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RETAINING WALL ANALYSIS

(BS 8002:1994)
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Wall details
Retaining wall type Cantilever propped at base
Height of retaining wall stem hstem = 3100 mm
Thickness of wall stem twan = 400 mm
Length of toe loe = 2500 mm
Length of heel Iheel = 200 mm
Overall length of base Ibase = ltoe + Iheel + twan = 3100 mm
Thickness of base thase = 400 mm
Depth of downstand das =0 mm
Position of downstand lss = 1100 mm
Thickness of downstand tas = 400 mm
Height of retaining wall hwail = hstem + toase + das = 3500 mm
Depth of cover in front of wall dcover = 0 mm
Depth of unplanned excavation dexc =0 mm
Height of ground water behind wall hwater = 2500 mm
Height of saturated fill above base hsat = max(hwater - toase - das, 0 mm) = 2100 mm

Density of wall construction
Density of base construction

Ovall = 23.6 kKN/m?3
Ghase = 23.6 kN/m3

Angle of rear face of wall a =90.0 deg
Angle of soil surface behind wall b =0.0deg
Effective height at virtual back of wall hett = hwan + Iheet © tan(b) = 3500 mm

Retained material details
Mobilisation factor

M=1.5




? Project
Tedds

14 ELDON GROVE, LONDON NW3

Job no.

3791

lan Drummond Consulting Calcs for Start page no./Revision
Engineers LIGHTWELL RETAINING WALL c2
90 Cowcross Street Calcs by Calcs date Checked by Checked date Approved by Approved date
London AB 04/07/2014
Moist density of retained material gn = 21.0 KN/m?
Saturated density of retained material o = 23.0 KN/m?
Design shear strength f'=25.0 deg
Angle of wall friction d=9.9deg

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

Onb = 19.0 kN/m®
f's = 18.0 deg

dh = 18.6 deg
Pbearing = 150 KN/m?

Ka=sin(a + "2/ (sin(@)? " sin(a-d) " [1+ Qsin(f'+d) " sin(f' - b) / (sin(a - d) * sin(a + b)))]?) = 0.373

Passive pressure coefficient for base material

Kp = Sin(90 - F'5)2 / (SiN(90 - db) * [1 - Asin(f's + db) ~ sin(f's) / (SiN(90 + dv)))]?) = 3.053

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(f’) = 0.577

Surcharge = 10.0 kN/m?
Woead = 7.7 KN/m

Wive = 0.0 KN/m

lioad = 2700 mm

Fdead = 0.0 KN/m

Five = 0.0 KN/m

hioad = 0 mm
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Vertical forces on wall

Wall stem

Wall base

Surcharge

Moist backfill to top of wall
Saturated backfill

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 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

Moist backfill

Saturated backfill

Design vertical dead load
Total restoring moment

Check bearing pressure
Surcharge

Total moment for bearing
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?

Wuall = hstem ” twal ~ Gvan = 29.3 kKN/m

Whase = lbase ~ toase = Gpase = 29.3 KN/m

Wsur = Surcharge * lheel = 2 KN/m

Wm_w = lheel © (Nstem - hsat) © gn = 4.2 KN/m

Ws = lheel ” hsat” g = 9.7 KN/m

Wy = Waead + Wive = 7.7 KN/m

Wiotal = Wwall + Whase + Wsur + Wm_w + Ws + Wy = 82.1 kKN/m

Fsur = Ka” c0s(90 - a + d) * Surcharge * hert = 12.9 kN/m
Fna=05" Ka” cos(90-a+d)” gn” (hef - hwater)? = 3.9 KN/m
Fnb=Ka" cos(90-a+d)" gn" (het - hwater) * hwater = 19.3 kN/m
Fs=05" Ka” cos(90-a +d)" (G- Guater) ~ hwater” = 15.1 KN/m
Fwater = 0.5 " hwater®  Quater = 30.7 kN/m

Ftotal = Fsur + Fm_a + Fm_b + Fs + Fuwater = 81.8 KN/m

Fp=0.5" Ky cos(db) "~ (dcover + thase + dds - exc)? ~ gnb = 4.4 KN/m
Fprop = max(Frota - Fp - (Wrotar - Wsur) ~ tan(db), 0 kN/m)
Fprop =50.4 kN/m

sur = Fsur © (hett -2 7 das) /2 =22.5 KNm/m
Mm_a=Fma  (heft+2  hwater-3" das) /3 =10.9 KNm/m
Mm b=Fmb " (hwaer-2 " das) /2 =24.1 KNm/m
Ms = Fs” (hwater -3 das) /3 = 12.6 kNm/m
Muwater = Fwater ~ (Nwater - 3~ das) / 3 = 25.5 kNm/m
Mot = Msur + Mm_a + Mm_b + Ms + Mwater = 95.7 KNm/m

Mwai = Wwall ~ (ltoe + twan / 2) = 79 KNm/m

Mbase = Whase ~ lbase / 2 = 45.4 KNm/m

Mm_r = (Wm w "~ (Ibase - lheet / 2) + Wm_s ~ (lbase - Iheel / 3)) = 12.6 KNm/m
Ms_r=Ws " (lbase - Iheel / 2) = 29 KNm/m

Maead = Waead ~ lload = 20.8 KNm/m

Mrest = Mwall + Mbase + Mm_r + Ms_r + Mdead = 186.7 KNm/m

Msur_r = Wsur ~ (lbase - Ineet / 2) = 6 KNm/m
Miotal = Mrest - Mot + Msur_r = 97.1 KNm/m
R = Wiotas = 82.1 KN/m
Xbar = Miota / R = 1182 mm
e = abs((lbase / 2) - Xbar) = 368 mm
Reaction acts within middle third of base
Proe = (R / lbase) + (6~ R €/ Ibase?) = 45.3 KN/m?
Preel = (R / Ibase) - (6~ R ™ €/ Ibase?) = 7.6 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 1.2.01.06

Ultimate limit state load factors

Dead load factor ga=14
Live load factor g:=16
Earth and water pressure factor ge=14

Factored vertical forces on wall

Wall stem Wwal f= G d~ hstem ™ twar ~ gvan = 41 KN/m

Wall base Whase f = & d lbase ~ thase = Gpase = 41 kKN/m

Surcharge Wsur = g1~ Surcharge ” Iheel = 3.2 KN/m

Moist backfill to top of wall Wmwf=0.d lheel” (Nstem - hsa) *~ gn =5.9 kN/m

Saturated backfill Wsf= 0 d lheet” hsat” g =13.5kN/m

Applied vertical load Wy t=0d Wadead + g1~ Wive = 10.8 kN/m

Total vertical load Wiotal_f = Wwall_f + Whase_f + Wsur_f + Wm_w_f + Ws_f + Wy_s = 115.3 kKN/m

Factored horizontal at-rest forces on wall

Surcharge Fsurf=g.1 Ko  Surcharge ™ hett = 32.3 KN/m

Moist backfill above water table Fnaf=¢ge 05" Ko  gn" (heff - hwater)> = 8.5 KN/m
Moist backfill below water table Fmof=0e Ko’ On" (heff - hwater) © hwater = 42.4 KN/m
Saturated backfill Fst=ge 05" Ko (& Ovater) " hwater® = 33.3 KN/m
Water Fuater t= G e 0.5 hwater? " Qrater = 42.9 KN/m

Total horizontal load Frotal f = Fsur_t + Fm_a_ + Fm_b_t + Fs_f + Fuwater_t = 159.5 KN/m

Calculate propping force

Passive resistance of soil in front of wall Fotr=ge 057 Kp  cos(dh)  (dcover + thase + dds - dexc)?> ~ gnb = 6.2
kN/m
Propping force Fprop_f = maX(Ftotar - Fp_f - (Whotal_f - Wsur f) ~ tan(ds), 0 kKN/m)

Fpropif =115.6 kN/m

Factored overturning moments

Surcharge Msur t = Fsur = (hett -2~ dds) / 2 = 56.6 KNm/m

Moist backfill above water table Mm_at=Fm_at (heft+2  hwater- 3~ das) / 3 =24 kKNm/m
Moist backfill below water table Mm_ b t=Fmb " (hwater - 2~ dds) / 2 = 53 KNm/m

Saturated backfill Ms t=Fst  (hwater - 3~ dds) / 3 = 27.8 kNm/m

Water Muwater f = Fuwater f~ (Nwater - 3~ das) / 3 = 35.8 KNm/m

Total overturning moment Mot_t = Msur_f + Mm_a_t + Mm_b_f + Ms_t + Mwater_ = 197.2 KNm/m

Restoring moments

Wall stem Muwai_f = Wwall_t ~ (ltoe + twan / 2) = 110.6 KNm/m

Wall base Mbase_f = Whase_f ~ Ibase / 2 = 63.5 KNm/m

Surcharge Msur_r = Wsur f~ (lbase - Iheel / 2) = 9.6 KNm/m

Moist backfill Mm_r = (Wm_w t  (Ibase - Iheel / 2) + Wm_s_t~ (lbase - lheet / 3)) = 17.6 KNm/m
Saturated backfill Ms r f=Wst  (lbase - Iheel / 2) = 40.6 KNm/m

Design vertical load Mv_f=Wy s load = 29.1 KNm/m

Total restoring moment Mrest_f = Mwail_f + Mbase_f + Msur r f + Mm r t + Ms_r t + My = 271 KNm/m

Factored bearing pressure
Total moment for bearing Motal f = Mrest f - Mot f = 73.8 KNm/m
Total vertical reaction Rf = Wiota_f = 115.3 kN/m
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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 st

em

Bearing pressure at stem / heel

Xbar_f = Miotal f/ Rt = 640 mm

er = abs((lbase / 2) - Xpar_f) = 910 mm
Reaction acts outside middle third of base
Proe_f = Re/ (1.5 Xpar_f) = 120.1 kN/m?
Preel_f = 0 KN/m? = 0 kN/m?

rate = proe_t/ (3" Xvar_f) = 62.53 KN/m?/m

Pstem_toe_f = MaX(Proe_f - (rate ~ lioe), O kN/mZ) = 0 kN/m?
Pstem_mid_f = Max(Proe_f - (rate ~ (loe + twan / 2)), 0 kN/mz) =0 kN/m?
Pstem_heel f = MaX(Proe 1 - (rate *~ (loe + twan)), 0 KN/m?) = 0 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

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

l¢—————400
le——340———»

Check toe in bending
Width of toe

Depth of reinforcement
Constant

Lever arm

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

k=0.13%

Ctoe = 50 mm

Vioe bear =3~ Proe f  Xbar f/ 2 =115.3 KN/m
Vioe wt base = G d ’ Gbase " hoe " thase = 33 KN/m

Vioe = Vioe bear - Vioe wt base = 82.3 KkN/m

Mtoe_bear = 3 ’ Ptoe_f ’ Xbar_f ’ (ltoe - Xbar_f + twall / 2) /2 =237.5 kNm/m
Mioe_wt_base = (G _d = Gpase ~ thase ~ (loe + twan / 2)? / 2) = 48.2 kNm/m

Mioe = Mtoefbear - Mtoeiwlibase =189.4 KNm/m

2

l——200—»]

Area of tension reinforcement required

Minimum area of tension reinforcement

b =1000 mm/m
dtoe = thase — Ctoe — (ftoe/ 2) = 340.0 mm
Ktoe = Mroe / (b e fcu) =0.041

Compression reinforcement is not required

Ztoe = MiN(0.5 + 00.25 - (Min(Kiwe, 0.225) / 0.9)),0.95) * dioe
Ztoe = 323 mm

As_toe_des = Mioe / (087 ’ fy ’

Asﬁtoefmin =k’ b’ thase =520 mm?2/m

Zioe) = 1348 mm?/m
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Area of tension reinforcement required

Reinforcement provided

Area of reinforcement provided

Check shear resistance at toe

Design shear stress
Allowable shear stress

From BS8110:Part 1:1997 — Table 3.8

Design concrete shear stress

As_toe_req = MaX(As_toe_des, As_toe_min) = 1348 mm?/m
20 mm dia.bars @ 200 mm centres

As_toe_prov = 1571 mm?/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Vioe = Vioe / (b ’ dtoe) =0.242 N/mm?
Vadm = Min(0.8 ~ Q(feu / 1 N/mm?), 5) © 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve toe = 0.595 N/mm?2

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

Material properties

Characteristic strength of concrete
Characteristic strength of reinforcement

Base details

Minimum area of reinforcement
Cover to reinforcement in heel

Calculate shear for heel design

Shear from weight of base

Shear from weight of moist backfill
Shear from weight of saturated backfill

Shear from surcharge
Total shear for heel design

Calculate moment for heel design

Moment from weight of base

Moment from weight of moist backfill

Moment from weight of saturated backfill

Moment from surcharge
Total moment for heel design

Check heel in bending
Width of heel
Depth of reinforcement

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

k=0.13%

Cheel = 50 mm

Vheel wt_base = O d . Gbase " lhee

Vioe < Vc_toe - NO Shear reinforcement required

" thase = 2.6 KN/m

Vheel_wt m = Wm_w_f = 5.9 kN/m

Vheel_wt s = Ws_ = 13.5 KN/m
Vheel_sur = Wesur_f = 3.2 KN/m

Vheel = Vheel_wt_base + Vheel wt m + Vheel wt_s + Vheel sur = 25.2 KN/m

Mheelwt base = (g_d ~ Gpase ~ thase = (lheet + twan / 2)? / 2) = 1.1 kNm/m
Mheel_wt_ m = Wm_w_f ~ (Ineet + twar) / 2 = 1.8 KNm/m

Mheel_wt_s = Ws_f~ (Iheet + twan) / 2 = 4.1 KNm/m

Mheel_sur = Wsur f (Iheel + twar) / 2 = 1 KNm/m

Mheel = Mheel wt_base + Mheel_wt m + Mheel_ wt s + Mheel sur = 7.8 KNm/m

l«——200—>»]

400
le——310——»

b = 1000 mm/m

dheel = thase — Cheel — (f heet/ 2) = 340.0 mm
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Constant Kheel = Mheet / (0~ dhee® ~ fecu) = 0.002
Compression reinforcement is not required
Lever arm Zheet = MiN(0.5 + 0.25 - (Min(Kneel, 0.225) / 0.9)),0.95) " dheel

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 heel
Design shear stress
Allowable shear stress

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

Zheel = 323 mm

As heel des = Mheel / (0.87 * fy ™ Zneet) = 56 mm3/m
As_heel_min =K~ b " thase = 520 mm?/m

As_heel_req = Max(As_neel_des, As_heel_min) = 520 mm?2/m
20 mm dia.bars @ 200 mm centres

As_heel_prov = 1571 mm?/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (b ’ dheel) =0.074 N/mm?
Vadm = Min(0.8 ~ Q(feu / 1 N/mm?), 5) © 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_heel = 0.595 N/mm?
Vheel < Vc_heel - 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
Shear at base of stem

Calculate moment for stem design
Surcharge

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

Water

Total moment for stem design

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

k=0.13%
Cstem = 50 mm
Cwal = 35 mm

Fssuf=0¢1 Ko~ Surcharge  (hef - toase - dds) = 28.6 kN/m
Fsmaf=05"ge Ko  gn" (Neff - thase - das - hsa)?> = 8.5 KN/m
Fsmbft=0Ge Ko  gn’ (heff - thase - dus - hsat) * hsat = 35.6 kN/m
Fsst=05" ge” Ko’ (G GQrater) " hsa® = 23.5 kKN/m

Fs water f=0.5" g e  OQuater hsa® = 30.3 KN/m

Vstem = Fs_sur t+ Fs m_af+ Fs m b f+ Fs_s+ Fs water f - Fprop_t = 11 KN/m

Ms_sur = Fs_sur_t ~ (Dstem + thase) / 2 = 50.1 KNm/m

Msma=Fsmat (2  hsat+ hef- dds + thase / 2) / 3 = 22.4 KNm/m
Ms m b =Fsmb i hsa/2=237.4kNm/m

Ms s =Fs s  hsa/3=16.5kNm/m

Ms_water = Fs_water t~ hsat / 3 = 21.2 KNm/m

Mstem = Ms_sur + Ms_m_a + Ms_m_b + Ms_s + Ms_water = 147.6 KNmM/m
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Check wall stem in bending
Width of wall stem b = 1000 mm/m

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 retaining wall deflection
Basic span/effective depth ratio
Design service stress
Modification factor

Maximum span/effective depth ratio
Actual span/effective depth ratio

dstem = twan — Cstem — (f stem/ 2) = 340.0 mm
Kstem = Mstem / (D~ dstem? ~ fcu) = 0.032
Compression reinforcement is not required
Zstem = MiN(0.5 + (0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) ~ dstem
Zstem = 323 mm
As_stem_des = Mstem / (0.87 * fy ~ Zstem) = 1050 mm?/m
As stem min =K~ b twar =520 mm?3/m
As_stem_req = MaxX(As_stem_des, As_stem_min) = 1050 mm3/m
20 mm dia.bars @ 200 mm centres
As_stem_prov = 1571 mm?/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b~ dstem) = 0.032 N/mm?
Vadm = Min(0.8 ~ Qfeu / 1 N/mm?), 5) © 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.595 N/mm?
Vstem < Vc_stem - NO Shear reinforcement required

ratiopas = 7
fs=2" fy ’ As_stem_req / (3 ’ As_stem_prov) = 222.9 N/mm?

factorens = min(0.55 + (477 N/mm? - £5)/(120 © (0.9 N/mm? + (Mstem/(b ~ dstem?)))),2) = 1.52

ratiomax = ratiopas = factorens = 10.66
ratioact = hstem / dstem = 9.12
PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram
Stem reinforcement
Toe reinforcement Heel reinforcement
—

Toe bars - 20 mm dia.@ 200 mm centres - (1571 mm?/m)
Heel bars - 20 mm dia.@ 200 mm centres - (1571 mm?/m)
Stem bars - 20 mm dia.@ 200 mm centres - (1571 mm?2/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)
TEDDS calculation version 1.2.01.06

fe———a10—————»
l[¢———300——ple——225—»{ 50j¢—

“1" (I e

l
l

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

»
gl

SRR 4

650

950

<

575

Unpropped cantilever

hstem = 650 mm
twan = 225 mm
loe = 300 mm
Iheel = 50 mm

lbase = ltoe + Iheel + twan = 575 mm
thase = 300 mm

dds = 0 mm
lags = 225 mm
tas = 300 mm

hwai = hstem + thase + das = 950 mm
deover =0 mm
dexc =0 mm

hwater = 500 mm
hsat = max(hwater - thase - das, 0 mm) = 200 mm
Oval = 23.6 kKN/m?3

Qpase = 23.6 kKN/m?

a =90.0 deg

b =0.0 deg

hett = hwa + Iheet ~ tan(b) = 950 mm

M=1.5

gn = 21.0 KN/m?
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Saturated density of retained material & = 23.0 kN/m3
Design shear strength f'=25.0 deg
Angle of wall friction d=9.9 deg

Base material details

Stiff clay

Moist density

Design shear strength
Design base friction
Allowable bearing pressure

Using Coulomb theory

gnb = 19.0 kN/m3
f's = 18.0 deg

db = 18.6 deg
Poearing = 150 kN/m?

Active pressure coefficient for retained material
Ka=sin(a + "2/ (sin(@)? " sin(a-d) " [1+ Qsin(f'+d) " sin(f' - b) / (sin(a - d) * sin(a + b)))]?) = 0.373

Passive pressure coefficient for base material

Kp = sin(90 - f'b)2 / (sin(90 - db) * [1 - Qsin(f'b + db) ~ sin(f'b) / (Sin(90 + db)))]?) = 3.053

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(f’) = 0.577

Surcharge = 10.0 kN/m?
Wead = 9.8 KN/m

Wive = 0.0 KN/m

lioad = 410 mm

Faead = 0.0 KN/m

Five = 0.0 KN/m
Nicad = 0 mm
10
S I
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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
Saturated backfill

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 stability against sliding

Passive resistance of soil in front of wall

Resistance to sliding

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

Moist backfill

Saturated backfill

Design vertical dead load
Total restoring moment

Check stability against overturning

Total overturning moment
Total restoring moment

Check bearing pressure
Surcharge

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

Wuall = hstem ” twan ~ gvan = 3.5 KN/m

Whase = lbase ~ toase = Gpase = 4.1 KN/m

Wsur = Surcharge * lheet = 0.5 kKN/m

Wm_w = lheel © (Nstem - hsat) © gn = 0.5 KN/m

Ws = lheet ” hsat” g = 0.2 KN/m

Wy = Waead + Wive = 9.8 KN/m

Wiotal = Wwall + Whase + Wsur + Wm_w + Ws + Wy = 18.5 kKN/m

Fsur = Ka~ c0s(90 - a + d) * Surcharge * het = 3.5 kN/m
Fna=05" Ka" cos(90-a+d)” gn” (heff - hwater)? = 0.8 KN/m
Fnb=Ka" cos(90-a+d)” gn" (het - hwater) * hwater = 1.7 KN/m
Fs=0.5" Ka’ c0s(90-a +d) " (g Quater) ~ hwater? = 0.6 KN/m
Fwater = 0.5 " hwater® " Quater = 1.2 KN/m

Fotal = Fsur + Fm_a + Fm_b + Fs + Fwater = 7.8 KN/m

Fp=0.5" Kp  cos(db) ~ (dcover + thase + das - dexc)2 " gnb = 2.5 kN/m
Fres = Fp + (Whotal - Wsur) ~ tan(db) = 8.5 KN/m
PASS - Resistance force is greater than sliding force

Msur = Fsur © (heft -2 " dgs) / 2 = 1.7 KNm/m
Mm_a=Fma  (heft+2  hwater-3" das) /3 =0.5 KNm/m
Mm b =Fmb  (Nwater - 2" dds) / 2 = 0.4 KNm/m

Ms=Fs  (hwater - 3~ das) / 3 =0.1 KNm/m

Muwater = Fwater = (Nwater - 3~ das) / 3 = 0.2 KNm/m

Mot = Msur + Mm_a + Mm_b + Ms + Mwater = 2.9 KNm/m

Mwai = Wwall ~ (lioe + twan / 2) = 1.4 KNm/m

Mbase = Whase ~ lbase / 2 = 1.2 KNm/m

Mm r= (Wmw "~ (Ibase - Iheei / 2) + Wm_s ~ (lbase - Iheel / 3)) = 0.3 KNm/m
Ms_r =Ws " (Ibase - Ineet / 2) = 0.1 KNm/m

Mdead = Wdead ~ lioad = 4 KNm/m

Mrest = Mwall + Mbase + Mm_r + Ms_r + Mdead = 7 KNm/m

Mot = 2.9 KNm/m
Mrest = 7.0 KNm/m
PASS - Restoring moment is greater than overturning moment

Msurr = Wsur ~ (Ibase - lheet / 2) = 0.3 kNm/m
Motal = Mrest - Mot + Msur r = 4.3 KNmM/m
R = Wiotar = 18.5 kKN/m
Xbar = Mtotat / R = 235 mm
e = abs((lbase / 2) - Xpar) =52 mm
Reaction acts within middle third of base
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Bearing pressure at toe

Bearing pressure at heel

Proe = (R / lbase) + (6~ R~ €/ lbase?) = 49.6 KN/m?
Preet = (R /lbase) - (6" R™ e/ |base2) = 14.7 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 1.2.01.06
Ultimate limit state load factors
Dead load factor ga=14
Live load factor g:=16
Earth and water pressure factor ge=14

Factored vertical forces on wall
Wall stem

Wall base

Surcharge

Moist backfill to top of wall
Saturated backfill

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

Passive resistance of soil in front of wall
kN/m

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

Surcharge

Moist backfill

Saturated backfill
Design vertical load
Total restoring moment

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

Wwal f =G d~ hstem ™ twal© Qvan = 4.8 KN/m
Whase_f = ¢ d  lbase ~ thase = Ghase = 5.7 KN/m
Wsur = g1~ Surcharge ” Iheet = 0.8 KN/m

Wm_w f=0Gd lheet " (Nstem - hsat) * gn = 0.7 KN/m
Ws f=0d  lheet” hsat” & =0.3 kN/m

Wy i=gd Wdead + G 1~ Wive = 13.7 kN/m

Wiotal_f = Wwall_f + Whase_f + Wsur_f + Wm_w_f + Ws_f + Wy_t = 26 KN/m

Fsurt=g.1 Ko~ Surcharge " hest = 8.8 kN/m

Fmnaf=¢ge 05% Ko  gn" (heff - hwater)? = 1.7 kN/m

Fnbf=0Ge Ko  gn’ (heft- hwater) © hwater = 3.8 KN/m

Fsf=ge 05" Ko (G- Ouater) ~ hwater® = 1.3 kN/m

Fuater t= G e 0.5 hwater® " OQrater = 1.7 KN/m

Frotal f = Fsur t + Fm_a f + Fm b f + Fs f + Fuater t = 17.4 KN/m

Fof=0ge 05" Ky cos(ds) " (dcover + thase + dds - dexc)? ~ gno = 3.5

Msur = Fsur 1~ (Neft -2 " das) / 2 = 4.2 KNm/m
Mm_at=Fm_af  (hef+2  hwater- 3" das) /3 =1.1 KNm/m
Mm b t=Fmobt " (Nwater- 2~ ddgs) /2 =1 KNm/m

Ms f=Fst” (hwater - 3" dus) / 3 =0.2 KNm/m

Mwater f = Fwater f = (Nwater - 3~ das) / 3 = 0.3 KNm/m

Mot_t = Msur_ f + Mm_a_f + Mm_b_t + Ms_t + Muater f = 6.7 KNm/m

Mwall_t = Wuall_f~ (loe + twan / 2) = 2 KNm/m

Mbase_f = Whase_f ~ lbase / 2 = 1.6 KNm/m

Msur_r = Wsur f~ (lbase - Iheel / 2) = 0.4 KNm/m

Mm_r t = (Wm_w_f~ (Ibase - lheet / 2) + Wm_s_t~ (lbase - lheet / 3)) = 0.4 kKNm/m
Ms rt=Wst  (lbase - Iheel / 2) = 0.2 KNm/m

Mv_t =Wyt~ licad = 5.6 kKNm/m

Mrest_t = Mwal_f + Mbase_f + Msur_r_f + Mm_r_f + Ms_r_¢ + My_t = 10.2 KNm/m

Miotal_f = Mrest_f - Mot f = 3.5 KNm/m
Rt = Wiota_f = 26.0 KN/m
Xbar_f = Miota £/ Rf = 133 mm
er = abs((lbase / 2) - Xpar 1) = 154 mm
Reaction acts outside middle third of base
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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

Proe_f=Ri/ (1.5 Xoar f) = 129.9 kKN/m?

Preel_f = 0 KN/m? = 0 kN/m?

rate = proe_t/ (3" Xvar_f) = 324.88 kN/m?/m

Pstem_toe_f = MaX(Proe_1 - (rate ~ lwe), 0 KN/m?) = 32.4 KN/m?
Pstem_mid_f = MaX(Proe_f - (rate ~ (koe + twan / 2)), 0 kN/m?2) = 0 kN/m?
Pstem_heel f = MaX(Proe 1 - (rate *~ (loe + twan)), 0 KN/m?) = 0 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

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

feu =35 N/mm?
fy = 500 N/mm?

k=0.13%
Ctoe = 50 mm

Vioe_bear = (Proe_f + Pstem_toe f) ~ ltoe / 2 = 24.3 KN/m
Vioe wt base = O d ’ Gbase " lioe ” thase = 3 KN/m
Vice = Vitoe bear - Vioe wt base = 21.4 KkN/m

Mtoe bear = (2 ’ Ptoe_f + pstem_mid_f) ’ (|toe + twan / 2)2 /6 =7.4 KNm/m
Mioe_wt base = (G d = Qpase = thase ~ (ltoe + twan / 2)2 /2) =0.8 KNm/m
Mioe = Mtoefbear - Mtoeiwlibase = 6.5 kNm/m

2

le——300—»l
le—245—»

l«——200—»

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 — (ftoe / 2) = 245.0 mm
Ktoe = Mroe / (b~ dtoe? ~ feu) = 0.003
Compression reinforcement is not required
Zwe = Min(0.5 + (0.25 - (Min(Ktee, 0.225) / 0.9)),0.95) * droe
Ztoe = 233 mm
As toe_des = Mioe / (0.87 * fy " Zwe) = 64 mm?2/m
As t0e min =K~ b’ thase = 390 mm?/m
As_toe_req = MaX(As_toe_des, As_toe_min) = 390 mm?2/m
10 mm dia.bars @ 200 mm centres
As_toe_prov = 393 mm?/m
PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress Vice = Vioe / (b 7 dioe) = 0.087 N/mm?
Allowable shear stress Vagm = Min(0.8 = Qfcu / 1 N/mm?), 5) © 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 = 0.434 N/mm?
Vioe < Vc_toe - NO shear reinforcement required

Design of reinforced concrete retaining wall heel (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 heel Cheel = 50 mm

Calculate shear for heel design

Shear from weight of base Vheel wt base = G d = Gpase ~ lheel ~ thase = 0.5 KN/m

Shear from weight of moist backfill Vheel_wt m = Wm_w_f = 0.7 KN/m

Shear from weight of saturated backfill Vheel wt s = Ws_f = 0.3 KN/m

Shear from surcharge Vheel_sur = Wsur_f = 0.8 KN/m

Total shear for heel design Vheel = Vheel_wt_base + Vheel wt m + Vheel wt s + Vheel sur = 2.3 KN/m

Calculate moment for heel design

Moment from weight of base Mheel_wt base = (O d ~ Gpase ~ thase = (lheel + twan / 2)? / 2) = 0.1 KNm/m
Moment from weight of moist backfill Mheel_wt m = Wm_w_f~ (lheel + twar) / 2 = 0.1 KNm/m
Moment from weight of saturated backfill Mheel_wt_s = Ws_t~ (Ineet + twar) / 2 = 0 KNm/m
Moment from surcharge Mheel_sur = Wsur_t ~ (lheel + twan) / 2 = 0.1 kNm/m
Total moment for heel design Mheel = Mheel_wt_base + Mheel_wt m + Mheel_wt_s + Mheel_sur = 0.4 KNm/m
l«——200—»

1 .

1
Check heel in bending
Width of heel b = 1000 mm/m
Depth of reinforcement Oheel = thase — Cheel — (f heel/ 2) = 245.0 mm
Constant Kheel = Mheet / (b~ dhee® ”~ feu) = 0.000

Compression reinforcement is not required

Lever arm Znheel = MiN(0.5 + 0.25 - (Min(Kneel, 0.225) / 0.9)),0.95) * dhee

Zheel = 233 mm
Area of tension reinforcement required As heel_des = Mheet / (0.87  fy  Zheel) = 4 mm?2/m
Minimum area of tension reinforcement As heel min =K~ b thase = 390 mm?/m
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Area of tension reinforcement required
Reinforcement provided
Area of reinforcement provided

Check shear resistance at heel
Design shear stress
Allowable shear stress

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

As_heel_req = MaX(As_heeI_des, As_heel_min) =390 mm?3/m
10 mm dia.bars @ 200 mm centres
As_neel_prov = 393 mm?2/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (b dheet) = 0.009 N/mm?
Vadm = Min(0.8 ~ Q(feu / 1 N/mm?), 5) © 1 N/mm? = 4.733 N/mm?

PASS - Design shear stress is less than maximum shear stress

Vc_heel = 0.434 N/mm?

Vheel < Vc_heel - 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
Shear at base of stem

Calculate moment for stem design
Surcharge

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

Water

Total moment for stem design

feu = 35 N/mm?
fy = 500 N/mm?2

k=0.13%
Cstem = 50 mm
Cwal = 35 mm

Fssut=¢1 Ko  Surcharge " (heff - thase - dds) = 6 KN/m
Fsmaf=05"ge Ko  gn" (Neff - thase - das - hsa)? = 1.7 KN/m
Fsmbf=0Ge Ko  gn” (heff- thase - dds - hsa) ~ hsat = 1.5 kN/m
Fsst=05" ge Ko (G Ovater) " hsa® = 0.2 KN/m

Fswater f=0.5" e  Orater” hsa® = 0.3 KN/m

Vstem = Fs sur f+ Fs m at+ Fs mobt+ Fs_sf+ Fs waterf=9.7 KN/m

Ms_sur = Fs_sur_t~ (Nstem + thase) / 2 = 2.9 KNm/m

Ms.m_a=Fs.m_at (2 hsat+ heff - dds + toase / 2) / 3 = 0.9 KNm/m
Ms mb=Fsmb i hsa/2=0.2kNm/m

Ms s =Fs s f” hsat/3=0kNm/m

Ms_water = Fs_water ~ hsat / 3 = 0 KNm/m

Mstem = Ms_sur + Ms_m_a + Ms_m_b + Ms_s + Ms_water = 3.9 KNmM/m

11

le——22
le—170

le——200—»




? Project
Tedds

Job no.

14 ELDON GROVE, LONDON NW3 3791

lan Drummond Consulting Calcs for Start page no./Revision
Engineers PARTY FENCE RETAINING WALL C 18
90 Cowcross Street Calcs by Calcs date Checked by Checked date Approved by Approved date
London AB 04/07/2014
Check wall stem in bending
Width of wall stem b =1000 mm/m

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 retaining wall deflection
Basic span/effective depth ratio
Design service stress

dstem = twall — Cstem — (f stem/ 2) = 170.0 mm
Kstem = Mstem / (b~ dstem® ~ fcu) = 0.004
Compression reinforcement is not required
Zstem = MiN(0.5 + (0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) * dstem
Zstem = 161 mm
Asﬁstemides = Mstem / (0.87 ’ fy ’ Zstem) =55 mm2/m
As stem min =K~ b twar = 293 mm?/m
As_stem_req = MaX(As_stem_des, As_stem_min) = 293 mm?2/m
10 mm dia.bars @ 200 mm centres
As_stem_prov = 393 mm?/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (0 ” dstem) = 0.057 N/mm?
Vadm = Min(0.8 ~ Q(feu / 1 N/mm?), 5) © 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.537 N/mm?Z
Vstem < Vc_stem - NO shear reinforcement required

ratiopas = 7
fs=2" fy . Asistemireq / (3 ’ Asﬁstemiprov) = 248.3 N/mm?

Modification factor factoriens = min(0.55 + (477 N/mm?2 - £5)/(120 © (0.9 N/mm? + (Mstem/(b ~ dstem?)))),2) = 2.00

Maximum span/effective depth ratio
Actual span/effective depth ratio

ratiomax = ratiopas = factorens = 14.00
ratioact = hstem / dstem = 3.82
PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Stem reinforcement

Toe bars - 10 mm dia.@ 200 mm centres - (393 mm?/m)
Heel bars - 10 mm dia.@ 200 mm centres - (393 mm?/m)
Stem bars - 10 mm dia.@ 200 mm centres - (393 mm?/m)

Heel reinforcement
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