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PAD FOOTING ANALYSIS AND DESIGN (BS8110-1:1997)

Pad footing details

Length of pad footing

Width of pad footing

Area of pad footing

Depth of pad footing

Depth of soil over pad footing
Density of concrete

Column details
Column base length
Column base width
Column eccentricity in x
Column eccentricity in y

Soil details
Cohesive soil

Density of soil

Design shear strength

Design base friction
Allowable bearing pressure
Axial loading on column
Dead axial load on column
Imposed axial load on column

2000

«——— 850 p

4850 p

« 2000

L = 2000 mm

B = 2000 mm

A =L x B =4.000m?
h =600 mm

hsoil = 750 mm

peonc = 24.0 KN/m®

la =300 mm
ba =300 mm
erxa = 0 mm
erya =0 mm

psoil = 18.0 kN/m?®

¢’ =25.0 deg

8 =19.3deg

Pbearing = 250 kN/m?

Pca = 500.0 kN
Poa = 300.0 kN

«——850——»

<« 850 p

Tedds calculation version 2.0.07
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Wind axial load on column Pwa = 0.0 kN

Total axial load on column PA =800.0 kN

Foundation loads
Dead surcharge load
Imposed surcharge load
Pad footing self weight
Soil self weight

Total foundation load

Calculate pad base reaction
Total base reaction
Eccentricity of base reaction in x

Eccentricity of base reaction in 'y

Check pad base reaction eccentricity

Calculate pad base pressures

Minimum base pressure
Maximum base pressure

227.9 kN/m*

Fosur = 0.000 kN/m?

Fasur = 0.000 kN/m?

Fswt = h x peonc = 14.400 KN/m?

Fsoil = hsoil x psoil = 13.500 kN/m?

F = A x (Fesur + Fosur + Fswt + Fsoil) = 111.6 kN

T=F+Pa=911.6 kN
erx = (Pa x epxa + Mxa + Hxa x h) / T =0 mm

ety = (Pax epya + Mya + Hya x h) / T =0 mm

abs(erx) / L + abs(ety) / B = 0.000
Base reaction acts within middle third of base

Qu=T/A-6xTxex/(LxA)-6xTxetry/(BxA)=227.900 kN/m?
Q2=T/A-6xTxewx/(LxA)+6xTxery/(BxA)=227.900 kN/m?
@R=T/A+6xTxen/(LxA)-6xTxery/(BxA)=227.900 kN/m?
qga=T/A+6xTxen/(LxA)+6xTxer/(BxA)=227.900 kN/m?
gmin = Min(qs, 02, g3, g4) = 227.900 kN/m?
gmax = max(qz, gz, g3, ga) = 227.900 kN/m?

PASS - Maximum base pressure is less than allowable bearing pressure

227.9 kN/m*

227.9 kN/m”

227.9 kN/m”
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Partial safety factors for loads

Partial safety factor for dead loads yie = 1.40

Partial safety factor for imposed loads yiQ = 1.60

Partial safety factor for wind loads yw = 0.00

Ultimate axial loading on column
Ultimate axial load on column

Ultimate foundation loads
Ultimate foundation load

Ultimate horizontal loading on column
Ultimate horizontal load in x direction

Ultimate horizontal load in y direction

Ultimate moment on column
Ultimate moment on column in x direction

Ultimate moment on column in y direction

Calculate ultimate pad base reaction
Ultimate base reaction
Eccentricity of ultimate base reaction in x

Eccentricity of ultimate base reaction in 'y

Calculate ultimate pad base pressures

Minimum ultimate base pressure
Maximum ultimate base pressure

Pua = Pea x yic + Pa x yio + Pwa x yaw = 1180.0 kN

Fu=A x [(Fosur + Fswt + Fsoil) x yic + Fasur x yiq] = 156.2 kN

Hxua = Hexa x yie + Hoxa x 1@ + Hwxa x yiw = 0.0 kKN
Hyua = Heya x yic + Haoya x yiQ + Hwya x yiw = 0.0 kN

Mxua = Mexa x yic + Moxa X yiQ@ + Mwxa x yiw = 0.000 KNm
Myua = Maeya x yic + Maya x yiQ + Mwya x yiw = 0.000 KNm

Tu=Fu+ Pua=1336.2 kN
€Txu = (PuA x epPxA + Mxua + Hxua x h) [Tu=0mm

eTyu = (PuA x epyA + Myua + Hyua x h) [Tu=0mm

g = Tu/A - 6xTuxerw/(LxA) - 6xTuxetyu/(BxA) = 334.060 kN/m?

ou = TulA - BxTuxerxul(LxA) + 6xTux etw/(BxA) = 334.060 kN/m?
gau = Tu/A + 6xTuxetw/(LxA) - 6xTuxetyu/(BxA) = 334.060 kN/m?
gau = Tu/A + 6xTuxetw/(LxA) + 6xTuxety/(BxA) = 334.060 kKN/m?
gminu = MiN(Qu, 02u, gu, gau) = 334.060 KN/m?

gmaxu = Max(qiu, Cau, gau, g4u) = 334.060 KN/m?

Calculate rate of change of base pressure in x direction

Left hand base reaction

Right hand base reaction

Length of base reaction

Rate of change of base pressure

Calculate pad lengths in x direction
Left hand length
Right hand length

Calculate ultimate moments in x direction

Ultimate moment in x direction

fuL = (qu + zu) x B/ 2 = 668.120 kN/m
fur = (Gou + Gau) x B / 2 = 668.120 KN/m
Lx = L = 2000 mm

Cx = (fur - fuL) / Lx = 0.000 KN/m/m

LL=L/2+ epxa=1000 mm
Lr=L/2-eprxa=1000 mm

My =fuL x L2/ 2+ Cxx Li®/ 6 - Fux L2/ (2 x L) =295.000 kKNm

Calculate rate of change of base pressure in y direction

Top edge base reaction

Bottom edge base reaction
Length of base reaction

Rate of change of base pressure

fur = (Qau + qau) x L / 2 = 668.120 kN/m
fus = (qu + gau) x L / 2 = 668.120 KN/m
Ly = B = 2000 mm

Cy = (fue - fur) / Ly = 0.000 KN/m/m
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Calculate pad lengths in y direction
Top length Lr=B/2-epyn =1000 mm
Bottom length Ls =B /2 + epya = 1000 mm
Calculate ultimate moments in y direction
Ultimate moment in y direction My=furx LT2/2 + Cy x LT°/ 6 - Fu x L2/ (2 x B) = 295.000 KNm
Material details
Characteristic strength of concrete fou = 30 N/mm?
Characteristic strength of reinforcement fy = 500 N/mm?
Characteristic strength of shear reinforcement fyv = 250 N/mm?
Nominal cover to reinforcement Cnom = 50 mm

Moment design in x direction
Diameter of tension reinforcement o =16 mm

Depth of tension reinforcement dx=h - Cnom - ¢x& / 2 = 542 mm

Design formula for rectangular beams (cl 3.4.4.4)
Kx = Mx / (B X dxz X fcu) =0.017

Kx' = 0.156
Kx < Kx' compression reinforcement is not required
Lever arm zx = dx x min([0.5 + V(0.25 - Kx / 0.9)], 0.95) = 515 mm
Area of tension reinforcement required As_x_req = Mx / (0.87 x fy x zx) = 1317 mm?
Minimum area of tension reinforcement As_x_min = 0.0013 x B x h = 1560 mm?
Tension reinforcement provided 12 No. 16 dia. bars bottom (175 centres)
Area of tension reinforcement provided As_xB_prov = NxB x 70 x ¢x2 / 4 = 2413 mm?

PASS - Tension reinforcement provided exceeds tension reinforcement required

Moment design in y direction
Diameter of tension reinforcement dys = 16 mm
Depth of tension reinforcement dy=h - Crom - dx& - dy8 / 2 = 526 mm

Design formula for rectangular beams (cl 3.4.4.4)
Ky = My/ (L X dy2 X fcu) =0.018

Ky = 0.156
Ky < Ky' compression reinforcement is not required
Lever arm zy = dy x min([0.5 + V(0.25 - Ky / 0.9)], 0.95) = 500 mm
Area of tension reinforcement required As_y_req = My / (0.87 x fy x zy) = 1357 mm?
Minimum area of tension reinforcement As_y min = 0.0013 x L x h = 1560 mm?
Tension reinforcement provided 10 No. 16 dia. bars bottom (200 centres)
Area of tension reinforcement provided As_yB_prov = Nyg x 1t x ¢ys? / 4 = 2011 mm?

PASS - Tension reinforcement provided exceeds tension reinforcement required

Calculate ultimate shear force at d from top face of column

Ultimate pressure for shear gsu=(qu-Cyx(B/2+epya+ba/2+dy)/L+qa)/2
gsu = 334.060 KN/m?
Area loaded for shear As=Lx(B/2-epya-ba/2-dy)=0.648 m?

Ultimate shear force Vsu = As x (Qsu - Fu/ A) =191.160 kN
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Shear stresses at d from top face of column (cl 3.5.5.2)
Design shear stress Vsu = Vsu / (L x dy) = 0.182 N/mm?
From BS 8110:Part 1:1997 - Table 3.8
Design concrete shear stress ve = 0.79 N/mm? x min(3, [100 x As_ys_prov / (L x dy)]*®) x max((400 mm /
dy)¥4, 0.67) x (min(feu / 1 N/mm2, 40) / 25)*3 / 1.25 = 0.361 N/mm?
Allowable design shear stress Vmax = mMin(0.8 N/mm? x V(feu / 1 N/mm?), 5 N/mm?) = 4.382 N/mm?

PASS - vsu < vc - No shear reinforcement required

Calculate ultimate punching shear force at face of column

Ultimate pressure for punching shear gpua = Quut[(L/2+epxa-1a/2)+(1a)/2]xCx/B-[(B/2+erya-bal2)+(ba)/2]xCy/L =
334.060 kN/m?

Average effective depth of reinforcement d=(dx+dy)/2=534 mm

Area loaded for punching shear at column Apa = (Ia)x(ba) = 0.090 m?

Length of punching shear perimeter Upa = 2x(la)+2x(ba) = 1200 mm

Ultimate shear force at shear perimeter Vpua = Pua + (Fu/ A - gpua) x Apa = 1153.450 kN

Effective shear force at shear perimeter Vpuaett = Vpua = 1153.450 kN

Punching shear stresses at face of column (cl 3.7.7.2)
Design shear stress Vpua = Vpuaett / (Upa x d) = 1.800 N/mm?
Allowable design shear stress Vimax = Min(0.8N/mm? x V(feu / 1 N/mm?), 5 N/mm?) = 4.382 N/mm?
PASS - Design shear stress is less than allowable design shear stress

Calculate ultimate punching shear force at perimeter of 1.5 d from face of column

Ultimate pressure for punching shear QpuALsd = Qiut[L/2]xCx/B-[(B/2+epya-ba/2-1.5xd)+(ba+2x1.5xd)/2]xCy/L =
334.060 kN/m?

Average effective depth of reinforcement d=(dx+dy)/2=534 mm

Area loaded for punching shear at column Aparsd = Lx(ba+2x1.5xd) = 3.804 m?

Length of punching shear perimeter Upatsd = 2xL = 4000 mm

Ultimate shear force at shear perimeter Vpuarsd = Pua + (Fu/ A - Qpua1sd) x Aparsd = 57.820 kN

Effective shear force at shear perimeter Vpuarsdeft = Vpualsd x 1.25 = 72.275 kN

Punching shear stresses at perimeter of 1.5 d from face of column (cl 3.7.7.2)
Design shear stress Vpuat5d = Vpuassdefr / (Uparsd x d) = 0.034 N/mm?

From BS 8110:Part 1:1997 - Table 3.8

Design concrete shear stress ve = 0.79 N/mm? x min(3, [100 x (As_xe_prov / (B x dx) + As_ys_prov / (L x dly)) /
2]*3) x max((800 mm / (dx + dy))**, 0.67) x (min(feu / 1 N/mm?, 40) / 25)3 /
1.25 = 0.370 N/mm?

Allowable design shear stress Vimax = Min(0.8N/mm? x V(feu / 1 N/mm?), 5 N/mm?) = 4.382 N/mm?

PASS - vpua1sd < Ve - No shear reinforcement required
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10 No. 16 dia. bars btm (200 c/c) ¢ —————————————————————»]
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12 No. 16 dia. bars btm (175 c/c)

—-—-—- Shear at d from column face

— - — Punching shear perimeter at 1.5 x d from column face




