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BRIEF:

1) The design of a masonry retaining wall to support an elevated lawned rear garden

REFERENCES:
Architectural Drawings

SCALE structural design package (for unit loads)
TEDDS structural design computer package.

DESIGN LOADINGS:

Refer to structural calculations attached.

Surcharge = 1.5kN (garden loading)

Vertical Load on Wall: Garden Fence

Dead = 0.45 kN/m

Live = 0 kN/m

Ground Bearing Capacity presumed to be 150kN/m2
SUMMARY

Retained height taken as 2400mm

350mm deep mass concrete foundation
1100mm wide — 450mm wide stepped rear face with weepholes at 2m c/c's
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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 caiculation version 2.9.17

Overall design utilisation 0.989

Overall design status Pass

Description Unit Capacity |Applied FoS Result
Sliding stability kN/m 357 35.3 1.011 PASS
Overturning stability kNm/m  |88.3 40 2.208 PASS
Bearing pressure kN/m?2 150 110.4 1.359 PASS

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
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

Cantilever with stepped rear face

hstem = 2700 mm
Nsteps =3

hs1 =900 mm
ts1 =1100 mm
hsz = 900 mm
ts2 = 900 mm
hs3 =900 mm
tss = 450 mm

o = 90 deg

Ystem = 25 kKN/m?
lice = 280 mm
lheet = 250 mm
thase = 350 mm
Ybase = 25 KN/m?
hret = 2400 mm
B =0deg

deover = 300 mm

Medium dense well graded sand

Yror = 19.5 KN/m?
vsr = 21.5 KN/m3
¢'rx = 30 deg
Sk =15 deg

Stiff or hard glacial clay

vb = 23 KN/m3
o'bk =18 deg
bk =9 deg

Sk = 18 deg

< Uy

Pbearing = 150 KN/m?2
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Loading details
Permanent surcharge load
Variable surcharge load
Vertical line load at 350 mm

2400

2700

|4-300-»}

je—350-»}

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 soll
- Distance to vertical component

- Distance to horizontal component
Area of base soil

Surcharges = 1.5 kN/m?
Surchargeq = 0.5 kN/m2
Pe1 = 0.5 KN/m

[#250p{a—450—ple——650—>l4250p]

|e-350—|

iy

2 kN/m?

B

0.6 kKN/m? b

3050

General arrangement - sketch pressures relate to bearing check

Ibase = lioe + ts1 + Ineet = 1600 mm

hmoist = Nsoil = 2700 mm

Isur = (lheet + ts1 - ts3) = 900 mm

Xsur_v = lbase = (lheet + ts1 - ts3) / 2 = 1150 mm

Net = Nbase + deover + hret = 3050 mm

Xsur h = herr / 2 = 1525 mm

Astem = st x ts1 + heo x tsr + hss x tsz = 2.205 m?

Xstem = lbase = (Ns1 X ts1 X (lheet + ts1 - ts1 / 2) + hsz X ts2 X (Iheet + ts1 - ts2 / 2)
+ Ns3 X ts3 X (lheat + ts1 - 3/ 2)) / Astem = 704 mm

Abase = lbase X thase = 0.56 m2

Xpase = lpase / 2 = 800 mm

Anmoist = lneel X Nst + (lheet + ts1 = ts2) X hso + (lheet + ts1 - ts3) X hsz = 1.44 m?2
Xmoist_v = Ibase = (lheel X Ns1 X lheet / 2 + (Iheel + ts1 - ts2) X hs2 X (Iheet + ts1 -
tsz) 12+ (lheel + ts1 - tsS) X hsa X ('hee] + ts1 = tss) / 2) /Amoisk =1264 mm
Xmoist_h = hert / 3 = 1017 mm

Apass = deover X lios = 0.075 m?2
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- Distance to vertical component

- 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

Line loads

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

Line loads

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_v = lbase - (dcover X ltcan (Ibase - Itoe / 2)) /Apass = 125 mm
Xpass_h = (dcover + Nbase) / 3 = 217 mm
Acxc = Npass X loe = 0.075 m?

Xexc v = Ibase = (Npass X loeX (Ibase - lice / 2)) / Aexc = 125 mm

Xexc h = (Npass + Npase) / 3 =217 mm

Ka = sin(o + §'i)? / (SIN(0)2 x sin(or - 8rx) x [1 + V[Sin(@'ex + 8ei) x
sin(@'rx - B) / (sin(or - k) x sin(o + B))II?) = 0.301
Ke = Sin(90 - ¢'5.)? / (SIN(90 + Spi) x [1 - V[SIN(@'o.x + Sbk) X SIN(@'ox) /
(sin(90 + &,,))I1?) = 2.359

Fstem = Astem X Ystem = 55.1 KN/m
Foase = Apase X Ybase = 14 kKN/m
Fsur v = (Surchargeg + Surchargeq) x (lheet * ts1 - ts3) = 1.8 kN/m
Fpv=Pg1=0.5 kN/m
Frmoist v = Amoist X Ymr = 28.1 kKN/m
Fpass v = Apass X vb = 1.7 KN/m

Ftotal_y = Fstem * Fpase + Fsur v + Fp_v + Fmoist v + Fpass.v = 101.2 kKN/m

Fsur_h = Ka x c0s(8:.x) x (Surchargeg + Surchargeq) x her = 1.8 kN/m
Froist h = Ka x COS(8rk) X Ymr x he? / 2 = 26.4 KN/m
Fpass_h =-Kp x COS(Bpx) X Yo X (deover + hbase)2 /2=-11.3 kN/m

Ftotal_h = maX(Fsur_h + FmoisLh + Fpass_h - Ftotal_v X tan(sbbk), O kN/m) = 0

kN/m

Mstem = Fstem X% Xstem = 38.8 kNm/m
Mbase = Fbase X Xbase = 11.2 kNm/m

Msur = Fsur_v X Xsur_v = Fsur_n X Xsur h = =0.6 kKNm/m
Mp = PG1 X P = 0.2 kNm/m

Mmoist = Fmoist_v X Xmoist_v = Fmoistﬁh X Xmoist_h = 8.6 KNm/m

Mpass = Fpass_v X Xpass_v = Fpass_h X Xpass h = 2.7 KNm/m
Miotal = Mstem + Mpase + Msur + Mp + Mingist + Mpass = 60.8 kKNm/m

X = Miotat / Frotay = 601 mm

e = ;"base/2='199 mm

lioag = Ibase =1600 mm
Qtoe = Ftotal_v/ lpase X (1 -6xel |base) =110.4 kN/m?2
Gheel = Frotal v / lbase X (1 + 6 x €/ lpase) = 16.1 KN/m?2

Fosbp = Pbearing / Max(Qtoe, Gheer) = 1.359

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure
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Design approach 1

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

Partial factor set

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

A1
vs = 1.350
vor = 1.000
va = 1.500
Yar = 0.000

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

Surcharge load

Line loads

Moist retained soll
Base soil

Total

Horizontal forces on wall

Surcharge load

M1

v+ = 1.00
ve = 1.00
v =1.00

Ymr = Ymr / v¢ = 19.5 KN/m?3

Ys' = Ysr [y = 21.5 KN/m?3

¢'ra = atan(tan(¢'rx) / y¢) = 30 deg
8ra = atan(tan(8r.«) / y¢) = 15 deg

Yo' =vp /vy = 23 KN/mM?

¢'va = atan(tan(¢'vx) / v¢) = 18 deg
Sp.a = atan(tan(Spx) / y4) = 9 deg
dpb.a = atan(tan(doeu.) / v4r) = 18 deg
Cbd = Chk /v = 0 KN/m?

Ka = sin(a + ¢'r.a)?2 / (sin(a)? x sin{o - 8rg) x [1 + \/[sin(¢‘r_d + 8ra) x
sin(¢'r.a - B) / (sin{a - 8rq) x sin(o + B))]]?) = 0.301
Kp = sin(90 - ¢'v.0)? / (SIN(90 + 8p ) x [1 - V[siN(@'b.a + Bb.a) x sin(¢'.a) /

(sin(90 + &v.0))11?) = 2.359

Fstem = vat X Astem X Ystem = 55.1 KN/m
Foase = Yar X Abase X Yoase = 14 KN/m

Fsur_v = (yor x Surchargec + yor x Surchargeq) x (lheet + ts1 - ts3) = 1.4

KN/m

Fr v =ver x Pg1 = 0.5 kN/m

Froist v = Yor X Amaist X Ymr' = 28.1 KN/m
Fexc_v = Yot X Aexe X Yo' = 1.7 KN/m

Ftotal_v = Fstem + Fpase + Fsur_v + FP_V + Fmoist_v + Fexc_v =100.7 kN/m

Fsur n = Ka x €08(8r.a) x (yo x Surcharges + yq x Surchargeq) x hes =

2.5 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

Surcharge load

Line loads

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

Line loads

Moist retained soil

Base soil
Total

Check stability against overturning

Factor of safety

Design approach 1

Fmoist_h =vYe X KA X COS(&r,d) X ’Ymr' X heﬁz /2 =35.6 kN/m
Fiotal_h = Fsur n + Fmoist_n = 38.1 KN/m

Fexc_n = vor x Kp x COS(8b.0) X o' X (Npass + hbase)? / 2 = 11.3 kKN/m
Firiction = Fiotal v % tan(8pb.a) = 32.7 KN/m

Frest = Fexc n + Frriction = 44 kKN/m

FOSg = Frest / Fotah = 1.156

PASS - Resistance to sliding is greater than sliding force

Fstem = Yar X Astem X Ystem = 55.1 KN/m

Fbase = Y6t X Abase X Yoase = 14 KN/m

Fsurv = (yor x Surcharges + yor x Surchargeq) x (Iheel + ts1 - tss) = 1.4
kKN/m

Fr v =ver x Pe1 = 0.5 KN/m

Frmoist v = Yot X Amoist X Ymr = 28.1 KN/m

Fexc v = Yot X Asxc X ¥b' = 1.7 KN/m

Ftotai_v = Fstem + Foase + Fsur v + Fp v+ Froisty + Fexcv = 100.7 kN/m

Fsur_n = Ka x €08(8r.d) x (ys x Surcharges + yq x Surchargeq) x hex =
2.5 kN/m

Froist h = Yo x Ka x c08(8r.4) X Ymr' x her? / 2 = 35.6 KN/m

Fexc_n = -Yor x Kp x COS(8b.d) X Yo' X (Npass + hpase)? / 2 = =11.3 KN/m
Frota_n = Fsurn + Frmoist_n + Fexe n = 26.8 kN/m

Msur ot = Fsurn x Xsur_h = 3.8 KNm/m
Mmoist 0T = Frmoist_n X Xmoist_h = 36.2 KNm/m
Miota_ot = Msur_ot + Mmaist_ot = 40 kKNm/m

Mstem_r = Fstem X Xstem = 38.8 kKNm/m

Mpase R = Fpase X Xpase = 11.2 KNmM/m

Mp r = abs(yer x Pe1) x p1 = 0.2 kNm/m

Mmoist R = Fmoist_v X Xmoist v = 35.5 KNm/m

Mexc R = Fexc_v X Xexc v = Fexc h X Xexc n = 2.7 KNm/m

Meotai_ R = Mstem_r + Mbase_r + Mp_r + Mmoist R + Mexc r = 88.3 kKNm/m

FoSot = Mrota_r / Miotai_oT = 2.208

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

A2

ve = 1.000
YGf = 1.000
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Yaf = 0.000

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

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

Surcharge load

Line loads

Moist retained soil
Base soil

Total

Horizonta! forces on wall
Surcharge load

Moist retained soil
Total

Check stability against sliding

Base soil resistance
Base friction
Resistance to sliding

M2

1o =1.25
vo =1.25
1 = 1.00

Yror' = Yror /vy = 19.5 KN/m?

Yor = Yer /vy = 21.5 KN/m?

O'ra = atan(tan(¢'rx) / y¢) = 24.8 deg
8r.q = atan(tan(8rx) / v¢) = 12.1 deg

Yo' = o [ vy = 23 KN/m?

d'v.a = atan(tan(¢'nx) / yo) = 14.6 deg
Op.a = atan(tan(Svx) / y¢) = 7.2 deg
Sbw.g = atan(tan(Bvb.x) / v4) = 14.6 deg
C'v.d = Cok / Yo = 0 kKN/m?

Ka = sin(a + ¢'r.a)2 / (sin(a)? x sin(o - 8ra) x [1 + V[Sin(¢'ra + 8ra) x
sin(¢'r.qa - B) / (sin(a - 8-q) x sin(a + B))11?) = 0.371

Kp = sin(90 - ¢'0.0)? / (SiN(90 + &p.g) x [1 - V[SIN(¢'b.a + Sb.a) X SIN(P'p.a) /
(sin(90 + &p.4))11%) = 1.965

Fstem = Yo X Astem X Ystem = 55.1 KN/m

Foase = var X Apase X Ybase = 14 kN/m

Fsurv = (yar x Surchargec + yar x Surchargeg) x (lneet + ts1 - ts3) = 1.4
KN/m

Fr v =ver x Pg1 = 0.5 kN/m

Frmoistv = Yot X Amoist X Ymr = 28.1 KN/m

Feoxe v = vor X Aexe x Yo' = 1.7 KN/m

Ftotal_v = Fstem + Foase + Fsur v + Fe_v + Froist_v + Fexc_v = 100.7 kKN/m

Fsur n = Ka x €08(8r.q) x (ye x Surchargec + yq x Surchargeq) x hesr =
2.4 KN/m

Frmoist h = Yo X Ka x COS(8r.a) X vmr' % he? / 2 = 32.9 kN/m

Fiota_h = Fsur n + Fmoist n = 35.3 KN/m

hpase)? / 2 = 9.5 KN/m

Fexc_h = vor x Kp x €08{(8b.a) X 7' X {Rpass *+

Fiction = Frotai_v x tan(8pp.a) = 26.2 kKN/m
Frest = Fexc h + Friction = 35.7 kKN/m
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Factor of safety

Overturning check
Vertical forces on wall
Wall stem

Wall base

Surcharge load

Line loads

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

Line loads

Moist retained soil

Base soil

Total

Check stability against overturning
Factor of safety

FoSs = Frest / Fiotai_n = 1.011
PASS - Resistance to sliding is greater than sliding force

Fstem = Yar X Astem X Vstem = 55.1 kKN/m

Fbase = Vo X Apase X Yoase = 14 kN/m

Fsurv = (yor x Surcharges + yar x Surchargeq) x (lheel + ts1 - ts3) = 1.4
kN/m

Frp_v=ver x Pg1 = 0.5 kN/m

Frmoistv = Yar X Ameist X Ymr = 28.1 kKN/m

Fexc v = var X Asxe X vb' = 1.7 KN/m

Fiotal_v = Fstem + Foase + Fsur v + Fp_v + Fmoist v + Fexc v = 100.7 kKN/m

Fsur_n = Ka x €0s(8r.4) x (ys x Surchargeg + yq x Surchargeq) x hes =
2.4 kKN/m

Fmaist_h = Y6 x Ka x €08(8ra) x ymr' X her® / 2 = 32.9 KN/m

Fexc h = =yor x Kp x €0S(8b.4) X 1b' X (Npass + hpase)? / 2 = -9.5 kN/m
Ftota_h = Fsur_h + Fmoist_h + Fexc_n = 25.8 kN/m

Msur_OT = Fsur_h X Xsur_h = 3.6 kNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 33.4 kKNm/m
Miota_oT = Msur_oT + Mmaist ot = 37.1 KNm/m

Mstem R = Fstem X Xstem = 38.8 KNm/m

Mbase R = Fbase X Xoase = 11.2 KNm/m

Mp r = abs(yer x Pg1) x p1 = 0.2 KNm/m

Mmoist_ R = Frmoist_v X Xmoist_v = 35.5 kNm/m

Mexc R = Fexc_v X Xexc_v = Fexc_n X Xexc n = 2.3 KNm/m

Miotal_g = Mstem_R + Mbase R * Mp_r + Mmoist R + Mexe g = 87.9 KNm/m

FoSat = Miotai_r / Mista_ot = 2.371
PASS - Maximum restoring moment is greater than overturning moment




