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RETAINING WALL ANALYSIS & DESIGN (BS8002)

RETAINING WALL ANALYSIS (BS 8002:1994)

Wall details

Retaining wall type

Height of retaining wall stem
Thickness of wali 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
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TEDDS calculation version 1.2.01.06
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Cantilever propped at both
r]st(;nq = :3 1 ()() mm

twan = 300 mm
loe = 1200 mm
lheet = 0 mm

Ibase = lioe + Iheet + twa = 1500 mm
tbase = 400 mm

dgs = 50 mm

lgs = 1000 mm

tas = 450 mm

hwail = hstem *+ thase + das = 3550 mm
dcover =0 mm

dexc = 200 mm

hwater = 3500 mm

hsat = Max(hwater - thase - dus, 0 mm) = 3050 mm
Ywall = 23.6 kN/m®

Ybase = 23.6 kN/m3

o =90.0 deg

B =0.0 deg

heft = Nwall + lheet X tan(p) = 3550 mm
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Retained material details
Mobilisation factor M=15

Moist density of retained material
Saturated density of retained material
Design shear strength

Angle of wall friction

Base material details
Moist density

Design shear strength
Design base friction
Allowable bearing pressure

Using Coulomb theory
Active pressure coefficient for retained material

Ym = 20.0 kN/m®
vs = 21.0 kN/m®
¢'=24.2 deg
5 =18.6 deg

Ymb = 20.0 KN/m®
¢'s = 24.2 deg

o, = 18.6 deg
Pbearing = 140 kN/m?

Ka = sin(o. + ¢)% / (sin(a)? x sin(e. - 8) x [1 + V(sin(e' + 8) x sin(¢' - B) / (sin(a: - 8) x sin(a. + B))IP) = 0.369

Passive pressure coefficient for base material

Ko = sin(90 - ') / (sin(90 - 8v) x [1 - V(sin(@' + 86 x sin(d's) / (sin(90 + o)) = 4.187

At-rest pressure
At-rest pressure for retained material

Loading details

Surcharge load on plan

Applied vertical dead load on wall
Applied vertical live load on wall
Position of applied vertical load on wall
Applied horizontal dead load on wall
Applied horizontal live load on wall
Height of applied horizontal load on wall

.8
244

T

Ko = 1 —sin(¢’) = 0.590

Surcharge = 10.0 kN/m?

Woeead = 0.0 kN/m
Wive = 0.0 kN/m
lioad = 0 mm

Fdead = 0.0 kN/m
Five = 0.0 kN/m
icad = 0 mm
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Vertical forces on wall
Wall stem

Wall base

Wall downstand

Total vertical load

Horizontal forces on wall
Surcharge

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

Water

Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

Propping force

Overturning moments
Surcharge

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

Water

Total overturning moment

Restoring moments
Wall stem

Wall base

Wall downstand

Total restoring moment

Check hearing pressure
Total vertical reaction
Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Loads shown in kN/m, pressures shown in kN/m?

Wwall = Nstem X twall X ywat = 21.9 kN/m
Whase = lbase X tbase X Yoase = 14.2 KN/m
Was = das X tas X Yrase = 0.5 kN/m
Wiotal = Wyall + Whase + Wds = 36.6 KN/m

Fsur = Ka x c08(90 - o + 8) x Surcharge x hest = 12.4 kN/m

Frm_a = 0.5 x Ka x c08(90 - ot + 8) x Ym x (eft - Nwater)? = 0 kKN/m
Frm_b = Ka x c08(90 - o + 8) x ym x (Neft - hwater) X hwater = 1.2 KN/m
Fs=0.5 x Ka x coS(90 - & + 8) x (Ys Ywater) X Nwater = 24 KN/m
Fuater = 0.5 X hwater X Ywater = 60.1 kN/m

Fiotat = Fsur + Fm_a + Fm_b + Fs + Fyater = 97.7 KN/m

Fp = 05 X Kp X COS(Bb) X (dcover + tbase + dds - dexc)2 X Ymb = 2.5 kN/m

Forop = Mmax(Feotal - Fp - (Whotal) x tan(8p), 0 kN/m)
Fprop = 82.9 kKN/m

Msur = Fsur x (her - 2 x dgs) / 2 = 21.4 kNm/m

Mm_a = Fm_a X (Reff + 2 X hyater - 3 x dds) / 3 = 0 kKNm/m
Mm_b = Frb % (Nwater - 2 x das) / 2 = 2.1 kNm/m

Ms = Fs x (hwater - 3 x dgs) / 3 = 26.8 kKNm/m

Muater = Fwater X (hwater - 3 x dgs) / 3 = 67.1 kNm/m

Mot = Msur + Mm_a + Mm_p + Ms + Muater = 117.4 kNm/m

Muwail = Wwall X (hos + twan / 2) = 29.6 kKNm/m
Mbase = Whase X loase / 2 = 10.6 kNm/m

Mas = Was X (las + tas / 2) = 0.7 kNm/m
Mrest = Myait + Mpase + Mas = 40.9 kKNm/m

R = Wigta = 36.6 kN/m
Xbar = lpase / 2 = 750 mm
e = abs((lbase / 2) - Xpar) = 0 mm
Reaction acts within middie third of base
Proe = (R / lbase) - (6 x R x € / lpase?) = 24.4 KN/m?
Pheel = (R / lpase) + (6 x R x € / lase?) = 24.4 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure

Calculate propping forces to top and base of wall

Propping force to top of wall

Propping force to base of wall

Fprop_top = (Mot - Mrest + R X lpase / 2 - Fprop X tbase / 2) / (Nstem + thase / 2) = 26.486 kN/m

Fprop_base = Fprop - Fprop_top = 56.421 kN/m
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS caiculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor Yid=14
Live load factor Y =1.6
Earth and water pressure factor ve=14

Factored vertical forces on walil
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 total propping force
Passive resistance of soil in front of wall
kN/m

Propping force

Factored overturning moments
Surcharge

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

Water

Total overturning moment

Restoring moments
Wali stem

Wall base

Wall downstand

Total restoring moment

Factored bearing pressure
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

Wuall f = ¥1_d X Nstem X twall X ywar = 30.7 kN/m
Whase_f = ¥i_d X |base X tbase X Ybase = 19.8 kN/m
Was f = ¥r_d X ds X tds X Yoase = 0.7 kKN/m
Wictal_f = Wwall_f + Woase_f + Was_f = 51.3 KN/m

Fsur_f = vr1 x Ko x Surcharge x hetr = 33.5 kN/m

Fm_at=Yie x 0.5 x Ko X Ym x (ett - hwater)® = 0 kKN/m

Fm_b_f = ¥t_e x Ko x Ym X (Neft - hwater) X hwater = 2.9 KN/m
Fsr=1v e x 0.5 x Ko X (s~ Ywater) X hwater- = 56.6 kN/m
Fuater{ = 71 o X 0.5 X hwater” X Ywater = 84,1 kN/m

Fiotal_f = Fsur_f + Fm_a_f + Fm_b f + Fs_f + Fuater 1 = 177.2 KN/m

Fot =Yt e x 0.5 x Ko x 0S(8b) x (doover + thase *+ das - exc)® X Ymb = 3.5

Forop_f = Mmax(Fiotat_s - Fp_f - (Wiotal_s) x tan(p), 0 kN/m)
Fprop_f = 156.4 kN/m

Msur_f = Fsur_t X (heff -2 x dgs) / 2 = 57.8 KNm/m

Mm_a t = Fm_a t X (Reff + 2 X hyater - 3 x das) / 3 = 0.1 kNm/m
Mm_b_f = Fn_b_t X (hwater - 2 x dgs) / 2 = 4.9 kNm/m

Ms ¢ = Fs 5 x (hwater - 3 x das) / 3 =63.2 kNm/m

Muwater_f = Fuwater f X (Nwater - 3 x dgs) / 3 = 93.9 KNm/m

Mot t = Meur 1 + Mum_a.t + M_b_1 + M t + Myater £ = 220 KNm/m

Muwail_f = Wwall_f X (lice + twai / 2) = 41.5 KNm/m
Mbase_f = Whase_f X lbase / 2 = 14.9 kNm/m

Mus_s = Was_f X (lds + tas / 2) = 0.9 kNm/m
Mrest_f = Mwai_f + Mbase_f + Mas_r = 57.3 KNm/m

Rt = Wiota s = 51.3 KN/m
Xbar_f = lbase / 2 = 750 mm
e = abs((lbase / 2) - Xpar 1) = 0 mm
Reaction acts within middle third of base
Poe_t = (R / Ibase) - (6 x R x ef/ |base2) =34.2 kN/m2
Preel_f = (R / lbase} + (6 x Re x e/ Ibasez) = 34.2 kN/m?
rate = (Dios_f - Pheel ) / Ibase = 0.00 kN/m*/m
Pstem_tos_f = MaX(Proe_f - (rate x hos), 0 kKN/m?) = 34,2 kN/m?
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Bearing pressure at mid stem
Bearing pressure at stem / heel

Psterm_mid_f = MaX(Proe_f - (rate x (hos + twai / 2)), 0 kN/m?) = 34.2 kN/m?
pstem_heel__f = max(ptoe_f - (rate X ('toe + twa[|)), 0 kN/mz) = 34.2 kN/m2

Calculate propping forces to top and base of wall

Propping force to top of wall

Forop_top_f = (Mot f - Mrest_t + Rs X lvase / 2 - Forop_f X toase / 2) / (Nstem + thase / 2) = 51.481 kN/m
Forop_base_f = Fprop_f = Fprop_top_f = 104.954 kN/m

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

Characteristic strength of concrete
Characteristic strength of reinforcement

Base details
Minimum area of reinforcement
Cover to reinforcement in toe

Propping force to base of wall

fou = 35 N/mm?
f, = 500 N/mm?

k=0.13%

Cioe = 30 mm
Calculate shear for toe design
Shear from bearing pressure Vioe_bear = (Ptos_ + Pstem_toe 1) X koe / 2 = 41 KN/m
Shear from weight of base

Total shear for toe design

Vice_wt_base = Yf_d X Ybase X loe X toase = 15.9 KN/m
Vice = Vioe_bear - Vice_wt_base = 25.2 KN/m
Calculate moment for toe design
Moment from bearing pressure

Mioe_bear = (2 X Proe_t + Pstem_mid_f) X (hoe + twai / 2)* / 6 = 31.2 KNm/m
Mitos_wt_base = {¥i_d X Ybase X tbass X (hoe + twan / 2)2 /2) =12 kNm/m
Mice = Mioe_pear = Mioe_wt_base = 19.1 KNm/m

Moment from weight of base
Total moment for toe design

400

e 364— ]

et
<

Check toe in bending
Width of toe
Depth of reinforcement

b =1000 mm/m
dios = thase = Ctoe — (Proe/ 2) = 364.0 mm

Constant Kioe = Mios / (b x dioe” x feu) = 0.004
Compression reinforcement is not required
Lever arm Zioe = Min(0.5 + \/(0425 - {Min(Kie, 0.225) /0.9)),0.95) x dioe

Zice = 346 mm

As_tos_des = Mioe / (0.87 x fy x Ziee) = 127 mm?/m
As_toe_min =k x b x thase = 520 mmzlm

As_toe_req = Max(As_toe_des, As_tos_min) = 520 mm%m
12 mm dia.bars @ 200 mm centres

As_tos_prov = 565 mm%/m

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

Area of reinforcement provided
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PASS - Reinforcement provided at the retaining wall toe is adequate
Check shear resistance at toe
Design shear stress Vios = Viee / (b x dioe) = 0.069 N/mm?
Allowable shear stress Vadm = Min(0.8 x V(fo, / 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 Ve_toe = 0.389 N/mm?
Vioe < Ve_toe - NO shear reinforcement required

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

Material properties

Characteristic strength of concrete fou = 35 N/mm?
Characteristic strength of reinforcement f, = 500 N/mm?
Base details

Minimum area of reinforcement k=013 %
Cover to reinforcement in downstand Cds = 30 mm

Calculate shear for downstand design
Total shear for downstand design

Vdown = Yie X Kp X COS(5b) X ¥Ym X dds X (dcover + tbase + dds / 2) = 2.4 KN/m
Calculate moment for downstand design
Total moment for downstand design
Mdown = ¥ e X Kp x €08(Bb) X Ym x das X [(deover + thase) % (tbase + das) + dds X (toase / 2 + 2 x dgs / 3)] / 2 = 0.5 kNm/m

450
412

f«——200—p)
Check downstand in bending
Width of downstand b =1000 mm/m
Depth of reinforcement Odown = tds — Cds — (Gdown/ 2) = 412.0 mm
Constant Keown = Maown / (B x Qaown? x fou) = 0.000
Compression reinforcement is not required

Lever arm Zdown = Min(0.5 + V(0.25 - (Min(Kgown, 0.225) / 0.9)),0.95) x daown

Zdown = 391 mm
Area of tension reinforcement required As_down_des = Muown / (0.87 x fy x Zaown) = 3 mm*/m
Minimum area of tension reinforcement As_down_min = K x b x tgs = 585 mm?/m
Area of tension reinforcement required As_down_req = Max(As_down_des, As_down_min) = 585 mm*m

Reinforcement provided 16 mm dia.bars @ 200 mm centres
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Area of reinforcement provided As_down_prov = 1005 mm?/m

PASS - Reinforcement provided at the retaining wall downstand is adequate
Check shear resistance at downstand
Design shear stress Vdown = Vaown / (B x ddown) = 0.006 N/mm?
Allowable shear stress Vadm = mMin(0.8 x V(foy / 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 Ve_down = 0.442 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 fou = 35 N/mm?
Characteristic strength of reinforcement f, = 500 N/mm?
Wall details

Minimum area of reinforcement k=013 %
Cover to reinforcement in stem Cstem = 30 mm
Cover to reinforcement in wall Cwall = 30 mm

Factored horizontal at-rest forces on stem

Surcharge Fs_sur_1 = vi1 x Ko x Surcharge x (Neff - thase - dds) = 29.3 KN/m
Moist backfill above water table Fs_m_at= 0.5 % yf e x Ko X m X (Neft - thase - das - hsat)® = 0 kKN/m
Moist backfill below water table Fs_m_b_f = ¥i_e X Ko X Ym X (Neff - toase = dus = hsat) X hsat = 2.5 kN/m
Saturated backfili Fs.s.t=0.5x vt e x Ko x (ys- Ywater) X hsat> = 43 kN/m

Water Fs_water_f = 0.5 X ¥ o X Ywater X hsai” = 63.9 kN/m

Calculate shear for stem design

Surcharge Vs sur § =5 x Fs_sue 1/ 8 =18.3 kN/m

Moist backfill above water table Vsmaf=Fsmarxbix((5xL)-bA/(5xL%=0kN/m

Moist backfill below water table Vsmbi=Fsmbrx(8- (n2 x (4-n)))/8=1.6 kN/m

Saturated backfill Vssr=Fssix(1-(@x((5xL)-a)/ (20 xL%)) = 34.6 kN/m
Water Vs _water t = Fs_water 1 x (1 - (@ x (5 x L) - a) / (20 x L%)) = 51.4 kN/m
Total shear for stem design Vstem = Vs_sur t + Vs m_af+ Vs m b+ Ve s f + Vs_water 1 = 106 KN/m

Calculate moment for stem design

Surcharge Ms sur = Fs_sur s x L/ 8 =12.1 kNm/m

Moist backfill above water table Ms ma=Fsmarsxbix((5x L2) - (3 x b|2)) /(15 x L2) =0 kNm/m
Moist backfill below water table Ms_m_b = Fs_mp.f x @ x (2-n)*/8 = 1.1 kNm/m

Saturated backfill Ms_s = Fs_s r xax((3xa)-(15xaxL)+(20xL%)/(60xL?) = 19 kNm/m
Water Ms_water = Fs_water ¢ xax((3xa)-(15xaxL)+(20xL%)/(60xL?) = 28.2
kNm/m

Total moment for stem design Mstem = Ms_sur + Ms m_a + Ms_m_ b + Ms_s + Ms_uater = 60.2 KNm/m

Calculate moment for wall design

Surcharge Mw_sur =9 x Fs_sur s x L/ 128 = 6.8 KNm/m
Moist backfill above water table Mw_m a=Fs.marx 0.577><b|><[(b|3+5><a|><Lz)/(5xL3)-0.5772/3] =0 kNm/m
Moist backfill below water table Mw_m_b=Fs_mp fxaix [((8-n2><(4-n))2 /16)-4+nx(4-n)}/8 = 0.6 kNm/m

Saturated backfill My s = Fs s ¢ x [atxxx((5xL)-a)/(20xL3)-(x-b))* /(3xa?)] = 8.4 KNm/m
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Water Mu_water = Fs_water_ X [axxx((5xL)-a)/(20xL3)-(x-by)® /(3xa?)] = 12.5
kNm/m
Total moment for wall design Muwail = My_sur + Mw_m_a + Mw_m_b + Mw_s + My water = 28.3 kKNm/m
j¢——200——»

260
N

260

<

[¢——300—— |

P

l¢——200——»
Check wall stem in bending
Width of wall stem b = 1000 mm/m
Depth of reinforcement dstem = twall — Cstem — ($stem/ 2) = 260.0 mm
Constant Kstem = Mstem / (b x dstem” x feu) = 0.025
Compression reinforcement is not required

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

Zstem = 247 mm
Area of tension reinforcement required As_stom_des = Mstem / (0.87 x f, x Zstem) = 561 mm?/m
Minimum area of tension reinforcement As_stem_min = k X b X twar = 390 mm*/m
Area of tension reinforcement required As_stom_req = Max(As_stem_des, As_stom_min) = 561 mm?/m
Reinforcement provided 20 mm dia.bars @ 200 mm centres
Area of reinforcement provided As_stom_prov = 1571 mm?/m

PASS - Reinforcement provided at the retaining wall stem is adequate
Check shear resistance at wall stem
Design shear stress Vstem = Vstem / (b X dstem) = 0.408 N/mm?
Allowable shear stress Vadm = Min(0.8 x V(fou / 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 Ve_stem = 0.666 N/mm?
Vstem < Vc_stem - NO shear reinforcement required
Check mid height of wall in bending

Depth of reinforcement dwall = twall — Cwall — (¢wail / 2) = 260.0 mm
Constant Kwall = Myait / (b x dwai® x for) = 0.012
Compression reinforcement is not required
Lever arm Zyai = Min(0.5 + ¥(0.25 - (min(Kwan, 0.225) / 0.9)),0.95) x dwan
Zyall = 247 mm
Area of tension reinforcement required As_wall_des = Myaii / (0.87 x f, x Zyar) = 264 mm?/m
Minimum area of tension reinforcement As_wall_min = K x b x tyar = 390 mm?/m

Area of tension reinforcement required As_wall_req = Max(As_wail_des, As_wall_min) = 390 mm?/m
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Reinforcement provided 20 mm dia.bars @ 200 mm centres

Area of reinforcement provided As_wall_prov = 1571 mm?/m
PASS - Reinforcement provided to the retaining wall at mid height is adequate

Check retaining wall deflection

Basic span/effective depth ratio ratiopas = 20

Design service stress fs = 2 x fy X As_stem_req / (3 X As_stem_prov) = 119.0 N/mm?

Modification factor factoriens = min(0.55 + (477 N/mm? - £)/(120 x (0.9 N/mm? + (Mstem/(0 x dster2)))),2) = 2.00
Maximum span/effective depth ratio ratiomax = ratiopas x factoriens = 40.00

Actual span/effective depth ratio ratioact = hstem / dstem = 11.92

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

Wall reinforcement Stem reinforcement

Toe reinforcement

Downstand reinforcement

Toe bars - 12 mm dia.@ 200 mm centres - (665 mm?/m)
Downstand bars - 16 mm dia.@ 200 mm centres - (1005 mm?/m)
Wall bars - 20 mm dia.@ 200 mm centres - (1571 mm?*/m)

Stem bars - 20 mm dia.@ 200 mm centres - (1571 mm?*m)






