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

STRUCTURAL CALCULATIONS

Masonry Retaining wall

at:

69 Edward Street
Alltwen

Date: 6t September 2022



BRIEF:

1) Produce design calculations for a masonry retaining wall at the front of the property at 68
Edward Street, Alltwen.

REFERENCES:
TEDDS structural computer package.

DESIGN LOADINGS:

Refer fo structural calculations attached.

Surcharge = 2.5kN (Garden)
Loads form exiting dwelling

SUMMARY
Retaining Wall - supporting path and front Garden)

Retained height taken as 1250mm (Stem Height = 1450mm / 200mm cover to front)



RETAINING WALL
DESIGN CALCULATIONS
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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 2.9.14

Analysis summary

Description Unit Capacity |Applied FoS Result
Sliding stability kN/m 26.5 14.8 1.789 PASS
Overturning stability kKNm/m |22 9.8 2.234 PASS
Bearing pressure kN/m? 150 59.7 2.514 PASS
Retaining wall details

Stem type Cantilever with stepped rear face

Stem height Nstem = 1455 mm

Number of steps Nateps = 3

Height of step 1 hgt = 225 mm

Thickness of step 1 ts1 = 700 mm

Height of step 2 hes = 900 mm

Thickness of step 2 ts2 = 450 mm

Height of step 3 hszs = 330 mm

Thickness of step 3 ts = 215 mm

Angle to rear face of stem o = 90 deg

Stem density Ystem = 28 kN/m?

Toe length lioe = 150 mm

Heel length lheet = 150 mm

Base thickness toase = 300 mm

Base density Yoase = 25 kKN/m?3

Height of retained soil hyet = 1255 mm

Angle of soil surface B =0deg

Depth of cover Aeover = 200 mm

Retained soil properties

Soil type Medium dense well graded sand

Moist density Yor = 21 KN/m?3

Saturated density Yer = 23 KN/m3

Characteristic effective shear resistance angle o'k = 30 deg

Characteristic wall friction angle 8.k = 0 deg

Base soil properties

Soil type Medium dense well graded sand
Soil density Yo = 22,5 KN/m8

Characteristic effective shear resistance angle 0ok = 30 deg

Characteristic wall friction angle 8o = 15 deg

Characteristic base friction angle Ooox = 30 deg

Presumed bearing capacity Ppearing = 150 kN/m2

Loading details
Permanent surcharge load Surchargeg = 0.3 kN/m?
Variable surcharge load Surchargeq = 1.5 kN/m2
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General arrangement

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

Area of excavated base soil

lbase = lioe + te1 + lheet = 1000 mm

Nmaist = hsot = 1455 mm

lsur = (lheel + ts1 - ts3) = 635 mm

Xsurv = lbase = (Iheel + 151 - 1s3) / 2 = 682 mm

Nett = Nbase + deover + hrer = 1755 mm

Xsur_h = hei / 2 = 878 mm

Actem = het X ts1 + Neo X oo + Nea X 1ea = 0.633 m2

Xsiem = lbase = {Nst X Tt X (lheet + Ts1 = ts1 / 2) + Nsa X fs2 X (hheet + 151 - 1s2/ 2)
+ hgg X 153 X (lheet + 151 - 153/ 2)) / Agtem = 393 mm

Apase = lpase X hase = 0.3 m?

Xpase = lpase / 2 = 500 mm

Amoist = lneet X Not + (lneet + ts1 - ts2) X Ngz + (lneet + to1 - ts3) X hss = 0.603
m?2

Xmoist v = lbase = (Ineet X Ns1 X lngel / 2 + (Iheel + ts1 - ts2} X Nsp X (heot + 151 -
tsz) / 2 + (lheel + st - ts3) X g X {lneer + ts1 - tsa) / 2) / Amoist = 766 mm
Xmaist_n = et / 3 = 585 mm

Apass = Aeover X lioe = 0.03 m2

Xpass_v = Ibase = (Geover X koeX (lbase = oe / 2)) / Apass = 75 mm

Xpass_n = {Deover + Npage) / 3 = 167 mm

Asxc = Npass X lioe = 0.03 m2
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- 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 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

Xexc_v = Ibase - (hpass X hioeX {lbase = lioe / 2)} / Aexe = 75 mm
Xexc_h = (hpass + hbase) /3 =167 mm

Ka = sin(o + ¢'i)? / (Sin(o)? x sin(ar - &x) x [1 + V[sin(@'« + 8.x) X
sin(¢'ex - B) / (sin(ar - &) x sin(a + $))]12) = 0.333

Ke = sin(90 - ¢'p1)2 / (SIN(90 + dpx) X [1 - V[SIN(0'px + Soic) X SIN(O'bk) /
(sin(90 + Sp))[2) = 4.977

Fstem = Astem X Ystem = 15.8 kKN/m

Foase = Abase X Yoase = 7-5 kN/m

Feurv = (Surchargeg + Surchargeq) X {lheet + s1 - te3) = 1.1 KN/m
Froist v = Amoist X Ymr = 12,7 KN/m

Foass.v = Apass X 1o = 0.7 kN/m

Frotat v = Fstem + Foase + Fsur_v + Fmoist_v + Fpass v = 37.8 kN/m

Fsur_n = Ka % (Surchargeg + Surchargeq) x her = 1 kN/m

Frmoist_n = Ka X Yme X hei?2 / 2 = 10.8 kKN/m

Fpass_h = max(-Kp X co8(Spx) X Yo X (Deover + Npase)? / 2, =(Fmoistn + Fsur_n))
==-11.8 kN/m

Frotai_h = MaX{Fsur_h + Froist_n + Fpass_h = Frotaly X tan(3pp.i), 0 kKN/m) = 0
kN/m

Mstem = Fstem X Xstem = 6.2 KNmM/m

Mbase = Fbase X Xbase = 3-8 KNm/m

Msur = Fsurv X Xsur_v = Fsur_p X Xsur_n = =0.1 KNm/m

Minoist = Fmoist_v X Xmoist_v = Fmoist_n X Xmoist_n = 3.4 KNm/m
Mpass = Fpass_v X Xpass_v = Fpass_h X Xpase_n = 2 KNm/m

Miotal = Mstem + Moase + Meur + Mingist + Mpass = 15.3 kNm/m

X = Miotal / Fiota_y = 404 mm

€= X-lbuse/2=-96 mm

lioad = Ibase = 1000 mm
Groe = Frotal_v / lbase X (1 - 8 X €/ lpase) = 59.7 kN/m?
Gheet = Frotal_yv / Ibase X (1 + 6 X €/ lpase) = 15.9 kN/m?2
FoSep = Phearing / MaX(Goe, Gheer) = 2.514

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

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

Partial factor sst
Permanent unfavourable action
Permanent favourable action

Variable unfavourable action

Al
Ya = 1.35
Yar = 1.00

Ya = 1.50
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Variable favourable action Yot = 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 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

M1

Yo = 1.00
Yo = 1.00
vy =1.00

Library item Partial factors output

Yo' = Yone / Yy = 21 KN/m3

Yor = Yer / Yy = 23 KN/m3

O'.g = atan(tan(¢’rx) / vo) = 30 deg
&.q = atan(tan(3,x) / vs) = 0 deg

Yo' =Y/ V= 22.5 KN/m3

Olo.¢ = atan(tan(¢'sx) / v¢) = 30 deg
8v.q = atan(tan(du.x) / vo) = 15 deg
Sub.a = atan(tan(duy.x) / ve) = 30 deg
Chd = Chx/ Yo = 0 KN/m?

Ka = sin(o. + ¢'.a)2 / (sin(o)2 x sino - 8.q) X [1 + V[Sin(@'a + Sr.a) X
sin(¢'rq - B) / (sin{a - &.4) x sin(a + B))]13) = 0.333

Kp = sin(90 - ¢'s.4)? / (SIN(90 + Jpq) % [1 - \/[sin(q)'b,d + Op.g) X Sin(Ph.a) /
(sin(90 + &p.a))1P?) = 4.977

Fatem = Yo1 X Astem X Ystem = 15.8 kN/m

Foase = Yat X Abase X Yoase = 7-5 KN/m

Frcist_v = Yai X Amoist X Ymr' = 12.7 KN/m

Fexs v = Yar X Aexe X 1o = 0.7 KN/m

Fiotal_v = Fstem + Foase + Fmaist v + Fexe v = 36.7 kN/m

Fsur n = Ka X (Ya X Surchargeg + Ya X Surchargeg) X her = 1.5 KN/m
Fmoist_h =Ya X Ka X ’Ym,-' >4 heffz/ 2 =14.6 kKN/m
Ftoxal_h = Fsur_h -+ Fmoist_h = 16.1 kN/m

Fexen = Yai X Kp X €0S(8p.4) X o' X {Npass + Nbase}2 / 2 = 13.5 kN/m
Friction = Frotav X tan(8pp.a) = 21.2 KN/m
Frest = Fexc_h + Firiction = 34.7 KN/m
FoSg = Frest/ Ftotal_h =216
PASS - Resistance to sliding is greater than sliding force
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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

Wall base

Moist retained soil

Base soil

Total

Check stability against overturning

Factor of safety

Design approach 1

Fstem = Vot X Astem X Yetem = 15.8 KN/m
Foase = Yai X Abase X Yoase = 7.5 KN/m
Froist_v = Yat X Amoist X Ymr' = 12,7 KN/m
Fexc v = Yot X Aexe X Yo' = 0.7 kN/m

Frotal v = Fstem + Fpase + Fmoist.v + Fexey = 36.7 kN/m

Fsur_n = Ka X (Y % Surchargec + yq X Surchargeg) X hes = 1.5 kN/m
Froist_n = Ya X Ka X Ymr' X hei? / 2 = 14.6 kKN/m

Fexc_n = ~Yat x Kp x c08(8.0) X 1o’ X (Npass + Npase)2 / 2 = =13.5 kN/m
Fiotal_h = Fsur n + Fmoistn + Fexen = 2.5 KN/m

Msur_OT = Fsur_h X Xsur_h = 1.3 kNm/m
Mrmaist_oT = Frmois_n X Xmoist_h = 8.5 kNm/m
Miotal_oT = Msur_OT + Mmoist_OT = 9.8 kNm/m

Mstem_gr = Fstem X Xstem = 6.2 KNm/m

Mpoase_r = Foase X Xpase = 3.8 KNm/m

Mmoist R = Fmoist_v X Xmoist_v = 9.7 KNm/m

Mexo_r = Fexc_v X Xexc_v = Fexc_n X Xexc_p = 2.3 KNm/m

Mictai_r = Mstem_r + Moase r + Mmoist_r + Mexe g = 22 kKNm/m

Fosut = Mtotal_R / MtotaI_OT =2.234

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
Yot = 1.00
Yo = 1.30
Yot = 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

M2

Vo = 1.25
Yo = 1.25
v =1.00

Library item Partial factors output

Yenr' = Yror /vy =21 kN/m3
Yo' = Yor [ Yy = 23 KN/m3
¢ = atan(tan(¢'r) / 1) = 24.8 deg
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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 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

8.4 = atan(tan(8.x) / y») = 0 deg

T = Yo/ v =22.5 kN/m3

0. = atan(tan(d'sx) / vo) = 24.8 deg
8.4 = atan{tan(dy) / o) = 12.1 deg
Sub.a = atan(tan(Sus.i) / o) = 24.8 deg
Chd = Cok / Yo = 0 kN/m2

Ka = sin(e + ¢'.a)2 / (sin{o))2 x sin{a - 8.4) x [1 + V[sin(¢'cq + Sra) X
sin(¢'va - B) / (sin(a - &.q) x sin{e + B))]]2) = 0.409

Kr = sin(90 - ¢'.0)2 / (siN(90 + Sp.0) x [1 - V[sin(@'p.g + Sp.a) X sin(@lo.g) /
(sin(30 + &, o))]I?) = 3.473

Fstem = Yot X Astem X Ystem = 15.8 kKN/m

Fhase = Yot X Abase X Yoase = 7-5 KN/m

Fncist v = Yat X Amoist X Ymr' = 12.7 kN/m

Fexev = Yar X Ase X To' = 0.7 kKN/m

Frotal_v = Fstem + Foase + Fmaist_v + Fexe v = 36.7 kKN/m

Fsun = Ka X (Yo X Surcharges + 1a x Surchargeg) x hex = 1.6 kN/m
Froistn = Y& X Ka X Ymr' X hei? / 2 = 13.2 kN/m
F(otal_h = Fsur_h * Fmoist_h = 14.8 kN/m

Fexen = Var X Kp X €08(8p.a) X 1’ X (Npass + Npase)2 / 2 = 9.6 kN/m
Friction = Fiotal_y X 1an(8pp.a) = 16.9 KN/m

Frest = Fexo_n + Firiction = 26.5 kN/m

FOSe = Frest / Fiotah = 1.789

PASS - Resistance to sliding is greater than sliding force

Ftem = Yar X Astem X Ystem = 15.8 kKN/m

Foase = Yot X Avase X Yoase = 7.5 KN/m

Frmoist_v = Yat X Amoist X Ymr = 12.7 KN/m

Fexe v = Yar X Aexe X o' = 0.7 KN/m

Frotal v = Fstem + Foase + Fmoist_v + Fexc v = 36.7 kN/m

Feur_n = Ka X (ya x Surchargeg + yq x Surchargeg) X her = 1.6 kN/m
Froist_h = Yo X Ka X Yo' X hoi2 / 2 = 13.2 kKN/m

Fexo_n = Yot X Kp X COS(8p.q) X Yo' X {Npass + hpase)? / 2 = 8.6 KN/m
Frotath = Fsur_h + Frmoist_h + Fexo_n = 5.3 KN/m
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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

Msur_OT = Fsur_h X Xsur_h = 1.4 kNm/m
MmoisLOT = Fmoist_h X Xmoist_h = 7.7 KNm/m
Miotat_oT = Msur_oT + Mmaist_ot = 9.1 kNm/m

Mstem g = Fstem X Xstem = 6.2 kKNm/m

Moase_r = Foase X Xpase = 3.8 kNm/m

Mmoist_r = Fmoist_v X Xmoist_v = 9.7 kNm/m

Mexe R = Fexe v X Xexe_v = Fexc_n X Xexe_n = 1.6 KNm/m

Miota_r = Mstem_r + Moase r + Mmoist_g + Mexe_g = 21.3 kNm/m

FoSat = Mita_r / Miotal ot = 2.336
PASS - Maximum restoring moment is greater than overturning moment




