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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.08
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Wall details
Retaining wall type Unpropped cantilever
Height of retaining wall stem hstem = 3500 mm
Thickness of wall stem twan = 350 mm
Length of toe loe = 1500 mm
Length of heel Iheel = 300 mm
Overall length of base Ibase = ltoe + Iheel + twan = 2150 mm
Thickness of base tbase = 350 mm
Depth of downstand dgs = 300 mm
Position of downstand lss =0 mm
Thickness of downstand tas = 300 mm
Height of retaining wall hwall = hstem *+ tbase + das = 4150 mm
Depth of cover in front of wall dcover = 200 mm
Depth of unplanned excavation dexc = 0 mm
Height of ground water behind wall hwater = 0 mm
Height of saturated fill above base hsat = max(hwater - toase - das, 0 mm) =0 mm
Density of wall construction Ywall = 23.6 kN/m?3
Density of base construction Yoase = 23.6 kN/m?
Angle of rear face of wall o =90.0 deg
Angle of soil surface behind wall B =0.0deg
Effective height at virtual back of wall heft = hwai + Ineel x tan(B) = 4150 mm

Retained material details
Mobilisation factor M=1.5
Moist density of retained material Ym = 18.0 kN/m?
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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
Ka = sin(a. + ¢')2 / (sin(o)? x sin(a - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(a - 8) x sin(o. + B)))2) = 0.419

Passive pressure coefficient for base material
Kp = sin(90 - ¢'s)? / (sin(90 - 8b) x [1 - V(sin(¢'s + 8b) x sin(¢'s) / (SiN(90 + &b)))]?) = 6.339

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

s = 21.0 kN/m3
¢'=24.2 deg
8 =0.0 deg

Ymb = 20.0 kN/m?
¢'b = 27.0 deg

8 = 25.0 deg
Poearing = 100 kKN/m?

Ko = 1 —sin(¢') = 0.590

Surcharge = 1.5 kN/m?
Woead = 5.0 kN/m

Wive = 0.0 kN/m

lioad = 1700 mm

Fdead = 0.0 KN/m

Five = 0.0 kN/m

hicad = 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

Wall downstand
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
Soil in front of wall

Total overturning moment

Restoring moments
Wall stem

Wall base

Wall downstand

Moist backfill

Design vertical dead load
Total restoring moment

Check stability against overturning
Total overturning moment
Total restoring moment

Check bearing pressure
Surcharge

Soil in front of wall

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

Bearing pressure at toe
Bearing pressure at heel

Wuwall = Nstem X twall X ywa = 28.9 KN/m

Whase = Ibase X tbase X Ybase = 17.8 KN/m

Was = dds X tas X ypase = 2.1 KN/m

Wsur = Surcharge x lheet = 0.5 kN/m

Wm_w = lheel X (Nstem - hsat) x ym = 18.9 kN/m

Wp = lioe X deover X ymb = 6 KN/m

Wy = Waead + Wive = 5 KN/m

Whotal = Wwall + Wbase + Wds + Wsur + Wm_w + Wp + Wy = 79.1 KN/m

Fsur = Ka x Surcharge x hert = 2.6 kN/m
Fm a=0.5 x Ka x ym x (hef - hwater)2 =64.9 kN/m
Ftotal = Fsur + Fm_a = 67.5 KN/m

Fp = 0.5 x Kp x cos(8b) x (dcover + tbase + dds - dexc)2 X ymb = 41.5 KN/m
Fres = Fp + (Wiotal - Wsur - Wp) x tan(8p) = 75.4 kN/m
PASS - Resistance force is greater than sliding force

Msur = Fsur x (Neff - 2 x das) / 2 = 4.6 KNm/m

Mm_a = Fm_a x (heff + 2 X hwater - 3 x das) / 3 = 70.3 KNm/m
Mp_o = Fp x [2 x dds - thase - dcover + dexc] / 3 = 0.7 kKNm/m
Mot = Msur + Mim_a + Mp_ 0 = 75.6 kKNm/m

Mwall = Wwall X (loe + twan / 2) = 48.4 kKNm/m

Mbase = Woase X Ibase / 2 = 19.1 KNm/m

Mas = Was x (lds + tas / 2) = 0.3 KNm/m

Mm_r = (Wm_w X (lbase - Iheel / 2) + Wm_s X (lbase - lheet / 3)) = 37.8 KNm/m
Maead = Waead X lioad = 8.5 KNm/m

Mrest = Mwall + Mbase + Mds + Mm_r + Mdead = 114.1 KNm/m

Mot = 75.6 KNm/m
Mrest = 114.1 KNm/m
PASS - Restoring moment is greater than overturning moment

Msur_r = Wsur X (Ibase - Iheet / 2) = 0.9 kKNm/m
Mo r = Wp x hoe / 2 = 4.5 KNm/m
Miotal = Mrest - Mot + Msur r + Mp_r = 43.9 KNm/m
R = Wiotal = 79.1 KN/m
Xpar = Miotat / R = 555 mm
e = abs((lbase / 2) - Xbar) = 520 mm
Reaction acts outside middle third of base
Proe = R/ (1.5 x Xpar) = 95 KN/m?
preet = 0 KN/m? = 0 kKN/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

Surcharge

Moist backfill to top of wall

Soil in front of wall

Applied vertical load

Total vertical load
KN/m

Factored horizontal at-rest forces on wall
Surcharge

Moist backfill above water table

Total horizontal load

Passive resistance of soil in front of wall
kN/m

Factored overturning moments
Surcharge

Moist backfill above water table
Soil in front of wall

Total overturning moment

Restoring moments
Wall stem

Wall base

Wall downstand
Surcharge

Moist backfill

Soil in front of wall
Design vertical load

Total restoring moment
kNm/m

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

Bearing pressure at toe

TEDDS calculation version 1.2.01.08

vida=14
v =1.6
Yie = 1.4

Wuwall_f = ¥f d X hstem X twall X ywal = 40.5 kN/m
Whase_f = Vf_d X lbase X thase X Ybase = 24.9 KN/m
Wds_f = ¥ d X dds X tds X ybase = 3 KN/m

Wsur_f = y£1 x Surcharge x lheel = 0.7 KN/m

Wm_w_f = 7 d X Iheel X (Nstem - hsat) x ym = 26.5 kN/m
Wp_f = ¥1.d X ltoe X dcover X ymb = 8.4 KN/m

Wy f = 5.0 X Waead + 7.1 x Wive = 7 KN/m

Wtotalﬁf = Wwall_f + Wbase_f + Wds_f + Wsur_f + Wm_w f + Wp_ 1 + vaf =110.9

Fsur_f = 1.1 x Ko x Surcharge x heff = 5.9 kN/m

Fm_af=7fe x 0.5 x Ko x ym x (Neff - hwater)? = 128 KN/m

Fiotal_f = Fsur_f + Fm_a_f = 133.9 kN/m

Fo = yie x 0.5 x Kp x cOS(8b) x (dcover + thase + dds - dexc)? x ymb = 58.1

Msur = Fsur f x (heff - 2 x das) / 2 =10.4 kKNm/m

Mm_a_f = Fm_a_f x (heff + 2 x hwater - 3 x das) / 3 = 138.7 KNm/m
Mp_o_f = Fp_f x [2 x dds - tbase - Doover + dexc] / 3 =1 KNm/m
Mot f = Msur f + Mm_a_f + Mp o = 150.1 KNm/m

Muail_f = Wwal_f X (ltoe + twan / 2) = 67.8 KNm/m

Mbase_f = Whase_f X Ibase / 2 = 26.7 KNm/m

Mas_f = Was_f x (lds + tdas / 2) = 0.4 KNm/m

Msur_r_f = Wsur_f X (lbase - lheet / 2) = 1.4 kKNm/m

Mm_r £ = (Wm_w_f X (lbase - Iheel / 2) + Wm_s f X (Ibase - lheet / 3)) = 52.9 kKNm/m
Mp r +=Wp 1 X ltoe / 2 = 6.3 KNm/m

Mv_f = Wy _t X lioad = 11.9 KNm/m

Mrest f = Mwal_f + Mbase_f + Mds f + Msur r  + Mm_r f+ Mp_r 1+ My s = 167.5

Miotal_f = Mrest_ - Mot_f = 17.4 KNm/m
Rt = Whota t = 110.9 KN/m
Xbar f = Motal t/ Rf = 157 mm
er = abs((Ibase / 2) - Xbar_1) = 918 mm
Reaction acts outside middle third of base
Proe f = Ri / (1.5 x Xpar 1) = 470.9 KN/m?
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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

preet f = 0 KN/m? = 0 kN/m?

rate = proe_f/ (3 x Xvar_f) = 1000.02 kN/m?/m

Pstem_toe_f = MaX(Proe_f - (rate x lwoe), 0 KN/m?2) = 0 kN/m?

Pstem_mid_f = MaX(Ptoe_f - (rate x (loe + twan / 2)), 0 kN/m?) = 0 kN/m?

Pstem_heel_f = MaX(Ptoe_f - (rate x (ltoe + twan)), 0 kN/m2) =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
Shear from weight of downstand
Shear from weight of sail

Total shear for toe design

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

Total moment for toe design

feu = 40 N/mm?2
fy = 500 N/mm?

k=013 %
Ctoe = 30 mm

Vioe_bear = 3 X Proe_f X Xbar_f/ 2 =110.9 KN/m

Vioe_wt_base = Yf_d X Ybase X ltoe X thase = 17.3 KN/m

Vioe_wt_ds = Y. d X Ybase X dds X tds = 3 KN/m

Vioe_wt_soil = Wp_f = (Yf.d X Ym X loe X dexc) = 8.4 kKN/m

Vioe = Vioe_bear - Vioe_wt_base - Vioe_wt_ds = Vioe_wt_soil = 82.2 KN/m

Mioe bear = 3 X Proe_f X Xbar f X (ltoe = Xvar f + twan / 2) / 2 = 168.3 kKNm/m
Mioe_wt base = (Yf d X Ybase X toase X (ltoe + twan / 2)? / 2) = 16.2 KNm/m
Mioe_wt_ds = Y7 d X Ybase X Ods X tds X (hoe - las + (twan - tas) / 2) = 4.5 kKNm/m
Mioe_wt_soil = (Wp_f = (yr.d X YmX ltoex dexc)) x (loe + twan) / 2 = 7.8 KNm/m
Mtoe = Mioe_bear - Mtoe_wt_base - Mtoe_wt_ds = Mtoe_wt_soil = 139.8 KNm/m
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Check toe in bending
Width of toe
Depth of reinforcement

Constant
Lever arm

Area of tension reinforcement required
Minimum area of tension reinforcement

b =1000 mm/m
dtoe = thase — Ctoe — (¢toe/ 2) = 310.0 mm
Kioe = Mioe / (b x dtoe? x feu) = 0.036
Compression reinforcement is not required
Zioe = MIN(0.5 + V(0.25 - (Min(Kice, 0.225) / 0.9)),0.95) x droe
Ztoe = 295 mm
As toe_des = Mioe / (0.87 x fy x Zioe) = 1091 mmZ/m

As_toe_min =K x b x thase = 455 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) = 1091 mm?3/m
20 mm dia.bars @ 150 mm centres
As toe_prov = 2094 mm?3/m
PASS - Reinforcement provided at the retaining wall toe is adequate

Vitoe = Vioe / (b x dtoe) = 0.265 N/mm?
Vadm = mMin(0.8 x V(fou / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?2
PASS - Design shear stress is less than maximum shear stress

Ve_toe = 0.691 N/mm?
Vtoe < Vc_toe - NO shear reinforcement required

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 surcharge

Total shear for heel design

Calculate moment for heel design
Moment from weight of base
Moment from weight of moist backfill
Moment from surcharge

Total moment for heel design

K100+{

fou = 40 N/mm?2
f, = 500 N/mm?2

k=0.13%
Cheel = 30 mm

Vheel_wt_base = Yf_d X Ybase X |heel X thase = 3.5 KN/m
Vheel wt_m = Wm_w_f = 26.5 KN/m

Vheel_sur = Wsur_f = 0.7 KN/m

Vheel = Vheel_wt_base + Vheel_wt m + Vheel_sur = 30.6 KN/m

Mheel_wt_base = (Yi_d X Ybase X tbase X (lheel + twan / 2)% / 2) = 1.3 KNm/m
Mheel_wt_m = Wm_w_f X (Iheet + twan) / 2 = 8.6 KNm/m

Mheel_sur = Wsur f X (lheel + twan) / 2 = 0.2 KNm/m

Mheel = Mheel_wt base + Mheel_wt_ m + Mheel_sur = 10.1 KNm/m

-
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Check heel in bending
Width of heel

Depth of reinforcement
Constant

Lever arm

b =1000 mm/m
dheel = tbase — Cheel — (¢heer/ 2) = 315.0 mm
Kheet = Mheet / (b x dheer? x feu) = 0.003
Compression reinforcement is not required
Zneet = MiN(0.5 + (0.25 - (Min(Kneel, 0.225) / 0.9)),0.95) x dheel
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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 = 299 mMm

As heel des = Mheel / (0.87 x fy x Zneet) = 78 mm3/m

As heel min = K x b x tbase = 455 mm?/m

As heel_reqg = Max(As_neel_des, As_heel min) = 455 mm?2/m
10 mm dia.bars @ 100 mm centres

As heel_prov = 785 mm?/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (b x dheel) = 0.097 N/mm?
Vadm = mMin(0.8 x V(fou / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?2
PASS - Design shear stress is less than maximum shear stress

Vc_heel = 0.494 N/mm?
Vheel < Vc_neel - NO shear reinforcement required

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

Material properties
Characteristic strength of concrete
Characteristic strength of reinforcement

Base details
Minimum area of reinforcement
Cover to reinforcement in downstand

Calculate shear for downstand design
Total shear for downstand design

Calculate moment for downstand design

Total moment for downstand design

feu = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Cds = 30 mm

Vdown = yf e X Kp X €COS(8b) X ym X dds X (dcover + thase + das / 2) = 30.4 KN/m

Mdown = 1_e X Kp x €OS(8b) X ym X ddas X [(dcover + toase) X (tbase + das) + das X (tbase / 2 + 2 x das / 3)] / 2 = 10.2 KNm/m

-
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Check downstand in bending
Width of downstand

Depth of reinforcement
Constant

Lever arm

Area of tension reinforcement required

b =1000 mm/m
ddown = tds — Cds — (Pdown / 2) = 265.0 mm
Kdown = Mdown / (b x ddgown? x feu) = 0.004
Compression reinforcement is not required
Zdown = Min(0.5 + V(0.25 - (min(Kdown, 0.225) / 0.9)),0.95) x ddown
Zdown = 252 mm
As_down_des = Mdown / (0.87 x fy x Zdown) = 93 mm?3/m
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Minimum area of tension reinforcement
Area of tension reinforcement required
Reinforcement provided

Area of reinforcement provided

As_down_min = K x b x tas = 390 mm?/m

As_down_req = Max(As_down_des, As_down_min) = 390 mm?2/m
A393 mesh

As_down_prov = 393 mm?2/m

PASS - Reinforcement provided at the retaining wall downstand is adequate

Check shear resistance at downstand
Design shear stress
Allowable shear stress

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

Vdown = Vdown / (b % ddown) = 0.115 N/mm?
Vadm = min(0.8 x V(fou / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_down = 0.434 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

Calculate shear for stem design
Shear at base of stem

Calculate moment for stem design
Surcharge

Moist backfill above water table
Total moment for stem design

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Cstem = 30 mm
Cwal = 30 mm

Fs_sur_t = yr.1 x Ko x Surcharge x (Nef - tbase - ddas) = 5 kN/m
Fsﬁmfaff =0.5x Ve X Ko x Ym X (heff - tbase - dds - hsat)z =91.1 kN/m

Vstem = Fs_sur t + Fs m_a f = 96 KN/m

Ms_sur = Fs_sur_f X (hstem + tbase) /2 =9.5 kNm/m
Msfmfa = Fsﬁmfaff X (2 x hsat + heff - das + tbase / 2) /3 =122.2 kNm/m
Mstem = Msﬁsur + Msfmfa =131.7 KNm/m
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Check wall stem in bending
Width of wall stem
Depth of reinforcement

Constant

b =1000 mm/m
dstem = twall — Cstem — (¢stem/ 2) = 310.0 mm
Kstem = Mstem / (b x dstem? x fcu) = 0.034
Compression reinforcement is not required
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Lever arm Zstem = MiN(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 295 mm
Area of tension reinforcement required As stem_des = Mstem / (0.87 x fy x Zstem) = 1028 mm?3/m
Minimum area of tension reinforcement As stem_min = K x b x twan = 455 mm?/m
Area of tension reinforcement required As_stem_req = Max(As_stem_des, As_stem_min) = 1028 mm?2/m

Reinforcement provided
Area of reinforcement provided

20 mm dia.bars @ 150 mm centres
Asﬁstemfprov = 2094 mmZ/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem

Design shear stress
Allowable shear stress

Vstem = Vstem / (b x dstem) = 0.310 N/mm?
Vadm = min(0.8 x V(fou / 1 N/mm2), 5) x 1 N/mm2 = 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

Vc_stem = 0.691 N/mm?2
Vstem < Vc_stem - NO shear reinforcement required

Check retaining wall deflection

Basic span/effective depth ratio
Design service stress

Modification factor

ratiopas = 7
fs=2x fy X As_stem_req / (3 X As_stem_prov) =163.7 N/mm?
factorens = Min(0.55 + (477 N/mm? - fs)/(120 x (0.9 N/mm2 + (Mstem/(b x dstem?)))),2) = 1.70

Maximum span/effective depth ratio ratiomax = ratiooas x factortens = 11.90

Actual span/effective depth ratio ratioact = hstem / dstem = 11.29

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

Toe reinforcement:

Stem reinforcement

—~—

Downstand reinforcement

Toe bars - 20 mm dia.@ 150 mm centres - (2094 mm?/m)
Heel bars - 10 mm dia.@ 100 mm centres - (785 mm?/m)
Downstand mesh - A393 - (393 mm?/m)
Stem bars - 20 mm dia.@ 150 mm centres - (2094 mm?/m)

¢7Heel reinforcement




