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Front Brickwork Features
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Stem Construction: 250mm RC35 Concrete with
B785 Mesh Near & Far Face.
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RETAINING WALL ANALYSIS (BS 8002:1994)
’ TEDDS calcutation version 1.2.01.06
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Wall details
Retaining wall type Unpropped cantilever
Height of retaining wall stem hstem = 1850 mm
Thickness of wall stem twan = 276 mm
Length of toe koe = 950 mm
Length of heel Iheet = 1150 mm
Overall length of base loase = ltos + lneal + twan = 2375 mm
Thickness of base Thase = 350 mm
Depth of downstand ddas = 900 mm
Position of downstand las =0 mm
Thickness of downstand tds = 450 mm
Height of retaining wall hwar = hstem + fhase + das = 3100 mm
Depth of cover in frant of wall doover = 150 mm
Depth of unplanned excavation dexc = 0 mm
Height of ground water behind wall Mwater = 0 mm
Height of saturated fill above base hsa: = max{hwater - foase - das, 0 mm) = 0 mm
Density of wall construction Ywal = 23.6 kN/m?
Density of base construction Yhase = 23.6 kN/m?
Angle of rear face of wall o =90.0 deg
Angle of soil surface behind wall B =20.0deg
Effective height at virtual back of wall het = hwai + lheel x tan(f} = 3519 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 ¥s = 21.0 kN/m3

Design shear strength ¢ = 24.2 deg

Angle of wall friction §=0.0 deg

Base material details

Moist density ymb = 18.0 KN/m?

Design shear strength . &b = 24.2 deg

Design base friction 3 = 18.6 deg

Allowable bearing pressure Paesarng = 150 kN/m?

Using Coulomb theory
Active pressure coefficient for retained material
Ka = sinfo + §)2 7 (sin(e)? x sin(e - 8) x [1 + V(sin{d' + 8) x sin(d' - B) / (sin(a - 8) x sinfce + B)))]?) = 0.589
Passive pressure coefficient for base material
Ko = $in(90 - ¢'v)2 / (sin(90 - 8u} x [1 - V{sin(ds + Sb) x sin(d'v) / (sin(90 + Bu))]?) = 4.187

%

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

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 Waead = 0.0 kN/m
Applied vertical live load on wall Wive = 0.0 kN/m
Position of applied vertical load on wall load = 0 mm
Applied horizontal dead load on wall Fdead = 0.0 kN/m
Applied horizontal live load on wall Five = 0.0 kN/m
Height of applied horizontal load on wall hiozd = 0 mm
HInmnmnne

8

100.0

89.5 0.0

Vertical forces on wall
Wall stem Wwall = Pistern % twall X ywan = 12 kKN/m
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Wall base Whasa = lbase % thase x Yhase = 19.6 kN/m

Wall downstand

Surcharge

Moist backiill to top of wall
Moist backfill above top of wall
Soil in front of wall

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

Total restoring moment

Check stability against overturning
Total overturning moment
Total restoring moment

Check bearing pressure
Surcharge

Soll 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

Was = Cus X tas X Yoase = 9.6 kN/m

Weur = Surcharge x lneet = 11.5 kN/m

Win_w = Ineal X (Nstem - hsat) x ym = 38.3 kN/m

W s = 0.5 x lhee® x tan(B) x ym = 4.3 kN/m

Wp = lioe % Qoover X Ymp = 2.6 KN/m

Wiotal = Wiwall + Waase + Was + Wsur + Wm_w + Wm_s + wp = 97.9 kN/m

Fsur = Ka x Surcharge x her = 21.1 kN/m
Fm__a =0.5x Kax Ym X (heff - hwater)z =66.7 kN/m
Fiotal = Fsur + Frn a = 87.8 KN/m

Fo=0.5 x Kp x c08(Bb) x (deover + thase + dus - dexc)® x ymp = 70 kN/m
Fras = Fo + (Wiotal - Wsur - Wp) x tan{8p) = 98.2 kN/m
PASS - Resistance force is greater than sliding force

sur = Fsur x (Ret - 2 x dus) / 2 = 18.1 kNm/m
Mm_a = Fm_a x (he + 2 X Nyater - 3 x dlus) /3 =18.2 kKNm/m
Mp_o = Fp x [2 x dus - tbase - deover + dexc] /3 = 30.3 KNm/m
Mat = Msur + Me_a + Mp_o = 66.6 KNm/m

Muwal = Wwan % (loe + twar / 2) = 13.1 KNm/m

Whase = Whase X lhase / 2 = 23.3 KNm/m

Mas = Was x (s + tas / 2) = 2.2 KNm/m

Mrr = (Wm_w X (lbase - heet / 2} + Wim_s X {luase - Iheel / 3}) = 77.6 KNm/m
Mrest = Muan + Mbase + Mas + Mm_r = 116.1 kNm/m

Mot = 66.6 kNm/m
Mrest = 116.1 kNm/m
PASS - Restoring moment is greater than overturning moment

Msur r = Wsur X (lbase - Iheal / 2) = 20.7 KNm/m
Mp r=wp % hos /2 = 1.2 kNm/m
Miotal = Mrest = Mot + Msur_r + Mp_r = 71.3 kKNm/m
R = Wiow = 97.9 kN/m
Xbar = Miotal / R =729 mm
@ = abs((foase / 2) - Xpar) = 459 mm
Reaction acts outside middle third of base
Pree = R/ {1.5 x Xoar} = 89.5 kN/m?
prest = O kN/m? = 0 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1894)
TEDDS calculation versicn 1.2.01.06
Uitimate limit state load factors
Dead load factor vea=1.4
Live load factor vi1=1.6
Earth and water pressure factor vie=1.4

Factored vertical forces on wali
Wall stem

Wall base

Wall downstand

Surcharge

Moist backfill to top of wall

Moist backfilt above top of wall
Soil in front of wall

Total vertical load
kN/m

Factored horizontal at-rest forces on wall
Surcharge

Moist backfill above water table

Total horizontal load

Passive resistance of sail in front of wall
KN/m

Factored overturning moments
Surcharge

Moist backfill above water table
Soil in front of wall

Total overfurning moment

Restoring moments
Wall stem

Wall base

Wall downstand
Surcharge

Moist backfill

KNm/m

Soil in front of wall
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

Wzl _f = ¥r.d X histem % fwan X ywar = 16.8 kN/m

Whese f = V£ d X lbase ¥ toase X Ybase = 27.5 kN/m

Was ¢ = e d X Qas % tds X Yoase = 13.4 KN/m

Wsur_f = 1) X Surcharge x lhee = 18.4 KN/m

Wim_w_f = Y5 d X lhaat X (Nstem - hsat) X ym = 53.6 KN/m

Wm_s 1 =71 d X 0.5 x |hee® x tan{B) x ym =6.1 kN/m

Wp_f = ¥d X lioe X doover X fmb = 3.6 KN/m

Wiotal_f = Wwall_f + Wbase_f + Wds_f + Wsur f + Wm_w.f + Wm s 7+ wp = 139.3

Fsurt = ¥¢1 x Ko x Surcharge x her = 33.2 kiN/m

Fraf=vex 0.5 x Ko x ym x (Neit = Nwater)® = 92 kN/m

Frota 1 = Four_f + Fm_a_s = 125.3 KN/m

Fo_r =7t a x 0.5 x Kp x c08(8b) x (doover + thase + das - dexc)? x vmn = 98

Meur £ = Faur_f % (her - 2 x dus) / 2 = 28.5 kNm/m

Mm a 1= Fm_a % (et + 2 % hwater - 3 % das) / 3 = 25.1 kNm/m
Mp_o 1= Fp 1% [2 % das - Tnase - Deover + dexc] / 3 = 42.5 KNm/m
Mot 1= Msur + + Mm a5+ Mp o 1= 96.1 kKNm/m

Miwal_f = Waail_f X (ltoe + twan / 2} = 18.3 kNm/m

Mbass_f = Whasa f X lbase / 2 = 32.6 KNm/m

Mas 1= Was 1 % {las + tae £ 2) = 3 kNm/m

Msurr_t = Wsur 1 X {lbase - Iheer / 2) = 33.1 KNm/m

Mm_r_f = (Wm_w_f X (lbasa - Inesl / 2) + Wim_s_f % (lbase - lhea / 3)) = 108.6

Me rr=Wprx hoa/2 =17 KNm/m

Mrest_f = Muwa_t + Mbase_f + Mas_f + Msur_r ¢ + Mm_rs + Mp_r 1= 197.3 kNm/m

Miotal_f = Mrest_r - Mo = 101.2 kNm/m
Rt = Wiata 1 = 139.3 kN/m

Xoar_{ = Miota_r / Rr = 726 mm

&1 = abs((lbase / 2) - Xpar f) = 461 mm

Reaction acts outside middle third of base

Pros_r = Re / {1.5 % Xpar 1} = 127.9 kN/m?
Pree i = O kKN/m?2 = 0 kN/m?
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Rate of change of base reaction
Bearing pressure at stem / toe
Bearing pressure at mid stem
Bearing pressure at stem / heel

rate = pioe_t / {3 % Xpar_1) = 58.69 kN/m?/m

Pater_toe f = Max{Puos_f - (rate x lea), 0 KN/M2) = 72,1 kN/m?

Petam_mic_t = MaX(Puae_f - {rate x (hee + twan / 2)), ¢ KN/m?) = 64.1 kN/m?
Pstem _hest f = MaX({proe_f - (rate x (oo + twar)), 0 kKN/m2) = 56 kN/m?

Design of reinforced concrete retaining wall toe (BS §002:1984)

Material properties
Characteristic strength of concrete
Characteristic strength of reinforcement

Base detfails

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

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

k=013 %
Cos = 40 mm

Vioe_bear = (Poe f + Pstem_toe 1) ¥ loe / 2 = 95 kN/m
Vioe_wt_base = Y1 d X Ybase X lipe X frase = 11 KN/m
Vioe_wi_ds = ¥f.d X Yoass X s x tas = 13.4 kN/m
Vioa_wi_eol = Wo_t = (Yr_d X Y X ltoe % daxc) = 3.6 KN/m

Vige = Vloa_bear - Vtoa_wt_basa - Vtoe_m_ds - Vlaeﬁ\mﬁsoil =67 KN/m

Mtos_bear = {2 % Proa_f + Pstem_mid 1} % (lce + twan / 2)2 / 6 = 63 kNm/m
Muoe_wt_tase = {¥i ¢ X Yoase % thase X (ltoe *+ twal / 2)? / 2} = 6.8 KNm/m
Mioe_wt ds = Yr_¢ X Ybase X Ods X tas ¥ (lioe = las + (bwan - tus) / 2) = 11.5 KNm/m
Mios_wt_soil = (Wp_t = (¥i d % Ym* hoax daxe)) * (ltoe + twa) / 2 = 2.2 KNm/m
Mige = Mioe_bear = Mioe_wt_base = Mios_wt_ds = Mice_wt_soi = 42.5 KNm/m

Fy

350

|
l

¥

1005}

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

b =1000 mm/m
dice = thase — Cice — (froe / 2) = 305.0 mm
Kie = Mios / (b x diwe? x fou) = 0.013
Compression reinforcement is not required
Zios = Min(0.5 + ¥(0.25 - (min(Ks, 0.225) / 0.9)),0.95) x die
Zioe = 280 mm
As_toe_des = Mice / (0.87 x fy x Zica) = 337 mm?m
As tos_min = K x b x thase = 455 mm*m
As 105_req = MaxX(As_toe_des, As_tos_min) = 455 mm/m
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Reinforcement provided B785 mesh

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_prov =785 mm¥m

PASS - Reinforcement provided at the retaining wall toe is adequate

Vios = Vice / (b % dioe) = 0.220 N/mm?2
Vadm = Min{0.8 x V(feu / 1 N/mm2), 5) x 1 N/mmZ = 4,733 N/mm?

PASS - Design shear stress is less than maximum shear stress

Ve toe = 0.481 N/mm?

Vice < Vo_toe - NO shear reinforcement required

Design of reinforced concrete retaining wall heel (BS 8002:1984)

Material properties

Characteristic strength of concrete
Characieristic sfrength of reinforcement

Base details
Minimum area of reinforcement
Cover to reinforcement in heel

Calculate shear for heel desig
Shear from bearing pressure
Shear from weight of base

n

Shear from weight of moist backfill

Shear from surcharge
Total shear for heel design

Calculate moment for heel design

Moment from bearing pressure
Moment from weight of base

o = 35 Nfmm?2
fy = 500 N/mm?

k=013 %
Cheel = 40 mm

Vheel bear = Pstem_hesl_f X {{3 X Xoar 7} - live - twan} / 2 = 26.7 kKN/m
Vhesl_wi_base = Y_d X Ybase X lheel X thase = 13.3 kN/m

Vheelwim = Wm_w_f + Wm_s_t = 89.7 KN/m

Vheel sur = Waur_f = 18.4 KN/m

Vheal = - Vhesl_bear + Vhesl_wi_bass + Vhaa wt_m + Vheet sur = 684.7 KN/m

Mhieel_bear = Pstem_mid_f X {{3 X Xvar_f) - hoe - twan / 2)2 /6 =127 KNm/m
Mhesl wi_base = (¥ d X Ybase X tnase X (Iheet + twan / 2)2 / 2) = 9.6 kNm/m

Mhesl_wt_m = Wm_w f X {lnee + twan) / 2 + Wm_s 1 x (2 % Iheet / 3 + toan / 2) =

Mheet sur = Wsur f X {lreal + twan) / 2 = 13.1 kNm/m
Mheel = - Mhee!ﬁbear + Mhee!__wt_base + Mhesl_wt_m + Mheel__sur = 53.7 kNm/m

Moment from weight of moist backiill
43.7 kNm/m
Moment from surcharge
Total moment for heel design
4-100-»
x
0 »

Check heel in bending
Width of heel

Depth of reinforcement
Constant

b = 1000 mm/m
Oheel = thase — Cnest — (Oneat/ 2) = 305.0 mm
Kheel = Mheet / (b X Chea® x f::u) =0.016
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Compression reinforcement is not required
Lever arm Zheat = MIN{0.5 + ¥(0.25 - (Min(Knear, 0.225) / 0.9)),0.95) x dheal

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 siress

Zheet = 280 mm

As_neel_des = Mhael / (0.87 x fy x Zneel) = 426 mm?/m
As_heat min = K x b x taese = 455 mm3/m

As_neal_req = Max(As neel des, Ag_nesl_min) = 455 mm?>/m
B785 mesh

As_hesl_prov = 785 mmZ/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / {D x dree)) = 0.212 N/mm?
Vadm = Min(0.8 x V{fe / 1 N/mm2), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve heel = 0.481 N/mm?
Vhes! < Ve_neot - 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

Mdown = 71 e X Kp x COS(8n) X ym x dus

fou = 35 NF/mm2
fy = 500 N/mm?

k=0.13%
Cas = 30 mm

Vdown = Ve X Kp x COS(&)) X ¥m X dus x (dmver + thase + dus / 2) = 85.5 kN/m

X [(deover + thase) % (fbase + das) + das % {tbase / 2 + 2 x dus £ 3)] {2 =59.5 kNm/m

A A

l4-100-»|

Check downstand in bending
Width of downstand

b =1000 mm/m
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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

ddown = tas — Cds — {Paown / 2} = 415.0 mm
Kaown = Muown / (b % ddown? x fe) = 0.010
Compression reinforcement is not required
Zdown = Min(0.5 + ¥(0.25 - (min(Kaown, 0.225) / 0.9)),0.95) x ddown
Zdown = 394 mm
As_cown_des = Mdown / (0.87 x fy x Zooun) = 347 mm>3/m
As_down_min = K x b x tss = 585 mm3m
As_down_raq = Max{As_down_das, As_down_min) = 585 mm/m
B785 mesh
As_down_prov = 785 mm3m

PASS - Reinforcement provided at the refaining 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

Vioun = Vdown / (B % daown) = 0.206 N/mm?
Vadm = Min(0.8 x ¥{fe / 1 N/mm?)}, 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vg down = 0.408 N/mm?
Vdawn < Ve_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 = 35 Nfmm?2
fy = 500 N/mm?

k=013 %
Cstem = 30 mm
Cwal = 30 mm

Fs_sur 1 = 711 x Ko x Surcharge x (her - toass - das) = 21.4 KN/m
Fs_m_a_f =0.5x Yie X Ko x Tm X (heff - thase - dus - hsal)z = 38.3 kN/m

Vstem = Fs_sur_f + Fs__m_a_f = 59.7 kN/m

Ms_sur = Fsﬁsurj X (hstem + thase) /2 =23.6 kNm/m
Ms m a = Fs m_a_fx (2 x Nsat + hef - dds + thase / 2) /3 =35.6 kNm/m
Mstem = Ms sur + Ms_m_a = 58.2 kNm/m

275y
le——239— |
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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 stemn
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 ratic

dstem = tualt — Gsiem — (gstem/ 2) = 239.0 mm
Kstem = Matem / (b x dsten? x feu) = 0.030
Compression reinforcement is not required
Zeem = MIN(0.5 + V(0.25 - (min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 227 mm
Asgstemgdes = Mstem / (0.87 X fy X Zslem) = 599 mm*m
As_stem_min = K % b x twat = 358 mm2/m
As stem_req = MaxX(As_stem_des, As_stem min) = 599 mm3/m
12 mm dia.bars @ 150 mm centres
As_stem_prov = 754 mm3/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (D % dstem) = 0.250 N/mm?
Vaam = mMin(0.8 x V(fo / 1 N/mm3), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear siress

Ve stem = 0.547 N/fmm?
Vstem < Ve_stam - NO shear reinforcement required

ratioses = 7
fs = 2 x fy x As_stem_req / (3 X As_stam_prov) = 264.9 N/mm?

factorens = min{0.55 + {477 N/mm? - £-(120 x (0.9 N/mm? + {(Maen/(b x dstem®)))),2) = 1.46

ratiomax = ratiopas x faCtDl'ta_ns =10.24

ratidact = hstem / dstem = 7.74
PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Toe mesh - B785 - (785 mm?/m)
Heel mesh - B785 - (785 mm2/m)

Stem reinforcement

¢—Heel reinforcement

—¥—

Downstand mesh - B785 - (785 mm?/m)
Stem bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)

Downstand reinforcement
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06
|« 200ple—355—pl¢——645——p
LT TITE T T o s
W 'y
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¥ 1200 »]
Wall details
Retaining wall type Unpropped cantilever
Height of retaining wall stem hstem = 1000 mm
Thickness of wall stem twar = 355 mm
Length of toe ltoe = 200 mm
Length of heel Iheet = 645 mm
Overall length of base Ihase = loa + fheet + twan = 1200 mm
Thickness of base toase = 225 mm
Depth of downstand das =0 mm
Position of downstand las = 745 mm
Thickness of downstand tas = 225 mm
Height of retaining wall Pwan = Nstem + toass + Oos = 1225 mm
Depth of cover in front of wall dcover = 150 mm
Depth of unplanned excavation dexe = 0 mm
Height of ground water behind wall hwater = 0 mm
Height of saturated fill above base hsat = Max(hwaer - thase - das, 0 mm) = 0 mm
Density of wall construction Ywent = 23.8 KN/m?
Density of base construction Yoase = 23.6 KN/m?
Angle of rear face of wall a =90.0deg
Angle of soil surface behind wall B=18.0deg
Effective height at virtual back of wall hat = Ruwan + lheet x tan(p) = 1435 mm

Retained material details
Mobilisation factor M=1.5
Moist density of retained material vm = 18.0 KN/m?




! Tekla Project Job no.
Tedds
Calcs for Start page no./Revision
2
Calcs by Calcs date Checked by Checked date Approved by Approved date
K 02/09/2019

Saturated density of retained material vs = 21.0 kN/m?

Design shear strength d' =242 deg

Angle of wall friction 5 =18.6 deg

Base material details

Moist density tmo = 18.0 kKN/m?®

Design shear strength ¢'v = 24.2 deg

Design base friction &n = 18.6 deg

Allowable bearing pressure Pbearing = 150 KN/m?

Using Coulomb theory
Active pressure coefficient for retained material
Ka = sin(a + ¢")2 / (sin{e)? x sin{o - 8) x [1 + V{sin{¢’ + 8) x sin(9' - B} / (sin(a - 8) x sin(a + P)))?) = 0.531
Passive pressure coefficient for base material
Ka = sin{90 - §'5)2 / (sin{90 - 8u) x [1 - ¥(sin(§'s + Sv) x sin(¢'s) / (siN(90 + Sp)))]?) = 4.187

At-rest pressure
At-rest pressure for retained material Ko =1 — sin{¢") = 0.590

Loading details

Surcharge load on plan Surcharge = 5.0 kN/m?
Applied vertical dead load on wall Waead = 0.0 kN/m
Applied vertical live load on wall Wive = 0.0 kKN/m
Position of applied vertical load on wall load = 0 mm

Applied horizonta! dead load on wall Fdead = 0.0 kN/m
Applied horizontal live load on wall Five = 0.0 KN/m

Height of applied horizonta! load on wall hioad = 0 mm

e
R

#
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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 backill to top of wall
Moist backfill above top of wall
Soil in front of wall

Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water fable
Total horizontal load

Calculate stahility against sliding
Passive resistance of soil in front of wall
Resistance to sliding

Overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Moist backifill

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

Wiaal = hstem X twall % Ywar = 8.4 KN/m

Whoase = lbase X thase X Ybase = 6.4 KN/m

wsur = Surcharge x Ines = 3.2 KN/m

Wm_w = lneet % (Ngtem - hsat) x vm = 11.6 kN/m
Win_s = 0.5 x lnee® x tan{B) x ym = 1.2 kN/m
Wo = hoe x deover ¥ ymp = 0.5 kN/m

Whatal = Wuwalt + Whase + Weur + Wm_w + Wm_s + Wp = 31.3 KN/m

sur = Ka x cos(90 - o + &) x Surcharge x her = 3.6 kN/m
m_a = 0.5 x Ka x cos(90 - o + &) x ym % {her - hwater)? = 9.3 KN/m
Fotat = Fsur + Fm_a = 12.9 kN/m

Fp =05x Kp X COS(&J) X (dco\rar + thase + dos - dexc)2 X ¥Ymb = 5 kN/m
Fres = Fp + (Wigtal - Weur - Wp) x tan(de) = 14.3 kN/m
PASS - Resistance force Is greater than sliding force

sur = Four % (Naft - 2 x dds) /2 =2.6 kNm/m
Mm_a = Fm_a % (hert + 2 % Ruater - 3 x das) / 3 = 4.5 KNm/m
Mot = Msur + Mm_a = 7.1 KNm/m

Mwan = Waall % (loe + twal / 2) = 3.2 KNm/m

Moase = Woase X lbase / 2 = 3.8 KNm/m

Mm r = (Wm_w % (lbase = lheel / 2} + Win_s X (lbase - fheat / 3)) = 11.4 KNm/m
Mrest = Mwat + Moase + Mm_r = 18.4 KNm/m

Mot = 7.1 KNm/m
Mrest = 18.4 KNm/m
PASS - Restoring moment is greater than overturning moment

Msur r = Waur % {lbase = lhest / 2) = 2.8 KNm/m
Mp r=wp x lee /2 = 0.1 kNm/m
Miotal = Mrest = Mot + Meur ¢ + Mp r = 14.2 KNm/m
R = Wigta = 31.3 kN/m
Xbar = Miotal / R = 453 mm
e = abs((lvase / 2) - Xuar) = 147 mm
Reaction acts within middle third of base
Poe = (R / lbase) + (6 x R x €/ lbase®) = 45.3 kN/m?
preat = (R / lbase) - (6 x R x € / lpase®) = 6.9 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calcutation version 1.2.01.06
Ultimate limit state load factors
Dead load factor vida=1.4
Live load factor v =1.6
Earth and water pressure factor vie=1.4

Factored vertical forces on wall
Wall stem

Wall base

Surcharge

Moist backfill to top of wall

Moist backfill above top of wall
Soil in front of wall

Total vertical load

Factored horizontal at-rest forces on wall
Surcharge

Moist backfill above water table

Total horizontal load

Passive resistance of soil in front of wall

Factored overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Surcharge

Moist backfill

Soil in front of wall
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
Bearing pressure at stem / toe
Bearing pressure at mid stem
Bearing pressure at stem / heel

Wasall £ = Yr_d X Nstom X twan X pwan = 11.7 kKN/m

Whase_t = Yr.d X Ibase X toase X Ybase = 8.9 kN/m

Waur f = 7.1 x Surcharge x lheet = 5.2 KN/m

W w = ¥id X et X (Nstern - heat) X ym = 16.3 KN/mi

Win_s f=7d % 0.5 x lhee? x tan(B) x ym =1.7 kN/m

Wp = ¥ ¢ X loe % dasver x yme = 0.8 KN/m

Wistal 1 = Wiwall 1 + Whase_f + Waur 1 + Wmn_w f + Wm_s_s + Wp_i = 44.5 KN/m

Fsur 1 = v % Ko x Surcharge x her = 6.8 kN/m

Fm_a 1= Y e x 0.5 x Ko % 1m % (hefr - huater)® = 15.3 kKN/m

Fiotal_f = Fsur ¢ + Fr_a_t = 22.1 KN/m _
Frt=vte % 0.5 x Kp x €08(8b) % (doover + thase + das ~ dexc)? x ymo = 7 kN/m

Msur_f = Faur_t x (hett - 2 x das} / 2 = 4.9 KNm/m
Mm_a_f = Frn_a_f x (heff + 2 % Dwater - 3 % dds) f3=7.3 kNm/m
Mot f = Msur f + Mm_a r=12.2 kNm/m

Muwall £ = Wwal_f X {loe + twan / 2) = 4.4 kKNm/m

Mbase_f = Whase_f % Ivase / 2 = 5.4 KNm/m

Msur_r ¢ = Waur_f % {lhase - lheet / 2) = 4.5 kKNm/m

M r £ = (Wmw f % {lbase - Iheel f 2} + Wa_s 1 % (lbase - Iheet £ 3)) = 15.8 KNm/m
Mo r s =Wp 1% loe / 2 = 0.1 KNm/m

Mrest f = Muwai f + Mease 1 + Mstz ¢ £ + Mm r 1+ Mp_r = 30.3 kNm/m

Migtal f = Mrest 1 - Mot s = 18.1 KNm/m
Rr = Wictal_ 1 = 44.5 KN/m
Xbar t = Mot 1 / Re = 408 mm
er = abs((lbase / 2) - Xpar_f) = 192 mm
Reaction acts within middie third of base
Proe § = (Rt / Inase) + (6 x Re x €1/ lbase?) = 72.8 kN/m?
Pree_i = (Rt / lbase) - (B x Rix €/ lbase®) = 1.4 kN/m?
rate = (Ptos_f - Pres.f) / lbase = 59.47 kKN/m2/m
Pstam_tos_f = MaX{Pioe_f - (rate x los), 0 KN/m?) = 60.9 kN/m?
Pstem_mid_f = MaX{Proe ¢ - (rate x (kos + twan / 2)), 0 kN/m2) = 50.3 kN/m?
Pstem_heel f = MaX{Pos_1 - (rate x (hoe + twar)), 0 kN/m?) = 39.8 kN/m?

Design of reinforced concrete retaining wall toe (BS 8002:1994)
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Material properties
Characteristic strength of concrete
Charagcteristic 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 soil

Total shear for toe design

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

Total moment for toe design

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

k=0.00%
Croe = 30 mm

Vice_bear = (Ploe_f + Pstem_toe_f) X loe / 2 = 13.4 KN/m
Vioe wt_base =V d X Yhase X los X toase = 1.5 KN/m

Vioe wt sol = Wp 1 - (¥5.d X Ym X lios % Uaxc) = 0.8 kN/m
Vioe = Vioa vear - Vioe_wt base - Vioa_wt_son = 11.1 KN/m

Mice_pear = (2 X Ptoe_1 + Patem_mia 1) % (hoe + twan / 2)2 /6 = 4.7 KNm/m
Mice_wt_base = (¥f d X Ybase X thase X (hoa + twan / 2)2 / 2) = 0.5 KNm/m
Mice wt sail = (Wp 7 - {y5_d X Ymx loex Qaxe))  {foe + twan) / 2 = 0.2 KNm/m
Mtos = Mice bear - Mioe wt pase - Mie_wt_soi = 3.9 KNm/m

1]

¥

l——22

Check toe in bending
Width of toe

Depth of reinforcement
Constant

Leverarm

Area of fension reinforcement required
Minimum area of tension reinforcement
Area of tension reinforcement recuired
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

b = 1000 mm/m
dioe = thase — Croe — {Pws/ 2) = 180.0 mm
Kios = Mioa / (b x duwe? x fou) = 0.003
Compression reinforcement is not required
Zis = MIn{0.5 + ¥(0.25 - (min{Kue, 0.225) / 0.9)),0.95) x dios
Zwe =181 mm
As_oe_des = Mioe / {(0.87 x fy x Ztos) = 50 mm2/m
As 108 min = K % D % thase = 0 mm2m
As_tos_req = Max(As_tos_des, As_tos_min) = 50 mm3/m
A393 mesh
As (ce_prov = 393 mm?/m
PASS - Reinforcement provided at the retaining wall toe is adequate

Vige = Vige / (b x dtne) = 0.059 N/ml’n2
Vagm = min(0.8 x V(fes / 1 N/mm3), 5) x 1 N/mm?2 = 5,000 N/mm?
PASS - Design shear stress Is less than maximum shear stress

Vo toe = 0.526 N/mm?
Vioe < Vo_tee - NO shear reinforcement required
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Design of reinforced concrete retaining wall heel (BS 8002:19584)

Material properties

Characteristic strength of concrete fou = 40 N/mm?2

Characteristic strength of reinforcement fy = 500 N/mm?

Base details

Minimum area of reinforcement k=0.00 %

Cover to reinforcement in heel Cheet = 30 MM

Calculate shear for heel design

Shear from bearing pressure Vheel_bear = {Pheet 1 + Pstem_heel_f) % lheet / 2 = 13.3 kKN/m

Shear from weight of base Vheel_wt_bass = Y7 d X Yoase X lheel X toase = 4.8 KN/m

Shear from weight of moist backfill Vheel wtm = Wm_w_1 + Win_s_r = 18 KN/m

Shear from surcharge Vheel_sur = Waur_f = 5.2 KN/m

Total shear for heel design Vheel = = Vheel_bear + Vhes wt_bese + Vheel wt m + Vhee_sur = 14.6 KN/m

Calculate moment for heel design
Moment from bearing pressure
Moment from weight of base
Moment from weight of moist backfill
KNm/m

Moment from surcharge

Total moment for heel design

le——200—»|

Mhesl_bear = {2 % Pheel  + Pstem mid_f) X (lheet + twan £ 2)2 /6 = 6 KNm/m
Mheel_wt_base = (Y7 ¢ X Yoase X tbase X {lhesl + twan / 2)2 12y=25 kNm/m
Mheel_\m._m =Wmow X (]heei + twall) 12+ Wm_s f X (2 % Ineet £ 3 + twan / 2) =92

Mheel_sur = Wsur £ X {lheal + twatl) /2= 2.6 kNm/m

Mheet = - Mheel bear + Mhesi_w_base + Mneel_wt m + Mneer sur = 8.3 KNm/m

Check heel in bending
Width of heel

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 heel
Design shear stress
Allowable shear stress

b =1000 mm/m
dheel = thase — Cneel — {Prear/ 2) = 190.0 mm
Kheet = Mreel / (B x dheer® x fou) = 0.006
Compression reinforcement is not required
Zheet = MIN(0.5 + ¥(0.25 - (Min(Kheet, 0.225) 7 0.9)),0.95) x dhee
Znee! = 181 mm
As nesl_des = Mneet / (0.87 x Fy x Zheel) = 105 mm?/m
As_nesl_min = K x b x thase = 0 mmZm
As_nesl_req = Max(As_heel des, As_heel_min) = 105 mm?/m
A3%3 mesh
As_nesl_prov = 393 mm*¥m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vneel = Vheal / (b % dhee) = 0.077 N/mm?
Vadgm = Min(0.8 x ¥{few / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
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From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress

PASS - Design shear stress is less than maximum shear stress

Ve_hesl = 0.526 N/mm?

Vheat < Vc_heot - NO shear reinforcement required

Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000

!
|

B
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Wall details

Thickness of outer leaf of wall
Thickness of inner |leaf of wall
Thickness of reinforced cavity
Depth of stem reinforcement

Masonry details

Masonry type

Compressive strength of units

Mortar designation

Category of manufactoring control of units
Partial safety factor for material strength

touter = 100 mm
tinner = 100 mm
teavity = twa - touter = tinner = 155 mm
dstem = 230 mm

Standard format bricks
Punt = 10.0 N/mm?

(ii)

Category |

yom = 2.0

Characteristic compressive strength of masonry

From BS5628:2 Table 3a, mortar ii
Characteristic compressive strength
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 ahove water table

Total moment for stem design

Check maximum design moment for wall stem
Width of wall

Maximum design moment

fc = 3.8 N/mm?

Fe sur f = 111 % Ko x Surcharge x (hefr - thase - das) = 5.7 KNfm
Fs_m_a_f =0.5x Y e X Ko Ym X (hsff - thase - dos - hsa1)2 =10.9 kN/m

Vatem = Fs_sur t + Fs_m_a s = 16.6 kN/m

Ms_sur = Fs_sur 7 X (Nstem + toase) / 2 = 3.5 kNm/m
Ms__m_a =Fsmatrx (2 x hsat + hert - das + thase / 2) /3 =5.6 kNm/m
Mstem = Ms_sur + Ms_m_a = 8.1 kKNm/m

b =1000 mm/m
Ma_stem = 0.4 x fik x b x Ostarn® / Ymm = 40.2 KNm/m

PASS - Applied moment is less than maximum design moment
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Check wall stem in bending
Moment of resistance factor

Lever arm factor

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

Basic characteristic shear strength of masonry

Shear span
Characteristic shear strength of masonry

Allowable shear stress

Check limiting dimensions
Limiting span/effective depth ratio
Actual span/effective depth ratio

Axial load check
Factored axial load on wall
Limiting axial load

Q = Mateen / dsteri = 0.172 N/mm?
Q=2xcx{1-c)xf/ymm

¢ =0.952

Zstern = MiN(0.95, ¢) x dstem = 218.5 mm

As_stem_des = Mstem X yms / (fy % Zstem) = 96 mm2/m

As stem_min = K % b % twar = 0 mm?2/m

As_stem_req = Max(As_stem_des, As_stem_min) = 96 mm2/m
10 mm dia.bars @ 200 mm centres

As_sterm_prov = 7t X stem? / (4 % Ssiem) = 393 mm2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vatem = Vistam / {b x dstem) = 0.072 N/mm?
fubas = MIN[0.35 + (17.5 x As_stem_prov { (b x dstem)}, 0.7] x 1 N/mm?
fubzs = 0,380 N/mm?
a = Mstem / Vsiem = 549.0 mm
fo = Min{fubas x max{2.5 - 0.25 x {a / dsem), 1), 1.75 N/mm?)
fv = 0.723 N/mm?
Vadm = fv / ymv = 0.362 N/mm?
PASS - Design shear stress is less than maximum shear stress

ratiomax = 18.00
ratioza = (Nstem + dstem / 2) / dstem = 4.85
PASS - Span to depth ratic is acceptable

MNuaii = ([twan % Nstem % Ywall + Woezd] x yrd} + (Wive % yr1) = 11.7 kN/m
Nimi: = 0.1 x fic % fwan = 134.9 kN/m
Applied axial load may be ignored - calculations valid
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Toe mesh - A393 - (383 mm?/m)
Heel mesh - A393 - (393 mm?/m)

Stem reinforcement

l—HeeI reinforcement

13

Stem bars - 10 mm dia.@ 200 mm centres - (393 mm?/m)
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Number of steps
Height of step 1
Thickness of step 1
Angle to rear face of stem
Stem density

Toe length

Heel length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Depth of excavation

Retained soil properties

Soil type

Moist density

Saturated density

Characteristic effective shear resistance angle
Characteristic wall friction angle

Base soil properties

Soil type

Soil density

Characteristic effective shear resistance angle
Characteristic wall friction angle

Characteristic base friction angle

Presumed bearing capacity

Loading details
Variable surcharge load

Cantilever with stepped rear face
hstem = 750 mm
Nsteps = 1

hs1 = 750 mm
ts1 =215 mm

o =90 deg

Ystem = 25 kN/m?
loe = 100 mm
lheel = 285 mm
toase = 200 mm
Yoase = 25 kN/m?3
hret = 600 mm

B =0deg

dcover = 150 mm
dexc = 150 mm

Medium dense well graded sand
Yor = 21 KN/m3

Yor = 23 KN/m?

o'k =30 deg

Ork = 0 deg

Medium dense well graded sand
Yo = 18 kN/m3

¢'ox = 30 deg
Sk =15 deg
dobk = 30 deg

Pbearing =75 kN/m?

Surchargea = 1.5 kN/m?

Tedds calculation version 2.6.05
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Calculate retaining wall geometry

Base length Ibase = ltoe + tst1 + Iheel = 600 mm

Moist soil height Rmoist = hsoil = 750 mm

Length of surcharge load Isur = (Ineel + ts1 - ts1) = 285 mm

- Distance to vertical component Xsur_v = lbase - (Iheet + ts1 - ts1) / 2 = 458 mm

Effective height of wall heft = hoase + dcover + hret = 950 mm

- Distance to horizontal component Xsur_h = heft / 2 = 475 mm

Area of wall stem Astem = hst X ts1 = 0.161 m?

- Distance to vertical component Xstem = lbase - (Ns1 X ts1 X (Iheel + ts1 - ts1/ 2)) / Astem = 208 mm
Area of wall base Avase = lbase X toase = 0.12 m?

- Distance to vertical component Xpase = lbase / 2 = 300 mm

Area of moist soil Amoist = lheel X hst = 0.214 m?

- Distance to vertical component Xmoist v = lbase - (Iheel X Nst X Iheel / 2) / Amoist = 458 mm

- Distance to horizontal component Xmoist h = et / 3 = 317 mm

Area of base soill Apass = deover X lioe = 0.015 m?

- Distance to vertical component Xpass_v = |base - (Qcover X ltoeX (lbase - ltoe / 2)) / Apass = 50 mm
- Distance to horizontal component Xpass_h = (dcover + Nbase) / 3 =117 mm

Using Coulomb theory
Active pressure coefficient Ka = sin(ow + ¢'ri)2 / (sin(o)2 x sin(o: - 8rk) X [1 + V[SiN(0'rk + Srk) X Sin(0'rk
- B) / (sin(o - rk) x sin(a + B))]]?) = 0.333
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Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Moist retained soil
Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Moments on wall
Wall stem

Wall base
Surcharge load
Moist retained soil
Base soil

Total

Check bearing pressure
Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heel
Factor of safety

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Kp = sin(90 - ¢'5x)2 / (Sin(90 + bx) X [1 - V[sin(@'ox + Sok) X SIN(P'bk) /

(sin(90 + &ox))]1?) = 4.977

Fstem = Astem X Ystem = 4 KN/m

Fbase = Abase X Ybase = 3 KN/m

Fsur_v = Surchargeaq x (lheel + ts1 - ts1) = 0.4 KN/m
Fmoist_v = Amoist X Ymr' = 4.5 KN/m

Fpass_v = Apass X Yo' = 0.3 KN/m

Ftotalﬁv = Fstem + Fbase + Fmoistﬁv + Fpassﬁv + Fsurﬁv =12.2 kKN/m

Fsur_h = Ka x Surchargea X heit = 0.5 kN/m
Fmoist h = Ka X Ymr' X hett? / 2 = 3.2 kN/m
Fpass_h = -Kp X COS(Sb.d) X o' X (dcover + hbase)2 /2 =-5.3 KN/m

Ftotal_h = maX(Fmoist_h + Fpass_h + Fsur_h - Ftotal_v X tan(Bbb.d), 0 kN/m) =0

kN/m

Mstem = Fstem X Xstem = 0.8 KNm/m

Mbase = Fbase X Xbase = 0.9 KNm/m

Msur = Fsur_v X Xsur_v - Fsur_h X Xsur_h = 0 kNm/m

Mmoist = Fmoist v X Xmoist v = Fmoist h X Xmoist h = 1.1 KNm/m
Mpass = Fpass_v X Xpass_v - Fpass_h X Xpass_h = 0.6 kKNm/m
Miotal = Mstem + Mbase + Mmoist + Mpass + Msur = 3.4 KNm/m

X = Motal / Fiotav = 278 mm
€= X-lbase/2=-22mm
lioad = Ibase = 600 mm
Qtoe = Frotal v / lbase X (1 - 6 X € / lbase) = 24.9 kN/m?
Oheel = Frotal v / lbase X (1 + 6 X € / Ibase) = 15.8 KN/m?
FoSup = Pbearing / Max(Qoe, gheet) = 3.009

Partial factors on actions - Table A.3 - Combination 1

Permanent unfavourable action
Permanent favourable action

Variable unfavourable action
Variable favourable action

Partial factors for soil parameters — Table A.4 - Combination 1

Angle of shearing resistance
Effective cohesion
Weight density

Retained soil properties
Design moist density
Design saturated density

Ya =1.35
Yat = 1.00
Ya=1.50
Yar = 0.00
Yo = 1.00
Yo = 1.00
v =1.00

’Ymr' = Ymr / Y= 21 kN/m3
Yor' = Yor / Yy = 23 kN/m3
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Design effective shear resistance angle

Design wall friction angle

Base soil properties
Design soil density

Design effective shear resistance angle

Design wall friction angle
Design base friction angle
Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load
Moist retained soil

0'ra = atan(tan(¢'rx) / v¢) = 30 deg
ora = atan(tan(drx) / v#) = 0 deg

Yo' =1/ v =18 KN/m3

0'b.a = atan(tan('vk) / vo) = 30 deg
db.d = atan(tan(dox) / v¢) = 15 deg
dbv.a = atan(tan(dobx) / Y¢) = 30 deg
C'od = Cbk / Yo = 0 KN/m?

Ka = sin(ow + ¢'ra)2 / (sin(o)? x sin(or - 8ra) X [1 + V[sin(¢'ra + 8ra) X
sin(d'ra - B) / (sin(ct - 8ra) x sin(o + B))]J?) = 0.333

Kp = sin(90 - ¢'.0)2 / (Sin(90 + Sb.a) X [1 - V[SiN(0'.0 + Sb.d) X SIN(G'b.q) /
(sin(90 + 8b4))]1?) = 4.977

Fstem = Yat X Astem X Ystem = 4 KN/m

Fbase = Yot X Abase X Ybase = 3 KN/m

Fmoist_v = Yaf X Amoist X Ymr' = 4.5 KN/m
Fiotal v = Fstem + Fbase + Fmoist v = 11.5 KN/m

Fsur_h = Ka X ya x Surchargeaq X hett = 0.7 kN/m
Froisth = Ya X Ka X ymr' X het? / 2 = 4.3 KN/m
FtotaLh = Fmoistfh + Fsurﬁh =5kN/m

Fexc h = Yat X Kp X cOS(8b.d) X o' X (Npass + Nbase)? / 2 = 1.7 KN/m
Friction = Frotal_v X tan(dbb.d) = 6.7 KN/m

Frest = Fexc_n + Friction = 8.4 KN/m

FoSsi = Frest / Fiota h = 1.684

PASS - Resistance to sliding is greater than sliding force

Fstem = Yat X Astem X Ystem = 4 KN/m

Foase = Yaf X Abase X Ybase = 3 KN/m

Fmoist_v = Y&t X Amoist X Ymr' = 4.5 KN/m
Fiotalv = Fstem + Fbase + Fmoist.v = 11.5 kN/m

Fsur_h = Ka X Yo X Surchargeaq X hett = 0.7 kN/m

Froist_h = Ya X Ka X ymr' X het? / 2 = 4.3 kKN/m

Fexc_h = -Yat X Kp X c0S(8b.d) X Yo' X (Npass + Nbase)? / 2 = =1.7 kN/m
Frotal_h = Fmoist_h + Fexc_h + Fsur_h = 3.2 KN/m

Msur_ot = Fsur_h X Xsur_h = 0.3 KNm/m

Mmoist_OT = Fmoist_h X Xmoist_h = 1.4 kNm/m
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Total

Restoring moments on wall
Wall stem

Wall base

Moist retained soil

Base soil

Total

Check stability against overturning
Factor of safety

MtotaI_OT = Mmoist_OT + Msur_OT =1.7 kKNm/m

Mstem R = Fstem X Xstem = 0.8 KNm/m

Mbase R = Fbase X Xbase = 0.9 KNm/m

Mmoist R = Frmoist v X Xmoist v = 2.1 KNm/m

Mexc R = -Fexc_h X Xexc_h = 0.1 KNm/m

Miotal_R = Mstem_R + Mbase_R + Mmoist R + Mexc_r = 3.9 KNm/m

FoSot = Miotal R / Miotal ot = 2.313

PASS - Maximum restoring moment is greater than overturning moment

Partial factors on actions - Table A.3 - Combination 2

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action
Variable favourable action

Partial factors for soil parameters — Table A.4 - Combination 2

Angle of shearing resistance
Effective cohesion
Weight density

Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle
Design wall friction angle

Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Ya = 1.00
Yat = 1.00
Ya=1.30
Yot = 0.00
Yo = 1.25
Yo =1.25
v =1.00

Yor' = Ymr /Yy = 21 KN/m3

Yor' = Ysr / Yy = 23 kKN/m3

0'ra = atan(tan(¢'rk) / v¢) = 24.8 deg
Ora = atan(tan(érk) / v) = 0 deg

Yo' =1/ v =18 kKN/m3

0'ba = atan(tan(d'vx) / vo) = 24.8 deg
dba = atan(tan(dox) / v¢) = 12.1 deg
Obb.d = atan(tan(doox) / yo) = 24.8 deg
C'od = Cbk / Yo = 0 KN/m?

Ka = sin(ow + ¢'ra)2 / (sin(o)? x sin(or - 8ra) % [1 + V[sin(¢'ra + 8ra) X
sin(d'a - B) / (sin(ct - 8ra) x sin(o + B))]I?) = 0.409

Kp = sin(90 - ¢'0.0)2 / (Sin(90 + Sb.a) X [1 - V[SiN(0'.d + Sb.d) X SIN(G'b.q) /
(sin(90 + 8b4))]1?) = 3.473

Fstem = Yot X Astem X Ystem = 4 KN/m

Fbase = Yot X Abase X Ybase = 3 KN/m

Fmoist_v = Yaf X Amoist X Ymr' = 4.5 KN/m
Fiotal v = Fstem + Fbase + Fmoist v = 11.5 KN/m

Fsur_h = Ka X ya x Surchargea X hett = 0.8 kN/m
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Moist retained soil
Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Moist retained soil

Base soil

Total

Check stability against overturning
Factor of safety

Froist_h = Ya X Ka X Ymr' X e / 2 = 3.9 kKN/m
Ftotalﬁh = Fmoistfh + Fsurﬁh =4.6 KN/m

Fexc h = Yat X Kp X cOS(8b.d) X Yo' X (Npass + Nbase)? / 2 = 1.2 KN/m
Friction = Frotal_v X tan(dbb.d) = 5.3 KN/m

Frest = Fexc_n + Friction = 6.5 KN/m

FoSsi = Frest / Fiota h = 1.412

PASS - Resistance to sliding is greater than sliding force

Fstem = Yat X Astem X Ystem = 4 KN/m

Foase = Yaf X Abase X Ybase = 3 KN/m

Fmoist_v = Y&t X Amoist X Ymr' = 4.5 KN/m
Fiotal.v = Fstem + Fbase + Fmoist_v = 11.5 kN/m

Fsur_h = Ka X Yo X Surchargeaq X hett = 0.8 kN/m

Frmoist_h = Ya X Ka X ymr' X her? / 2 = 3.9 kN/m

Fexc_h = -Yat X Kp X c0S(8b.d) X Yo' X (Npass + Nbase)? / 2 = =1.2 kN/m
Frotal_h = Fmoist_h + Fexc_h + Fsur_h = 3.4 KN/m

Msur_ot = Fsur_h X Xsur_h = 0.4 KNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 1.2 KNm/m
MtotaI_OT = Mmoist_OT + Msur_OT =1.6 kNm/m

Mstem R = Fstem X Xstem = 0.8 KNm/m

Mbase R = Fbase X Xbase = 0.9 KNm/m

Mmoist R = Frmoist v X Xmoist v = 2.1 KNm/m

Mexc R = -Fexc_h X Xexc_h = 0.1 KNm/m

Miotal_R = Mstem_R + Mbase_R + Mmoist R + Mexc_r = 3.9 KNm/m

FoSot = Miotal R / Miotal ot = 2.438

PASS - Maximum restoring moment is greater than overturning moment

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex
incorporating National Amendment No.1 and EN1996-1-1:2005 incorporating Corrigenda dated February 2006 and
July 2009 and the UK National Annex

Tedds calculation version 2.6.05
Concrete details - Table 3.1 - Strength and deformation characteristics for concrete
Concrete strength class C28/35
fok = 28 N/mm?
fokcube = 35 N/mm?
fom = fok + 8 N/mm? = 36 N/mm?
fom = 0.3 N/mm?2 x (fec / 1 N/mm?2)23 = 2.8 N/mm?

fet0.05 = 0.7 X ferm = 1.9 N/mm?2

Characteristic compressive cylinder strength
Characteristic compressive cube strength
Mean value of compressive cylinder strength
Mean value of axial tensile strength

5% fractile of axial tensile strength
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Secant modulus of elasticity of concrete
Partial factor for concrete - Table 2.1N
Compressive strength coefficient - ¢l.3.1.6(1)

Design compressive concrete strength - exp.3.15

Maximum aggregate size

Reinforcement details

Characteristic yield strength of reinforcement
Modulus of elasticity of reinforcement

Partial factor for reinforcing steel - Table 2.1N
Design yield strength of reinforcement

Cover to reinforcement
Top face of base
Bottom face of base

Masonry details - Section 3.1

Masonry type

Normalised mean compressive strength
Characteristic flexural strength - Table NA.6
Initial shear strength - Table NA.5

Mortar details - Section 3.2

Mortar type

Compressive strength of mortar

Ultimate limit states - Table NA.1

Class of execution control

Category of manufacture control

Partial factor for direct or flexural compression
Partial factor for flexural tension

Partial factor for shear

Check stem design at base of stem
Depth of section

Masonry characteristics
Compressive strength constants - Table NA.4

Characteristic compressive strength - cl.3.6.1.2(1)

Design compressive strength

Design flexural strength

Height of masonry

Compressive axial force combination 1
Moment combination 1

Eccentricity of axial load

Capacity reduction factor - exp.6.4
Design vertical resistance - exp.6.2
Design vertical compressive stress
Apparent design flexural strength - exp.6.16
Characteristic shear strength - exp.3.5
Design shear strength

Ecm = 22 KN/mm? x (fem / 10 N/mm?)%2 = 32308 N/mm?

Yc = 1.50

Occ = 0.85

fod = Oee X fex / yc = 15.9 N/mm?
hagg = 20 mm

fyk = 500 N/mm?

Es = 200000 N/mm?

s =1.15

fya = fyk / vs = 435 N/mm?

Cot = 40 mm
Cob = 40 mm

Clay with water absorption of < 7% - Group 1
fo = 50 N/mm?2

fx = 0.7 N/mm?

fvko = 0.3 N/mm?2

General purpose - M12, prescribed mix
fm = 12 N/mm?2

2

1

Yc = 2.7
Wt = 2.7
My = 25
t=215mm
K=0.5

fk = K x 27 x fm®3 = 16.293 N/mm?
fa = fk / yme = 6.034 N/mm?

fxd = fxx / ymt = 0.259 N/mm?2

hwt = hstem = 750 mm

Fx = Y6t X Ystem X hs1 X ts1 = 4 KN/m

My = YGf X Ystem X hst X ts1 X ts1 / 2 = 0.4 KNm/m
e = max(abs(t/ 2 - Mx/ Fx), 0.05 x t) = 10.8 mm

d=1-2xe/t=0.9

Nrd = ® x t X fa = 1167.7 kN/m

6d = min(Fx/t, 0.15 x Nra / t) = 0.019 N/mm?
fxd,app = fxd + 64 = 0.278 N/mm?

fuk = min(fuko + 0.4 x G4, 0.065 X fo) = 0.308 N/mm?

fva = fuk / v = 0.123 N/mm?
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Unreinforced masonry walls subjected to lateral loading - Section 6.3

Design bending moment combination 1
Elastic section modulus of wall
Moment of resistance of masonry - exp.6.15

M = 0.875 kNm/m
Z =12/6 = 7704167 mm3/m
MRd = fxd,app X Z = 2.142 kKNm/m
M/ Mgrg = 0.409
PASS - Moment of resistance exceeds applied design moment

Unreinforced masonry walls subjected to shear loading - Section 6.2

Design shear force

Maximum compressive stress
Minimum compressive stress
Thickness of wall in compression
Design shear resistance - exp.6.13

Check base design at toe
Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment combination 1
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - ¢1.9.2.1.1(3)

V = 3.22 kN/m
Omax = Fx/t + M/ Z = 0.132 N/mm?
Omin = Fx/t- M/ Z = -0.095 N/mm?
tc = t X Omax / (Gmax - Omin) = 1256 mm
VRd = fud X tc = 15.404 KN/m
V/ Vgra = 0.209
PASS - Design shear resistance exceeds applied design shear force

h =200 mm

M = 0.1 kNm/m
d=h-co-Pb/2=155mm
K =M/ (d? x f«) = 0.000
K'=0.207
K' > K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)®5, 0.95) x d = 147 mm
x=25x(d-2)=19 mm
Avbreqg = M/ (fya X z) = 2 mm?2/m
10 dia.bars @ 200 c/c
Abbprov = Tt X Qb2 / (4 X Sbp) = 393 mm>3/m
Abb.min = max(0.26 x feim / fyk, 0.0013) x d = 223 mm?2/m
Avpbmax = 0.04 x h = 8000 mm2/m
max(Abb.req, Abb.min) / Abb.prov = 0.568

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3

Limiting crack width

Variable load factor - EN1990 — Table A1.1
Serviceability bending moment

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension
Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Wmax = 0.3 mm

y2 = 0.6

Msis = 0.1 KNm/m

Os = Msis / (Aob.prov X Z) = 1.4 N/mm?
Long term

ki=0.4

Acef = min(2.5 x (h - d), (h—x) /3, h/2) = 60208 mm?/m
foteft = fom = 2.8 N/mm?

Pp.eff = Avb.prov / Aceit = 0.007

Oe = Es/ Ecm = 6.19

ki =0.8

ka=0.5

ks =3.4
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ks = 0.425

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Rectangular section in flexure - Section 6.1
Design bending moment combination 2
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - ¢1.9.2.1.1(3)

Srmax = K3 X Cbb + K1 X K2 X K4 X Qb / pp.et = 397 mm
Wk = Srmax X Max(0s — ki X (fetett / Pp.efr) X (1 + Oe X Pp.efr), 0.6 X ©s) / Es
wk = 0.002 mm
Wik / Wmax = 0.006
PASS - Maximum crack width is less than limiting crack width

V =2.6 kN/m
Crdc =0.18/vc =0.120
k = min(1 + V(200 mm / d), 2) = 2.000
p1 = min(Abbprov / d, 0.02) = 0.003
Vmin = 0.035 N"2/mm x k32 x {405 = 0.524 N/mm?
Vra.c = Max(Cra.c x K x (100 N2/mm?* x pi X fox) ™3, Vmin) X d
VRdc = 81.2 KN/m
V /Vrdc = 0.032
PASS - Design shear resistance exceeds design shear force

M = 0.5 kNm/m
d=h-cot- ot/ 2=155mm
K =M/ (d? x fe) = 0.001
K'=0.207
K' > K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)°5, 0.95) x d = 147 mm
x=25x(d-2)=19 mm
Avtreq = M/ (fya X ) = 7 mm3/m
10 dia.bars @ 200 c/c
Abtprov = T X Qo2 / (4 X Spt) = 393 mm2/m
Abtmin = max(0.26 x feim / fyk, 0.0013) x d = 223 mm?2/m
Abtmax = 0.04 x h = 8000 mm?/m
max(Abtreq, Aotmin) / Abtprov = 0.568

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3

Limiting crack width

Variable load factor - EN1990 — Table A1.1
Serviceability bending moment

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension
Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Wmax = 0.3 mm

y2 = 0.6

Msis = 0.2 KNm/m

Gs = Msis / (Abtprov X Z) = 3.1 N/mm?

Long term

ki=0.4

Acef = min(2.5 x (h - d), (h—x) /3, h/2) = 60208 mm?/m
foteft = fom = 2.8 N/mm?

Pp.eff = Avtprov / Acett = 0.007

Oe = Es/ Ecm = 6.19

ki =0.8
ko =0.5
ks =3.4

ks = 0.425
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Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Srmax = Kz X Cot + Ki X K2 X Ka X (ot / ppeft = 397 mm
Wk = Srmax X Max(0s — ki X (fetett / Pp.efr) X (1 + Oe X Pp.efr), 0.6 X Gs) / Es
wk = 0.004 mm
Wi / Wmax = 0.012
PASS - Maximum crack width is less than limiting crack width

V =2.6 kN/m

Crac = 0.18/7c = 0.120

k = min(1 + V(200 mm / d), 2) = 2.000

p1 = min(Abtprov / d, 0.02) = 0.003

Vmin = 0.035 N"2/mm x k32 x {05 = 0.524 N/mm?

Vra.c = Max(Cra.c x k x (100 N2/mm?* x pi X fex) ™3, Vimin) X d
VRrac = 81.2 KN/m

V /Vrdc = 0.032
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2)
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)
Transverse reinforcement provided

Area of transverse reinforcement provided

Abxreq = 0.2 X Abbprov = 79 mm3/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = T X 06 / (4 X Sbx) = 393 mm>3/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

10 dia.bars @ 200 c/c

v

40

Ky
£ 2

40

10 dia.bars @ 200 c/c
transverse reinforcement
in base

T

10 dia.bars @ 200 c/c




