Cwm Planning & Design Ltd.
(Civil, Structural & Architectural)

STRUCTURAL CALCULATIONS

Garden Retaining wall

at:

311 Graig Road,
Godre’r Graig
Pontardawe

Date: 24t August 2020



BRIEF:

1) Produce Design Calculations and retaining wall specification for a proposed garden
retaining wall at 311 Graig Road, Godrer Graig. The wall is to support a terraced rear
garden.

REFERENCES:

TEDDS structural computer package.

DESIGN LOADINGS:

Refer to structural calculations attached.

Assumed height taken as 2.6m (2.3m + 300mm cover to front)
Surcharge acting on wall = 5 kN/m2
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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
Height of step 2
Thickness of step 2
Height of step 3
Thickness of step 3
Height of step 4
Thickness of step 4
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

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 = 2700 mm
Nsteps = 4

hs1 = 675 mm
ts1 =1000 mm
hs2 = 675 mm
ts2 = 675 mm
hss = 675 mm
ts3 = 450 mm

hss = 675 mm
tsa = 225 mm

o =90 deg

Ystem = 25 KN/m3
loe = 300 mm
Iheet = 250 mm
toase = 300 mm
Yoase = 25 kN/m?3
hret = 2300 mm
B =0deg

dcover = 300 mm

Medium dense well graded sand
Ymr = 21 kKN/m?

Ysr = 23 kN/m?®

¢'rk = 30 deg

drk = 0 deg

Medium dense well graded sand
b = 18 KN/m?®

¢'vx = 30 deg

dvk = 15 deg

dbbk = 30 deg

Pbearing = 150 kN/m?

Surchargeq = 5 kN/m?

Tedds calculation version 2.9.04
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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
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General arrangement

Ibase = ltoe + ts1 + lheet = 1550 mm

hmoist = hsoil = 2600 mm

sur = (lheel + ts1 - tsa) = 10256 mm

Xsur_v = lbase - (lheel + ts1 - ts4) / 2 = 1038 mm

heft = hbase + dcover + hret = 2900 mm

Xsur_h = hett / 2 = 1450 mm

Astem = hs1 X ts1 + hs2 x ts2 + hsa x ts3 + hsa x ts4 = 1.586 m?

Xstem = Ibase - (Ns1 X ts1 X (Iheel + ts1 - ts1 / 2) + hs2 x ts2 x (Iheel + ts1 - ts2 / 2)
+ hsa x ts3 x (lheet + ts1 - ts3 / 2) + hsa x tsa x (Iheel + ts1 - tsa / 2)) / Astem =
664 mm

Avase = lbase x toase = 0.465 m?

Xbase = lbase / 2 = 775 mm

Amoist = Iheel x hs1 + (lheel + ts1 - ts2) X hs2 + (lheel + ts1 - ts3) x hs3 + (lheet + ts1
- tsa) x (hsoil - (hs1 + hs2 + hs3)) = 1.686 m?

Xmoist v = Ibase = (Iheel X hs1 x Iheel / 2 + (lheel + ts1 - ts2) x hs2 x (lheet + ts1 - ts2)
12 + (Ineet + ts1 - ts3) x hs3 x (lheel + ts1 - ts3) / 2 + (lheel + ts1 - tsa) x (hsoil -
(hs1 + hs2 + hs3)) x (Iheel + ts1 - tsa) / 2) / Amoist = 1164 mm

Xmoist_h = heit / 3 = 967 mm

Apass = dcover X ltoe = 0.09 m?

en
QU ITHT

- - ! /1 1 /1 1 IO\ 1 A = dA
Xpass_v = Ibase = (Ucover X ItoeX (lbase - Itoe / £)) / Apass = 1




Project

311 Graig Road, Godre'r Graig

Job no.

Calcs for Start page no./Revision
Garden Retaining wall 3
Cwm Planning & Design Ltd. Calcs by Calcs date Checked by Checked date Approved by Approved date
CM 24/08/2020

(Civil, Structural & Architectural)

- Distance to horizontal component
Area of excavated base soil

- Distance to vertical component

- Distance to horizontal component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Moist retained soll
Base sail

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

Xpass_h = (dcover + hbase) / 3 = 200 mm

Aexc = hpass x ltoe = 0.09 m?

Xexc_v = Ibase - (Npass X ltoex (lbase - ltoe / 2)) / Aexc = 150 mm
Xexc_h = (hpass + hbase) / 3 =200 mm

Ka = sin(a + ¢'rk)? / (sin(o)? x sin(a - Srx) x [1 + V[sin(@'rk + 8rx) x sin(@'rk
- B) / (sin(o - 8rx) x sin(o + B))]1?) = 0.333

K = sin(90 - ¢'bk)? / (SiN(90 + Sbk) x [1 - V[sin(d'ok + Sb.k) x SiN(d'vk) /
(sin(90 + dvx))]?) = 4.977

Fstem = Astem X ystem = 39.7 KN/m

Fbase = Abase X Ybase = 11.6 KN/m

Fsur_v = Surchargeq x (lneel + ts1 - ts4) = 5.1 kN/m

Frmoist_v = Amoist X Ymr = 35.4 kN/m

Fpass_v = Apass x yb = 1.6 kN/m

Ftotal v = Fstem + Foase + Fmoist v + Fpass v + Fsur_v = 93.4 KN/m

Fsur_h = Ka x Surchargeq x het = 4.8 kN/m

Fmoist_h = Ka x ymr x he? / 2 = 29.4 KN/m

Fpass_h = -Kp x COS(8bk) X yb X (dcover + hbase)? / 2 = -15.6 KN/m

Ftotal_h = max(Fmoist_h + Fpass_h + Fsur_n - Frotal_v x tan(dpo), 0 kKN/m) = 0
kN/m

Mstem = Fstem x Xstem = 26.3 KNm/m

Mbase = Foase X Xbase = 9 kKNm/m

Msur = Fsur_v X Xsur_v = Fsur_h X Xsur_h = =1.7 KNm/m

Mmoist = Fmoist_v X Xmoist_v - Fmoist_h X Xmoist_h = 12.8 kKNm/m
Mpess = Fpass_v X Xpess_v - Fpass_n X Xpass_n = 3.4 KNm/m
Miotal = Mstem + Mbase + Mmoist + Mpass + Msur = 49.8 kKNm/m

X = Meotal / Frotalv = 533 mm
€= X-lbase/2 =-242 mm

lioad = lbase = 1550 mm
Qtoe = Frotal v / Ibase x (1 - 6 x € / lbase) = 116.9 kN/m?
Qheel = Fiotal_v / Ibase x (1 + 6 x € / Ibase) = 3.7 kN/m?
FoSbp = Pbearing / max(qoe, Qheel) = 1.284

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

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

Partial factor set
Permanent unfavourable action
Permanent favourable action

Variable unfavourable action

A1
e =1.35
var = 1.00

va=1.50
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Variable favourable action var = 0.00

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

Soil parameter set

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
Base soll

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

M1

v¢ = 1.00
ye =1.00
v =1.00

Library item Partial factors output

Yo' = Ymr / vy = 21 KN/m3

Ysr' = Ysr /vy = 23 KN/m3

¢'ra = atan(tan(¢'rx) / v¢) = 30 deg
dra = atan(tan(drk) / y¢) = 0 deg

Yo' = 1o/ vy = 18 KN/m?3

¢'v.a = atan(tan(¢'vx) / v¢) = 30 deg
db.a = atan(tan(dox) / v¢) = 15 deg
dob.d = atan(tan(dvo.x) / y¢) = 30 deg
C'bd = C'bk / Y = 0 KN/m?

Ka = sin(a + 'ra)? / (Sin(a)? x sin(c - 8ra) x [1 + V[Sin(@'ra + 8rd) x
sin(¢'ra - B) / (sin(c - 8ra) x sin(c + B))JP) = 0.333

Kp = sin(90 - ¢'0.d)2 / (Sin(90 + Sbd) x [1 - V[SiN(d'.d + Bb.a) x Sin(d'ba) /
(sin(90 + dv.a))I]?) = 4.977

Fstem = Yyt x Astem x Ystem = 39.7 KN/m

Fbase = yof x Abase X Yoase = 11.6 KN/m

Fmoist_v = yaf X Amoist X Ymr' = 35.4 kN/m

Fexc v = vaf X Aexc x yb' = 1.6 kN/m

Fiotal v = Fstem + Fbase + Fmoist_v + Fexc v = 88.3 kN/m

Fsur_h = Ka x ya x Surchargeq x hert = 7.3 kN/m
Fmoist_h =7YG X Ka x Ymr' x hei® / 2 = 39.7 kN/m
Ftotal h = Fmoist h + Fsur h = 47 KN/m

Fexc_h = yar x Kp x COS(8b.d) X b’ x (Npass + hbase)? / 2 = 15.6 kN/m
Firiction = Fiotal_v x tan(dbb.d) = 51 kN/m

Frest = Fexc_n + Friction = 66.6 KN/m

FoSsi = Frest / Ftotah = 1.417

PASS - Resistance to sliding is greater than sliding force

Fstem = Y6t x Astem X Ystem = 39.7 kKN/m
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Wall base

Moist retained soll
Base 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

Design approach 1

Fbase = YGf X Abase X Ybase = 11.6 KN/m

Fmoist_ v = Y6t X Amoist X Ymr = 35.4 kN/m

Fexc_v = v6f X Aexc X 70’ = 1.6 KN/m

Fiotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 88.3 kN/m

Fsur_h = Ka x ya x Surchargeq x hest = 7.3 kKN/m

Frmoist_h = Y6 x Ka x ymr' x hei? / 2 = 39.7 KN/m

Fexc_h = -yar x Kp x COS(8b.d) X b' x (hpass + hbase)? / 2 = -15.6 KN/m
Ftotal_ h = Fmoist_h + Fexc_h + Fsur_n = 31.4 KN/m

Msur_ot = Fsur_h X Xsur_n = 10.5 kKNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 38.4 KNm/m
Miota_oT = Mmoist_ ot + Msur_ot = 48.9 KNm/m

Mstem_R = Fstem X Xstem = 26.3 KNm/m

Mbase_rR = Fbase x Xpase = 9 KNm/m

Mmoist R = Fmoist_v X Xmoist v = 41.2 KNm/m

Mexc R = Fexc_v X Xexc_v - Fexc_h X Xexc_h = 3.4 kKNm/m

Miotal R = Mstem_R + Mbase_ R + Mmoist R + Mexc R = 79.9 kKNm/m

FoSot = Motal R / Mtota_ o = 1.633

PASS - Maximum restoring moment is greater than overturning moment

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

Partial factor set

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

A2

ve =1.00
vof = 1.00
va =1.30
yar = 0.00

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

Soil parameter set

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

M2

¢ =1.25
ye =1.25
vy =1.00

Library item Partial factors output

ymr' = yor /¥y = 21 KN/m?3

s = ysr /1y = 23 KN/m?3

0'ra = atan(tan(¢'rk) / v¢) = 24.8 deg
drd = atan(tan(drk) / y¢) = 0 deg

o' =vb /vy = 18 KN/m3
¢'v.a = atan(tan(d'vx) / v¢) = 24.8 deg
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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
Base 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
Base 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

db.a = atan(tan(dox) / v¢) = 12.1 deg
dbb.d = atan(tan(dov.k) / v¢') = 24.8 deg
C'bd = C'bk / y¢ = 0 kN/m?

Ka = sin(a + ¢'ra)? / (sin(a)? x sin(a - 8rd) x [1 + V[sin(¢'ra + Sr.a) x
sin(¢'ra - B) / (sin(a - 8rd) x sin(o. + B))]]?) = 0.409

Kp = sin(90 - ¢'v.a)? / (Sin(90 + v.a) x [1 - V[sin(¢'b.a + Sb.a) x sin(¢'v.a) /
(sin(90 + &v.a))]P) = 3.473

Fstem = Yt X Astem X Ystem = 39.7 KN/m

Fbase = Yot x Abase X Ybase = 11.6 KN/m

Fmoist_v = YGf X Amoist X Ymr' = 35.4 KN/m

Fexc_v = Yot x Aexc X 7o' = 1.6 KN/m

Ftotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 88.3 KN/m

Fsur_h = Ka x ya x Surchargeq x hest = 7.7 kN/m
Froist_h = v6 x Ka x ymr' x he® / 2 = 36.1 kN/m
Fiotal_h = Fmoist_h + Fsur h = 43.8 KN/m

Fexc_n = yor x Kp x cos(8b.d) X b’ x (Npass + hoase)? / 2 = 11 KN/m
Fiiction = Fiotal_v x tan(Sob.d) = 40.8 kN/m
Frest = Fexc_h + Firicton = 51.8 KN/m
FoSsi = Frest / Ftotal_h =1.181
PASS - Resistance to sliding is greater than sliding force

Fstem = yof X Astem X Ystem = 39.7 KN/m
Fbase = Y6t X Abase X Ybase = 11.6 kKN/m
Frmoist_v = Yot X Amoist X ymr' = 35.4 kKN/m
Fexc v = y6f X Aexc X yb' = 1.6 KN/m

Frotal_v = Fstem + Foase + Fmoist v + Fexc_v = 88.3 KN/m

Fsur_h = Ka x ya x Surchargeq x hefr = 7.7 kN/m

Frmoist_h = v6 x Ka x ymr' x het® / 2 = 36.1 KN/m

Fexc_h = -yaf x Kp x c0S(8b.d) X Yo' X (Npass + hvase)? / 2 = -11 kN/m
Ftotal_n = Fmoist_n + Fexc_n + Fsur_h = 32.8 KN/m

Msur_ot = Fsur_h X Xsur_h = 11.2 kNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 34.9 kNm/m
Miotal_oT = Mmoist_ o1 + Msur_ot = 46.1 kNm/m

Mstem_R = Fstem X Xstem = 26.3 KNm/m
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Wall base

Moist retained soll
Base soill

Total

Check stability against overturning
Factor of safety

Mbase_R = Fbase X Xbase = 9 KNm/m

Mmoist R = Fmoist_v x Xmoist_v = 41.2 KNm/m

Mexc_R = Fexc_v X Xexc_v - Fexc_h X Xexc_h = 2.4 KNm/m
Miotal R = Mstem_rR + Mbase_R + Mmoist R + Mexc R = 79 kNm/m

FoSot = Motal_rR / Mtotal o1 = 1.713
PASS - Maximum restoring moment is greater than overturning moment




