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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Stem thickness

Angle to rear face of stem
Stem density

Toe length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Depth of excavation

Retained soil properties

Soil type

Moist density

Saturated density

Characteristic effective shear resistance angle
Characteristic wall friction angle

Base soil properties

Soil type

Soil density

Characteristic effective shear resistance angle
Characteristic wall friction angle
Characteristic base friction angle

Presumed bearing capacity

Loading details

Variable surcharge load

Cantilever

hstem = 1550 mm
tstem = 900 mm
o =90 deg

Ystem = 25 kN/m3
ltoe = 300 mm
tbase = 400 mm
Vbase = 25 kN/m?3
hret = 1350 mm
B =0deg

doover = 200 mm
dexc = 150 mm

Very dense well graded sand and gravel

ymr = 21 kN/m3
Yer = 23 kN/m3
@rk = 42 deg
ok = 21 deg

Dense gravel
Vb = 17.5 kN/m?
@bk =36 deg
ook = 18 deg
dovk = 24 deg

Pbearing =100 kN/m?

Surchargeq = 20 kN/m?

Tedds calculation version 2.9.16




Calculate retaining wall geometry
Base length

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component
Area of base soll

- Distance to vertical component

- Distance to horizontal component
Area of excavated base soil

- Distance to vertical component

- Distance to horizontal component

Using Coulomb theory
Active pressure coefficient
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General arrangement - sketch pressures relate to bearing check

Ibase = lioe + tstem = 1200 mm

hmoist = hsoil = 1550 mm

Isur = lheet = 0 mm

Xsur_v = lbase - lheet / 2 = 1200 mm

hett = hbase + dcover + hret = 1950 mm

Xsur_h = hett / 2 =975 mm

Astem = hstem X tstem = 1.395 m?

Xstem = hoe + tstem / 2 = 750 mm

Ibase X tbase = 0.48 m?

Xbase = lbase / 2 = 600 mm

Apass = deover X loe = 0.06 M?

Xpass_v = lbase - (dcover X ltoeX (lbase - ltoe / 2)) / Apass = 150 mm
Xpass_h = (dcover + hbase) / 3 = 200 mm

Aexc = hpass X loe = 0.015 m?

Xexc_v = lbase - (Npass X loeX (lbase - ltoe / 2)) / Aexc = 150 mm
Xexc_h = (Npass + hbase) / 3 = 150 mm

Abase =

Ka = sin(a + @rk)? / (sin(a)? x sin(a - k) % [1 + V[sin(@rk + drk) x sin(@Prk
- B) / (sin(a - k) x sin(a + B))]]?) = 0.183
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Passive pressure coefficient Kp = sin(90 - @bk)?/ (sin(90 + dbk) % [1 - V[sin(@bk + Obk) X Sin(@ox) /

(sin(90 + dvk))]1?) = 8.022
Bearing pressure check

Vertical forces on wall

Wall stem Fstem = Astem X Ystem = 34.9 KN/m

Wall base Foase = Abase X Ybase = 12 KN/m

Base soil Fpass_v = Apass X yb = 1.1 KN/m

Total Fiotal v = Fstem + Foase + Fpass v = 47.9 KN/m

Horizontal forces on wall

Surcharge load Fsur_h = Ka x cos(drk) x Surchargea x hert = 6.7 kN/m

Moist retained soil Fmoist_h = Ka x cOS(8rk) X Ymr X het? / 2 = 6.8 KN/m

Base soil Fpass_h = max(-Kp x cos(dbx) X Yb % (dcover + Nbase)? / 2, -(Fmoist_h + Fsur_n))
=-13.5 kKN/m

Total Fotal_h = max(Fsur_h + Fmoist h + Fpass_h - Frotal_v X tan(devk), 0 KN/m) =0
kN/m

Moments on wall

Wall stem Mstem = Fstem X Xstem = 26.2 KNmM/m

Wall base Moase = Foase X Xoase = 7.2 KNm/m

Surcharge load Msur = -Fsur_h X Xsur h = 6.5 KNm/m

Moist retained soil Mmoist = -Fmoist_h X Xmoist_h = =4.4 KNm/m

Base soil Mopass = Fpass v X Xpass v - Fpass h X Xpass h = 2.9 KNm/m

Total Miotal = Mstem + Mbase + Msur + Mmoist + Mpass = 25.3 kKNm/m

Check bearing pressure

Distance to reaction "X = Motal / Frotal v = 528 mm

Eccentricity of reaction €= X-lbase /2 =-72 mm

Loaded length of base lioad = lbase = 1200 mm

Bearing pressure at toe Qtoe = Frotal v / lbase X (1 - 6 X € / lbase) = 54.4 KN/m?

Bearing pressure at heel Oheel = Frotal_v / Ibase X (1 + 6 X € / Ipase) = 25.5 kN/m?

Factor of safety FOSop = Pbearing / Max(Qoe, Gheer) = 1.839

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure
Design approach 1

Partial factors on actions - Table A.3 - Combination 1

Partial factor set A1

Permanent unfavourable action ve = 1.350
Permanent favourable action yar = 1.000
Variable unfavourable action ya = 1.500
Variable favourable action yar = 0.000

Partial factors for soil parameters — Table A.4 - Combination 1

Soil parameter set M1
Angle of shearing resistance Yo = 1.00
Effective cohesion Ye = 1.00

Weight density v =1.00
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Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle
Design wall friction angle

Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Yr' = Y / Yy = 21 KN/m3

Yor' = Yor / Yy = 23 kN/m?

@ra = atan(tan(@rk) / yg) = 42 deg
Ora = atan(tan(ork) / ye) = 21 deg

Vo' = Vb /Y =17.5 kN/m3

@b.a = atan(tan(gok) / Yg) = 36 deg
Ov.d = atan(tan(dvk) / yg) = 18 deg
dob.d = atan(tan(dwox) / Yg) = 24 deg
C'bd = C'ok / Yo' = 0 kN/m?

Ka = sin(a + @r.4)? / (sin(a)? x sin(a - drq) x [1 + V[sin(@rd + dr.a) %
sin(@ra - B) / (sin(a - &.q) x sin(a + B))]]?) = 0.183

Kp = sin(90 - @b.a)?/ (SiN(90 + db.g) x [1 - V[Sin(@b.d + Ob.d) X SiN(Pp.a) /
(sin(90 + dv.a))]]?) = 8.022

Fstem = Yat X Astem X Ystem = 34.9 KN/m
Fbase = Yot X Abase X Ybase = 12 KN/m

Fexc_v = Yaf X Aexc X Yo' = 0.3 KN/m

Fiota_v = Fstem + Fbase + Fexc.v = 47.1 KN/m

Fsur_h = Ka x c0s(8r.d) X ya x Surchargea X hett = 10 kN/m
Froist h = Ya x Ka X c0S(8r.d) X Ymr' % het? / 2 = 9.2 kN/m
Ftotalﬁh = Fsurﬁh + Fmoistﬁh =19.2 KN/m

Fexc_h = Yat X Kp X cOS(8b.d) X Vo' X (Npass + hbase)? / 2 = 13.5 kN/m
Firiction = Fotal v X tan(db.a) = 21 kN/m
Frest = Fexc_n + Firiction = 34.5 KN/m
FoSsi = Frest / Fiotar h = 1.799
PASS - Resistance to sliding is greater than sliding force

Fstem = Yat X Astem X Ystem = 34.9 KN/m
Fbase = Yot X Abase X Ybase = 12 KN/m

Fexc v = Yot X Aexc X Vo' = 0.3 KN/m

Ftotal_v = Fstem + Fbase + Fexc_v = 47.1 KN/m

Fsur h = Ka X cOS(r.d) X ya % Surchargea X hett = 10 kN/m

Fmoist_h = Ya x Ka x c0S(8r.d) X Ymr' X her® / 2 = 9.2 kN/m

Fexc_h = -Yat X Kp X c0S(8b.d) X Yb' X (Npass + hbase)? / 2 = =13.5 KN/m
Frotal_h = Fsur_h + Fmoist_h + Fexc_h = 5.7 KN/m
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Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Base soil

Total

Check stability against overturning
Factor of safety

Design approach 1

Msur_ot = Fsur_h X Xsur_h = 9.7 KNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 6 KNm/m
Miotal oT = Msur_oT + Mmoist ot = 15.7 kKNm/m

Mstem R = Fstem X Xstem = 26.2 KNm/m

Mbase R = Foase X Xoase = 7.2 KNm/m

Mexc_R = Fexc_v X Xexc_v - Fexc_h X Xexc_h = 2.1 KNm/m
Miotal_R = Mstem R + Mbase R + Mexc_r = 35.4 kNm/m

FoSot = MtotaLR / MtotaLOT =2.255

PASS - Maximum restoring moment is greater than overturning moment

Partial factors on actions - Table A.3 - Combination 2

Partial factor set

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action
Variable favourable action

A2
v = 1.000
yar = 1.000
ya = 1.300
yar = 0.000

Partial factors for soil parameters — Table A.4 - Combination 2

Soil parameter set

Angle of shearing resistance
Effective cohesion

Weight density

Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle
Design wall friction angle

Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

M2

Yo = 1.25
Yo = 1.25
w=1.00

Yr' = Y / Yy = 21 KN/m3

Vo' = Yer / Yy = 23 KN/m?

@ra = atan(tan(@rk) / yg) = 35.8 deg
ora = atan(tan(drk) / yy) = 17.1 deg

Vo' = Vb /Y =17.5 kKN/m3

@b.a = atan(tan(@ok) / vg) = 30.2 deg
dv.d = atan(tan(dvx) / yg) = 14.6 deg
dbb.d = atan(tan(devk) / Yg) = 19.6 deg
C'bd = C'ok / Yo' = 0 kN/m?

Ka = sin(a + @r.4)? / (sin(a)? x sin(a - drq) x [1 + V[sin(@rd + dr.a) %
sin(@rd - B) / (sin(a - &.d) x sin(a + B))]]?) = 0.239

Kp = sin(90 - @b.a)?/ (SiN(90 + db.a) x [1 - V[Sin(@b.d + Ob.d) X SiN(Pp.a) /
(sin(90 + db.d))]]?) = 4.938
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Sliding check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Base soil

Total

Check stability against overturning

Factor of safety

Fstem = Yat X Astem X Ystem = 34.9 KN/m
Fbase = Yot X Abase X Ybase = 12 KN/m

Fexc_v = Yot X Aexc X Yo' = 0.3 KN/m

Fiotalv = Fstem + Fbase + Fexc.v = 47.1 KN/m

Fsur_h = Ka x c0s(8r.d) X ya x Surchargeaq X het = 11.6 kN/m
Froist h = Ya x Ka X c0S(8r.d) X Ymr' % het?/ 2 = 9.1 kN/m
FtotaLh = Fsurﬁh + Fmoistih =20.7 KN/m

Fexc_h = Yat X Kp X cOS(db.d) X Vo' X (Npass + Nbase)? / 2 = 8.5 KN/m
Friction = Frotal v X tan(Sbb.d) = 16.8 kN/m

Frest = Fexc_n + Firiction = 25.3 KN/m

FoSsi = Frest / Fotanh = 1.221

PASS - Resistance to sliding is greater than sliding force

Fstem = Yat X Astem X Ystem = 34.9 KN/m
Fbase = Yot X Abase X Ybase = 12 KN/m

Fexc v = Yot X Aexc X Yo' = 0.3 KN/m

Frotal_v = Fstem + Fbase + Fexc_v = 47.1 KN/m

Fsur_h = Ka x c0S(dr.d) X ya x Surchargea X heit = 11.6 kN/m
Fmoist_h = Ya x Ka x c0S(8r.d) X Ymr' % her? / 2 = 9.1 kN/m

Fexc_h = -Yat X Kp X c0S(8b.d) X Yb' X (Npass + Nbase)? / 2 = -8.5 kN/m
Frotal_h = Fsur_h + Fmoist_h + Fexc_.h = 12.2 KN/m

Msur_ot = Fsur_h X Xsur_h = 11.3 KNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 5.9 kKNm/m
Miotal oT = Msur_oT + Mmoist ot = 17.2 kKNm/m

Mstem R = Fstem X Xstem = 26.2 KNm/m

Mbase R = Fbase X Xoase = 7.2 KNm/m

Mexc_R = Fexc_v X Xexc_v - Fexc_h X Xexc_h = 1.3 KNm/m
Miotal_R = Mstem R + Mbase R + Mexc_r = 34.7 kNm/m

FoSot = MtotaLR / MtotaLOT =2.014

PASS - Maximum restoring moment is greater than overturning moment




