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FOOTING ANALYSIS
In accordance with ACI318-19 (22)
Summary results
Overall design status PASS
Overall design utilisation 0.873
Description Unit Applied Resisting FoS Result
Uplift verification kN 373.6 Pass
Overturning stability, x kNm 5 -280.2 58.65 Pass
Sliding stability, x kN 6.8 219.2 32.113 Pass
Description Unit Applied Resisting Utilization Result
Soil bearing kN/m2 |174.5 200 0.873 Pass
Description Unit Required Provided Utilization Result
Moment, positive, x-direction kNm 32.2 72.5 0.444 Pass
Moment, positive, y-direction kNm 32.2 100.7 0.319 Pass
Shear, one-way, x-direction kips 77.2 104.5 0.739 Pass
Shear, one-way, y-direction kips 77.2 115.2 0.671 Pass
Shear, two-way, Col 1 N/mm?2 |0.477 1.134 0.420 Pass
Min.area of reinf.bot., x-direction mm?2 810 905 Pass
Max.reinf. spacing, bot, x-direction mm 457 191 Pass
Min.area of reinf.bot., y-direction mm?2 810 1357 Pass
Max.reinf. spacing, bot, y-direction mm 457 121 Pass
Pad footing details
Length of footing Lx = 1500 mm
Width of footing Ly = 1500 mm
Footing area A =Lxx Ly=2.250 m?
Depth of footing h =300 mm
Depth of soil over footing hseil = 450 mm

Density of concrete

Yeonc = 24.5 KN/m3
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157.5 kN/m? 174.5 kN/m?

‘X
.
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Column no.1 details

Length of column

Width of column

position in x-axis

position in y-axis

Height of pedestal

Length of pedestal

Width of pedestal

Soil properties

Gross allowable bearing pressure
Density of soil

Angle of internal friction
Design base friction angle
Coefficient of base friction
Design wall friction angle
Horizontal acceleration factor
Vertical acceleration factor
Acceleration coefficient

Passive pressure coefficient (Coulomb)

Passive dynamic pressure coefficient (M-O)
Dead surcharge load

Live surcharge load

Self weight

Ix1 =300 mm
ly1 =300 mm
x1 =750 mm
y1 =750 mm
hped1 = 400 mm
Ix,ped1 = 600 mm
ly,ped1 = 600 mm

Qallow_cross = 200 kN/m?

ysoil = 18.0 kN/m?3

b = 30.0 deg

Sob = 30.0 deg

tan(8wb) = 0.577

80 = 15.0 deg

Kh=0.4

Kv=0

0 = atan(Kn / (1 - Kv)) = 21.801

Kp = sin(90 - ¢b)2 / (SiN(90 + 8b) x [1 - V[sin(¢b + 8b) x sin(¢v) / (Sin(90 +

So))?) = 4.977

Kre=0=0

Fosur = 1.1 kN/m?

Fusur = 4.5 kN/m?

Fswt = h x yconc = 7.4 KN/m?
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Soil weight

Column no.1 loads
Pedestal self weight
Dead load in z

Live load in z
Seismic load in z
Seismic load in x

Footing analysis for soil and stability

Load combinations per ASCE 7-22
1.0D (0.417)

1.0D + 1.0L (0.851)

1.0D + 1.0Lr (0.417)

1.0D + 0.75L + 0.75Lr (0.743)

(1.0 + 0.14 x Sps)D + 0.7E (0.591)

Fsoil = hsail X ysoil = 8.1 kN/m?2

Fswz1 = 3.5 kN
Foz1 = 150.0 kN
Fiz1 = 185.0 kN
Fez1 = 53.0 kN
Fexx = 13.0 kN

(1.0 + 0.105 x Sps)D + 0.75L + 0.1S + 0.525E (0.873)

(0.6 - 0.14 x Sps)D + 0.7E (0.355)

Combination 14 results: (1.0 + 0.105 x Sps)D + 0.75L + 0.1S + 0.525E

Forces on footing
Force in x-axis

Force in z-axis

Moments on footing
Moment in x-axis, about X is O

Moment in y-axis, about y is O

Uplift verification
Vertical force

Fax = ye x Fexa = 6.8 kN
Fdz =yp x A x (Fswt + Fsoil + Fosur) + yL x A x Frsur + yp x (Fpz1 + Fswzi - Ixped1

x ly,ped1 x hsoil x 'Ysoil) +yL % Frzi + YE X Fez1 = 373.6 kN

Mdx =D x (A x (Fswt + Fsoil + Fpsur) x Lx / 2) + 7L x A x Fusur x Lx/ 2 + yp x
(((Fpzr + Fswz1 - Ixped1 x ly,ped1 x hsoil x ysoil)) x X1) + yL x (FLz1 x X1) + ve x (Fez1
x X1+Fex1 x (h + hped1)) = 285.0 kNm

Mdy = yb x (A x (Fswt + Fsoil + Fosur) x Ly /2) +yL x A x Fisur x Ly / 2 + yp x
(((Fpza + Fswzi - Ixped1 x ly,ped1 % hsoil x ysoil)) x y1) + yL x (FLza x y1) + yE x (Fez1
x y1) = 280.2 KNm

Faz = 373.6 kN
PASS - Footing is not subject to uplift

Stability against overturning in x direction, moment about x is Lx

Overturning moment
Resisting moment

Factor of safety

Stability against sliding
Resistance due to base friction

MotxL = ye x (Fexa x (h + hped1)) = 4.8 KNm
MrxL = -1 x (yp x (A x (Fswt + Fsoil + Fosur) x Lx/ 2) + yL x A x Fisur x Lx [ 2) +
yo X (((Fozr + Fswzi - Ixpedi x ly,pedi x hsoil X ysoil)) x (X1 - Lx)) + yL x (Frz1 x (X1 -
Lx)) + ve x (Fez1 x (X1 - Lx)) = -280.2 kNm
abs(Mrx. / Motx) = 58.646

PASS - Overturning moment safety factor exceeds the minimum of 1.00

Frrricion = max(Fdz, 0 kN) x tan(8wb) = 215.7 kN
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Stability against sliding in x direction

Resistance from passive soil pressure
Total sliding resistance

Bearing resistance

Eccentricity of base reaction
Eccentricity of base reaction in x-axis
Eccentricity of base reaction in y-axis

Pad base pressures

Minimum base pressure
Maximum base pressure

Allowable bearing capacity
Allowable bearing capacity

FOOTING DESIGN

In accordance with ACI318-19 (22)

Material details
Compressive strength of concrete
Yield strength of reinforcement

Compression-controlled strain limit (21.2.2)

Cover to top of footing
Cover to side of footing
Cover to bottom of footing
Concrete type

Concrete modification factor
Column type

Analysis and design of concrete footing

Load combinations per ASCE 7-22
1.4D (0.327)
1.2D + 1.6L + 0.5Lr (0.739)

Combination 2 results: 1.2D + 1.6L + 0.5Lr

Forces on footing
Ultimate force in z-axis

Frxpass = 0.5 x Kpe x (h2 + 2 x h x hsoil) x Ly x ysoil = 3.5 kN
Frx = Frrriction + FrxPass = 219.2 KN
abs(Frx / Fax)
PASS - Sliding factor of safety exceeds the minimum of 1.00

€dx = Mdx / Fdz - Lx / 2 =13 mm
edy:Mdy/Fdz-Lylzzomm

g1 =Fdzx (1-6xed/Lx-6xed/Ly)/(Lxx Ly) =157.5 kN/m?

g2=Fdzx (1 -6 xedx/Lx+ 6 xed/Ly)/(Lx x Ly) = 157.5 KN/m?2
g3 = Fdaz x (1 + 6 x €dx/ Lx- 6 x edy / Ly) / (Lx x Ly) = 174.5 kKN/m?
ga=Fdzx (1 +6 xedx/Lx+6xed/Ly)/(Lxx Ly) = 174.5 KN/m?
gmin = Min(qg1,q2,03,94) = 157.5 kN/m?

gmax = max(qz1,02,93,q4) = 174.5 kN/m?

Qallow = (Jallow_Gross = 200.0 kN/m2
Qmax / Callow = 0.873
PASS - Allowable bearing capacity exceeds design base pressure

Tedds calculation version 3.3.08

fe=21 MPa
fy = 420 MPa
ety = 0.00200

Cnom_ t = 75 mm
Cnom_s = 75 mm
Cnom b =75 mm
Normal weight
A =1.00
Concrete

Fuz =yp x A x (Fswt + Fsoil + Fosur) + yL x A x Frsur + yp x (Fpza + Fswzi - Ixped1

x ly,ped1 x hsoil x 'Ysoil) + 9L x FLz1 = 537.6 kN
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Moments on footing
Ultimate moment in x-axis, about x is O

Ultimate moment in y-axis, about y is 0

Eccentricity of base reaction
Eccentricity of base reaction in x-axis
Eccentricity of base reaction in y-axis

Pad base pressures

Minimum ultimate base pressure
Maximum ultimate base pressure

Mux = yb % (A x (Fswt + Fsoil + Fpsur) x Lx/2) + yL x A x Fursur x Lx/ 2 + yp x
(((Fpza + Fswz1 - Ixped1 x ly,pedi x hsoil X ysail)) x X1) + yL x (FLz x x1) = 403.2
kNm
Muy =yp x (A x (Fswt + Fsoil + Fosur) x Ly /2) + yL x A X Frsur x Ly / 2 + yp x
(((Foz1 + Fswza - Ixped1 x ly,ped1 x hsoil X ysoil)) x Y1) + yL x (Frza x y1) = 403.2
kNm

eux = Mux / Fuz - Lx /2 =0 mm
euy:Muy/Fuz-Lylzzomm

Qui = Fuz x (1 -6 x €ux/ Lx- 6 x €uy / Ly) / (Lx x Ly) = 238.9 kN/m?2

Quz =Fuz x (1 -6 x eux/Lx+ 6 x euw/Ly)/ (Lx x Ly) = 238.9 kN/m?
Qus = Fuz x (1 +6 x eux/ Lx - 6 x euy / Ly) / (Lx x Ly) = 238.9 kN/m?2
Qua = Fuz x (1 +6 x €ux/ Lx + 6 x euy / Ly) / (Lx x Ly) = 238.9 kN/m?
Qumin = Min(Qqu1,quz,qu3,qua) = 238.9 kN/m?

Qumax = max(qu1,quz,qus,qus) = 238.9 kKN/m?

Shear diagram, x axis (kN)

238.4

-238.4

Moment diagram, x axis (kNm)
32.2

\ 0

Moment design, x direction, positive moment

Ultimate bending moment

Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement (8.6.1.1)

Maximum spacing of reinforcement (8.7.2.2)
Depth to tension reinforcement

Depth of compression block
Neutral axis factor

Mux.max = 32.2 kNm
8 x 12mm bottom bars (191 c/c)
Asx.botprov = 905 mm?
As.min = 0.0018 x Ly x h =810 mm?2
PASS - Area of reinforcement provided exceeds minimum
Smax = min(2 x h, 457 mm) = 457 mm
PASS - Maximum permissible reinforcement spacing exceeds actual spacing
d =h - Cnom_b - ¢xbot / 2 = 219 mm
a = Asxbotprov x fy / (0.85 x f'c x Ly) =14 mm
B1=0.85
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Depth to neutral axis
Strain in tensile reinforcement
Minimum tensile strain(8.3.3.1)

Nominal moment capacity
Flexural strength reduction factor
Design moment capacity

One-way shear design, x direction
Ultimate shear force

Depth to reinforcement

Size effect factor (22.5.5.1.3)

Ratio of longitudinal reinforcement
Shear strength reduction factor
Nominal shear capacity (Eq. 22.5.5.1)

Design shear capacity

c=al/p1 =17 mm
&=0.003 xd/c-0.003 =0.03635
emin = gty + 0.003 = 0.00500
PASS - Tensile strain exceeds minimum required

Mn = Asxbotprov x fy x (d - a/ 2) = 80.5 kNm
¢f = min(max(0.65 + 0.25 x (&t - &v) / (0.003), 0.65), 0.9) = 0.900
OMn = ¢f x Mn = 72.5 kNm
Muxmax / $Mn = 0.444

PASS - Design moment capacity exceeds ultimate moment load

Vux=77.2 kN

dv =h - Cnom_b - Pxbot / 2 =219 mm
As =1

pw = Asxbotprov / (Ly x dv) = 0.00275
dv=0.75

Vn = min(0.66 x As x A x (pw)3 x V(f'e x 1 MPa) x Ly x dv, 0.42 x & x V(fe x 1
MPa) x Ly x dv) = 139.3 kN
OVn = ¢v x Vn = 104.5 kN
Vux / $Vn = 0.739
PASS - Design shear capacity exceeds ultimate shear load

Shear diagram, y axis (kN)

238.4

-238.4

Moment diagram, y axis (KNm)
322

\ 0

89.4

Moment design, y direction, positive moment

Ultimate bending moment

Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement (8.6.1.1)

Maximum spacing of reinforcement (8.7.2.2)

Muy.max = 32.2 KNm
12 x 12mm bottom bars (121 c/c)
Asy.botprov = 1357 mm?
Asmin = 0.0018 x Lx x h = 810 mm?2
PASS - Area of reinforcement provided exceeds minimum
Smax = min(2 x h, 457 mm) = 457 mm
PASS - Maximum permissible reinforcement spacing exceeds actual spacing
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Depth to tension reinforcement
Depth of compression block
Neutral axis factor

Depth to neutral axis

Strain in tensile reinforcement

Minimum tensile strain(8.3.3.1)

Nominal moment capacity
Flexural strength reduction factor
Design moment capacity

One-way shear design, y direction
Ultimate shear force

Depth to reinforcement

Size effect factor (22.5.5.1.3)

Ratio of longitudinal reinforcement
Shear strength reduction factor
Nominal shear capacity (Eq. 22.5.5.1)

Design shear capacity

Two-way shear design at column 1
Depth to reinforcement

Shear perimeter length (22.6.4)
Shear perimeter width (22.6.4)
Shear perimeter (22.6.4)

Shear area

Surcharge loaded area

Ultimate bearing pressure at center of shear area

Ultimate shear load

Ultimate shear stress from vertical load

Column geometry factor (Table 22.6.5.2)

Column location factor (22.6.5.3)
Size effect factor (22.5.5.1.3)
Concrete shear strength (22.6.5.2)

Shear strength reduction factor

d =h - Cnom_b - ¢x.bot - dy.bot / 2 = 207 mm
a = Asy.botprov X fy / (0.85 x f'c x Lx) =21 mm
B1=0.85
c=a/p1 =25mm
e=0.003 xd/c-0.003=0.02179
emin = gy + 0.003 = 0.00500
PASS - Tensile strain exceeds minimum required

Mn = Asy.botprov X fy x (d - a/2) = 111.9 kNm
¢f = min(max(0.65 + 0.25 x (et - &) / (0.003), 0.65), 0.9) = 0.900
oMn = ¢f x Mn = 100.7 KNm
Muy.max / Mn = 0.319

PASS - Desigh moment capacity exceeds ultimate moment load

Vuy =77.2 kN

dv =h - Cnom_b - ¢xbot - ¢y.bot / 2 = 207 mm
As =1

pw = Asy.botprov / (Lx x dv) = 0.00437
ov=0.75

Vi = min(0.66 x As x A x (pw)¥3 x V(f'e x 1 MPa) x Lx x dv, 0.42 x A x V(fe x 1
MPa) x Lx x dv) = 153.5 kN
OVn = v x Va = 115.2 kN
Vuy ! $Vn = 0.671
PASS - Design shear capacity exceeds ultimate shear load

dvz =213 mm
|><p =813 mm
|yp =813 mm

bo = 2 x (Ixped1 + dv2) + 2 x (ly,ped1 + dv2) = 3252 mm

Ap = Ixperim x ly,perim = 660969 mm?

Asur = Ap - Ixped1 x ly,pedr = 300969 mm?

Qup.avg = 238.9 kN/m?2

Fup = yp x (Fpz1 + Fswz1 - Ixpedi x ly,ped1 x hsoil X ysoi) + yL x Frza + yp x Ap x Fsut
+ yD X Asur x Fsoil + YD x Asur x Fosur + yL X Asur X FLsur - Qup.avg x Ap = 330.1 kN
Vug = max(Fup / (bo x dv2),0 N/mm?2) = 0.477 N/mm?

B = ly,ped1 / Ixped1 = 1.00

as =40

As =1

Vepa = 0.17 x (L + 2/ B) x As x A x V(f'e x 1 MPa) = 2.337 N/mm?

Vepb = 0.083 x (as x dvz / bo + 2) x &s x & x V(fe x 1 MPa) = 1.757 N/mm?
Vepe = 0.33 x As x A x V(fe x 1 MPa) = 1.512 N/mm?2

Vep = MiN(Vepa,Vepb,Vepe) = 1.512 N/mm?2

ov=0.75
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Nominal shear stress capacity (Eq. 22.6.1.2)
Design shear stress capacity (8.5.1.1(d))

Vn = Vep = 1.512 N/mm?2
¢Vn = ¢v x Vn = 1.134 N/mm?2

Vug / (I)Vn =0.420
PASS - Design shear stress capacity exceeds ultimate shear stress load

——12 x 12 mm bottom bars (121 c¢/c

8 x 12 mm bottom bars (191 c/c)
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