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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

Number of steps
Height of step 1
Thickness of step 1
Height of step 2
Thickness of step 2
Height of step 3
Thickness of step 3
Height of step 4
Thickness of step 4
Angle to rear face of stem
Stem density

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

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 cohesion

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

Loading details
Variable surcharge load
Vertical line load at 150 mm

Cantilever with stepped rear face

hstem = 3300 mm

Nsteps = 4

hs1 = 1600 mm
ts1 = 2500 mm
hs2 =700 mm
ts2 = 2000 mm
hs3 = 700 mm
ts3 = 1300 mm
hss =300 mm
ts4 = 500 mm

o =90 deg

Ystem = 25 KN/m3
toase = 0 mm
Ybase = 25 kN/m?3
hret = 2500 mm
B =0deg

dcover = 800 mm

Medium dense gravel

Ymr = 17 KN/m3
vsr = 20.5 KN/m3
¢'rk = 30 deg
ork = 15 deg

Dense rock fill
b = 18 KN/m?
C'b.k = 0 KN/m2
¢'vk = 40 deg
Sbk = 20 deg
Svbk = 30 deg

Surchargeq = 20 kN/m?
Pc1 =5 KkN/m

Tedds calculation version 2.9.14




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 moist soil

- Distance to vertical component

- Distance to horizontal component

Design approach 1
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General arrangement

Ibase = ts1 = 2500 mm

Nmoist = hsoil = 3300 mm

Isur = (Iheet + ts1 - ts4) = 2000 mm

Xsur_v = lbase - (Iheel + ts1 - ts4) / 2 = 1500 mm

heff = hbase + dcover + hret = 3300 mm

Xsur_h = heff / 2 = 1650 mm

Astem = hst1 x ts1 + hs2 x ts2 + hs3 x ts3 + hsa x tsa = 6.46 m?

Xstem = |base = (st x ts1 X (lheel + ts1 - ts1/2) + hs2 x ts2 X (lheel + ts1 - ts2/ 2)
+ hs3 x ts3 X (lheel + ts1 - ts3/ 2) + hsa x ts4 x (Iheel + ts1 - tsa / 2)) / Astem =
1088 mm

Abase = Ibase X thase = 0 m?

Xbase = |base / 2 = 1250 mm

Amoist = Iheel X hst + (lheel + ts1 - ts2) x hs2 + (Ineel + ts1 - ts3) x hs3 + (lheel +
ts1 - tsa) x hsa = 1.79 m?

Xmoist_v = Ibase = (Iheel X Ns1 x Iheel / 2 + (Iheel + ts1 - ts2) x hs2 x (lheel + ts1 -
ts2) / 2 + (Iheel + ts1 - ts3) x hs3 x (lheel + ts1 - ts3) / 2 + (lheel + ts1 - ts4) x hsa x
(Ineel + ts1 - tsa) / 2) / Amoist = 1834 mm

Xmoist_h = heff / 3 =1100 mm

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

Partial factor set

A1
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Permanent unfavourable action ye =1.35
Permanent favourable action ver = 1.00
Variable unfavourable action ya =1.50
Variable favourable action yaf = 0.00
Partial factors for soil parameters — Table A.4 - Combination 1
Soil parameter set M1
Angle of shearing resistance v = 1.00
Effective cohesion ve = 1.00
Weight density vy =1.00

Retained soil properties
Design moist density
Design saturated density

Ymr' = Ymr / vw=17 kN/m?3
Ys' = ysr | 7y = 20.5 KN/m3

Design effective shear resistance angle ¢'ra = atan(tan(¢'rk) / y¢) = 30 deg

Design wall friction angle

Base soil properties
Design soil density

drd = atan(tan(drk) / y¢) = 15 deg

o' = vb /¥y = 18 KN/m?3

Design effective shear resistance angle ¢'v.a = atan(tan(¢'v.x) / v¢') = 40 deg

Design wall friction angle
Design base friction angle
Design effective cohesion

Using Rankine theory
At rest pressure coefficient
Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Line loads

Moist retained soll
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

8b.d = atan(tan(dvk) / v¢') = 20 deg
Sbb.d = atan(tan(deb.k) / yyr) = 30 deg
C'v.d = Cbk / v = 0 KN/m?

Ko = 1 - sin(¢'.) = 0.500
Kp = (1 + sin(¢'b.d)) / (1 - sin(¢p'b.a)) = 4.599

Fstem = yGf x Astem X ystem = 161.5 KN/m
Fbase = Y6t X Abase X Ybase = 0 KN/m
Fp_v = yot x Pg1 =5 kN/m

Fmoist_v = yof X Amoist X ymr' = 30.4 KN/m

Library item Partial factors output

Ftotal_v = Fstem + Fpase + FP_v + Fmoist_v =196.9 kN/m

Fsur h = Ko x ya x Surchargeq x heff = 49.5 kN/m

Fmoist_h = YG X Ko x Ymr' x hei® / 2 = 62.5 KN/m

Ftotal_h = Fsur_h + Fmoist h = 112 KN/m

Fexc_h = YGf X Kp x "{bl X (hpass + hbase)2 /2 =26.5kN/m

Friction = Frotal_v x tan(dbb.a) = 113.7 KN/m
Frest = Fexc_h + Firiction = 140.2 kN/m
FOSsi = Frest / Ftotal_h =1.252

PASS - Resistance to sliding is greater than sliding force

Fstem = YGf X Astem x Ystem = 161.5 kN/m
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Wall base Fbase = YGf X Abase x Ybase = 0 kN/m

Line loads Fp_v =yef x Pc1 = 5 kN/m

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soll

Base soll

Total

Overturning moments on wall
Surcharge load

Moist retained soll

Total

Restoring moments on wall
Wall stem

Wall base

Line loads

Moist retained soll

Base soil

Total

Check stability against overturning
Factor of safety

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Line loads

Moist retained soll

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Moments on wall
Wall stem

Wall base
Surcharge load
Line loads

Moist retained soll
Base soll

Fmoist_v = YGf X Amoist X "{mr' = 30.4 kN/m
Ftotal_v = Fstem + Fpase + FP_v + Fmoist_v =196.9 kN/m

Fsur_h = Ko x ya x Surchargeq x heft = 49.5 kN/m
Fmoist h = v x Ko x ymr' x her? / 2 = 62.5 KN/m

Fexc_h = -yaf x Kp x yb' x (Npass + hbase)? / 2 = -26.5 KN/m
Ftotal_h = Fsur_n + Fmoist_ h + Fexc_h = 85.5 kN/m

MsurﬁOT = Fsurﬁh X Xsur_h = 81.7 kNm/m
MmoistﬁOT = Fmoistﬁh X Xmoist_h = 68.7 kNm/m
Mtotal_oT = Msur_oT + Mmoist ot = 150.4 KNm/m

Mstem R = Fstem x Xstem = 175.7 kNm/m
Mbase R = Fbase X Xbase = 0 KNm/m

Mp_r = abs(yer x Pa1) x p1 = 0.8 KNm/m
Mmoist R = Fmoist v X Xmoist_v = 55.8 KNm/m
Mexc R = -Fexc_h X Xexc_h = 7.1 KNm/m

MtotaI_R = Mstem_R + Mbase_R + MP_R + Mmoist_R + Mexc_R = 239.4 KNm/m

FoSot = Mrotal R / Miotal_oT = 1.591

PASS - Maximum restoring moment is greater than overturning moment

Fstem = Y6 x Astem X ystem = 218 KN/m

Fbase = Y6 x Abase X Ybase = 0 KN/m

Fsur_v = ya x Surchargeq x (lheel + ts1 - ts4) = 60 KN/m
Fp_v=1vc x Pc1 = 6.8 KN/m

Fmoist v = Y6 X Amoist X ymr' = 41.1 KN/m

Ftotal v = Fstem + Fbase + Fsur v + Fp_v + Fmoist v = 325.9 kN/m

Fsur_h = Ko x ya x Surchargeq x heff = 49.5 kN/m
Fmoist_h = YG X Ko x Ymr' x hei® / 2 = 62.5 KN/m
Fpass_h = =ycf x Kp x yb' % (dcover + hbase)2 /2 =-26.5 kKN/m

Ftotalfh = maX(Fsurﬁh + Fmoistﬁh + Fpassﬁh - Ftotalfv X tan(gbb.d), 0 kN/m) =0

kN/m

Mstem = Fstem X Xstem = 237.2 KNm/m
Mbase = Fbase X Xbase = 0 KNm/m
sur = Fsur v x Xsur_v - Fsur_h x Xsur_h = 8.3 KNm/m
Mp =y x Pt x p1 =1 kNm/m
Mmoist = Fmoist v X Xmoist v = Fmoist h X Xmoist_ h = 6.6 KNm/m

Mpass = -Fpass_h X Xpass_h = 7.1 KNm/m
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Total

Check bearing pressure

Distance to reaction

Eccentricity of reaction

Loaded length of base

Bearing pressure at toe

Bearing pressure at heel

Effective overburden pressure
Design effective overburden pressure
Bearing resistance factors

Foundation shape factors

Load inclination factors

Net ultimate bearing capacity

Factor of safety

Mtotal = Mstem + Mbase + Msur + Mp + Mmoist + Mpass = 260.3 kKNm/m

X = Mootal / Frotalv = 799 mm
€= X-lbase/2=-451 mm
load =2 x x = 1597 mm
Qtoe = Frotal_v / lioad = 204 kKN/m?
Qheel = 0 KN/m?
g = (tbase * deover) x 1b' = 14.4 KN/m?
q' =q/v =14.4 KN/m?
Ng = Exp(n x tan(¢'v.q)) x (tan(45 deg + ¢'v.a / 2))? = 64.195
Ne = (Ng - 1) x cot(@'n.a) = 75.313
N, = 2 x (Nq - 1) x tan(¢'s.d) = 106.054

Sq=1
sy =1
sc=1

H = Fsur_h + Fmoist h + Fpass_ h = 85.5 KN/m

V = Fiotal_v = 325.9 kN/m

m=2

iqg=[1-H/(V + load x C'b.d x cot(¢'v.a))]™ = 0.544

iy =[1-H/(V+ lioad x C'b.d x COt(¢'0.a))]™* ") = 0.401
ic = iq - (1 - iq) / (No x tan(¢'n.d)) = 0.537

FoSbp = nr/ max(Qtoe, Gheer) = 5.466

Nt = C'b.d x Ne x Sc x ic + Q' x Ng x Sq x ig + 0.5 x 1b' x lioad x Ny x 8y x iy = 1115 KN/m?

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

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

Partial factor set

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

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

A2

ve =1.00
yet = 1.00
ya=1.30
yar = 0.00
M2

o =1.25
v =1.25
1y = 1.00

Library item Partial factors output

Ymr' = ymr / 1y = 17 KN/m3

st = ysr / 7y = 20.5 KN/m3

¢'ra = atan(tan(¢'rk) / y¢) = 24.8 deg
8ra = atan(tan(érk) / y¢') = 12.1 deg

' = vo /vy = 18 kKN/m?3
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Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Rankine theory
At rest pressure coefficient
Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Line loads

Moist retained 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

Line loads

Moist retained soll
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soll

Total

Restoring moments on wall
Wall stem
Wall base
Line loads

¢'v.a = atan(tan(¢'vk) / yy) = 33.9 deg
8b.a = atan(tan(dvx) / vo') = 16.2 deg
8bb.d = atan(tan(dob.k) / vy') = 24.8 deg
C'b.d = C'bk / v¢ = 0 KN/m?

Ko = 1 - sin(¢'ra) = 0.581
Ke = (1 + sin(d's.0)) / (1 - sin(¢'v.a)) = 3.518

Fstem = yct X Astem X ystem = 161.5 KN/m

Fbase = YGf X Abase X Ybase = 0 KN/m

Fp_v = yaf x Pg1 =5 kN/m

Fmoist_v = YGf X Amoist X Ymr' = 30.4 KN/m

Ftotal v = Fstem + Fbase + Fp_v + Fmoist_v = 196.9 KN/m

Fsur_h = Ko x ya x Surchargeq x heft = 49.8 kN/m
Fmoist_h = YG X Ko x Ymr' x he? / 2 = 53.8 KN/m
Ftotal_h = Fsur_h + Fmoist h = 103.6 kN/m

Fexc_h = yof x Kp x b' x (Npass + hbase)? / 2 = 20.3 KN/m
Friction = Fiotal_v x tan(8bb.d) = 91 kKN/m
Frest = Fexc_h + Firiction = 111.2 KN/m
FoSsi = Frest / Ftota h = 1.074
PASS - Resistance to sliding is greater than sliding force

Fstem = yGf x Astem X ystem = 161.5 KN/m

Fbase = YGf X Abase X ybase = 0 KN/m

Fp_v = yot x Pg1 =5 kN/m

Fmoist_v = yof X Amoist X ymr' = 30.4 KN/m

Ftotal_v = Fstem + Foase + Fp_v + Fmoist_v = 196.9 kN/m

Fsur h = Ko x ya x Surchargeq x hesf = 49.8 kN/m
Fmoist h = 76 x Ko x ymr' x hew® / 2 = 53.8 KN/m

Fexc_h = -yaf x Kp x yb' x (Npass + hbase)? / 2 = -20.3 kN/m
Ftotal_h = Fsur_n + Fmoist_ h + Fexc_h = 83.3 kN/m

Msur_OT = Fsur_h X Xsur_h = 82.2 kNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 59.1 kNm/m
MtotaI_OT = Msur_OT + Mmoist_OT =141.3 kNm/m

MstemfR = Fstem x Xstem = 175.7 KNm/m
Mbase_R = Fpase X Xbase = 0 KNmM/m

Mp_r = abs(yer x Pa1) x p1 = 0.8 KNm/m
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Moist retained soll Mmoist_R = Fmoist_v X Xmoist_ v = 55.8 kNm/m
Base soll Mexc_R = -Fexc_h X Xexc_h = 5.4 KNm/m
Total Miotal R = Mstem R + Mbase R + Mp_R + Mmoist R + Mexc R = 237.7 kKNm/m

Check stability against overturning
Factor of safety FoSot = Miotal_r / Mtotal_oT = 1.682
PASS - Maximum restoring moment is greater than overturning moment

Bearing pressure check

Vertical forces on wall

Wall stem Fstem = 76 x Astem X ystem = 161.5 kN/m

Wall base Fbase = Y6 X Abase X Ybase = 0 KN/m

Surcharge load Fsur v = ya x Surchargeq x (lheel + ts1 - ts4) = 52 KN/m

Line loads Fp_v=1ve x Pe1=5kN/m

Moist retained soil Fmoist v = Y6 X Amoist X ymr' = 30.4 KN/m

Total Frtotal v = Fstem + Fbase + Fsur v + Fp_v + Fmoist v = 248.9 kN/m

Horizontal forces on wall

Surcharge load Fsur_h = Ko % ya x Surchargeaq x hest = 49.8 KN/m

Moist retained soil Frmoist_h = y6 x Ko x ymr' x he? / 2 = 53.8 KN/m

Base soil Fpass_h = -yaf x Kp x yb' x (dcover + hbase)? / 2 = -20.3 kKN/m

Total Ftotal_h = max(Fsur_h + Fmoist_h + Fpass_h - Ftotal_v x tan(dov.d), 0 kKN/m) = 0
kN/m

Moments on wall

Wall stem Mstem = Fstem X Xstem = 175.7 kKNm/m

Wall base Mbase = Foase x Xbase = 0 KNm/m

Surcharge load Msur = Fsur_v X Xsur_v = Fsur_h X Xsur_n = -4.2 KNm/m

Line loads Mp =y x Pa1 x p1 = 0.8 KNm/m

Moist retained soll Mmoist = Fmoist v X Xmoist_v = Fmoist_h X Xmoist h = =3.3 KNm/m

Base soil Mpass = -Fpass_h X Xpass_h = 5.4 KNm/m

Total Mtotal = Mstem + Mbase + Msur + Mp + Mmoist + Mpass = 174.4 KNm/m

Check bearing pressure

Distance to reaction X = Mootal / Fiotalv = 700 mm

Eccentricity of reaction €= X-lbase /2 =-550 mm

Loaded length of base load =2 x X = 1401 mm

Bearing pressure at toe Qtoe = Ftotal_v / lioad = 177.7 KN/m?

Bearing pressure at heel Qheel = 0 KN/m?

Effective overburden pressure g = (tbase * deover) x 1b' = 14.4 KN/m?

Design effective overburden pressure q' =q/vy =14.4 KkN/m?

Bearing resistance factors Ng = Exp(n x tan(¢'v.q)) x (tan(45 deg + ¢'v.a / 2))? = 28.987

Ne = (Ng - 1) x cot(¢'b.d) = 41.692
N, = 2 x (Ng - 1) x tan(¢'s.q) = 37.574

Foundation shape factors Sq=1
sy =1
Sc=1
Load inclination factors H = Fsur_h + Fmoist_h + Fpass_h = 83.3 kN/m

V= Ftotal_v =248.9 kN/m
m=2
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Net ultimate bearing capacity

Factor of safety

iqg=1[1-H/(V+ lioad X C'b.d x COt(¢'b.d))]" = 0.443

ly

Ic

[1 - H/ (V + lisag x C'bd x COt(¢'5.))]™ * ) = 0.295
iq - (1-iq) / (No x tan(¢'v.a)) = 0.423

Nf = C'b.d x Ne x Sc x ic + Q' x Ng x Sq x ig + 0.5 x 1b' X lioad x Ny x 8y x iy = 324.3 KN/m?

FoSbp = nr/ max(Qtoe, gheer) = 1.825
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure




