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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06

1275 »

¢
fj¢e———1150——»| 250 |

Prop += x

3250

3350
3600

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

1400 »

Cantilever propped at both
hstem = 3250 mm

twan = 250 mm
ltoe = 1150 mm
lheet = 0 mm

Ibase = loe + lheel + twa = 1400 mm
toase = 350 mm

das = 0 mm
lags = 1050 mm
tas = 350 mm

hwall = hstem + tbase + ddas = 3600 mm

dcover = 0 mm

dexc = 200 mm

hwater = 3350 mm

hsat = max(hwater - toase - das, 0 mm) = 3000 mm
ywall = 23.6 kKN/m?3

Ybase = 23.6 KN/m?®

o =90.0 deg

B =0.0deg

heft = hwail + Ineel x tan() = 3600 mm

M=15
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Moist density of retained material
Saturated density of retained material
Design shear strength

Angle of wall friction

Base material details

Stiff clay

Moist density

Design shear strength
Design base friction
Allowable bearing pressure

Using Coulomb theory
Active pressure coefficient for retained material

ym = 18.0 kN/m3
ys = 21.0 kKN/m?®
¢'=24.2 deg
8 =18.6 deg

ymb = 18.0 kN/m?3
¢'p = 24.2 deg

8 =18.6 deg
Poearing = 100 kN/m?

Ka = sin(a + ¢")2 / (sin(a)? x sin(a - 8) x [1 + V(sin(¢' + &) x sin(¢' - B) / (sin(e. - 8) x sin(a + B)))]?) = 0.369

Passive pressure coefficient for base material

Kp = sin(90 - ¢'v)? / (SiN(90 - 8b) x [1 - V(Sin(¢'s + 8b) x SiN(P's) / (SIN(0 + 8v)))]2) = 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

Ko =1 —sin(¢") = 0.590

Surcharge = 10.0 kN/m?
Woead = 20.0 KN/m

Wive = 12.3 kN/m

lioad = 1275 mm

Fdead = 0.0 KN/m

Five = 0.0 KN/m

hicad = 0 mm

Prop M

35 16 131

#5.0

32.9
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load

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

Design vertical dead load
Total restoring moment
Check bearing 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?

Wuwall = hstem X twall X ywal = 19.2 kN/m
Whase = Ibase X thase X Ybase = 11.6 KN/m
Wv = Wdead + Wive = 32.3 KN/m

Wiotal = Wwall + Whase + Wy = 63 KN/m

sur = Ka x €0S(90 - o + 3) x Surcharge x hett = 12.6 KN/m
Fm_a=0.5 x Ka x c0S(90 - a + 8) x ym x (Neft - hwater)? = 0.2 KN/m
Fm_b = Ka x c0s(90 - o + 8) x ym X (heff - hwater) x hwater = 5.3 KN/m
Fs = 0.5 x Ka x c0S(90 - o + 8) x (ys- ywater) X hwater? = 22 KN/m
Fuwater = 0.5 x Nwater® X ywater = 55 KN/m
Frotal = Fsur + Fm_a + Fm_b + Fs + Fuater = 95.1 KN/m

Fp = 0.5 x Kp x c0S(b) x (dcover + toase + dds - dexc)2 x ymb = 0.8 KN/m
Fprop = maX(FtotaI -Fp- (Wtotal - Wlive) X tan(6b), 0 kN/m)
Fprop =77.2 KN/m

Msur = Fsur x (heft - 2 x dds) / 2 = 22.7 KNm/m

Mm_a = Fm_a x (heff + 2 x hwater - 3 x das) / 3 = 0.7 kKNm/m
Mm_b = Fm_b x (hwater - 2 x dds) / 2 = 8.8 kKNm/m

Ms = Fs x (hwater - 3 x dds) / 3 = 24.5 KNm/m

Mwater = Fwater x (Pwater - 3 x dds) / 3 = 61.5 kKNm/m

Mot = Msur + Mm_a + Mm_b + Ms + Mwater = 118.2 KNm/m

Muwall = Wwall X (ltoe + twail / 2) = 24.4 KNm/m
Mbase = Whase X lbase / 2 = 8.1 KNm/m

Mdead = Wdead X lioad = 25.5 kNm/m

Mrest = Mwall + Mbase + Mdead = 58 KNm/m

R = Wiotas = 63.0 KN/m
Xbar = |base / 2 = 700 mm
e = abs((lbase / 2) - Xbar) = 0 mm

Reaction acts within middle third of base

Proe = (R / Ibase) - (6 x R x e / |base2) = 45 kN/m?
Pheel = (R / Ibase) + (6 x R x e / |base2) = 45 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 = (Mor - Mrest + R x |base /2 - Fprop X tbase / 2) / (hstem + thase / 2) = 26.497 kN/m

Fporop_base = Fprop - Fprop_top = 50.703 kN/m




Project Job no.
465-467 Finchley Rod 1115
ABSTRUCT LLP Calcs for N Start page no./Revision
LONDON + SEVENOAKS Basement Retaining Wall RW1 RW1/ 4
Calcs by Calcs date Checked by Checked date Approved by Approved date
AB 04/03/2015
RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor ya=14
Live load factor yi1=1.6
Earth and water pressure factor yie=14

Factored vertical forces on wall
Wall stem

Wall base

Applied vertical load

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
Wall stem

Wall base

Design vertical load
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

Whwall_f = ¥ d X Nstem X twall X ywal = 26.8 KN/m
Whase_f = Yf_d X |base X thase X ybase = 16.2 KN/m
Wo_t = yt.d X Wdead + yt.1 x Wive = 47.7 KN/m
Whotal_f = Wwall_f + Whase_f + Wyv_f = 90.7 KN/m

Fsur_t = yt.1 x Ko x Surcharge x het = 34 kN/m

Fm_a f=vie x 0.5 x Ko x ym x (Neff - hwater)?> = 0.5 KN/m
Fm_b_t = vyt e X Ko X ym x (heff - hwater) X hwater = 12.5 KN/m
Fs_t =17 e x 0.5 x Ko x (ys- ywater) X hwater® = 51.9 kKN/m
Fuater_f = yt_e x 0.5 x hwater? X ywater = 77.1 KN/m

Frota t = Fsur f + Fm_a_f + Fm_b_t + Fs_t + Fuater t = 175.8 KN/m

Fp_f = yi_e x 0.5 x Kp x €0S(8b) x (dcover + thase + dds - dexc)2 xymb = 1.1

Fprop_t = maX(Frotal_f - Fp_f - (Whotal_f - yi_1 x Wiive) % tan(db), 0 kN/m)
Fprop_ = 150.8 kN/m

Msur_f = Fsur_t x (heff - 2 x dds) / 2 = 61.2 kNm/m

Mm_a_t = Fm_a_t X (heff + 2 X hwater - 3 x das) / 3 = 1.6 kKNm/m
Mm_b_t = Fm_b_t X (Nwater - 2 x dds) / 2 = 20.9 kNm/m

Ms_t = Fs_t x (Nwater - 3 x dds) / 3 = 57.9 KNm/m

Muwater_ = Fwater_f X (Nwater - 3 x dds) / 3 = 86.1 KNm/m

Mot t = Msur f + Mm_a_f + Mm_b_f + Ms_f + Mwater = 227.6 KNm/m

Muwal_t = Wwall_f X (loe + twa / 2) = 34.2 KNm/m
Mbase_f = Whase_f X lbase / 2 = 11.3 KNm/m

Mv_t = Wy_t X licad = 60.8 kKNm/m

Mrest_f = Mwall_ + Mbase_ f + Mv_t = 106.4 KNm/m

Rf = Wiotar f = 90.7 KN/m
Xbar_f = lbase / 2 = 700 mm
er = abs((lbase / 2) - Xbar_f) = 0 mm

Reaction acts within middle third of base

proe_f = (Rt / lbase) - (6 x Rt x €f/ Ibase?) = 64.8 KN/m?

pheel_f = (Rt / Ibase) + (6 x Rf x €f/ Ibase?) = 64.8 KN/m?

rate = (Proe_t - Pheet ) / base = 0.00 KN/m?/m

Pstem_toe_f = MaX(Proe_f - (rate x hoe), 0 KN/m?) = 64.8 kN/m?
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Bearing pressure at mid stem
Bearing pressure at stem / heel

Pstem_mid_f = Max(Proe_f - (rate x (loe + twan / 2)), 0 kN/mz) = 64.8 kN/m?
Pstem_heel_f = maX(ptoe_f - (l'ate X (|t0e + twall)), 0 kN/mz) = 64.8 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Fprop_top_f = (Mot_f - Mrest_f + Rt X |base / 2 - Fprop_f X thase / 2) / (hstem + thase / 2) =46.239 kN/m
Fprop_base_f = Fprop_f - Fprop_top_f =104.573 kN/m

Propping force to base of wall

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
Calculate shear for toe design

Shear from bearing pressure

Shear from weight of base

Total shear for toe design

Calculate moment for toe design
Moment from bearing pressure
Moment from weight of base

Total moment for toe design

fou = 40 N/mm?
fy = 500 N/mm?

k=0.13%
Ctoe = 75 mm

Vioe_bear = (Ptoe_f + Pstem_toe_f) X loe / 2 = 74.5 KN/m

Vtoe_wt_base = Yf_d X Ybase X ltoe x thase = 13.3 kN/m

Vioe = Vioe_bear - Vioe_wt_base = 61.2 kN/m

Mioe_bear = (2 X Proe_f + Pstem_mid_f) X (loe + twan / 2)2 /6 =52.7 KNm/m
Mtoe_wt_base = (’Yf_d X Ybase X tbase X (ltoe + twall / 2)2 / 2) = 9.4 kNm/m

Mioe = Mtoe_bear - Mtoe_wt_base =43.3 kNm/m

2

le——350——p|
le——269——»|

l«—150—»

Check toe in bending
Width of toe

Depth of reinforcement
Constant

Lever arm

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
dtoe = thase — Ctoe — (¢t0e/ 2) = 269.0 mm
Ktoe = Mtoe / (b X dtoe2 X fcu) =0.015

Compression reinforcement is not required
Zioe = Min(0.5 + V(0.25 - (Min(Kice, 0.225) / 0.9)),0.95) x dice

Ztoe = 256 mm

As_toe_des = Mroe / (087 X fy X Ztoe) =389 mm?/m

As_toe_min = k x b x tbase = 455 mm?3/m

As_toe_req = MaX(As_toe_des, As_toe_min) = 455 mm?2/m

12 mm dia.bars @ 150 mm centres
As_toe_prov = 754 mm4/m

PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress
Allowable shear stress

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

Vioe = Vioe / (b X dtoe) =0.228 N/mm2
Vadm = Min(0.8 x \(feu / 1 N/mm3), 5) x 1 N/mm?2 = 5.000 N/mm?

PASS - Design shear stress is less than maximum shear stress

Ve toe = 0.534 N/mm?

Vice < Vc_toe - 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

Moist backfill below water table
Saturated backfill

Water

Calculate shear for stem design
Surcharge

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

Water

Total shear for stem design

Calculate moment for stem design
Surcharge

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

Water

kNm/m

Total moment for stem design

Calculate moment for wall design
Surcharge

Moist backfill above water table
kNm/m

Moist backfill below water table
Saturated backfill

Water

kNm/m

feu = 40 N/mm2
fy = 500 N/mm?

k=0.13%
Cstem = 40 mm
Cwall = 40 mm

Fs_sur_f = yt.1 x Ko x Surcharge x (hett - tbase - das) = 30.7 kN/m
Fs_.m a f=0.5 x vt e x Ko x ym x (Neff - thase - dds - hsat)> = 0.5 KN/m
Fs_m_b_t =yt e X Ko X ym x (Neff - thase - dds - hsat) x hsat = 11.2 KN/m
Fs.s t=0.5 x vt e x Ko x (ys- ywater) x hsa® = 41.6 KN/m

Fs_water_f = 0.5 X e X Yywater x hsa> = 61.8 KN/m

Vs sur =5 x Fs_sur £/ 8 =19.2 KN/m
Vs.maf=Fsmatxbix((5xL?-b?)/(5xL%=0kN/m

Vs_m b f=Fsmpb_tx(8-(n?x(4-n)))/8=7.5KkN/m
Vsst=Fsstx(1-(a®x((5xL)-a)/(20 x L%))) =34.3kN/m
Vs_water_f = Fs_water_f x (1 - (& x ((5 x L) - a)) / (20 x L3))) = 51 kN/m
Vstem = Vs sur f + Vs m_af+ Vs mob f+ Vss f+ Vs water t = 112 KN/m

Ms_sur = Fs_sur f x L /8 = 13.1 kNm/m

Ms.m a = Fsmatxbix ((5xL2) - (3 x b2)) / (15 x L2) = 0 kNm/m
Ms.m b =Fsmbtxax(2-n)?/8=51kNm/m

Ms_s = Fs_s_t xaix((3xar)-(15xaxL)+(20xL?))/(60xL?) = 19.1 KNm/m
Ms_water = Fs_water_f xaix((3xar?)-(15xaxL)+(20xL?))/(60xL?) = 28.4

Mstem = Ms_sur + Ms_m_a + Ms_m_b + Ms_s + Ms_water = 65.7 KNm/m

Mw_sur =9 x Fs_sur_f x L /128 = 7.4 kNm/m
Mw m a=Fs m_a_fx 0.577><b|><[(b|3+5><a|><L2)/(5><L3)-0.5772/3] =01

Mw_m_b = Fs_m_b_f x ai x [((8-n?x(4-n))? /16)-4+nx(4-n)]/8 = 2.8 KNm/m
Muw_s = Fs_s_t x [a®xxx((5xL)-an)/(20xL3)-(x-bi)® /(3xa?)] = 8.3 kKNm/m
Mw_water = Fs_water_f X [aI2><X><((\".-)X|_)-3.I)/(20><|_3)-(X-bl)3 /(3xa|2)] =123
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Total moment for wall design Mwall = Mw_sur + Mw_m_a + Mw_m_b + Mw_s + Mw_water = 30.8 kKNm/m
l¢—150—»|

le——202—]

le——204—»

« om0

Check wall stem in bending

o o . . . .
[ ] [ ] [ ] [ ] [ ] .2
150>

b = 1000 mm/m

Width of wall stem
Depth of reinforcement
Constant

Lever arm

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

Area of reinforcement provided

Check shear resistance at wall stem
Design shear stress
Allowable shear stress

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

Check mid height of wall in bending
Depth of reinforcement
Constant

Lever arm

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

Area of reinforcement provided

dstem = twall — Cstem — (Pstem / 2) = 202.0 mm
Kstem = Mstem / (b x dstem? x feu) = 0.040
Compression reinforcement is not required
Zsiem = MIN(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 192 mm
As_stem_des = Mstem / (0.87 x fy x Zstem) = 787 mm?/m
As_stem_min = K x b X twat = 325 mm%/m
As_stem_req = Max(As_stem_des, As_stem_min) = 787 mm?/m
16 mm dia.bars @ 150 mm centres
As_stem_prov = 1340 mm?/m
PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b X dstem) = 0.554 N/mm?
Vadm = Min(0.8 x \(feu / 1 N/mm2), 5) x 1 N/mm?2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.765 N/mm?
Vstem < Vc_stem - NO shear reinforcement required

dwall = twall — Cwall — (¢wan/ 2) = 204.0 mm
Kwall = Mwaii / (b x dwai? x feu) = 0.019
Compression reinforcement is not required
Zwal = Min(0.5 + V(0.25 - (min(Kwai, 0.225) / 0.9)),0.95) x dvai
Zwal = 194 mm
As_wall_des = Muwail / (0.87 x fy x zwar) = 366 mm?/m
As_wall_min = K x b x twar = 325 mm?/m
As_wall_req = Max(As_wall_des, As_wall_min) = 366 mm?2/m
12 mm dia.bars @ 150 mm centres
As_wall_prov = 754 mm?/m

PASS - Reinforcement provided to the retaining wall at mid height is adequate
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Check retaining wall deflection
Basic span/effective depth ratio ratiobas = 20
Design service stress fs = 2 x fy x As_stem_req / (3 x As_stem_prov) = 195.8 N/mm?
Modification factor factorens = min(0.55 + (477 N/mm? - £5)/(120 x (0.9 N/mm? + (Mstem/(b x dstem?)))),2) = 1.48
Maximum span/effective depth ratio ratiomax = ratiobas x factortens = 29.67
Actual span/effective depth ratio ratioact = hstem / dstem = 16.09

PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram
Wall reinforcement Stem reinforcement
Toe reinforcement
[—

Toe bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Wall bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Stem bars - 16 mm dia.@ 150 mm centres - (1340 mm?/m)




Appendix C - Southern Testing Laboratories Ltd (Report No. STL: J12147 dated March 2015).
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