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Pad footing design
Code: Eurocode
1. Soil parameters
Angle of] Compression
Top level | Thickness | Density shear Cohesion = modulus of
Name Description z; h ; Py resistance c the soil layer
[m] [m] lkg/m*] ® [KPa] E,
[°] [KPa]
EST Solid, dry, fine sand 0 0,3 1900 34,00 - 50000
BST | Solid, dry, sandy gravel -0,3 1,3 2100 38,00 - 1*10M{5}
CST Solid, dry sand -1,6 20 2000 35,00 - 70000
2. Footing
2.1. Footing design parameters
Geometry: Materials
Concrete: C16/20
f., = 16 MPa

0,750

1,500
7‘~
+

0,750

0,750 0,750
1,500

Density: p . = 2200 kg/m®
Reinforced concrete:
Density: p,. = 2500 kg/m’
Rebar steel
Longitudinal rebars: BSOOA
f} = 500 MPa

Punching reinforcement:B500A
f} i = 500 MPa
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JQ
- -0,300 -
A
l§ -0,900
° L 0750 |, 0750 _ L 0750 |, 0750 _
- 1,500 . -5,500 - 1,500

Embedment depth: D = 0,9 m
Characteristic value of weight density of materials:

Concrete: ., =p. g 10 > =2200-9,810-10 > =21,582 kN/m’
Reinforced concrete: 7., =pp- g 10 > =2500-9,810-10 > =24,525 kN/m’

2.2. Footing

Width of pad footing: B = 1,5m
Length of pad footing: L = 1,5m
Plate thickness # = 0,5 m

Inclination of the base: a = 0°
Volume of the footing: Vf = 1,125 m?

Characteristic value of the weight of the footing: Gfk: =1,125-24,525=27,591 kN ()

Vf' VRCk
2.3. Blind concrete
Thickness of the blind concrete: 2 b= 0,1 m

Characteristic value of the weight of blind concrete: Gb 0= B-L-h 1,5-1,5-0,1-21,582=4,8559 kN (] )

pVck ™

2.4. Backfill
Material: Laza, szaraz, finom homok (ESL)
Mass density of the backfill: p b 1500 kg/m?

Weight density of the backfill: 7, =p, g-10 ~3=1500-9,810-10 > =14,715 kN/m?
Volume of the backfill: be = 0,603 m?

Characteristic value of the weight of backfill: G, o V

o o = 0,603 14,715 =8,8731 KN ()

3. Bearing resistance calculation
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Design Approach 1 Combination 1: {Al "+" M1 "+" R1}

Design Approach 1 Combination 2: {A2 "+" M2 "+" R1} (Critical)
Design Approach 2: {Al "+" M1 "+" R2}

Design Approach 3: {A2 "+" M2 "+" R3} EN-1997-1 Annex A

Partial factors

Permanent, unfavourable actions | 7 1
Permanent, favourable actions VG fav 1
A2 Variable, unfavourable actions Y ounfav | 1,3
Variable, favourable actions 0 jav 0
Angle of effective shear resistance Yy, 1,25
Effective cohesion V.| 1,25
M2 | Undrained shear strength Voo | LA
Unconfined strength Yoo LA
Weight density 7, 1
Bearing resistance YRy 1
R1 | Sliding resistance YR 1
Earth forces VRe 1

3.1. Design value of parameters of the soil below the foundation
Soil layer density: p = 2100 kg/m’
Weight density:
W:p{g731073:21m}%8K%11073:20501kNmf
Angle of shear resistance ¢', = 38,00 °
Angle of effective shear resistance:
tang’y tan 38,00°

'= Arct =Arctg———=32,01°
2 g ), g 1.25

Cohesion: c'k = 0 KPa

c’ 0
Effective cohesion: ¢'= ML 0 KPa
y. 1,25

Critical state angle of shearing resistance: ¢ = 32,00 °

Characteristic effective overburden pressure at the level of the foundation base:

9= h;
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4= (p,,h tp,h ;) 1072 =9.810- (1900-0,5  +2100-0,6)-10 *=17,952 KPa

3.2. Design value of loads at the top of the footing - Nodal support internal forces

Load case: [ST1+ST2+ST5+ST6] {1,3*ST3} (A2(a,b))
Nodal support 1
F_=40kN
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F,=10kN
F,= —980kN
M, = =20 kNm
M, = 160 KNm

V=—F_=—(-980) =980 kN

3.3. Design value of loads at the base of footing
H,=F =40kN
de:Fy: 10 kN
V,=V+ (Gﬁk+ Gt Gbﬁk) Y Gaunfa = 980+ (27,591 +4,8559+8,8731) - 1=1021,3 kN
Eccentricity of the vertical load ( V) relative to the center of the footing

_ V-e0x+My+Fx- (hb+h) + (Gj;k'eﬁij;k'ebﬁc) Y Gunfav _

e

x Vd
_ 980-0+160+40- (0,1 +0,5) + (27,591-0+8,8731:0) - 1 —0.18 m
1021,3 ’
o = V'eoy_Mx—i_Fy. (hb+h) + (Gf,k.eﬁ)—i_be,k.ebfy) -yG,unfav _
y V

d
_980-0— (—20) +10-(0,1+0,5) + (27,591-0+8,8731-0) -1
1021,3

Effective width of the footing:
B'=b_—le |-2=15-10,18[-2=1,14m

=0,025m

Effective length of the footing:
L’:by— \ey\ -2=1,5-10,025|-2=1,45m

Effective area of the footing:
A'=B"L'=1,14-1,45=1,653 m*

%
. 10213

-4 ~617.86 KP
Tea™ 41~ 1653 a
H, = 40 kN
H. = 10kN

L
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The design value of the effective overburden pressure at the level of the base:

q'=y,q',=1-17.952=17,952 KPa
3.4. Drained conditions

Dimensionless factors for the calculation EN-1997-1 Annex D D.4
Bearing capacity factors:

o

Nq:en-tg(p', tg2 [45 o 4 %j :e3,1416-tg32,010,tg2 [45 o 4 %} =23,195

N, =2-(N,~ 1) tgp'=2"(23,195— 1) 1g32,01°=27,745
V- WN,~D @23,195-1)

, =35,51
¢ tgop' tg32,01°
Shape factors of the footing base:
B’ 1,14
sy:1—0,3-E:l—0,3- =0,76414

1,45

B 1,14
s =1+—-sinp'=1+——"-sin32,01°=1,4167
1 L' 1,45

s

SN, T 14167-23,195-1

s =1,4355

¢ Nq -1 23,195-1
Factors for the inclination of the base:

oa=0°

b =1
y

b =b =1
g

b =1

Factors for the inclination of the load:

AxisVM X6 R1b - Registered to Inter-CAD Kift.

2021. 03. 28.

Page 5



AxisVM X6 R1b - Registered to Inter-CAD Kift.

PadFooting
Tervezé: Inter-CAD Kift.
Model: AxisVMX6SamplePadFooting.axs 2021. 03. 28. Page 6
2+ % 2+ —1 E
my= = — =1,5598
B’ 1,14
I+— 1+—
L 1,45
2+ %’ 2+ %
m, = = — =1,4402
L' 1,45
I+— 1+—
B’ 1,14
H,)’ H,)* 40 )’ 10 )’
m=my|—| +m,|—| =15598- +1,4402- = 1,5528
H H 41,231 41,231

(m+1) (1,5528+1)
i = 1—# =|1- 41,231 =0,90015
Y V,+A"c" cotgo’ 1021,3+1,653-0- cotg32,01°

| H m 1 41,231
PR P - SR .
g V,+A4"c" cotgg' 1021,3 +1,653-0- cotg32,01

1,5528
} =0,93802

1-i 1-0,93802
i=i — 1 =0,93802— —————————=0,93522
¢ 1 N_tgo' 35,51-tg32,01°

F Cohesion | Self weight = Overburden

actors

c Y q

Bearing capacity factors N| 35,51 27,745 23,195
Shape factors of the footing base s 1,4355 0,76414 1,4167
Factors for the inclination of the base | b 1 1 1
Factors for the inclination of the load | i | 0,93522 0,90015 0,93802

Bearing resistance:
¢"N:-s b -i+qg"N s b i +059"B"“N_ b -s i
_ c"c e e 9°9 "9 g v Ty

R vy 7 A=
“v yR,v
_0-35,51-1,4355-1-0,93522 +17,952-23,195-1,4167-1-0,93802 + 0,5-20,601-1,14-27,745-1-0,76414-0,90015 1653 =
1 b
=1285,1 kN
Bearing utilization:
Vi 10213
Ag, =5 =2222=0,795 < A, = 1,000 passed
YR, 12851 v

3.5. The effect of layered subsoil
Slope of the load spread under the footing: 1:1( cotp = 1)

Soil layers below the base of the footing
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Soil layers Footing
z, h, 1z B' | L' % q'. 9gs; | RIA; v

Name 1 1 3 l l 2 l N 1 Rov.i

[m]  [m] [kN/m*] [m] [m] [m*] [KPa] [KPa] [KPa] X

2. | BST -09 0,7 20601 | 1,14 145 1,653|17,952 617,86| 777,44 0,79474 «

3. | CST | —-1,6 20 19,62 | 2,54 2,85|7,239 17,952 141,09 | 717,62 @ 0,1966 @+

where:

1
B'.=B"2:——(|z,|-D)

cotf
L’[:L’+2-$tﬁ-(|zi| -D)
A" =B L',
B'=1,14m
L'=145m
D =09m

_Q_;’_ r __
9= 7 q'.—q)
i

¢'"N_ b s i +q N b s i +05y BN b s i
4 °q9°q °q P70y Ty Oy

v

RIA =

Bearing utilization:

A

R,v.max

= 0,1966 <A =

Rv,lim

4. Eccentricity check

yR,v

1,000 passed

Eccentricity limit factor: y, . = 0,33
F. M, % e,
F z M d e Y ece v Load case

7 [kN] 4 [&N] ' X
[kN] [kNm] [m]
3,5 ~2925 0,131 . . . .
3 CU700 30T 12113 o 0.089745 v [1,35%ST1+1,35%ST2+0,9*ST5+0,9*ST6]
45 ~19,5 0,23 . .

10 845 177 886,32 0.029 0,15455 | v [ST1+ST2+1,1*ST5+1,1*ST6]
31,5 | —29,25 0,12 [1,35*%ST1+1,35*ST2+0,9*ST5
135 1275 4395 13163 g 0.082149 1 v 10,9%ST6] {0,7*1,5*ST3}
415 ~2825 0,165 . . . .
13.5 1160 173.5 1201,3 0,03 0,1118 |« [1,35*ST1+1,35*ST2+1,1*ST5+1,1*ST6]
35 ~20,5 0,183 . .

10 855 143 896,32 0,03 0,12363 | v [ST1+ST2+0,9*ST5+0,9*ST6]
45 ~19,5 0,251 s - .
10 770 177 811,32 0.031 0,1686 |« [ST1+ST2+1,1*1*ST5+1,1*1*ST6] {1,5*ST4}
40 -20 0,206

10 850 160 891,32 0.029 0,13869 | v [ST1+ST2+ST5+ST6]
0 ~20 0,18 .

10 980 160 1021,3 0.025 0,12115 | ¢« [ST1+ST2+ST5+ST6] {1,3*ST3}
40 _ -20 0,223 "

10 785 160 826,32 0.031 0,1501 |« [ST1+ST2+ST5+ST6] {1,3*ST4}
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AxisVM X6 R1b - Registered to Inter-CAD Kift.

PadFooting
Tervezé: Inter-CAD Kift.
Model: AxisVMX6SamplePadFooting.axs 2021. 03. 28. Page 8
where:
V= ~F. 7 (Gt Gyt G o) 7 Gumn
ex ey .. . .. . .
Yece = b + b Eccentricity values take into account additional moment at the base of footing from horizontal
x y

loads

Y Gunf - Partial factor for footing self weight

yeccmax - 0’1686 < yecclim - 0’33 passed!

5. Stability check
VGdst ~ L1
Yo = 09
Design value of the weight of the footing: Gﬁd: Gj;k- VGt~ 27,591:0,9=24,832 kN (|)
ba= Gpi? s =48559:0,9=4,3704 kN ()
Design value of the weight of backfill: ij;d = ij;k' Y Gty = 8,8731:0,9=7,9858 kN (])
Ratio of distance between the axis of overturning and the footing edge to the footing size: y_ = 0,1

Design value of the weight of blind concrete: G

Distance between the axis of overturning and the center of the footing

bo(1-7,) 15 (1-0.1)
ooy 5 =0,675m

b -(1=y,) 15 (1-0,1)
__J 0 _ > _
€rouy = 5 = 5 =0,675m
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X2
X,

5.1. Checking rotation about the x, axis

Load case: [0,9*ST1+0,9*ST2+1,1*ST5+1,1*ST6] {1,5*ST4} (EQU)
Design value of loads at the top of the footing - Nodal support internal forces

F_ = 46kN
F,=9kN
F. = —680kN
M, = —17kNm
M, = 178 kNm

v
V=-F =—(-680)=680kN (|)
Stabilizing moment
M, =M+ (=) “Crouy T (- Gf,d) “Crouy T (- Gb,d) “Crovy T (- be,d) “Crouy
=(—17) + (—680)-0,675+ (—24,832)-0,675+ (—4,3704) -0,675+ (—7,9858) -0,675= —501,1 kKNm
Destabilizing moment
M :Fy-h:9-0,5:4,5 kNm

x1,dst
Stability usage factor

A =0,0089802 < A = 1,000 passed!

Mxl,dst _ 4,5
- EQU,lim

EQUA1 | g (—501,1)

x1,5tb

5.2. Checking rotation about the x, axis

Load case: [0,9*ST1+0,9*ST2+1,1*ST5+1,1*ST6] {1,5*ST4} (EQU)
Design value of loads at the top of the footing - Nodal support internal forces

Page 9
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= 46 kN
= 9kN

= — 680 kN

~17 kNm

178 kNm
V=—F.=—(-680) =680 kN (])

& x.mmm

Stabilizing moment
Moy =Fy h+ (2 1) (Zegpy) T (=G (Tepgy) T (2G,) —epop, T (G0 (Zepgy) =

=9-0,5+ (—680) - (—0,675) + (—24,832) - (—0,675) + (—4,3704) - — 0,675+ (—7,9858) - (—0,675) = 488,6 KNm

Destabilizing moment
M M =(—17)=—17 kNm

x2,dst = X

Stability usage factor

(=17
488,6

_ MxZ,dst _

Fev Mx2 ,sth

A

=0,034793 < A = 1,000 passed!

EQU.lim

5.3. Checking rotation about the y, axis

Load case: [1,1*ST1+1,1*ST2+0,9*ST5+0,9*ST6] (EQU)
Design value of loads at the top of the footing - Nodal support internal forces

F_=34kN
F, = 11kN

F,= —945kN
M, = —23KkNm
M, = 142 kNm

V=—F_ =~ (-945)=945kN (])

Stabilizing moment

Myl,stb :My tE ch V'eEQUx + Gf,d' €rov T Gy €roux + be,d' €roux —

=142+34-0,5+945-0,675+24,832-0,675 +4,3704-0,675 + 7,9858-0,675 = 821,98 kNm
Destabilizing moment

Myl,dst = 0 kNm

Stability usage factor

A _ Myl,dst _ 0 =0 < A = 1,000 assed!
roet M, 821,98 o resdm ’ ’ .

5.4. Checking rotation about the y, axis

Load case: [0,9*ST1+0,9*ST2+1,1*ST5+1,1*ST6] {1,5*ST4} (EQU)
Design value of loads at the top of the footing - Nodal support internal forces
F_=46kN
F =9kN
y

Page 10
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F_= —680kN

M, = —17kNm

My = 178 kNm

V=—-F =—(-680)=680kN ()

Stabilizing moment

My, =V (Zepou) TGy (Terou) Gy ~Cpoue ™ Grra (—€pouy)
=680 (—0,675) +24,832- (—0,675) +4,3704- — 0,675+ 7,9858- (—0,675) = —484,1 kNm
Destabilizing moment

M =M +F -h=178+46-0,5=201 kNm
y2,dst y X

Stability usage factor

M
| Madst| 201 _ B
Apouyn = M, - ‘ (—484.1) =0,4152 < Apyppp, = 1,000 passed!
y2,s5th
Stability usage factor
Apoumae = 0415 < Apyy, = 1,000 passed!

6. Sliding calculation

6.1. Sliding of the footing at the soil
Design Approach 1 Combination 1: {Al "+" M1 "+" R1}
Design Approach 1 Combination 2: {A2 "+" M2 "+" R1} (Critical)
Design Approach 2: {Al "+" M1 "+" R2}
Design Approach 3: {A2 "+" M2 "+" R3} EN-1997-1 Annex A

Partial factors

Permanent, unfavourable actions | 7 1
Permanent, favourable actions VG fav 1
A2 Variable, unfavourable actions Y ounfay | 1,3
Variable, favourable actions 0 jav 0
Angle of effective shear resistance Y, 1,25
Effective cohesion V.| 1,25
M2 | Undrained shear strength Voo | LA
Unconfined strength Yoo LA
Weight density 7, 1
Bearing resistance YRy 1
R1 | Sliding resistance YR 1
Earth forces VRe 1

6.1.1. Design value of parameters of the soil below the foundation
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Soil layer density: p = 2100 kg/m’
Weight density:
y'=p, g7, 10 73=2100-9,810-1-10 "3 =20,601 kN/m?
Angle of shear resistance ¢', = 38,00 °
Angle of effective shear resistance:

tang’ tan 38,00°
p'= Arctg k:ArctgL:L"Z,Ol °
y 1,25

) b}

Cohesion: c'k = 0 KPa

c’ 0
Effective cohesion: ¢'= RLIE S 0 KPa
y. 1,25

Critical state angle of shearing resistance: ¢ = 32,00 °

6.1.2. Design value of loads at the top of the footing - Nodal support internal forces

Load case: [ST1+ST2+ST5+ST6] {1,3*ST4} (A2(a,b))
Nodal support 1

F_=40kN
F,=10kN

F,= —785kN
M, = —20 kNm
M, = 160 kNm

V=—F_=—(—785) =785kN

6.1.3. Design value of loads at the base of footing
H,=F =40kN
H,=F =10kN
Ty
V,=V+ (Gﬁk+ Gt be,k) Y Gaunfa = 785+ (27,591 +4,8559 +8,8731) -1 =826,32 kN
Eccentricity of the vertical load ( V) relative to the center of the footing
_ V-e0x+My+Fx- (h,+h)+ (Gj;k'ejﬁij;k'ebﬁc) Y Gunfav _

X Vd

e

_ 785-0+ 160 +40- (0,1 +0,5) + (27,591-0+8,8731-0) - 1
826,32

_ V'eOy—Mx-i-Fy~ (h,+h)+ (Gﬁk-efy-Ierﬁk-ebfy) Y Gunfav _

y %

=0,223 m

e
d

_ 785-0— (—20) +10-(0,1+0,5) + (27,591-0+8,8731-0) -1
826,32

Effective width of the footing:
B'=b_—le |-2=15-0,223|-2=1,054 m

=0,031 m

Effective length of the footing:
L’:by— \ey\ -2=1,5-10,031]-2=1,438 m

Effective area of the footing:
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A'=B"-L'=1,054-1,438=1,5157T m?

6.1.4. Drained sliding resistance
6,=9p, = 32,00°

Design value of the angle of shearing resistance for the structure-ground interface :

tg32,00°
Arct [g 2

tgo
g|l———|=25,60°

k
6,= Arctg |—
9

1,25
Sliding resistance: ~ EN-1997-1 6.5.3 (8)P (6.3a)
Ryu=Vy tgd, = 826,32 1g25,60°=395,91 kN

H

R d,Hs

41,231,
395,91

d

<A

A

Sliding ultilization: A, , =0,104 . — 1,000 passed!

R.hs.li

6.2. Sliding of the footing on the blind concrete
Design Approach 1 Combination 1: {A1 "+" M1 "+" R1}
Design Approach 1 Combination 2: {A2 "+" M2 "+" R1}
Design Approach 2: {Al "+" M1 "+" R2}
Design Approach 3: {Al "+" M2 "+" R3}

(Critical)

EN-1997-1 Annex A

Partial factors

Permanent, unfavourable actions | 7y | 1,35
Permanent, favourable actions VG fav 1
Al Variable, unfavourable actions Y ounfavy | 155
Variable, favourable actions 70 jav 0
Angle of effective shear resistance Yy 1
Effective cohesion V. 1
M1 | Undrained shear strength Y cu 1
Unconfined strength Y qu 1
Weight density 7, 1
Bearing resistance YRy 1
R1 | Sliding resistance YR 1
Earth forces VRe 1

AxisVM X6 R1b - Registered to Inter-CAD Kift.
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6.2.1. Design value of loads at the top of the footing - Nodal support internal forces

Load case: [ST1+ST2+1,1*1*ST5+1,1*1*ST6] {1,5%*ST4} (Al(b))
Nodal support 1

F_ =45kN
F, = 10kN
F_= —770kN
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M

X

~19,5 kNm
M, = 177 kNm
V=—F_=—(-770) =770 kN

6.2.2. Design value of loads at the top of the blind concrete
H,=F =45kN
H,=F,=10kN
Vi=VH (Gt Gu) 7y =770+ (27,591 +8,8731) - 1=806,46 kN

Eccentricity of the vertical load ( V) relative to the center of the footing

Veq M TE Tt (Gppe T Gy Cu) Vg 770-0+177 +45-0,5+ (27,5910 +8,8731-0) -1

e =0,247 m

x v, 806,46
. Veeg =M A F ht (GpreptGypreys) Vo _ 770-0— (=19,5) +10-0,5+ (27,591-0+8,8731-0) -1 C003m
v v, 806,46 ’

Effective width of the footing:
B'=b_—le |-2=15-0,247|-2=1,006 m
Effective length of the footing:
L’:by— \ey\ -2=1,5-10,03]-2=1,44m
Effective area of the footing:
A'=B"-L'=1,006-1,44=1,4486 m?
Coefficient of friction between the footing and the blind concrete: u = 0,7

Partial factor for friction between elements: Ve = 1

Sliding resistance:
M 0,7
Rd,Hb* V, y_ =806,46" 1 564,52 kN
u
e e H, 41,231,
Sliding ultilization: AR,h,b = xR, = 564,50 =0,082 < AR,h,b,lim = 1,000 passed!

7. Structural investigation of the footing

7.1. Reinforcement design
d=h-u, =05-0,04=046m
d=h-u, =05-0,06=044m
y By

Longitudinal rebars

X Y
Top & 20 mm (A®:3,14cm2) 20 mm (A®:3,14cm2)
Bottom | 20 mm (A4 o = 3,14 cm?) @20 mm (A4 o = 3,14 cm?)

7.2. Design of reinforcement for bending moment
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Factor, defining the effective height of the compression zone:

A =08 EN-1992-1-13.1.7 (3.19)
Factor, defining the effective strength:
n=1 EN-1992-1-13.1.7 (3.21)
c D
A A
C D

Moments in investigated cross-sections:
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oraton [ Lo
L AA 87,457 | [1,35%ST1+1,35*ST2+0,9*ST5+0,9%ST6]
2 B-B 108,41 | [1,35%ST1+1,35*ST2+0,9%ST5+0,9*ST6]
3. c-C 16,107 | [1,35*ST1+1,35%ST2+0,9*ST5+0,9*ST6]
4 D-D 72,572 [1,35%ST1+1,35%ST2+0,9*ST5+0,9%ST6]

{0,7%1,5*ST3}
{0,7%1,5*ST3}
{0,7%1,5*ST3}
{0,7%1,5*ST3}

Je 16
fyp=16MPa  p =1500 f =q -~£=1.——=10,667 MPa
e Teey 1150
T 500
Sy =S00MPa  y = LISO 7 - ). Lo~ 43478 MPa
Eau 3,500

o= 1f - 4;4783 08704939

g (=3,500) —

al  p 2-10%

s

7.2.1. Design of longitudinal reinforcement for My bending moment

Page 15
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7.2.1.1. Investigation at the edge of the supported element - cross-section C-C and D-D
Tension reinforcement in x direction

md:Max(mdcfc ; mdD*D) =Max (16,107 ; 72,572) =72,572 kNm/m

m, = 72,572 kNm/m

d=h—uy =0,5-0,04=0,46 m

d,=u, =004m

x,,=d¢,=0,46-0,49349=0,227 m

[, 2m 2:72,572
x,=d—y|d* - fd—0,46—\/0,462—110’667—0,015036m§ X, =0227m
T ca '

Tension reinforcement area:

L b e 0.015036-1-1-10667
she fra 434783

=0,00036889 m*/m = 369 mm*m

Minimum reinforcement

ctm 1,9049
P in = 0,26 . 20,0013:0,26-W20,0013:0,0013 EN-1992-1-19.2.1.1 (1)
Yk

Minimum longitudinal tension reinforcement:
ag . .. =p; . d=0,0013-0,46=0,000598 m*/m = 598 mm*/m
a,=Max(a,  ;a_,.)=Max(369 ; 598) =598 mm?’/m = 0,000598 m*/m
2
_ G207

= m="""3,1416=3,14 cm® = 0,00031416 m?
o 4 4

A

S maxsiaps =~ Min (2-h=2-05=1; 0,25) = 0,25 m EN-1992-1-19.3.1.1 (3)
45 0,00031416

s=Min(—2="""""2052535 ;5 . =025 =025m = 250 mm
a,  0,000598 ma.slabs

Longitudinal rebars:

45 0,00031416
-2- o5~ 00012566 m*/m = 1257 mm/m (220 mm/250 mm)
N )

a =
s, prov

7.2.2. Design of longitudinal reinforcement for M, bending moment

7.2.2.1. Investigation at the edge of the supported element - cross-section A-A and B-B
Tension reinforcement in y direction

m,=Max(m,, ,;m, ,)=Max(87,457 ; 108,41) =108,41 kNm/m
m, = 108,41 KNm/m

d=h-uy=05-006=044m
dy=u, = 0,06m
X =d-&,=0,44-0,49349 =0,21713 m

2-m 2-108,41
xC:d—‘/dz - f" —0,44—\/0,442 S oeey ~0023739ms  x, = 021713 m
nJcq ’

Tension reinforcement area:
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_Xebynify0,023739-141-10667

ag =582 mm*m
she fyd 434783
Minimum reinforcement
Sem 1,9049
pl,mm:O,26- 20,0013:0,26'W20,0013:0,0013 EN-1992-1-19.2.1.1 (1)

J yk
Minimum longitudinal tension reinforcement:
+d=0,0013-0,44 =572 mm*m
) =Max (582 ; 572) =0,0005824 m*m

a .= .
s,min pl,mm

asl =Max (axl,c ; as,min

@, 2 202
A =2 =20 3 1416=3,14 cm = 0,00031416
e 4 4
S mavsiaps = Min (2-h=2-05=1; 0,25) = 0,25m EN-1992-1-19.3.1.1 (3)
A5 0,00031416
s =Min(—2=——"—""=0,53943 ; =0,25) = 0,25m = 250 mm

a 0,0005824 max,slabs

sl
Longitudinal rebars:

_ 45 0,00031416

a = =1257 mm*m (< 20 mm/250 mm)
S,prov s 0’25

1,500
+

0,750

7.3. Punching - Punching reinforcement
Plate thickness
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h=05m
Effective thickness:
_d.td, 0461044
2 2

d

=0,45m

2021. 03. 28.

Radial spacing of first perimeter of shear reinforcement from the convex perimeter of the column a, = 0,2 m

Radial spacing of perimeters of shear reinforcement s, = 0,3 m
Bonded tension steel ratios in x and y direction:

Asac _0,0012566
d 0,46

X

= =0,0027318

Asw _0,0012566
d, 0,44

Py~ =0,002856

pr=yP P, £0.02=1/0,0027318-0,002856 < 0,02 =0,0027932

k=1+ @§2:1+ @5221,6667
d 450

where d is measured in mm

/.
p=0.6-1- 2%~ 0.6 11— 25| 05616
250 250

3 3
V= 0,035k \[f, = 0,035-1,6667% -1/16=0,30123

where [ is measuredin N/ mm?
a, =1 EN-1992-1-12.4.8 (2)

Design situation:Persistent and transient

Y. = 1,5
7, = L15
fck 16
fcd:aw-—:l-ﬁzloﬁm MPa = 10667 KPa
Ve ,

The design value of the maximum punching shear resistance along the column perimeter:
Vedmae = 04 vf,,=0,4:0,5616-10667 = 2396,2 KPa

7?7
_ CRk,c - 'CRk,c

c, = = =0,12
Rd,c yc 1’5

The design value of punching shear resistance of the slab without punching shear reinforcement:

1 1
Vpge= Crao ke (1000p,£,) 3 =0,12-1,6667- (100-0,0027932-16) * =329,44 KPa

where [ is measuredin N/ mm?>
Critical load combination
7.3.1. Design value of loads at the top of the footing - Nodal support internal forces

Load case: [1,35*%ST1+1,35*ST2+0,9*ST5+0,9*ST6] {0,7*1,5*ST3} (Al(a))
Nodal support 1

Page 18
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F_.=315kN
Fy = 13,5kN
F_= —1275kN
M, = —29,25kNm
My = 139,5 kNm

V=—F_=—(—1275) =1275 kN

7.3.2. Design value of loads at the base of footing
H,=F =315kN
H,=F,=13,5kN
Vi=VH (Gt Gyt Gy v g = 1275+ (27,591 +4,8559 +8,8731) - 1=1316,3 kN

Eccentricity of the vertical load ( V) relative to the center of the footing

.- V-e0x+My+Fx- (h,+h)+ (Gj;k'ejﬁij;k'ebﬁc) VG fav _
X Vd
_ 1275-0+139,5+31,5- (0,1 +0,5) + (27,591-0+8,8731-0) - 1 —0.2m
1316,3 ’
. V'eOy—Mx-i-Fy~ (hb-i-h) + (Gﬁk-efy-Ierﬁk-ebfy) VG fav _
y VvV

d
_ 1275-0— (—29,25) +13,5- (0,1 +0.5) + (27,591-0+8,8731-0) - 1

=0,028 m
1316,3

Effective width of the footing:
B'=b —le |-2=15-10,12]-2=1,26 m

Effective length of the footing:
L’:by— \ey\ -2=1,5-10,028|-2=1,444 m

Effective area of the footing:
A'=B"L'=1,26-1,444=1,8194 m?

%
. 13163

= 42000 59348 KP
Tea™ 41~ 18194 a
H, = 31,5kN
H = 135kN

L
Vy=—F.=— (1275 =1275kN ()

Checking the maximum punching shear resistance along the column perimeter
Length of the perimeter of the load area

u, = 2m
M 2 M 2_| 2 2_‘
7 u ~29.25) -2 139,52
By e B0 e E Tol |yl s (S 2929020 g o6 1399:2 1 0
YW, Y VW, 1275-0,32 1275-0,42
BV 1,3462-12
y o2 lE 13462:1275 o0 wp,

B0y ed  2:0,45

Page 19
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VEdo _1907,1
2396,2

=0,79588 < lpassed

VRd,max
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7.3.3. Verifying punching resistance of column bases at control perimeters within the 2d periphery of the

column

a A o 4, AV, Y bdred u; 2:d VEd VRd VEda v

[m] = [m?] [m?]  [kN] [kN] [m] a [KPa] [KPa]l = v, X

1. 10,045 0,33635| 0,33635 | 238,49 | 1036,5 () | 2,2827 20 1383,6 1 6588,7 | 0,20999 v
2.1 0,09 | 0,44541 | 0,44541 315,82 959,18 (|) | 2,5653 10 1126,7 1 3294,4 | 0,34202
3. 10,135 0,56718 | 0,56718 | 402,16 | 872,84 (|) 2,848 | 6,6667 920,91  2196,2 | 0,41931 «
4. 1 0,18 1 0,70166 | 0,70166 | 497,51 | 777,49 (]) 3,1306 5 750,39 | 1647,2 1 0,45556 «
5. 10,225 0,84884 | 0,84124 | 596,48 | 678,52 (|) | 3,4133 4 608,83 | 1317,7 | 0,46202  «
6. 1 0,27 ' 1,0087 | 0,97089 | 688,41 | 586,59 (|) 3,6959  3,3333 4953 | 1098,1 | 0,45105 «
7. 10315 1,1813 | 1,1053 | 783,71 | 491,29 (|) 3,9786  2,8571 397,59 941,25 | 0,42241 «
8.1 0,36 1,68 1,4112 | 1000,6 1 274,38 () | 5,24 2,5 296,52 | 823,59 0,36003 v
9. 10,405 1,815 1,5246 | 1081 | 19398 () | 5,42 | 2,2222 259,53 | 732,08 0,35452
10. | 0,45 1,95 1,638 | 1161,4 113,57 () 5,6 2 22495 | 658,87 | 0,34142 | v

where:

a : The distance between the column periphery and the control perimeter

4., Area within the control perimeter considered

co

A, : the area of the control perimeter falling inside the effective base area

Asr =4'N Acont
AVigy=A, (qE,d_ Yre h76)
VEd,red =V AV
V M ’ M d
V= Edyred 1+ kx' Edx n ky' Edy
ud VEd,red ’ Wx VEd,red ’ Wy
3 24d 2-d
VRd = CRd,c.k. (100p1 .fck) P z Vmin - - VRd VRd,c T

P
The maximum utilization is on control perimeter 5.

Ved _ 608,83
1317,7

v

=0,46202 <1
Rd

on all checked control perimeters v, < v

Ed Rd

8. Settlement evaluation

8.1. Stress-strain method EN-1997-1 Annex F
(Critical) EN-1997-1 Annex A

No punching reinforcement is necessary.

No punching reinforcement is necessary. passed
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Partial factors

Permanent, unfavourable actions | 7y | |

Permanent, favourable actions Yopar 1
A9 Variable, unfavourable actions Y ounfar | 1
Variable, favourable actions Yosa 0
Angle of effective shear resistance Yo 1
Effective cohesion Vel 1
M1 | Undrained shear strength Veu 1
Unconfined strength You | 1
Weight density 7, 1
Bearing resistance TRy | 1
R1 | Sliding resistance YR 1
Earth forces TRe | 1

EN-1997-12.4.8 (2) Values of partial factors for serviceability limit states should normally be taken as 1.0.

8.2. Design value of loads at the top of the footing - Nodal support internal forces

Load case: [ST1+ST2+ST5+ST6] {0,3*ST3} (SLS Quasipermanent)
Nodal support 1

F, = 40kN
F,=10kN

F,= —880kN
M, = =20 kNm
M, = 160 KNm

V=—F_=—(-880) =880 kN

8.3. Design value of loads at the base of footing
H,=F =40kN
H,=F =10kN
Ly y

V,=V+ (Gf,k+Gb,k+ G =880+ (27,591 +4,8559 +8,8731) - 1=921,32 kN

bf,k) Y Gunfav
Eccentricity of the vertical load ( V) relative to the center of the footing

.- V-e0x+My+Fx- (hb+h) + (Gj;k'ejﬁij;k'ebﬁc) Y Gunfav _
X Vd
_ 880-0+160+40-(0,1+0,5) +(27,591-0+8,8731:0) - 1 —02m
921,32 ’
. V'eoy—Mx-i-Fy~ (h,+h)+ (Gﬁk'efy-Ierﬁk'ebfy) Y Gunfav _
y Vd

_ 8800 (—20) +10-(0,1+0,5) + (27,591-0+8,8731-0) -1
921,32

=0,028 m
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Effective width of the footing:
B'=b_—le |-2=15-]02[-2=1,1m

Effective length of the footing:
L’:by— \ey| -2=1,5-10,028|-2=1,444 m
Effective area of the footing:
A'=B"L'=1,1-1,444=1,5884 m?

vV
a 921,32
=—= =580,03 KP
Tea™ 4~ 15884 :
H, = 40 kN
H, = 10kN
The normal stress below the corner of a rectangular loaded area at depth z is:
b a(a*>+b*) -2-az (r- b (2 427
o,= L Arc tg|—- ala az (r—2) + S ) after Steinbrenner
2m z z(@*+bY) - (r-2)—z (r-2)2 b2+z2 (@ +2)r
where:

p 1is the uniformly distributed load at the loaded area
a and b are the length and width of the rectangular loaded area

r:\/a2 +b%+22

Stress under the characteristic point:

0,,=0,, 10, ;%0 14

z, + az,[

EX//i

a b
o.; (0,5-0,37)-L'=0,18772 (0,5-0,37)-B'=0,143
o,n (05+037)-L'=1,2563 = (0,5-0,37)-B'=0,143
o.m (05+037)-L'=1,2563 = (0,5+0,37)-B'=0,957

0. (0,5+0,37) B'=0957 | (0,5-037)L'=0,18772

Distance of the characteristic point from the central axes of the loaded area is 0,37B'and 0,37L".

The effective overburden stress at the foundation base:
q'=y, 237, h=1-337,"h,=17,952 KPa
The effective vertical stress due to the foundation load at the foundation base:

%
4 921,32
954~ 3/~ 15884 580,03 KPa
P=q5,~q'=580,03-17,952=562,08 KPa
The effective vertical stress due to the foundation load at the limit depth:
= 21,784 KPa

Op

lim
The effective overburden stress at the limit depth:
9, = 108,92 KPa

lim
Limit depth:

D, = —55014m

Page 22

This depth may normally be taken as the depth at which the effective vertical stress due to the foundation load is 20 % of

the effective overburden stress.  EN-1997-1 6.6.2 (6)
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Settlement:

s:Zsl.:6,506 mm < §

lim

= 50,000 mm passed

Reference soil layer: BST - (Solid, dry, sandy gravel)

Compression modulus of the reference soil layer Es,mf = 1-10° KPa
Reference soil layer density Pyrer = 2100 kg/m?
i 2 h; hLeq o, q' a.lq" s, s,
[m]  [m] [m] [KPa] | [KPal | [%] @ [mm] [mm]
0. 0 0 0 0 0 - 0 0
1. | -0,1 0,1 0,078881 0 1,8639 0 0 0
2.1 -02 0,1 0,078881 0 3,7278 . 0 0 0
3. | =03 0,1 0,078881 0 55917, 0 0 0
4. =04 0,1 0,1 0 7,6518 0 0 0
5.1 -0,5]0,1 0,1 0 9,7119 . 0 0 0
6. | —0,6 0,1 0,1 0 11,772 0 0 0
7.1 =070, 0,1 0 13,832 0 0 0
8 1 -08 0,1 0,1 0 15,892 0 0 0
9.1 -09 0,1 0,1 562,08 17,952 | 31 0 0
10., -1 0,1 0,1 520,11 120,012 | 26 | 0,541 | 0,541
1. -1,1 0,1 0,1 418,38 122,073 | 19 | 0,469 | 1,010
12.. -1,2 0,1 0,1 339,86 | 24,133 | 14 | 0,379 | 1,389
13. -1,3 0,1 0,1 288,1 126,193 11 | 0,314 | 1,703
4. -14 0,1 0,1 252,28 128,253 9 10,270 | 1,974
15. -1,5 0,1 0,1 22545130313 7 0,239 | 2,212
16. —1,6 0,1 0,1 203,92 132,373 6 | 0,307 | 2,519
17.) —-1,7 0,1 | 0,088413 | 187,73 | 34,335 5 | 0,280 | 2,799
18.1 —1,8 0,1 | 0,088413 | 173,44 | 36,297 5 | 0,258 | 3,057
19.1 -1,9| 0,1 | 0,088413 160,61 38,259 | 4 | 0,239 | 3,296
20., =2 | 0,1 | 0,088413 | 148,99 | 40,221 4 | 0,221 | 3,517
21.1 =2,1 0,1 | 0,088413 | 1384 42,183 3 | 0,205 3,722
22,0 =22 0,1 | 0,088413  128,7 | 44,145 3 | 0,191 | 3,913
23.1 =23 0,1 | 0,088413 119,82 46,107 3 | 0,178 | 4,090
24,1 =24 0,1 | 0,088413 111,67 48,069 | 2 | 0,165 4,256
25.1 =25 0,1 | 0,088413 104,2 50,031 2 | 0,154 4,410
26. —2,6 0,1 | 0,088413 97,327 | 51,993 | 2 | 0,144 4,554
27.1 =27 0,1 | 0,088413 | 91,017 | 53,955 2 | 0,135 | 4,688
28.1 —2,8| 0,1 | 0,088413 85,217 | 550917 2 0,126 4,814
29.1 =29 0,1 | 0,088413 | 79,882 | 57,879 1 | 0,118 | 4,932
30, -3 | 0,1 0,088413 | 74,972 /59,841 1 | 0,111 | 5,043
31.) -3,1 0,1 0,088413 | 70,45 61,803 1 | 0,104 5,147
32.0 =3,2 0,1 0,088413 | 66,282 | 63,765| 1 | 0,098 | 5,244

»
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33.1 —=3,3 0,1 |0,088413 | 62,436 | 65,727 | 1 | 0,092 | 5,336
34.| -3,4| 0,1 |0,088413 58,884 67,689 1 | 0,087 | 5,423
35.1 —=3,5 0,1 | 0,088413 55,6 |69,651 1 0,082 | 5,505
36.| —3,6 0,1 | 0,088413 52,56 |71,613| 1 | 0,077 5,582
37.1 =3,7| 0,1 | 0,088413 49,744 73,575 1 | 0,073 | 5,655
38. —3,8 0,1 | 0,088413 47,131 75,537 1 | 0,069 | 5,724
39.1 —=3,9 0,1 | 0,088413 44,705 | 77,499 | 1 | 0,066 | 5,790
40.| —4 | 0,1 | 0,088413 42,449 79,461 1 0,062 5,852
41.| —4,1 1 0,1 | 0,088413 40,349 81,423 | 0 | 0,059 | 5,911
42.1 —-4,2 0,1 | 0,088413 38,392 83,385 0 | 0,056 | 5,967
43.| —4,3 1 0,1 | 0,088413 36,566 85,347 | 0 | 0,054 | 6,021
44.| —44 1 0,1 | 0,088413 | 34,86 187,309 0 | 0,051 | 6,072
45.| —4,5 0,1 | 0,088413 33,264 | 89,271 | 0 | 0,049 | 6,121
46.| —4,6 1 0,1 | 0,088413 31,771 91,233 | 0 | 0,046 | 6,167
47.| —4,7 0,1 | 0,088413 30,371 1 93,195| 0 | 0,044 6,211
48.| —4,8 1 0,1 | 0,088413 29,058 95,157 | 0 | 0,042 | 6,254
49.1 —49 0,1 | 0,088413 27,824 197,119 0 | 0,041 | 6,294
50.| =5 | 0,1 |0,088413 26,664 99,081 0 | 0,039 6,333
51.1 =5,1| 0,1 |0,088413 | 25,573 | 101,04 | 0 | 0,037 | 6,371
52.1 =5,2 0,1 | 0,088413 24,544 /103,01 | 0 | 0,036 6,407
53.1 =53 0,1 |0,088413 | 23,575 104,97 | 0 | 0,034 | 6,441
54.| =54 0,1 |0,088413 | 22,659 106,93 | 0 | 0,033 | 6,474
55. —=5,5 0,1 0,088413 21,795 108,89 0 0,032 6,506
56.| —5,6 0,1 |0,088413 20,977 | 110,85| 0 | 0,031 | 6,536
57.1 =5,7 0,1 |0,088413 20,203 | 112,82 0 | 0,029 | 6,566
58. —5,8 0,1 |0,088413 | 19,47 114,78 0 | 0,028 | 6,594
59.1 =59 0,1 |0,088413 | 18,775 | 116,74 | 0 | 0,027 | 6,621
60. -6 | 0,1 |0,088413 18,115 118,7 0 0,026 6,648
z,: Depth
h; . Thickness of the soil layer
hl.,eq . Equivalent thickness
€
25
hieg=hi ;N , pp”‘lff
sref P
where:
Pyt Soil layer density
E Compression modulus of the soil layer
E .. Compression modulus of the reference soil layer

sref

p s,ref :

Reference soil layer density
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o_: The effective vertical stress due to the foundation load

q': The effective overburden stress
s;: Settlement of the soil layer

Ls,: Total settlement at the given depth

1_

P
-

0j100 0,500




