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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

Analysis summary

Design summary

Tedds calculation version 2.9.22

Overall design utilisation 0.958

Overall design status Pass

Description Unit Capacity |Applied FoS Result
Overturning stability kNm/m 9.2 8.8 1.043 PASS
Bearing pressure kN/m?2 100 74.7 1.338 PASS
Design summary

Description Unit Provided [Required Utilisation |Result
Shear resistance kN/m 81.2 13.8 0.170 PASS
Base top face - Flexural reinforcement mmZ/m  [392.7 228.0 0.581 PASS
Base bottom face - Flexural reinforcement [mm%/m |392.7 228.0 0.581 PASS
Base - Shear resistance kN/m 81.2 13.8 0.170 PASS
Min. transverse stem reinf. mm?/m  [392.7 77.5 0.197 PASS
Min. transverse base reinf. mm?/m  [392.7 78.5 0.200 PASS
Retaining wall details

Stem type Cantilever

Stem height hstem = 1250 mm

Stem thickness tstem = 215 mm

Angle to rear face of stem o =90 deg

Stem density ystem = 25 kN/m?3

Toe length ltoe = 300 mm

Heel length Iheel = 300 mm

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

tbase = 200 mm
Ybase = 25 kN/m3

hret = 1150 mm
B =5deg
dcover = 100 mm
dexc = 100 mm
Stiff clay

ymr = 19 KN/m?3
ysr = 19 kKN/m3
¢'rk = 18 deg
drk = 9 deg
Stiff clay

yb = 19 kN/m3
bk =18 deg
dbk =9 deg
Sobk = 12 deg

Pbearing = 100 kN/m?2
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Loading details
Variable surcharge load Surchargeq = 2 kN/m?
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Calculate retaining wall geometry
Base length

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component
Area of moist soil

- Distance to vertical component

- Distance to horizontal component
Area of base soil

- Distance to vertical component

- Distance to horizontal component

General arrangement - sketch pressures relate to bearing check

o
1

lbase = ltoe + tstem + Iheet = 815 mm
hmoist = hsoil = 1250 mm
Isur = Iheet = 300 mm

Xsur_v = |base - Iheel / 2 = 665 mm
heff = hbase + dcover + hret + Isur x tan(B) = 1476 mm
Xsur_h = heff / 2 = 738 mm

Astem = hstem x tstem = 0.269 m?
Xstem = ltoe + tstem / 2 = 407 mm
Abase = lbase x tbase = 0.163 m?
Xbase = lbase / 2 = 407 mm

Amoist = hmoist X Iheel + tan(B) x |hee? / 2 = 0.379 m?

Xmoist_v = Ibase - (Nmoist X Iheel? / 2 + tan(B) x Ineei® / 6) / Amoist = 666 mm

Xmoist_h = hett / 3 =492 mm
Apass = dcover X ltoe = 0.03 m?

Xpass_v = |base - (dcover X ltoex (|base - ltoe / 2)) [ Apass = 150 mm

Xpass_h = (dcover + hbase) /3 =100 mm




Project Job no.
17 REGIS PARK ROAD, READING, RG6 7AD
Calcs for Start page no./Revision
RETAINING WALL DESIGN 3
Calcs by Calcs date Checked by Checked date Approved by Approved date
RB 24/07/2025
Using Coulomb theory
Active pressure coefficient Ka = sin(o + ¢'rk)? / (sin(a)? x sin(o - 8rk) x [1 + V[Sin(¢'rk + 8rk) x Sin(¢'rk
- B) / (sin(a - 8rk) x sin(a + B))]]?) = 0.524

Passive pressure coefficient Kp = sin(90 - ¢'vx)? / (SiN(90 + 8bk) x [1 - V[sin(@'ok + Sb.k) x SIN(P'b.k) /

(sin(90 + db.k))]]2) = 2.359
Bearing pressure check

Vertical forces on wall

Wall stem Fstem = Astem X ystem = 6.7 KN/m

Wall base Fbase = Abase X ybase = 4.1 KN/m

Surcharge load Fsur_v = Surchargeq x lheet = 0.6 kKN/m

Moist retained soil Fmoist v = Amoist x ymr = 7.2 KN/m

Base soil Fpass_v = Apass x b = 0.6 KN/m

Total Frotal v = Fstem + Foase + Fsur_v + Fmoist_v + Fpass v = 19.2 kN/m

Horizontal forces on wall

Surcharge load Fsur_h = Ka x cos(8rk) x Surchargeq x heff = 1.5 KN/m
Moist retained soil Fmoist_h = Ka x c0S(8rk) x ymr x hei? / 2 = 10.7 KN/m

Base soll Fpass_h = -Kp x COS(8b.k) x yb x (dcover + hbase)? / 2 = -2 kN/m
Total Ftotal_h = Fsur_h + Fmoist_h + Fpass_h = 10.2 KN/m

Moments on wall

Wall stem Mstem = Fstem X Xstem = 2.7 KNm/m

Wall base Mbase = Fbase X Xbase = 1.7 KNm/m

Surcharge load Msur = Fsur_v X Xsur v = Fsur_h X Xsur_h = =0.7 KNm/m

Moist retained soil Mmoist = Fmoist_v X Xmoist_v = Fmoist_h x Xmoist_h = =0.5 KNm/m
Base soil Mpass = Fpass_ v x Xpass v = 0.1 KNm/m

Total Mitotal = Mstem + Mbase + Msur + Mmoist + Mpass = 3.3 kKNm/m
Check bearing pressure

Propping force Fprop_base = Ftotal_h = 10.2 KN/m

Distance to reaction X = Motal / Frotav = 171 mm

Eccentricity of reaction €= X-lbase /2 =-237 mm

Loaded length of base load = 3 x X =513 mm

Bearing pressure at toe Qtoe = 2 x Frotal_v / load = 74.7 KN/m?

Bearing pressure at heel gheel = 0 kKN/m?

Factor of safety FOSbp = Poearing / max(Qtoe, gneet) = 1.338

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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 2.9.22

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class C32/40
Characteristic compressive cylinder strength fek = 32 N/mm?
Characteristic compressive cube strength fek,cube = 40 N/mm?

Mean value of compressive cylinder strength fem = fok + 8 N/mm?2 = 40 N/mm?
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Mean value of axial tensile strength

5% fractile of axial tensile strength
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

Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Bending coefficient k1

Bending coefficient k2

Bending coefficient ks

Bending coefficient ka

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 - ¢l.6.3.4(1)
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

ferm = 0.3 N/mm? x (fec / 1 N/mm?)?3 = 3.0 N/mm?2
fetk,0.05 = 0.7 x ferm = 2.1 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?2)°3 = 33346 N/mm?
yc =1.50

oce = 0.85

fed = otee x fok / yc = 18.1 N/mm?

hagg = 20 mm

ecu2 = 0.0035

ecu3 = 0.0035

A =0.80

n =1.00

K1 =0.40

K2 = 1.00 x (0.6 + 0.0014/gcu2) = 1.00

Ks =0.40

K4 =1.00 x (0.6 + 0.0014/¢cu2) =1.00

fyk = 500 N/mm?

Es = 200000 N/mm?2

ys =1.15

fyd = fyk / ys = 435 N/mm?

cot = 50 mm
Ccbb = 50 mm

Aggregate concrete - Group 1
fo = 7.3 N/mm?

fie = 0 N/mm?

fuko = 0.3 N/mm?

Thin layer - M6, prescribed mix

fm = 6 N/mm?
1

1

e = 2.0
= 2.3

v = 2.0

Characteristic strengths of concrete infill - Table 3.2

Concrete infill strength class
Characteristic compressive strength
Characteristic shear strength
Design shear strength

C25/30

fekinfil = 25 N/mm?

fevkinfil = 0.45 N/mm?2

fevd,infit = feviintin / ymv = 0.225 N/mm?2
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Check stem design at base of stem
Depth of section t=215mm

Hollow wall details
Face shell thickness
Web shell thickness

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

tshell = 35 mm
tweb = 35 mm

K =0.900

fc = K x 985 x (1 N/mm?2)°0-15 = 4.876 N/mm?2
fa = min(fk, fewinfin) / ymc = 2.438 N/mm?

fxd = fx / ymt = 0 N/mm?2

hwt = hstem = 1250 mm

Fx = yof x ystem x hwt x t = 6.7 KN/m
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Moment combination 1 Mx = yot X ystem x hwt x t2/2 = 0.7 kNm/m
Eccentricity of axial load e = max(abs(t/ 2 - Mx/ Fx), 0.05 x t) = 10.8 mm
Capacity reduction factor - exp.6.4 d=1-2xe/t=0.9
Design vertical resistance - exp.6.2 Nrd = @ x t x fa = 471.8 KN/m
Design vertical compressive stress od = min(Fx/t, 0.15 x Nrd / t) = 0.031 N/mm?2
Apparent design flexural strength - exp.6.16 fxd,app = fxd + od = 0.031 N/mm?2
Limit of charact. shear strength - exp. 3.1 fukiim = 0.065 x fo = 0.475 N/mm?
Characteristic shear strength - exp.3.5 fuk = min(fvko + 0.4 x od, fukim) = 0.313 N/mm?2
Design shear strength fud = fuk / ymv = 0.156 N/mm?

Library item: Masonry characteristics output

Reinforced masonry members subjected to bending, bending and axial loading, or axial loading - Section 6.6

Design bending moment combination 1 M = 5.5 kNm/m

Tension reinforcement provided 10 dia.bars @ 200 c/c

Area of tension reinforcement provided Asrprov = 7t X ¢psi? [ (4 x Ssr) = 393 mm2/m

Depth to tension reinforcement d =155 mm

Minimum area of reinforcement - ¢.8.2.3(1) Asr.min = 0.0005 x d = 78 mm?/m

Lever arm - exp.6.23 z=d x min(1 - 0.5 x Asrprov x fya / (d x fd), 0.95) = 120 mm

Moment of resistance - exp.6.22 and exp.6.24a Mrd = min(Asrprov x fyd x z, 0.4 x fa x d?) = 20.5 KNm/m
M/ Mrda = 0.270

PASS - Moment of resistance exceeds applied design moment

Reinforced masonry members subjected to shear loading - Section 6.7

Design shear force V =12.309 kKN/m
Design shear resistance - exp.6.40 Vrd = min(fud, feva,infit) x d = 24.219 kN/m
V / Vrd = 0.508

PASS - Design shear resistance exceeds applied design shear force

Horizontal reinforcement parallel to face of stem

Minimum area of reinforcement - cl.8.2.3(4) Asxreq = 0.0005 x d = 78 mm?/m
Transverse reinforcement provided 10 dia.bars @ 200 c/c
Area of transverse reinforcement provided Asxprov = 1t X ¢sx? [ (4 x Ssx) = 393 mm3/m

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

Check base design at toe

Depth of section h =200 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M = 2.3 kNm/m

Depth to tension reinforcement d=h-cbb-¢ob/2 =145 mm

K =M/ (d? x fo) = 0.003
K'=(2 x 1 x aeclyc)x(L - & x (8 - Ku)/(2 x K2))x(A x (8 - K1)/(2 x K2))

K'=0.207
K'> K - No compression reinforcement is required
Lever arm z=min(0.5+ 0.5 x (1 - 2 x K/ (1 x awcc / yc))?5, 0.95) x d = 138 mm
Depth of neutral axis x=25x(d-2z)=18 mm
Area of tension reinforcement required Abb.req = M/ (fyd x Z) =39 mm?/m
Tension reinforcement provided 10 dia.bars @ 200 c/c
Area of tension reinforcement provided Abb.prov = 7T x Pob? / (4 x Sbb) = 393 mm?2/m

Minimum area of reinforcement - exp.9.1N Abb.min = max(0.26 x fem / fyk, 0.0013) x d = 228 mm?/m
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Maximum area of reinforcement - ¢l.9.2.1.1(3) Abb.max = 0.04 x h = 8000 mm2/m

maX(Abb.req, Abb.min) / Abbprov = 0.581

PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm
Variable load factor - EN1990 — Table A1.1 y2=0.6
Serviceability bending moment Msis = 1.6 KNm/m
Tensile stress in reinforcement os = Msis / (Abb.prov x 2) = 29.4 N/mm?2
Load duration Long term
Load duration factor ki=0.4
Effective area of concrete in tension Acef = min(2.5 x (h-d), (h-x)/3,h/2)
Aceff = 60625 mm?/m
Mean value of concrete tensile strength feteff = form = 3.0 N/mm?
Reinforcement ratio pp.eff = Abb.prov / Aceff = 0.006
Modular ratio oe = Es/Ecm =5.998
Bond property coefficient ki=0.8
Strain distribution coefficient k2=0.5
ks=3.4
ks =0.425
Maximum crack spacing - exp.7.11 Srmax = K3 x Cbb + K1 x k2 x K4 x ¢ob / pp.eit = 432 mm
Maximum crack width - exp.7.8 Wk = Srmax x max(os — ke x (feteff / ppeff) x (1 + oe x ppeff), 0.6 x os) / Es
wk = 0.038 mm

Wk / Wmax = 0.127
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =13.8 kN/m
Crdc=0.18/yc =0.120
k = min(1 + V(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio pi = mMin(Aob.prov / d, 0.02) = 0.003
Vmin = 0.035 N¥2/mm x k32 x fc®5 = 0.560 N/mm?2
Design shear resistance - exp.6.2a & 6.2b VRrd.c = max(Crd.c x k x (100 N2/mm* x pi x fek)/3, Vmin) x d

Vrd.c = 81.2 KN/m
V[ Vrdc = 0.170
PASS - Design shear resistance exceeds design shear force

Check base design at heel

Depth of section h =200 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M = 1.8 kNm/m

Depth to tension reinforcement d=h-cot-¢bt/2 =145 mm

K =M/ (d? x f«) = 0.003
K'=(2 x 1 x oeclyc)x(1 - & x (8 - Ku)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
Lever arm z=min(0.5+ 0.5 x (1 -2 x K/ (1 x acc / yc))®5, 0.95) x d = 138 mm
Depth of neutral axis Xx=25x(d-2z)=18 mm
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Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - ¢l.9.2.1.1(3)

Abtreq = M/ (fyd x Z) = 30 mm?3/m

10 dia.bars @ 200 c/c

Abtprov = 1t X ¢pbt? / (4 x Sp) = 393 mm2/m

Abtmin = max(0.26 x fem / fyk, 0.0013) x d = 228 mm?2/m
Abtmax = 0.04 x h = 8000 mm?/m

max(Abtreq, Abtmin) / Abtprov = 0.581

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

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

Library item: Rectangular single output

Wmax = 0.3 mm

y2=0.6

Msis = 1.2 KNm/m

Gs = Msis | (Abtprov x z) = 21.7 N/mm?2
Long term

ki=0.4

Aceif =min(2.5 x (h-d), (h-x)/3,h/2)
Aceff = 60625 mm?/m

feteff = fotrm = 3.0 N/mm?2

pp.eff = Abtprov / Aceff = 0.006

oe = Es / Ecm = 5.998

ki=0.8
k2=0.5
ks=3.4
ka = 0.425

Srmax = K3 x Cbt + K1 x k2 x ka x ¢t / ppefi = 432 mm
Wk = Srmax x max(os — ke x (feteff / ppeff) x (1 + oe x ppef), 0.6 x os) / Es
wk = 0.028 mm
Wk / Wmax = 0.094
PASS - Maximum crack width is less than limiting crack width

V =10.1 kN/m
Crdc =0.18/yc =0.120
k = min(1 + V(200 mm / d), 2) = 2.000
pi = min(Abtprov / d, 0.02) = 0.003
Vmin = 0.035 N¥2/mm x k32 x f05 = 0.560 N/mm?2
VRrd.c = max(Crd.c x k x (100 N2/mm* x pi x fck)/3, Vmin) x d
VRrd.c = 81.2 kN/m
V /[ Vrdc=0.124
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 — cl.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreq = 0.2 x Abb.prov = 79 mm?2/m

Sbx_max = 450 mm
10 dia.bars @ 200 c/c
Abxprov = T x pbx? [ (4 x Sbx) = 393 mm3/m

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