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Wall details

Retaining wall type

Height of retaining wall stem
Thickness of wall stem

Length of toe

Length of heel

Overall length of base

Thickness of base

Depth of downstand

Position of downstand

Thickness of downstand

Height of retaining wall

Depth of cover in front of wall
Depth of unplanned excavation
Height of ground water behind wall
Height of saturated fill above base
Density of wall construction
Density of base construction
Angle of rear face of wall

Angle of soil surface behind wall
Effective height at virtual back of wall

Retained material details
Mobilisation factor
Moist density of retained material
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Unpropped cantilever
hstem = 5100 mm

twal = 600 mm
ltoe = 1600 mm
Iheel = 2400 mm
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Ibase = ltoe + lheel + twal = 4600 mm

toase = 500 mm

dds = 0 mm
las = 1450 mm
tass = 500 mm

hwall = hstem + tbase + dds = 5600 mm

dcover = 1200 mm
dexc = 0 mm
water = 0 mm

hsat = maX(hwater - thase - dds, 0 mm) =0 mm

ywall = 23.6 KN/m?
ybase = 23.6 kKN/m3
o = 90.0 deg

B =0.0 deg

heff = hwall + Ineel x tan(p) = 5600 mm

M=15
ym = 18.0 kN/m?
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Saturated density of retained material ys = 21.0 KN/m?
Design shear strength ¢'=23.4 deg
Angle of wall friction 8 =18.0deg
Base material details
Soft clay
Moist density ymb = 18.0 KN/m3
Design shear strength o' = 24.2 deg
Design base friction 80 = 18.6 deg
Allowable bearing pressure Poearing = 125 kKN/m?
Using Rankine theory
Active pressure coefficient for retained material Ka = (cos(B) - V[(cos(B))? - (cos(§"))?]) / (cos(B) + V[(cos(B))? -
(cos(9))?)
Ka=0.431
Passive pressure coefficient for base material Kp = (1 + V[1 - (cos(¢'))2]) / (1 - V[1 - (cos(¢'n))?]) = 2.389
At-rest pressure
At-rest pressure for retained material Ko =1 -sin(¢’) = 0.603
Loading details
Surcharge load on plan Surcharge = 5.0 kN/m?
Applied vertical dead load on wall Woeead = 35.1 KN/m
Applied vertical live load on wall Wiive = 7.0 KN/m
Position of applied vertical load on wall load = 1900 mm
Applied horizontal dead load on wall Fdead = 0.0 kKN/m
Applied horizontal live load on wall Five = 0.0 KN/m
Height of applied horizontal load on wall hioad = 0 mm
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Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall stem

Wall base

Surcharge

Moist backfill to top of wall
Soil in front of wall
Applied vertical load

Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Total horizontal load

Calculate stability against sliding
Passive resistance of soil in front of wall
Resistance to sliding

Overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Surcharge

Moist backfill

Soil in front of wall
Design vertical load
Total restoring moment

Check stability against overturning
Total overturning moment
Total restoring moment

Check bearing pressure
Total moment for bearing
Total vertical reaction
Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Wwall = hstem * twall * ywal = 72.2 KN/m

Whase = Ibase * thase * ybase = 54.3 kKN/m

wsur = Surcharge * lheel = 12 KN/m

Wm_w = Iheel * (Nstem - hsat) * ym = 220.3 KN/m

Wp = ltoe * dcover * ymb = 34.6 KN/m

Wv = Wdead + Wive = 42.1 kN/m

Wiotal = Wwall + Whase + Wsur + Wm_w + Wp + Wv = 435.5 kN/m

Fsur = Ka * Surcharge * hett = 12.1 KN/m
Fma=0.5*Ka*ym* (heft - hwater)2 = 121.8 KN/m
Ftotal = Fsur + Fm_a = 133.9 KN/m

Fp=0.5* Kp * (dcover + toase + dds - dexc)? * ymb = 62.1 kN/m
Fres = Fp + Whotal X tan(6b) =208.7 KN/m
PASS - Resistance force is greater than sliding force

Msur = Fsur * (heft - 2 * das) / 2 = 33.8 KNm/m
Mm_a = Fm_a * (heff + 2 * hwater - 3 * das) / 3 = 227.3 kKNm/m
Mot = Msur + Mm_a = 261.2 kKNm/m

Muwall = Wwall * (ltoe + twai / 2) = 137.2 KNm/m

Mbase = Whase * Ibase / 2 = 124.8 KNm/m

Msur_r = Wsur * (Ibase - Ineel / 2) = 40.8 KNm/m

Mm_r = (Wm_w * (lbase - lheel / 2) + Wm_s * (lbase - lheel / 3)) = 749.1 KNm/m
Mp_r=Wp * loe / 2 = 27.6 KNm/m

Mv = Wy * lioad = 80 KNm/m

Mrest = Mwall + Mbase + Msur_r + Mm_r + Mp_r + Mv = 1159.6 kNm/m

Mot = 261.2 kNm/m
Mrest = 1159.6 KNm/m
PASS - Restoring moment is greater than overturning moment

Mtotal = Mrest - Mot = 898.4 KNm/m
R = Wiotal = 435.5 kKN/m
Xbar = Miotal / R = 2063 mm
e = abs((lbase / 2) - Xbar) = 237 mm
Reaction acts within middle third of base
proe = (R / Ibase) + (6 * R * € / Ibase?) = 123.9 kN/m?2
pheel = (R / lbase) - (6 * R * € / Ibase?) = 65.4 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.08
Ultimate limit state load factors
Dead load factor yid=1.4
Live load factor yi1=1.6
Earth and water pressure factor yie=14

Factored vertical forces on wall

Wall stem

Wall base

Surcharge

Moist backfill to top of wall
Soil in front of wall
Applied vertical load

Total vertical load

Factored horizontal at-rest forces on wall

Surcharge
Moist backfill above water table
Total horizontal load

Passive resistance of soil in front of wall

Factored overturning moments

Surcharge
Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Surcharge

Moist backfill

kNm/m

Soil in front of wall
Design vertical load
Total restoring moment

Factored bearing pressure
Total moment for bearing
Total vertical reaction
Distance to reaction
Eccentricity of reaction

Bearing pressure at toe

Bearing pressure at heel

Rate of change of base reaction
Bearing pressure at stem / toe
Bearing pressure at mid stem
Bearing pressure at stem / heel

Wwall_f = yf_d * hstem * twall * ywal = 101.1 kKN/m
Whase_f = yf_d * Ibase * thase * ybase = 76 KN/m

Wsur_f = vt * Surcharge * Ineel = 19.2 kN/m

Wm_w_f = yi_d * lneel * (Nstem - hsat) * ym = 308.4 KN/m
Wp_f = yi_d * ltoe * dcover * ymb = 48.4 KN/m

Wo_t = yi_d * Wdead + i1 * Wive = 60.3 KN/m

Whotal_f = Wwall_f + Whase_f + Wsur_f + Wm_w_f + Wp_f + Wv_t = 613.5 KN/m

Fsur_f =yt * Ko * Surcharge * hett = 27 KN/m

Fm_a f=1vte*0.5* Ko *ym * (heff - hwater)? = 238.2 kN/m

Frotal_f = Fsur_f + Fm_a_f = 265.2 kN/m

Fp_f=vyie* 0.5 * Kp * (dcover + tbase + dds - dexc)? * ymb = 87 kN/m

Msur_t = Fsur_t * (heft - 2 * das) / 2 = 75.6 KNm/m
Mmaf=Fmaf* (heff + 2 * hwater - 3 * dds) /3 =444.7 KkNm/m
Mot f = Msur_f + Mm_a_f = 520.3 kNm/m

Muwall_f = Wwall_t * (lioe + twan / 2) = 192.1 KNm/m

Mbase_f = Whase_f * Ibase / 2 = 174.8 KNm/m

Msur_r_f = Wsur_f * (Ibase - lneet / 2) = 65.3 KNm/m

Mm_r_f = (Wm_w_t * (lbase - lheel / 2) + Wm_s_f * (Ibase - Ineet / 3)) = 1048.7

Mp_r f=Wp_f* ltoe / 2 = 38.7 kKNmM/m
Mv =Wy it* lioad = 114.6 kKNm/m
Mrest_f = Mwall_f + Mbase_f + Msur r f + Mm_r f+ Mp_r f + Mv_t = 1634.2 kNm/m

Miotal_f = Mrest_f - Mot_f = 1113.9 kKNm/m
Rt = Whotal f = 613.5 KN/m
Xbar_f = Mrotal_f / Rt = 1816 mm
er = abs((Ibase / 2) - Xbar_f) = 484 mm
Reaction acts within middle third of base
proe_t = (Rt / lbase) + (6 * Ri * €1 / lbase?) = 217.6 KN/m?
pheel_f = (Rt / Ibase) - (6 * Rt * €1/ Ibase?) = 49.1 kKN/m?2
rate = (Proe_f - Pheel_1) / lbase = 36.62 KN/m2/m
Pstem_toe_f = MaX(pProe_f - (rate * loe), 0 KN/m?2) = 159 kN/m?
Pstem_mid_f = Mmax(Proe_f - (rate * (loe + twan / 2)), 0 KN/m?2) = 148 kN/m?2
Pstem_heel_f = MaX(proe_f - (rate * (loe + twar)), 0 KN/m?2) = 137 kN/m?2
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Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties
Characteristic strength of concrete feu = 35 N/mm?
Characteristic strength of reinforcement fy = 500 N/mm?2

Base details
Minimum area of reinforcement k=0.13 %
Cover to reinforcement in toe Ctoe = 40 mm

Calculate shear for toe design

Shear from bearing pressure Vioe_bear = (Ptoe_f + Pstem_toe_f) * loe / 2 = 301.3 KN/m
Shear from weight of base Vioe_wt_base = yf_d * Ybase * loe * thase = 26.4 KN/m
Shear from weight of soil Vioe_wt_soil = Wp_f = (yf_d * ym * loe * dexc) = 48.4 KN/m
Total shear for toe design Vioe = Vioe_bear - Vioe_wt_base - Vioe_wt_soil = 226.4 KN/m

Calculate moment for toe design

Moment from bearing pressure Mitoe_bear = (2 * Proe_f + Pstem_mid_f) * (ltoe + twai / 2)2 / 6 = 350.9 KNm/m
Moment from weight of base Mitoe_wt_base = (Yf_d * Ybase * tbase * (loe + twall / 2)? / 2) = 29.8 KNm/m
Moment from weight of soil Mioe_wt_soil = (Wp_f - (yi_d * ym* loe* dexc)) * (ltoe + twan) / 2 = 53.2 KNm/m
Total moment for toe design Mtoe = Mtoe_bear - Mtoe_wt_base - Mtoe_wt_soil = 267.8 KNm/m
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Check toe in bending
Width of toe b = 1000 mm/m
Depth of reinforcement dtoe = thase — Ctoe — (Proe/ 2) = 450.0 mm
Constant Ktoe = Mioe / (b x dioe? x feu) = 0.038
Compression reinforcement is not required
Lever arm Zwoe = MiN(0.5 + V(0.25 - (Min(Ke, 0.225) / 0.9)),0.95) x droe
Zwoe = 428 mm
Area of tension reinforcement required As_toe_des = Mroe / (0.87 x fy x Ztoe) = 1440 mm?/m
Minimum area of tension reinforcement As_toe_min = K x b X thase = 650 mm?2/m
Area of tension reinforcement required As_toe_req = Max(As_toe_des, As_toe_min) = 1440 mm2/m
Reinforcement provided 20 mm dia.bars @ 200 mm centres
Area of reinforcement provided As_toe_prov = 1571 mm2/m

PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress Vioe = Vioe / (b x dioe) = 0.503 N/mm?
Allowable shear stress Vadm = mMin(0.8 x V(feu / 1 N/mm?), 5) x 1 N/mm? = 4.733 N/mm?

PASS - Design shear stress is less than maximum shear stress
From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress Vc_toe = 0.498 N/mm?

WARNING - Shear reinforcement required

Design of reinforced concrete retaining wall heel (BS 8002:1994)

Material properties

Characteristic strength of concrete fou = 35 N/mm?
Characteristic strength of reinforcement fy = 500 N/mm?2
Base details

Minimum area of reinforcement k=0.13%
Cover to reinforcement in heel Cheel = 40 mm

Calculate shear for heel design

Shear from bearing pressure Vheel_bear = (Pheel_f + Pstem_heel_f) * Iheel / 2 = 223.4 KN/m

Shear from weight of base Vheel_wt_base = Yf_d * ybase * Iheel * thase = 39.6 KN/m

Shear from weight of moist backfill Vheel wt_m = Wm_w_t = 308.4 kKN/m

Shear from surcharge Vheel_sur = Wsur_f = 19.2 KN/m

Total shear for heel design Vheel = - Vheel bear + Vheel wt_base + Vheel_wt_m + Vheel_sur = 143.9 KN/m

Calculate moment for heel design

Moment from bearing pressure Mheel_bear = (2 * Ppheel_f + Pstem_mid_f) * (Ineel + twail / 2)2 / 6 = 299.2 kNm/m
Moment from weight of base Mheel_wt_base = (yi_d * ybase * thase * (Iheel + twall / 2)2 / 2) = 60.2 kKNm/m
Moment from weight of moist backfill Mheel_wt_m = Wm_w_f * (Iheel + twall) / 2 = 462.7 KNm/m
Moment from surcharge Mheel_sur = Wsur_f * (Ineel + twall) / 2 = 28.8 KNm/m
Total moment for heel design Mheel = - Mheel_bear + Mheel_wt_base + Mheel_wt_m + Mheel_sur = 252.5 KNm/m
p——200—
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Check heel in bending

Width of heel b =1000 mm/m
Depth of reinforcement dheel = tbase — Cheel — (dheel/ 2) = 450.0 mm
Constant Knheel = Mheel / (b x dhee? x fcu) = 0.036

Compression reinforcement is not required
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Lever arm Zheet = MiN(0.5 + V(0.25 - (min(Kneel, 0.225) / 0.9)),0.95) x dheel
Zheel = 428 mm

Area of tension reinforcement required As_heel_des = Mheel / (0.87 x fy x zneel) = 1358 mm?2/m
Minimum area of tension reinforcement As_heel_min = K x b x tbase = 650 mmz2/m
Area of tension reinforcement required As_heel_req = Max(As_neel_des, As_heel_min) = 1358 mm?2/m
Reinforcement provided 20 mm dia.bars @ 200 mm centres
Area of reinforcement provided As_heel_prov = 1571 mm?2/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Check shear resistance at heel
Design shear stress Vheel = Vheel / (b x dheer) = 0.320 N/mm?
Allowable shear stress Vadm = mMin(0.8 x V(feu / 1 N/mm2), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress Vc_heel = 0.498 N/mm?2
Vheel < Vc_heel - NO shear reinforcement required

Design of reinforced concrete retaining wall stem (BS 8002:1994)

Material properties

Characteristic strength of concrete fou = 35 N/mm?
Characteristic strength of reinforcement fy = 500 N/mm?2
Wall details

Minimum area of reinforcement k=0.13 %
Cover to reinforcement in stem Cstem = 40 mm
Cover to reinforcement in wall Cwall = 40 mm

Factored horizontal at-rest forces on stem

Surcharge Fs_sur_f = yi1 * Ko * Surcharge * (heff - thase - dds) = 24.6 kN/m

Moist backfill above water table Fs_m_a_t=0.5*yte* Ko*ym * (heff - tbase - dds - hsat)? = 197.6 kN/m
Calculate shear for stem design

Shear at base of stem Vstem = Fs_sur f + Fs m_a_ = 222.2 KN/m

Calculate moment for stem design

Surcharge Ms_sur = Fs_sur t * (hstem + tbase) /2 =68.9 KNm/m

Moist backfill above water table Ms_m_a = Fs_m_a_f * (2 * hsat + heff - dds + tbase / 2) / 3 = 385.3 kKNm/m

Total moment for stem design Mstem = Ms_sur + Ms_m_a = 454.1 kKNm/m
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Check wall stem in bending
Width of wall stem b = 1000 mm/m
Depth of reinforcement dstem = twall — Cstem — (¢stem/ 2) = 547.5 mm
Constant Kstem = Mstem / (b x dstem? x fcu) = 0.043
Compression reinforcement is not required

Lever arm Zstem = Min(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem

Zstem = 520 mm
Area of tension reinforcement required As_stem_des = Mstem / (0.87 x fy x Zstem) = 2009 mm?/m
Minimum area of tension reinforcement As_stem_min = K x b X twal = 780 mm2/m
Area of tension reinforcement required As_stem_req = Max(As_stem_des, As_stem_min) = 2009 mm?2/m
Reinforcement provided 25 mm dia.bars @ 175 mm centres
Area of reinforcement provided As_stem_prov = 2805 mm?2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem
Design shear stress Vstem = Vstem / (D x dstem) = 0.406 N/mm?
Allowable shear stress Vadm = min(0.8 x V(feu / 1 N/mm2), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress
From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress Ve_stem = 0.566 N/mm?2
Vstem < Vc_stem - NO shear reinforcement required

Check retaining wall deflection

Basic span/effective depth ratio ratiobas = 7

Design service stress fs = 2 x fy x As_stem_req / (3 x As_stem_prov) = 238.7 N/mm?

Modification factor factoriens = min(0.55 + (477 N/mm?2 - 5)/(120 x (0.9 N/mm?2 + (Mstem/(b x dstem?)))),2) = 1.37
Maximum span/effective depth ratio ratiomax = ratiobas x factortens = 9.61

Actual span/effective depth ratio ratioact = hstem / dstem = 9.32

PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

b Stem reinforcement

Toe reinforcement —— '—Heel reinforcement

||

Toe bars - 20 mm dia.@ 200 mm centres - (1571 mm?2/m)
Heel bars - 20 mm dia.@ 200 mm centres - (1571 mm2/m)
Stem bars - 25 mm dia.@ 175 mm centres - (2805 mm?2/m)
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