27.00| -0.00 -0.00 -6.30 26 | 207.24 | 45.00 | 22.50 67.50 | -105.30
13 | 153.51 | 27.00 | 13.50 40.50 | -59.00 27 | 228.51 | 45.00| 22.50 67.50 | -68.00
14 | 207.24 | 27.00 | 13.50 40.50 | -51.30 28 | 282.24 | 45.00 | 22.50 67.50 | -60.30
associated characteristic values
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LS | Nst,k Hx,st,k | Hy,st,k | Mx,st.k My,st.k LS | Nst,k Hx,st,k | Hy,st,k | Mx,st.k My,st.k
kN kN kN kNm kNm kN kN kN kNm kNm
1 153.51 0.00 -0.00 -0.00 22.00 15 | 203.51 | 30.00 15.00 45.00 -38.00
2 153.51 0.00 -0.00 -0.00 22.00 16 | 203.51 | 30.00 15.00 45.00 -38.00
3| 203.51 0.00 -0.00 -0.00 52.00 17 153.51 0.00 15.00 45.00 22.00
41 203.51 0.00 -0.00 -0.00 52.00 18 | 153.51 0.00 15.00 45.00 22.00
5 153.51 0.00 15.00 45.00 22.00 19 | 203.51 0.00 15.00 45.00 52.00
6| 153.51 0.00 15.00 45.00 22.00 20 | 203.51 0.00 15.00 45.00 52.00
7| 203.51 0.00 15.00 45.00 52.00 21 1563.51 | 30.00 -0.00 -0.00 -68.00
8| 203.51 0.00 15.00 45.00 52.00 22 1563.51 | 30.00 -0.00 -0.00 -68.00
9 1563.51 | 30.00 -0.00 -0.00 -68.00 23 | 203.51 | 30.00 -0.00 -0.00 -38.00
10 1563.51 | 30.00 -0.00 -0.00 -68.00 24 | 203.51 | 30.00 -0.00 -0.00 -38.00
11 203.51 | 30.00 -0.00 -0.00 -38.00 25 1563.51 | 30.00 15.00 45.00 -68.00
12 | 203.51 | 30.00 -0.00 -0.00 -38.00 26 | 153.51 | 30.00 15.00 45.00 -68.00
13 | 153.51 | 30.00 15.00 45.00 -68.00 27 | 203.51 | 30.00 15.00 45.00 -38.00
14 | 153.51 | 30.00 15.00 45.00 -68.00 28 | 203.51 | 30.00 15.00 45.00 -38.00
5.6. verification of safety against base failure
5.6.1. loading and substituting dimensions
LS| No,k Mo,x.k Mo,y.k a’ b’ Ha’ .k Hb’ .k
kN kNm kNm m m kN kN

1 233.51 -0.00 22.00 | 2.00 1.81 0.00 0.00

2| 233.51 -0.00 22.00 | 2.00 1.81 0.00 0.00

3| 283.51 -0.00 52.00 | 2.00 1.63 0.00 0.00

4| 283.51 -0.00 52.00 | 2.00 1.63 0.00 0.00

5| 233.51 53.00 22.00 1.81 1.55 0.00 0.00

6| 233.51 53.00 22.00 1.81 1.55 0.00 0.00

7| 283.51 53.00 52.00 1.63 | 1.63 0.00 0.00

8 | 283.51 53.00 52.00 1.63 | 1.63 0.00 0.00

9| 233.51 -0.00 -84.00 | 2.00 1.28 0.00 0.00

10 | 233.51 -0.00 -84.00 | 2.00 1.28 0.00 0.00

11 283.51 -0.00 -54.00 | 2.00 1.62 0.00 0.00

12 | 283.51 -0.00 -54.00 | 2.00 1.62 0.00 0.00

13 | 233.51 53.00 -84.00 1.55 1.28 0.00 0.00

14 | 233.51 53.00 -84.00 1.55 1.28 0.00 0.00

15 | 283.51 53.00 -54.00 1.63 | 1.62 0.00 0.00

16 | 283.51 53.00 -54.00 1.63 | 1.62 0.00 0.00

17 | 233.51 53.00 22.00 1.81 1.55 0.00 0.00

18 | 233.51 53.00 22.00 1.81 1.55 0.00 0.00

19 | 283.51 53.00 52.00 1.63 | 1.63 0.00 0.00

20 | 283.51 53.00 52.00 1.63 | 1.63 0.00 0.00

21 233.51 -0.00 -84.00 | 2.00 1.28 0.00 0.00

22 | 233.51 -0.00 -84.00 | 2.00 1.28 0.00 0.00

23 | 283.51 -0.00 -54.00 | 2.00 1.62 0.00 0.00

24 | 283.51 -0.00 -54.00 | 2.00 1.62 0.00 0.00

25 | 233.51 53.00 -84.00 1.55 1.28 0.00 0.00

26 | 233.51 53.00 -84.00 1.55 1.28 0.00 0.00

27 | 283.51 53.00 -54.00 1.63 | 1.62 0.00 0.00

28 | 283.51 53.00 -54.00 1.63 | 1.62 0.00 0.00

5.6.2. decisive soil parameters
determination of the decisive values by method of weighted average
values beyond the base to top edge of soil: y1, ¢1, ¢1
values below the base up to depth (ds) of the sliding clod: v2, ¢2, c2

LS| 7y1 @1 c1 ds ¥2 @2 c2
kN/m3 ° kN/m2 m kN/m3 ° kN/m2
1] 19.00 | 32.50 -- | 3.14 | 15.33 | 32.50 ---
2 119.00 | 32.50 -- | 3.14 | 15.33 | 32.50 ---
3119.00 | 32.50 -- 2.83 | 15.81 | 32.50 ---
4119.00 | 32.50 -- 2.83 | 15.81 | 32.50 ---
5119.00 | 32.50 -- 2.68 | 16.08 | 32.50 ---
6 119.00 | 32.50 -- 2.68 | 16.08 | 32.50 ---
7 119.00 | 32.50 -- 2.82 | 15.83 | 32.50 ---
81 19.00 | 32.50 -- 2.82 | 15.83 | 32.50 ---
9 119.00 | 32.50 -- 2.22 | 17.13 | 32.50 ---
10 | 19.00 | 32.50 -- 2.22 | 17.13 | 32.50 ---
11| 19.00 | 32.50 -- 2.80 | 15.85 | 32.50 ---
12 | 19.00 | 32.50 -- 2.80 | 15.85 | 32.50 ---
13| 19.00 | 32.50 -- 2.22 | 17.13 | 32.50 ---
14 | 19.00 | 32.50 -- 2.22 | 17.13 | 32.50 ---
15| 19.00 | 32.50 -- 2.80 | 15.85 | 32.50 ---
16 | 19.00 | 32.50 -- 2.80 | 15.85 | 32.50 ---
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LS| 7y1 @1 c1 ds ¥2 @2 c2
kN/m3 ° kN/m2 m kN/m3 ° kN/m2
17 | 19.00 | 32.50 --- 2.68 | 16.08 | 32.50 ---
18 | 19.00 | 32.50 --- 2.68 | 16.08 | 32.50 ---
19 | 19.00 | 32.50 --- 2.82 | 15.83 | 32.50 ---
20 | 19.00 | 32.50 --- 2.82 | 15.83 | 32.50 ---
21 1 19.00 | 32.50 --- 2.22 | 17.13 | 32.50 ---
22 1 19.00 | 32.50 --- 2.22 | 17.13 | 32.50 ---
23 1 19.00 | 32.50 --- 2.80 | 15.85 | 32.50 ---
24 1 19.00 | 32.50 --- 2.80 | 15.85 | 32.50 ---
25 119.00 | 32.50 --- 2.22 | 17.13 | 32.50 ---
26 | 19.00 | 32.50 --- 2.22 | 17.13 | 32.50 ---
27 | 19.00 | 32.50 --- 2.80 | 15.85 | 32.50 ---
28 | 19.00 | 32.50 --- 2.80 | 15.85 | 32.50 ---

5.6.3. values of design resistance, shape, load inclination and depth
basic values of design resistance values Npo,Ndo,Nco acc. to [5]
shape factors vb,vd,vc acc. to [5], tab.2

load inclination factors ib,id,ic acc. to [5], tab.3

LS | Nbo Ndo Nco vb vd ve ib id ic
1]15.03 | 24.58 ---10.728 | 1.487 ---11.000 | 1.000 ---
2 115.03 | 24.58 ---10.728 | 1.487 ---11.000 | 1.000 ---
3115.03 | 24.58 ---10.755 | 1.439 ---11.000 | 1.000 ---
4115.03 | 24.58 ---10.755 | 1.439 ---11.000 | 1.000 ---
5115.03 | 24.58 ---10.744 | 1.459 ---11.000 | 1.000 ---
6| 15.03 | 24.58 ---10.744 | 1.459 ---11.000 | 1.000 ---
7 115.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---
8| 15.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---
9 115.03 | 24.58 ---10.808 | 1.344 ---11.000 | 1.000 ---

10 | 15.03 | 24.58 ---10.808 | 1.344 ---11.000 | 1.000 ---

11| 15.03 | 24.58 ---10.757 | 1.435 ---11.000 | 1.000 ---

12 | 15.03 | 24.58 ---10.757 | 1.435 ---11.000 | 1.000 ---

13| 15.03 | 24.58 ---10.752 | 1.445 ---11.000 | 1.000 ---

14 | 15.03 | 24.58 ---10.752 | 1.445 ---11.000 | 1.000 ---

15| 15.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---

16 | 15.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---

17 | 15.03 | 24.58 ---10.744 | 1.459 ---11.000 | 1.000 ---

18 | 15.03 | 24.58 ---10.744 | 1.459 ---11.000 | 1.000 ---

19 | 15.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---

20 | 15.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---

21 | 15.03 | 24.58 ---10.808 | 1.344 ---11.000 | 1.000 ---

22 | 15.03 | 24.58 ---10.808 | 1.344 ---11.000 | 1.000 ---

23 | 15.03 | 24.58 ---10.757 | 1.435 ---11.000 | 1.000 ---

24 | 15.03 | 24.58 ---10.757 | 1.435 ---11.000 | 1.000 ---

25 | 15.03 | 24.58 ---10.752 | 1.445 ---11.000 | 1.000 ---

26 | 15.03 | 24.58 ---10.752 | 1.445 ---11.000 | 1.000 ---

27 | 15.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---

28 | 15.03 | 24.58 ---10.701 | 1.535 ---11.000 | 1.000 ---

5.6.4. ultimate load and allowable load
characteristic design bearing capacity Rnk = a’b’(y2b’Nbo-vbib + y1.tNdo-vdid + ¢2.Nco-ve-ic)
design value of resistance Rnd= Rnk/vGr
the degree of utilization is p = Nd/Rnd

LS Rn.k YR,V Rn.,d Nda n LS Rn.k YR,V Rn.,d Nd

kN - kN kN - kN - kN kN
1] 3114.09 | 1.40 | 2224.35 233.51 [ 0.10 15| 2222.01 | 1.40 | 1587.15 308.51 | 0.19
2| 3114.09 | 1.40 | 2224.35 315.24 | 0.14 16 | 2222.01 | 1.40 | 1587.15 390.24 | 0.25
3| 2712.68 | 1.40 | 1937.63 308.51 | 0.16 17 | 2304.76 | 1.40 | 1646.26 233.51 | 0.14
4| 2712.68 | 1.40 | 1937.63 390.24 | 0.20 18 | 2304.76 | 1.40 | 1646.26 315.24 | 0.19
5| 2304.76 | 1.40 | 1646.26 233.51 | 0.14 19 | 2243.55 | 1.40 | 1602.53 308.51 | 0.19
6| 2304.76 | 1.40 | 1646.26 315.24 | 0.19 20 | 2243.55|1.40 | 1602.53 390.24 | 0.24
7| 2243.55|1.40 | 1602.53 308.51 | 0.19 21 | 1968.26 | 1.40 | 1405.90 233.51 | 0.17
8 | 2243.55|1.40 | 1602.53 390.24 | 0.24 22 | 1968.26 | 1.40 | 1405.90 315.24 | 0.22
9| 1968.26 | 1.40 | 1405.90 233.51 | 0.17 23| 2681.60 | 1.40 | 1915.43 308.51 | 0.16
10 | 1968.26 | 1.40 | 1405.90 315.24 | 0.22 24 | 2681.60 | 1.40 | 1915.43 390.24 | 0.20
11 | 2681.60 | 1.40 | 1915.43 308.51 | 0.16 25| 1559.45|1.40 | 1113.89 233.51 1 0.21
12 | 2681.60 | 1.40 | 1915.43 390.24 | 0.20 26 | 1559.45|1.40 | 1113.89 315.24 | 0.28
13 | 1559.45 | 1.40 | 1113.89 233.51 1 0.21 27 | 2222.01 | 1.40 | 1587.15 308.51 | 0.19
14 | 1559.45 | 1.40 | 1113.89 315.24 | 0.28 28 | 2222.01 | 1.40 | 1587.15 390.24 | 0.25

unax = 0.28 < 1.0 = design bearing capacity sufficient
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5.7. design values slippage (GEO-2)
the assumed mobilised passive earth pressure is ephg,mob = 1.00-ephg.

design values of applied loads see base failure.

5.8. verification of safety against sliding

slip resistance in case of consolidated soil Rik= Noktan(ss)

design value of slip resistance Rid = Rik/yRh

design value of mobilised passive earth pressure Ep,d = Epkmob/yRe
the degree of utilization is p = (Rtd+Ep.d)/HResd

angle of base friction (for rough base area) 6s = 32.5°

LS| No,k Rt,k YR,h | YR,e Rt.d Ep.d HRres,d n
kN kN - - kN kN kN -

1] 233.51 ---11.10 | 1.40 --- --- 0.00 ---
2| 233.51 ---11.10 | 1.40 --- --- 0.00 ---
3| 283.51 ---11.10 | 1.40 --- --- 0.00 ---
4 | 283.51 ---11.10 | 1.40 --- --- 0.00 ---
5| 233.51 148.76 | 1.10 | 1.40 | 135.24 9.64 | 13.50|0.09
6| 233.51 148.76 | 1.10 | 1.40 | 135.24 9.64 | 13.50|0.09
7| 283.51 180.62 | 1.10 | 1.40 | 164.20 9.64 | 13.50|0.08
8| 283.51 180.62 | 1.10 | 1.40 | 164.20 9.64 | 13.50|0.08
9| 233.51 148.76 | 1.10 | 1.40 | 135.24 | 19.29| 27.00|0.17
10 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 19.29| 27.00|0.17
11| 283.51 180.62 | 1.10 | 1.40 | 164.20 | 19.29 | 27.00|0.15
12 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 19.29 | 27.00|0.15
13| 233.51 148.76 | 1.10 | 1.40 | 135.24 | 21.56| 30.19 |0.19
14 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 21.56| 30.19 |0.19
15| 283.51 180.62 | 1.10 | 1.40 | 164.20 | 21.56| 30.19 |0.16
16 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 21.56| 30.19 |0.16
17 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 16.07 | 22.50 | 0.15
18 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 16.07 | 22.50 | 0.15
19 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 16.07 | 22.50|0.12
20 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 16.07 | 22.50|0.12
21 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 32.14 | 45.00 | 0.27
22 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 32.14 | 45.00 | 0.27
23 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 32.14 | 45.00 | 0.23
24 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 32.14 | 45.00 | 0.23
25 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 35.94 | 50.31|0.29
26 | 233.51 148.76 | 1.10 | 1.40 | 135.24 | 35.94 | 50.31|0.29
27 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 35.94 | 50.31|0.256
28 | 283.51 180.62 | 1.10 | 1.40 | 164.20 | 35.94 | 50.31|0.256

pmax = 0.29 < 1.0 = slip resistance sufficient

6. external stability - verification of serviceability

6.1. design values limitation of gaping joint under permanent load
the mobilisation of the passive earth pressure is neglected

6.1.1. factorization of load case combinations
LS ‘ factorization
1] Lel

6.1.2. column load

LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
kN kN kN kNm kNm

1| 153.51 | 0.00| -0.00| -0.00| 22.00

6.2. limitation of gaping joint under permanent load

int. f. and mom. in centroid of foundation base: No,k = 233.51 kN
Mo,x,k = -0.00 kNm
Mo,y,k = 22.00 kNm

0.09 m

-0.00 m

resultant eccentricity: ex
€y

ex/bx + ey/by = 0.05 < 1/6

> the resultant is located in the 1. core area
sc. no emerge of a gaping joint due to permanent 1load.
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6.3. design values limitation of gaping joint under total load

the mobilisation of the passive earth pressure is neglected

6.3.1. factorization of load case combinations
LS ‘ factorization

LS| factorization

1

2
3
4

Lel
Lel+lc2
Lel+lce3

Lel+lc2+Le3

6.3.2. column load

5| Lcl+lcd
6 | Lcl+lc2+lc4d
7 | Lel+lc3+Llc4d

8 | Lel+lc2+Lc3+Lc4d

LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
kN kN kN kNm kNm kN kN kN kNm kNm
1] 153.51 0.00 | -0.00 -0.00 22.00 5| 153.51 | 30.00| -0.00 -0.00 | -68.00
2| 203.51 0.00| -0.00 -0.00 52.00 6| 203.51 | 30.00| -0.00 -0.00 | -38.00
3| 153.51 0.00 | 15.00 45.00 22.00 7| 153.51 | 30.00| 15.00 45.00 | -68.00
4 | 203.51 0.00 | 15.00 45.00 52.00 8| 203.51 | 30.00 | 15.00 45.00 | -38.00
6.4. limitation of gaping joint under total load
LS | No.k Mo.x.k Mo.y.k ex ey (ex/bx)2 + (ey/by)?
kN/m kNm/m kNm/m m m -
1] 233.51 -0.00 22.00 | 0.09 | -0.00 0.002
2| 283.51 -0.00 52.00 | 0.18 | -0.00 0.008
3| 233.51 57.00 22.00 | 0.09| 0.24 0.017
4 | 283.51 57.00 52.00 | 0.18 | 0.20 0.019
5| 233.51 -0.00 | -92.00 | -0.39 | -0.00 0.039
6| 283.51 -0.00 | -62.00 | -0.22 | -0.00 0.012
7| 233.51 57.00 | -92.00 | -0.39 | 0.24 0.054
8 | 283.51 57.00 | -62.00 | -0.22 | 0.20 0.022
((ex/bx)2 + (ey/by)2)max = 0.054 < 1/9
> the decisive resultant is located in the 2. core area,

sc. no gaping joint beyond centroid.

6.5. verification against displacement in base area
the verification is rated as successful, if the passive earth pressure remains unconsidered in the verification of safety against sliding (s.a.).

LS| No,k Rt,k YR,h Rt.d HRres,d n
kN kN - kN kN -

1] 233.51 ---11.10 --- 0.00 ---
2| 233.51 ---11.10 --- 0.00 ---
3| 283.51 ---11.10 --- 0.00 ---
4 | 283.51 ---11.10 --- 0.00 ---
5| 233.51 148.76 | 1.10 | 135.24 | 13.50|0.10
6| 233.51 148.76 | 1.10 | 135.24 | 13.50|0.10
7| 283.51 180.62 | 1.10 | 164.20 | 13.50 | 0.08
8| 283.51 180.62 | 1.10 | 164.20 | 13.50 | 0.08
9| 233.51 148.76 | 1.10 | 135.24 | 27.00 | 0.20
10 | 233.51 148.76 | 1.10 | 135.24 | 27.00 | 0.20
11| 283.51 180.62 | 1.10 | 164.20 | 27.00|0.16
12 | 283.51 180.62 | 1.10 | 164.20 | 27.00|0.16
13 | 233.51 148.76 | 1.10 | 135.24 | 30.19|0.22
14 | 233.51 148.76 | 1.10 | 135.24 | 30.19|0.22
15| 283.51 180.62 | 1.10 | 164.20 | 30.19|0.18
16 | 283.51 180.62 | 1.10 | 164.20 | 30.19|0.18
17 | 233.51 148.76 | 1.10 | 135.24 | 22.50|0.17
18 | 233.51 148.76 | 1.10 | 135.24 | 22.50|0.17
19 | 283.51 180.62 | 1.10 | 164.20 | 22.50 | 0.14
20 | 283.51 180.62 | 1.10 | 164.20 | 22.50 | 0.14
21 | 233.51 148.76 | 1.10 | 135.24 | 45.00 | 0.33
22 | 233.51 148.76 | 1.10 | 135.24 | 45.00 | 0.33
23 | 283.51 180.62 | 1.10 | 164.20 | 45.00 | 0.27
24 | 283.51 180.62 | 1.10 | 164.20 | 45.00 | 0.27
25 | 233.51 148.76 | 1.10 | 135.24 | 50.31 | 0.37
26 | 233.51 148.76 | 1.10 | 135.24 | 50.31 | 0.37
27 | 283.51 180.62 | 1.10 | 164.20 | 50.31 | 0.31
28 | 283.51 180.62 | 1.10 | 164.20 | 50.31 | 0.31

pmax = 0.37 < 1.0 = verification against displacement in base area successful

m 4H-STAST / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002



6.6. design values settlement
the mobilisation of the passive earth pressure is neglected

6.6.1. factorization of load case combinations
LS ‘ factorization

LS| factorization

1 Lcl 5 | Lcl+lcd

2 | Lel+le2 6 | Lcl+lc2+lc4d

3 | Lel+le3 7 | Lel+lc3+Llc4d

4 | Lel+lc2+Lce3 8 | Lel+lc2+Lc3+Lc4d

6.6.2. column load

LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d LS| Nst,d Hx,st,d | Hy,st,d | Mx,st.d My,st.d
‘ kN kN kN kNm ‘ kNm ‘ kN ‘ kN kN kNm kNm
1 153.51 0.00 -0.00 -0.00 22.00 5| 153.51 | 30.00 -0.00 -0.00 -68.00
2| 203.51 0.00 -0.00 -0.00 52.00 6| 203.51 | 30.00 -0.00 -0.00 -38.00
3] 153.51 0.00 | 15.00 45.00 22.00 7| 153.51 | 30.00| 15.00 45.00 -68.00
4| 203.51 0.00 | 15.00 45.00 52.00 8| 203.51 | 30.00| 15.00 45.00 -38.00

6.7. settlements

determination of settlement by use of closed formulas acc. to [6]
allowable maximum settlement perm smax = 5.0 cm
allowable obliquity about the x-axis perm ax = 0.5 °
allowable obliquity about the y-axis perm ay = 0.5 °

6.7.1. determination from settlement causing contact pressure and limiting depth
mean settlement causing contact pressure o0’ =60 - ca, if 2.ca > 50 then 50’ = 60
the limiting depth ds results from ds = z, if oB(2) = 0.2.cu(2) below significant point.

unloading from excavation due to foundation depth oca = 15.20 kN/m?

LS | No,k Mo.x.k Mo,y.k G0 o0’ ds

kN kNm kNm kN/m2 kN/m2 m
1 233.51 -0.00 22.00 58.38 43.18 1.99
2 283.51 -0.00 52.00 70.88 55.68 2.35
3 233.51 57.00 22.00 58.38 43.18 1.99
4 283.51 57.00 52.00 70.88 55.68 2.35
5 233.51 -0.00 -92.00 58.38 43.18 1.99
6 283.51 -0.00 -62.00 70.88 55.68 2.35
7 233.51 57.00 -92.00 58.38 43.18 1.99
8 283.51 57.00 -62.00 70.88 55.68 2.35

6.7.2. determination of settlement values and settlement parts per soil stratum
coefficient f for settlement below significant point acc. to [7], vol. 2, tab. 4

coefficients fx/fy for obliquity of a rigid foundation acc. to [8], fig. 19

settlement parts from centrical load sm,i = 60" by-(fi - fi-1)/Em.i

settlement parts from Moy sxi= bx/2 - Moy/(Em,iby-bx?)-(fxi - fx,i-1)

settlement parts from Mox sy,i= by/2 - Mox/(Em,ibxby2)-(fyi - fy,i-1)

LS 1: level z f fx fy Sm Sx Sy
oo’ = 43.18 kN/m? m m - - - cm cm cm

mo,x - ég'gg tmm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.39 | 0.09 | -0.00
0.y = ce 2.79 | 1.99 |0.487 | 3.613 | 3.613 | 0.03 | 0.01 | -0.00

LS 2: level z f fx fy Sm Sx Sy
o0’ = 55.68 kN/m? m m - - - cm cm cm

mo,x - ég'gg tmm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.50 | 0.22 | -0.00
0.y = >¢- 3.15 | 2.35|0.526 | 3.667 | 3.667 | 0.08 | 0.02 | -0.00

LS 3: level z f fx fy Sm Sx Sy
oo’ = 43.18 kN/m? m m - - - cm cm cm

mo,x - g;'gg tmm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.39 | 0.09 | 0.24
0.y = ce 2.79 | 1.99 | 0.487 |3.613 |3.613 | 0.03 | 0.01 | 0.01

LS 4: level z f fx fy Sm Sx Sy
o0’ = 55.68 kN/m? m m - - - cm cm cm

mo,x - g;'gg tmm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.50 | 0.22 | 0.24
0.y = °¢ 3.15 | 2.35|0.526 | 3.667 | 3.667 | 0.08 | 0.02 | 0.02

LS 5: level z f fx fy Sm Sx Sy
oo’ = 43.18 kN/m? m m - - - cm cm cm

mo,x - :géogokﬁwm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.39 | -0.39 | -0.00
0.y = 79 2.79 | 1.99 |0.487 | 3.613 | 3.613 | 0.03 | -0.02 | -0.00

m 4H-STAST / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002



LS 6: level z f fx fy Sm Sx Sy
o0’ = 55.68 kN/m? m m - - - cm cm cm

mo'xf:géogokmm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.50 | -0.27 | -0.00
0.y = 70e 3.15 | 2.35|0.526 | 3.667 | 3.667 | 0.08 | -0.02 | -0.00

LS 7: level z f fx fy Sm Sx Sy
oo’ = 43.18 kN/m? m m - - - cm cm cm

mo'xf?géogokmm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.39 | -0.39 | 0.24
0.y = 79 2.79 | 1.99 | 0.487 |3.613 | 3.613 | 0.03 | -0.02 | 0.01

LS 8: level z f fx fy Sm Sx Sy
o0’ = 55.68 kN/m? m m - - - cm cm cm

mo'xf?ééogokmm 2.50 | 1.70 | 0.450 | 3.422 | 3.422 | 0.50 | -0.27 | 0.24
0.y = 70e 3.15 | 2.35|0.526 | 3.667 | 3.667 | 0.08 | -0.02 | 0.02

6.7.3. resultant settlements and obliquity per LK
S1=X(Sm,i+ Sxi-Syi) S2=2(Sm,i- Sxi-Syi) S3=2Z(Sm,i-Sxi+ Syi) S4=ZI(Sm,i+Sxi+Syi) S5=Ismi
tan ox = 2.Zsyilby tan ay = 2.Tsx,i’bx

FT#* 3 LS s1 s2 s3 s4 s5 | smax ox ay
y cm cm cm cm cm cm ° °
® 1 0.5 0.3 0.3 0.5 0.4 0.5 -0.0 0.1
2 0.8 0.3 0.3 0.8 0.6 0.8 -0.0 0.1
4 @) 3 0.3 0.1 0.6 0.8 0.4 0.8 0.1 0.1
4 0.6 0.1 0.6 1.1 0.6 1.1 0.1 0.1
5 0.0 0.8 0.8 0.0 0.4 0.8 -0.0| -0.2
6 0.3 0.9 0.9 0.3 0.6 0.9 -0.0| -0.2
7] -0.3 0.6 1.1 0.3 0.4 1.1 0.1 -0.2
8 0.0 0.6 1.1 0.6 0.6 1.1 0.1, -0.2
max smax = 1.1 < 5.0 cm max |ax| = 0.1° < 0.5° max |ay| = 0.2° < 0.5°

> allowable settlement and obliquity kept

Mdst - destabilising moment  Mstb - stabilising moment  No - normal force in foundation joint

Mo - moment load in centroid of foundation joint  a’/b’ - substituting widths due to eccentric load with a’~b’

Ha/Hb - horizontal loads in direction of the corresponding widths t - anchoring depth 0 - mean normal soil stress
oB - soil stress from structural load  u - overburden stress from soil own weight

ds - limiting depth resp. thickness of compressible stratum below base of foundation  z - depth from foundation foot

7. torison spring of the foundation-ground system

determination of the torsional spring constant with the aid of the subgrade modulus

CyX = ks - Ix

cvY=ks ly

estimation of the subgrade acc. to [9]

ks = Es / (f- (bxbx)05)

with form factor f depending on aspect ratio: 1:1 -> f=0.45, 1:2 ->f 0.42, 1:4 -> f=0.35
assumption for correction factor x =1

constrained modulus Es = 1-10000.00 = 10000.00 kN/m?
shape factor f = 0.45

foundation modulus ks = 11111.11 kN/m3

moment of inertia Ix / Iy = 1.33 / 1.33 kN/m3

torsional spring about the x-axis cv,x = 14814.81 kNm
torsional spring about the y-axis cv,y = 14814.81 kNm

8. Summary of foundation design
all executed verifications and design calculations successful.
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longit. reinf. x-direction (top)
Tongit. reinf. x-direct. (bottom)
longit. reinf. y-direction (top)
Tongit. reinf. y-direct. (bottom)

overturning
base failure
slip

gaping joint under permant load
gaping joint under total Toad
displacement in the base area

settlement
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