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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06
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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;
Saturated density of retained material;
Design shear strength;

Cantilever propped at base
hstem = 3800 mm

twair = 350 mm
Itoe = 3000 mm
Iheet = 0 mm

Ibase = ltoe + Iheet + twan = 3350 mm
tbase = 450 mm

dgs = 750 mm
lgs = 0 mm
tss = 825 mm

hwall = hstem + thase + dgs = 5000 mm

dcover = 0 mm

dexc =0 mm

hwater =3900 mm

hsat = max(hwater - toase - das, 0 mm) = 2700 mm
Yoall = 23.6 kN/m®

Yoase = 23.6 kN/m3

a=90.0 deg

B = 20.0 deg

heft = hwail + lheet X tan(B) = 5000 mm

M=1.5

Ym = 18.0 kN/m®
¥s = 21.0 kN/m®
o' = 24.2 deg
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Angle of wall friction; 4 =18.6 deg

Base material details

Stiff clay

Moist density; Ymb = 19.0 KN/m?®
Design shear strength; 0" = 25.0 deg
Design base friction; S = 18.6 deg
Allowable bearing pressure; Poearing = 125 kN/m?

Using Coulomb theory
Active pressure coefficient for retained material

Ka = sin(o. + ¢")° / (sin(o)? x sin(oc - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(ex - 8) x sin(a + B)))°) = 0.574
Passive pressure coefficient for base material

Kp = sin(90 - ¢'v)* / (Sin(90 - &) X [1 - V(Sin(¢'s + &) X sin(0') / (SiN(90 + &)%) = 4.367
At-rest pressure
At-rest pressure for retained material; Ko =1 —sin(¢’) = 0.590

Loading details

Surcharge load on plan; Surcharge =10.0 kN/m?

Applied vertical dead load on wall; Waeag = 0.0 kKN/m
Applied vertical live load on wall; Wiive = 0.0 kN/m
Position of applied vertical load on wall; lioag = 0 mm
Applied horizontal dead load on wall; Faead = 0.0 kN/m
Applied horizontal live load on wall; Five = 0.0 kN/m
Height of applied horizontal load on wall; hicag = 0 mm
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Loads shown in kN/m, pressures shown in kN/m?
Vertical forces on wall

Wall stem;

Wall base;

Wall downstand;
Total vertical load;

Wuall = hstem X twail X Ywan = 31.4 kN/m
Woase = lbase X tbase X Yoase = 35.6 KN/m
Wds = dds X tds X Yoase = 14.6 KN/m
Wictal = Wwall + Woase + Was = 81.6 kN/m
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Horizontal forces on wall

Surcharge; Fsur = Ka X c0s(90 - a + 8) x Surcharge X hetr = 27.2 kN/m
Moist backfill above water table; Fm_a=0.5 x Ka x c0s(90 - o + 8) X Ym X (heff - hwater)’ = 5.9
KkN/m

Moist backfill below water table; Fm_b = Ka x €c0s(90 - ot + 8) X Ym X (Neff - hwater) X hwater = 42
kN/m

Saturated backfill; Fs=0.5 x Ka x cos(90 - 0 + 8) X (Ys- Ywater) X Nwater> = 46.3
kN/m

Water; Fuater = 0.5 X huater” X Yuater = 74.6 KN/m

Total horizontal load; Frotal = Fsur + Fm_a + Fm_ b + Fs + Fuater = 196.1 KN/m
Calculate propping force

Passive resistance of soil in front of wall; Fp = 0.5 x Kp x c0S(8b) X (dcover + thase + das - dexc)? X Ymb =
56.6 kN/m

Propping force; Forop = Max(Frotal - Fp - (Wiotar) X tan(8s), 0 kN/m)

Forop = 112.0 kKN/m

Overturning moments

Surcharge; Msur = Fsur X (heff - 2 X dgs) / 2 = 47.6 KNm/m

Moist backfill above water table; Mm_a = Fm_a X (Neff + 2 X Rwater - 3 X dus) / 3 = 20.8 kNm/m
Moist backfill below water table; Mm_b = Fm_b X (Nwater - 2 X dgs) / 2 = 50.4 kKNm/m
Saturated backfill; Ms = Fs X (hwater - 3 X dgs) / 3 = 25.5 kNm/m

Water; Muwater = Fwater X (Nwater - 3 X dgs) / 3 = 41 KNm/m

Soil in front of wall; Mp_o = Fp X [2 X dds - toase = oover + dexc] / 3 = 19.8 kKNm/m
Total overturning moment; Mot = Msur + Mm_a + Mim_b + Ms + Muater + Mp_o = 205.2
kNm/m

Restoring moments

Wall stem; Muwail = Wwall X (koe + twan / 2) = 99.7 KNm/m

Wall base; Mbase = Whase X Ibase / 2 = 59.6 KNm/m

Wall downstand; Mas = Wags X (lgs + tgs / 2) = 6 KNm/m

Total restoring moment; Mrest = Mwail + Mpase + Mgs = 165.3 kKNm/m

Check bearing pressure

Total moment for bearing; Miotal = Mrest - Mot = -40 KNm/m
Total vertical reaction; R = Wiotas = 81.6 KN/m
Distance to reaction; Xbar = Mota / R = -490 mm
Eccentricity of reaction; e = abs((lbase / 2) - Xpar) = 2165 mm
WARNING - Beyond scope of calculation
Bearing pressure at toe; Proe = R/ (1.5 X Xpar) = =111 kN/m?
Bearing pressure at heel; Pheel =0 kN/m? = 0 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994

Ultimate limit state load factors
Dead load factor;

Live load factor;

Earth and water pressure factor;

Factored vertical forces on wall
Wall stem;

Wall base;

Wall downstand;

Total vertical load;

Factored horizontal at-rest forces on wall
Surcharge;

Moist backfill above water table;

Moist backfill below water table;

Saturated backfill;

Water;

Total horizontal load;

Calculate propping force

Passive resistance of soil in front of wall;
Ymb = 79.3 kN/m

Propping force;

Factored overturning moments
Surcharge;

Moist backfill above water table;
Moist backfill below water table;
Saturated backfill;

Water;

Soil in front of wall;

Total overturning moment;

314.7 kNm/m

Restoring moments
Wall stem;

Wall base;

Wall downstand;

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;

TEDDS calculation version 1.2.01.06

Yda=1.4
Y= 1.6
Yf_e = 1.4

Wuall_f = ¥ d X hstem X twall X Ywan = 43.9 KN/m
Whoase f = Y d X lbase X tbase X Yoase = 49.8 KN/m
Wds_f = ¥r_d X das X tgs X Yoase =20.4 KN/m
Wictal_f = Wwall_f + Woase_f + Was = 114.2 KN/m

Fsur £ =¥ 1 X Ko x Surcharge X hest = 47.2 KN/m

Frm_a = Yre X 0.5 X Ko X Ym X (eff - hwater)’ = 9 kN/m

Fm_b_f = ¥ e X Ko X Ym X (Neff = hwater) X Nwater = 63.8 KN/m
Fs 1= e % 0.5 x Ko X (Ys- Ywater) X Nwater” = 70.3 kN/m
Fuater 1 = ¥ e X 0.5 X hyater” X Ywater = 104.4 kN/m

Frotal_f = Fsur £+ Fm_a f + Fm bt + Fs_f + Fwater 1 = 294.7 kN/m

Fo_t =7 e X 0.5 X Kp X €0S(8p) X (dcover + toase + das - dexc)2 X

Forop_f = Max(Fiotal_f = Fp_f - (Wiotal_f) X tan(dp), 0 kN/m)
Fprop_f = 177.0 kN/m

Msur £ = Fsur £ X (heff -2 X dgs) /2 = 82.6 kNm/m

Mm_a f = Fm_a_t X (Neff + 2 X hwater - 3 X dgs) / 3 = 31.6 kNm/m
Mm_ b_f = Fm_b_f X (Nwater - 2 X dgs) / 2 = 76.6 kKNm/m

Ms 1 = Fs_t X (hwater - 3 X dgs) / 3 = 38.7 kNm/m

Muater f = Fuwater f X (Nwater - 3 X dgs) / 3 = 57.4 kKNm/m

Mp_o_f = Fp_f X [2 X dds - thase - Aeover + exc] / 3 = 27.7 kKNm/m
Mot £ = Msur + Mm_a_f + Mm_b 1 + Ms_s + Mwater t + Mp o £ =

Muaii_f = Wwall_f X (loe + twan / 2) = 139.5 kKNm/m
Mbase_f = Woase_f X lbase / 2 = 83.4 KNm/m

Mas_f = Was_f X (las + tas / 2) = 8.4 kKNm/m

Mrest_f = Mwall_f + Mbase_f + Mgs_f = 231.4 KNm/m

Miotal_f = Mrest_f - Mot_f = -83.3 kNm/m
Rf = Wiota_f = 114.2 kN/m
Xpar_f = Mtotal_f/ Rf=-729 mm
er = abs((lbase / 2) - Xpar f) = 2404 mm
WARNING - Beyond scope of calculation
Proe_t = Re / (1.5 X Xoar 1) = -104.4 kN/m’
Pheef = 0 KN/m? = 0 kN/m®
rate = Pros 1/ (3 X Xoar ) = 47.72 kN/m’/m
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Bearing pressure at stem / toe; Pstem_toe_f = MaX(Proe_f - (rate X loe), 0 kN/m2) =0 kN/m?
Bearing pressure at mid stem; Pstem_mid_f = MaX(Proe_f - (rate X (koe + twai / 2)), 0 kN/m?) = 0
kN/m?

Bearing pressure at stem / heel; Pstem_heel_f = MaX(Ptoe f - (rate X (loe + twan)), 0 kN/m?) = 0
kN/m?

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

Material properties

Characteristic strength of concrete; fou = 40 N/mm?
Characteristic strength of reinforcement; f, = 500 N/mm?
Base details

Minimum area of reinforcement; k=0.13 %
Cover to reinforcement in toe; Ctoe = 75 mm

Calculate shear for toe design

Shear from weight of base; Vioe_wt_base = Yt d X Ybase X loe X toase = 44.6 KN/m
Shear from weight of downstand; Vioe_wt ds = ¥ d X Ybase X dds X tas = 20.4 KN/m
Total shear for toe design; Vioe = Vioe_wt_base - Vice wt_ds = 24.2 KN/m
Calculate moment for toe design
Moment from weight of base; Mioe_wt_base = (¥ d X Yoase X toase X (hoe + twai / 2)? / 2) = 74.9
kNm/m
Moment from weight of downstand; Mioe_wt_ds = V¢_d X Yoase X dds X tas X (loe - lds + (twan - tas) / 2) =
56.5 kKNm/m
Total moment for toe design; Mtoe = Mioe_wt_base - Mice_wt_ds = 18.5 KNm/m
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Check toe in bending
Width of toe; b =1000 mm/m
Depth of reinforcement; dioe = toase — Ctoe — (Ptoe/ 2) = 362.5 mm
Constant; Kioe = Mice / (b X dioe’ X fu) = 0.004
Compression reinforcement is not required
Lever arm; Zioe = Min(0.5 + V(0.25 - (Min(Kioe, 0.225) / 0.9)),0.95) X dioe
Zioe = 344 mm

Area of tension reinforcement required; As_tos_des = Mroe / (0.87 X f; X Zi0¢) = 123 mm?/m
Minimum area of tension reinforcement; As_toe_min = k X b X toase = 585 mm?/m
Area of tension reinforcement required; As_toe_req = Max(As _tos_des, As_toe_min) = 585 mm?m
Reinforcement provided; 25 mm dia.bars @ 200 mm centres

Area of reinforcement provided; As_toe_prov = 2454 mm?/m
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PASS - Reinforcement provided at the retaining wall toe is adequate

Check shear resistance at toe

Design shear stress; Vice = Vioe / (b X dioe) = 0.067 N/mm?
Allowable shear stress; Vagm = Min(0.8 X V(fo / 1 N/mm?), 5) x 1 N/mm? = 5.000
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 _toe = 0.665 N/mm?
Vioe < Vc_toe - NO shear reinforcement required

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

Material properties

Characteristic strength of concrete; fsy = 40 N/mm?
Characteristic strength of reinforcement; fy = 500 N/mm?
Base details

Minimum area of reinforcement; k=0.13%
Cover to reinforcement in downstand; Cdgs = 75 mm

Calculate shear for downstand design
Total shear for downstand design
Vdown = ¥t e X Kp X €OS(8b) X Ym X das X (dcover + tbase + dds / 2) = 64.5 kN/m

Calculate moment for downstand design
Total moment for downstand design
Maown = ¥t e X Kp X COS(8p) X Ym X dds X [(dcover + toase) X (toase + das) + das X (tbase / 2 + 2 X dgs / 3)] / 2 = 42.4 KNm/m
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Check downstand in bending
Width of downstand; b =1000 mm/m
Depth of reinforcement; dgown = tds — Cds — (Pdown/ 2) = 740.0 mm
Constant; Kaown = Muown 7 (b % dgown> % fep) = 0.002

Compression reinforcement is not required
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Lever arm; Zdown = Min(0.5 + V(0.25 - (min(Kgown, 0.225) / 0.9)),0.95) x
ddown

Area of tension reinforcement required;
Minimum area of tension reinforcement;
Area of tension reinforcement required;
Reinforcement provided;

Area of reinforcement provided;

Zdown = 703 mm

As_down_des = Mdown / (0.87 X f; X Zgown) = 139 mm?/m
As_down_min =kxbxtyg=1073 mmz/m

As_down_req = Max(As_down_des, As_down_min) = 1073 mm?m
20 mm dia.bars @ 200 mm centres

As_down_prov = 1571 mm?/m

PASS - Reinforcement provided at the retaining wall downstand is adequate

Check shear resistance at downstand
Design shear stress;

Allowable shear stress;

N/mm?

From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress;

Vdown = Vaown / (b X dgown) = 0.087 N/mm?
Vadm = min(0.8 x V(fou / 1 N/mm?), 5) x 1 N/mm? = 5.000

PASS - Design shear stress is less than maximum shear stress

Ve_down = 0.441 N/mm?
Vdown < Vc_down - NO shear reinforcement required

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

Material properties
Characteristic strength of concrete;
Characteristic strength of reinforcement;

Wall details

Minimum area of reinforcement;
Cover to reinforcement in stem;
Cover to reinforcement in wall;

Factored horizontal at-rest forces on stem
Surcharge;

Moist backfill above water table;

kN/m

Moist backfill below water table;

kN/m

Saturated backfill;

Water;

Calculate shear for stem design
Shear at base of stem;
=-4.2 kN/m

Calculate moment for stem design
Surcharge;

Moist backfill above water table;
kNm/m

Moist backfill below water table;
Saturated backfill;

Water;

Total moment for stem design;
kNm/m

fo, = 40 N/mm?
f, = 500 N/mm?

k=0.13%
Cs[em = 75 mm
Cwall = 75 mm

Fs_sur_f = Y51 X Ko X Surcharge x (hefs - tbase - das) = 35.9 kN/m
Fs_m_a t=0.5 XY e X Ko X ¥m X (heff - toase - das - hsat)2 =9

Fs_m_b_f = ¥ _e X Ko X Ym X (Neff - tbase - das - hsat) X hsat = 44.2

FS_S_f =0.5x Y e X Ko x (Ys' Ywater) X hsatz = 33.7 KN/m
Fs water 1 = 0.5 X Yt _e X Ywater X hsat2 =50.1 kN/m

Vstem = Fs_sur__f + Fs_m_a_f + Fs_m_b_f + Fs_s_f + Fs_water_f = Fprop_f

Ms_sur = Fs_sur £ X (Nstem + toase) / 2 = 76.2 kNm/m
Ms_m_a = Fs_m_a f X (2 X hsat + heft - dgs + thase / 2) / 3 = 29.6

Ms m_b = Fs_m b_f X hsat / 2 = 59.6 kKNm/m

Ms s = Fs s f X hsat/ 3 = 30.3 kNm/m

Ms_water = Fs_water f X hsat/ 3 =45.1 kNm/m

Mstem = Ms_sur + Ms m_a + Ms_m b + Ms_s + Ms_water = 240.9
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Check wall stem in bending
Width of wall stem;

Depth of reinforcement;
Constant;

Lever arm;

dstem

Area of tension reinforcement required;
Minimum area of tension reinforcement;
Area of tension reinforcement required;
Reinforcement provided;

Area of reinforcement provided;

b =1000 mm/m
dstem = twall — Cstem — (@stem/ 2) = 262.5 mm
Kstem = Mstem / (b x ds,tem2 x fou) = 0.087

Compression reinforcement is not required
Zstem = mln(05 * \/(0.25 = (min(Kstem, 0.225) / 0.9)),0.95) X

Zstem =3 234 mm

As_stem_des = Mstem / (0.87 X fy; X Zstem) = 2367 mm?/m

As_stem_min = K X b X twai = 455 mm%/m

As_stem_req = Max(As_stem_des, As_stem_min) = 2367 mm2/ m

25 mm dia.bars @ 200 mm centres
As_stem_prov = 2454 mm2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem
Design shear stress;

Allowable shear stress;

N/mm?

Vstem = Vstem / (D X dstem) = -0.016 N/mm?

Vagm = Min(0.8 x V(fe / 1 N/mm?), 5) x 1 N/mm? = 5.000

PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress;

Ve _stem = 0.803 N/mm2

Vstem < Vc_stem - NO shear reinforcement required
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Indicative retaining wall reinforcement diagram

Stem reinforcement

Hiss @ 200 clc
(ONTMWE (MTo RC SLAR

Toe reinforcement

Downstand reinforcement

AT (BAsT LM 205 [N
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Toe bars - 25 mm dia.@ 200 mm centres - (2454 mm?/m)

Downstand bars - 20 mm dia.@ 200 mm centres - (1571 mm2/m)

Stem bars - 25 mm dia.@ 200 mm centres - (2454 mm?/m)

Overturning Moment resistance

Overturning moment will be resisted by the 350 thick lower ground floor slab.
Mot = 201.2kNm/m => Factored = 1.4 x 201.2kNm/m = 282kNm/m

Design 350 thick slab to resist this force.

h = 350mm, ¢ = 25mm, ¢ = 25mm, d = 300mm, f, = 500N/mm?

Asreq = M/0.87f,z = 282x10%/0.87x500x0.9x300 = 2401mm?/m

Provide H25s @ 200 ¢/C Ag proy = 2454mm?

Ensure piled wall has sufficient stiffness as well.

Pile ¢ = 450mm, Lining wall = 225mm, outside cover = 75mm => d = 600mm
Asreq = M/0.87f,z = 282x10°/0.87x500x0.9x600 = 1201mm?/m

Provide 0.45 x 1201mm?2/m = 541mm? per pile => Provide at least 2 H10 bars per pile
As prov = 628mm?




