Appendix F — Retaining Wall Calculations
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CONCRETE BEAM ANALYSIS

Concrete beam dimensions:-
Beam width b =1000 mm
Beam depth h =440 mm

Cross-section area A =b x h = 440000 mm?
Major axis second moment of area l«=b x h®/12 = 7.10x10° mm*
fou = 30 N/mm?

E = 20 kN/mm? + 200 x fcu = 26.0 KN/mm?
Ref BS8110:1985:Pt 2 - Eq 17

P = PC.nom = 2400 kg/m3

Unfactared Loads Self weight not included

DDead

37.500

mm | 3750

CONTINUOUS BEAM ANALYSIS - INPUT

BEAM DETAILS
Number of spans = 1

Material Properties:

Modulus of elasticity = 12 kN/mm? Material density = 2400 kg/m?
Support Conditions:
Support A Vertically "Free" Rotationally "Free"
Support B Vertically "Restrained" Rotationally "Restrained”
Span Definitions:
Span 1 Length =3750 mm  Cross-sectional area = 440000 mm2 Moment of inertia = 7.10x10° mm*
LOADING DETAILS
Beam Loads:
Load 1 Partial VDL Dead load 0.0 kN/m at 0.000 m to 3.3 kN/m at 0.400 m
Load 2 Partial VDL Dead load 3.3 kN/m at 0.400 m to 29.2 kN/m at 3.750 m
Load 3 UDL Dead load 5.1 kN/m
Load 4 Partial VDL Dead load 0.0 kN/m at 0.000 m to 37.5 kN/m at 3.750 m

LOAD COMBINATIONS
Load combination 1
Span 1 1xDead
CONTINUOUS BEAM ANALYSIS - RESULTS
Support Reactions - Combination Summary
Support A Max react = 0.0 kN Min react = 0.0 kN Max mom = 0.0 kNm  Min mom = 0.0 kNm
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Max mom = 193.3

Support B Max react =-144.7 kN Min react = -144.7 kN KNm Min mom = 193.3 kNm
Beam Max/Min results - Combination Summary

Maximum shear = 0.0 kN Minimum shear Fmin = -144.7 kN

Maximum moment = 0.0 kNm Minimum moment = -193.4 kNm

Maximum deflection = 6.7 mm Minimum deflection = 0.0 mm
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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
Tedds calculation version 2.4.09

Retaining wall details

Stem type Propped cantilever
Stem height hstem = 3900 mm
Prop height hprop = 3900 mMm
Stem thickness tstem = 440 mm
Angle to rear face of stem o =90 deg
Stem density Yetem = 25 KN/m?3
Toe length ltoe = 1000 mm
Base thickness tbase = 400 mm
Base density Yoase = 25 KN/m?3
Height of retained soil hret = 3750 mm
Angle of soil surface B =0deg

Depth of cover dcover = 150 mm
Depth of excavation dexc = 150 mm
Height of water hwater = 3750 mm
Water density Yo = 9.8 KN/m3
Retained soil properties

Soil type Stiff clay

Moist density Ymr = 19 KN/m3
Saturated density Yor = 19 KN/m?

Characteristic effective shear resistance angle ¢'r«x = 25 deg
Characteristic wall friction angle Sk = 12.5 deg

Base soil properties

Soil type Stiff clay

Moist density Ymb = 19 kN/m?
Characteristic effective shear resistance angle ¢'vx = 25 deg
Characteristic wall friction angle dok = 12.5 deg
Characteristic base friction angle Sobk = 12 deg
Presumed bearing capacity Pbearing = 120 kN/m?

Loading details

Permanent surcharge load Surchargeg = 5 kN/m?
Variable surcharge load Surchargeq = 2.5 kN/m?
Vertical line load at 1220 mm Pg1 = 67 KN/m




Job: Title: :
g Wedderburn Road " RC Pin Calc
Job No: 1 220 Sheet: 2 Date: Eng: BW Rev:
j¢———1000——p{«-440-»|
je———1220——»]
o
P ¢ 0 kN/m?2
= = = rop o 3.6 kN/m?2 s
& 3 3 3
I & & &
@ 8
(5]
J v ¥ v
150 150 Prop
E A
<
¥ 62.8 kN/m2 ¥
88.3 kN/m?2 88.3 kN/m?2
fe——1440——f

Calculate retaining wall geometry
Base length

Saturated soil height

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 base soil

- Distance to vertical component

- Distance to horizontal component

Using Coulomb theory
Active pressure coefficient

Ibase = ltoe + tstem = 1440 mm

hsat = Nwater + dcover = 3900 mm
hmoist = hret - hwater = 0 mm

lsur = lheet = 0 mm

Xsur_v = Ibase - lheel / 2 = 1440 mm
heft = base + dcover + hret = 4300 mm
Xsur_h = hett / 2 = 2150 mm

Astem = Nstem X tstem = 1.716 m?
Xstem = ltoe + tstem / 2 = 1220 mm
Avase = lbase X tbase = 0.576 m?
Xbase = lbase / 2 = 720 mm

Apass = dcover X lioe = 0.15 m?

Xpass_v = Ibase - (cover X loeX (lbase - loe / 2)) / Apass = 500 mm

Xpass_h = (dcover + hbase) /3 =183 mm

Ka = sin(ow + ¢'rx)2 / (sin(o)2 x sin(at - 8k) X [1 + V[sin(¢'rk +

Srk) x sin(¢'rk - B) / (sin(a. - 8r.k) X sin(o + B))]]?) = 0.367
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Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Line loads

Base soil

Total

Horizontal forces on wall
Surcharge load

Saturated retained soill

Water
Moist retained soil

Total

Moments on wall
Wall stem

Wall base

Surcharge load

Line loads

Saturated retained soil
Water

Moist retained soil
Base soill

Total

Check bearing pressure
Propping force to stem

Propping force to base
Moment from propping force
Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe

Kp = sin(90 - ¢'6x)2 / (SIN(90 + Sbk) X [1 - V[SIN(§'o.k + Sbk) X
sin(0'v.k) / (SiN(90 + dvx))]]?) = 3.552

Fstem = Astem X Ystem = 42.9 KN/m

Foase = Abase X Yoase = 14.4 KN/m

Fr v = Pg1 =67 KN/m

Fpass_ v = Apass X Ymb = 2.9 KN/m

Fiota v = Fstem + Foase + Fpass_v + Fwater v + Fp_v = 127.2 KN/m

Fsur_n = Ka X cos(dr.d) X (Surchargec + Surchargeq) X hest =
11.6 KN/m

Fsat n = Ka X c0S(8r.d) X (Ysr - Yw) X (Nsat + hoase)? / 2 = 30.5
KN/m

Fuater_h = Yw X (hwater + Qcover + hbase)? / 2 = 90.7 kN/m

Fmoist_h = Ka X €OS(8r.a) X Ymr X ((Netf - hsat - Nbase)? / 2 + (Neit -
hsat - hbase) X (hsat + hbase)) = 0 KN/m

Fiotal h = Fsat_h + Fmoist_n + Fwater n + Fsur n = 132.7 KN/m

Mstem = Fstem X Xstem = 52.3 KNmM/m

Mbase = Fbase X Xvase = 10.4 KNM/m

Msur = -Fsur_n X Xsur_h = -24.9 KNm/m

Mp = Pg1 x p1 = 81.7 KNm/m

Msat = -Fsat_h X Xsat_h = -43.7 KNm/m

Muwater = -Fwater h X Xwater h = =130 KNm/m

Mmoist = -Fmoist h X Xmoist h = 0 KNm/m

Mpass = Fpass_v X Xpass_v = 1.4 KNmM/m

Miotal = Mstem + Mbase + Msat + Mmoist + Mpass + Mwater + Msur +
Mp = -52.7 KNm/m

Forop_stem = MiN((Fiotai_v X lbase / 2 - Miotat) / (Nprop + thase),

Frotal n) = 33.5 kN/m Temporary works to be designed

Fprop_base = Ftotal_h - Fprop_stem =092 kN/m accordingley

Morop = Fprop_stem X (Nprop + toase) = 144.2 KNm/m
X = (Mtotal + Mprop) / Frotal v = 720 mm

€= X-lbase/2=0mm

lioad = loase = 1440 mm

Qtoe = Frotal v / Ibase = 88.3 KN/m?
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Bearing pressure at heel Oheel = Fiotal v / Ibase = 88.3 kN/m?
Factor of safety FoSbp = Poearing / max(Qtoe, Gheel) = 1.359

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

Tedds calculation version 2.4.09

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 fok,cuoe = 40 N/mm?

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

Mean value of axial tensile strength foim = 0.3 N/mm?2 x (fo / 1 N/mm?2)22 = 3.0 N/mm?

5% fractile of axial tensile strength fotk,0.05 = 0.7 x ferm = 2.1 N/mm?2

Secant modulus of elasticity of concrete Ecm = 22 KN/mm? x (fem / 10 N/mm?2)°2 = 33346 N/mm?
Partial factor for concrete - Table 2.1N Yc = 1.50

Compressive strength coefficient - ¢.3.1.6(1)  0Oc = 0.85

Design compressive concrete strength - exp.3.15 fed = Oloc X fok / Yo = 18.1
N/mm?
Maximum aggregate size hagg = 20 mm

Reinforcement details

Characteristic yield strength of reinforcement  fyx = 500 N/mm?
Modulus of elasticity of reinforcement Es = 200000 N/mm?
Partial factor for reinforcing steel - Table 2.1N s =1.15

Design yield strength of reinforcement fyd = fyk / vs = 435 N/mm?

Cover to reinforcement

Front face of stem Cst =40 mm
Rear face of stem Csr =50 mm
Top face of base Cot =50 mm
Bottom face of base Cob =75 mMm

Check stem design at 1987 mm

Depth of section h =440 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M = 35.2 KNm/m

Depth to tension reinforcement d=h-Cst- Osx - Ostm/ 2 = 384 mm
K=M/(d? x f«) = 0.007
K'=0.207

K'> K - No compression reinforcement is required
Lever arm z=min(0.5 + 0.5 x (1 — 3.53 x K)®5, 0.95) x d = 365 mm
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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 - ¢l.9.2.1.1(3)

x=25x(d-2)=48mm

AsiMreq = M/ (fya x Z) = 222 mm?2/m

12 dia.bars @ 150 c/c

AsiMprov = T X Qsii® / (4 X Ssim) = 754 mm>2/m

Asim.min = Max(0.26 X feim / fyk, 0.0013) x d = 604 mm?2/m
Asimmax = 0.04 x h = 17600 mm?2/m

max(Asi.req, Astm.min) / AstM.prov = 0.801

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

Wmax = 0.3 mm

Y2 = 0.6

Msis = 25.6 KNm/m

Gs = Msis / (Astmprov X Z) = 93 N/mm?

Long term

ki=0.4

Aceit = min(2.5 x (h - d), (h—x) /3, h/2) = 130667 mm3>m
foteft = fom = 3.0 N/mm?2

Pp.eft = AstM.prov / Ac.ef = 0.006

o = Es / Ecm = 5.998

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

Srmax = K3 X Csf + K1 X K2 X K4 X Qsim / Pp.eft = 490 mm

Wk = Sr.max X Max(cs — ki x (feteft / Pp.efr) X (1 + 0le X Ppeeir), 0.6
x 0s) / Es

Wk = 0.137 mm

Wk / Wmax = 0.455

PASS - Maximum crack width is less than limiting crack width

Check stem design at base of stem
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

h =440 mm

M = 77.1 KNm/m
d=h-cs-dsr /2 =382 mm
K=M/(d?xf«) =0.017
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 = 363 mm
x=25x(d—-z)=48mm
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Area of tension reinforcement required Asrreq = M/ (fya x Z) = 489 mm2/m
Tension reinforcement provided 16 dia.bars @ 150 c/c
Area of tension reinforcement provided Asrprov = T X Osi® / (4 X Ser) = 1340 mm2/m

Minimum area of reinforcement - exp.9.1N Asr.min = max(0.26 x feim / fy, 0.0013) x d = 601 mm?/m
Maximum area of reinforcement - ¢1.9.2.1.1(3) Asrmax = 0.04 x h = 17600 mm?/m
maxX(Asr.req, Asr.min) / Asr.prov = 0.448
PASS - Area of reinforcement provided is greater than area of reinforcement required

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 = 56.3 KNm/m
Tensile stress in reinforcement Gs = Msis / (Asrprov X 2) = 115.7 N/mm?
Load duration Long term
Load duration factor ki = 0.4
Effective area of concrete in tension Aceft = min(2.5 x (h - d), (h—x) /3, h/2) = 130750 mm3/m
Mean value of concrete tensile strength foteft = fotm = 3.0 N/mm?2
Reinforcement ratio Pp.eff = Asrprov / Aceft = 0.010
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 Sr.max = K3 X Csr + K1 X K2 X Ka X Qsr / pp.ett = 435 mm
Maximum crack width - exp.7.8 Wk = Srmax X Max(cs — K x (feteft / pp.eft) X (1 + Ole X ppett), 0.6
x Os) / Es

Wk = 0.151 mm
Wk / Wmax = 0.503
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =116.8 KN/m
Crd,c =0.18/vc = 0.120
k = min(1 + V(200 mm / d), 2) = 1.724

Longitudinal reinforcement ratio p1 = min(Astprov / d, 0.02) = 0.001
Vmin = 0.035 N"2/mm x k32 x o5 = 0.448 N/mm?
Design shear resistance - exp.6.2a & 6.2b VRd.c = max(Cra.c x K x (100 N2/mm* x pi x fek) ", Vmin) x d

VRdc = 171.1 kN/m
V / VRd.c = 0.683
PASS - Design shear resistance exceeds design shear force
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Check stem design at prop
Depth of section h =440 mm

Rectangular section in shear - Section 6.2
Design shear force V = 32.4 KN/m
Crd,c =0.18/vyc = 0.120
k = min(1 + V(200 mm / d), 2) = 1.724

Longitudinal reinforcement ratio p1 = min(Astt prov / d, 0.02) = 0.001
Vmin = 0.035 N"2/mm x k32 x {02 = 0.448 N/mm?
Design shear resistance - exp.6.2a & 6.2b VRd.c = Max(Crd.c x k x (100 N’mm* x pi x fek) 3, Vimin) x d

VRdc = 171.1 KN/m
V / VRd.c = 0.189
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6
Minimum area of reinforcement — cl.9.6.3(1)  Asxreq = Max(0.25 X Asr.prov, 0.001 X tstem) = 440 mm?2/m

Maximum spacing of reinforcement — ¢l.9.6.3(2) Ssx_max = 400 mm
Transverse reinforcement provided 10 dia.bars @ 150 c/c
Area of transverse reinforcement provided Asxprov = T X Osx® / (4 X Ssx) = 524 mm2/m

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

Check base design at toe

Depth of section h =400 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1 M = 50.9 kKNm/m
Depth to tension reinforcement d=h-cCob-0pb/2=319 mm

K=M/(d?xf«) =0.016

K'=0.207

K’ > K - No compression reinforcement is required

Lever arm z=min(0.5 + 0.5 x (1 — 3.53 x K)®5, 0.95) x d = 303 mm
Depth of neutral axis Xx=25x%x(d-2) =40 mm
Area of tension reinforcement required Ab.reqg = M/ (fya x z) = 387 mm>2/m
Tension reinforcement provided 12 dia.bars @ 150 c/c
Area of tension reinforcement provided Abbprov = TT X Qb / (4 X Spb) = 754 mm3/m

Minimum area of reinforcement - exp.9.1N Abb.min = Max(0.26 X fem / fyk, 0.0013) x d = 502 mm?2/m
Maximum area of reinforcement - ¢1.9.2.1.1(3) Awb.max = 0.04 X h = 16000 mm?/m
max(Abb.req, Abb.min) / Abb.prov = 0.665

PASS - Area of reinforcement provided is greater than area of reinforcement required
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 = 37.7 KNm/m
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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

Gs = Msis / (Abbprov X Z) = 165.1 N/mm?

Long term

ki = 0.4

Aceft = min(2.5 x (h - d), (h—x) /3, h/2) = 120042 mm3/m
foteft = fotm = 3.0 N/mm?2

Pp.eft = Abb.prov / Ac.eft = 0.006

Oe = Es / Ecm = 5.998

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

Sr.max = K3 X Cob + K1 X K2 X Ka X Qob / Pp.eft = 580 mm

Wk = Srmax X Max(os — Kt x (feteff / pp.eft) X (1 + Ole X pPpett), 0.6
x Os) / Es

Wk = 0.287 mm

Wk / Wmax = 0.957

PASS - Maximum crack width is less than limiting crack width

V =101.9 kN/m

CRd,c =0.18/yc = 0.120

k = min(1 + V(200 mm / d), 2) = 1.792

p1 = Min(Abb.prov / d, 0.02) = 0.002

Vmin = 0.035 N"2/mm X k%2 x f%®° = 0.475 N/mm?

VRd.c = max(Cra.c x K x (100 Nmm* x pi x fek) ", Vimin) x d
VRd.c = 151.5 kN/m

V / VRac = 0.672

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) Abxreq = 0.2 X Aboprov = 151 mm?/m

Maximum spacing of reinforcement — cl.9.3.1.1(3)

Transverse reinforcement provided

Area of transverse reinforcement provided

Sbx_max = 450 mm
10 dia.bars @ 200 c/c
Abx.prov =T X (I)bxz / (4 X be) =393 mm?/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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10 dia.bars @ 150 c/
horizorlnal reinforcemer%oﬂ }¢ *‘ %50

parallel to face of stem

10 dia.bars @ 200 c/c—M

12 dia.bars @ 150 c/c—p

10 dia.bars @ 300 c/c

12$dia.bars @ 200 c/c

l4—— 12 dia.bars @ 200 c/c

l4—— 12 dia.bars @ 200 c/c
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