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INTRODUCTION

Following the collapse of a section of the existing retaining wall between the property and the section of road below
emergency works were undertaken to reinstate the wall.

Four separate designs have been used in the wall sections as set out below:

Section 1 Gabion Basket wall max height 2m
Section 2 Reinforced Masonry max height 2m
Section 3 Reinforced Masonry max height 3m
Section 4 Inclined Masonry max height 3m

Sections 1 — 3 have a surcharge load of 10kN/m2 allowed, this has been reduced to 2.5kN/m2 for Section 4 where the
ground above is a garden only accessible on foot.

SECTION 1

GABION RETAINING WALL ANLYSIS & DESIGN

In accordance with BS8002:2015 - Code of Practice for Earth Retaining Structures and the UK National Annex
Tedds calculation version 2.0.02

Design summary
Combination 1

Action ‘ Resistance Force FoS Allowable FoS Status
Overturning, sliding and bearing at base level

Overturning (kNm/m) 23.9 15.5 1.536 1.000 PASS
Sliding (kN/m) 27.2 19.9 1.370 1.000 PASS
Bearing (kN/m?) 150.0 76.8 1.954 1.000 PASS
Eccentricity (mm) Reaction acts within the middle third of base PASS
Overturning and sliding between courses 1 and 2

Overturning (kNm/m) 9.5 2.7 3.541 1.000 PASS
Sliding (kN/m) 12.3 6.4 1.914 1.000 PASS

Combination 2

Action ‘ Resistance Force FoS Allowable FoS Status
Overturning, sliding and bearing at base level

Overturning (kNm/m) 241 15.9 1.521 1.000 PASS
Sliding (kN/m) 21.9 20.0 1.097 1.000 PASS
Bearing (kN/m?) 150.0 76.8 1.954 1.000 PASS
Eccentricity (mm) Reaction acts within the middle third of base PASS
Overturning and sliding between courses 1 and 2

Overturning (kNm/m) 9.5 2.8 3.366 1.000 PASS
Sliding (kN/m) 9.8 6.7 1.474 1.000 PASS
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Wall geometry

Width of gabion 1;

Height of gabion 1;

Width of gabion 2;

Height of gabion 2;

Step to front face between courses 1 and 2;
Wall inclination;

Gabion properties
Unit weight of fill;
Friction between gabions;

Loading
Variable surcharge;

Soil properties

Slope of retained soil;

Characteristic peak shearing resistance angle;
Characteristic saturated density of retained soil;
Coefficient for wall friction;

Wall friction angle;

Characteristic base friction angle;

Bearing capacity of founding soil;

Wall geometry

Horizontal distance to centre of gravity gabion 1;
Vertical distance to centre of gravity gabion 1;
Weight of gabion 1;

Horizontal distance to centre of gravity gabion 2;
Vertical distance to centre of gravity gabion 2;

wi = 1000 mm
hi1 =1000 mm
wz = 1000 mm
h2 = 1000 mm
S2 =75 mm

€ =0deg

Yo = 16.0 kKN/m?
5bg_k =35.0 deg

Poq = 10 kKN/m?

B =0.0deg
0’okk = 35.0 deg
Yer = 21.0 kN/m?
kmembrane =0.75
Ork = 26.3 deg
Spbk = 35.0 deg
q = 150 kN/m?

Xg1 =wj/2=500mm

Ygi =h1/2 =500 mm

Wg1 =v4 x wy x hy = 16.0 kKN/m
x92=wz/2+32=575mm
ygz=h2/2+h1=1500mm

2 -1000mm x 1000mm

1-1000mm x 1000mm
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Weight of gabion 2;
Weight of entire gabion;

Horiz distance to centre of gravity entire gabion;

Vert distance to centre of gravity entire gabion;
Correcting for wall inclination horiz dist;

Vertical change in height due to wall inclination;

Design dimensions

Effective angle of rear plane of wall;
Effective face angle;

Effective height of wall;

Height of wall from toe to front edge of top gabion;

Active pressure using Coulomb theory;

Active thrust due to soil;
Minimum surcharge (cl.4.6.3.2);

Pressure at base

Horizontal forces

Retained soil;

Height of soil thrust resolved vertically;
Surcharge;

Height of surcharge thrust resolved vertically;

Vertical forces

Gabion weight;

Retained soil;

Horizontal dist to where soil thrust acts;
Surcharge;

Horizontal dist to where surcharge thrust acts;
Total horizontal unfactored force;

Total vertical unfactored force;

Force normal to base;

Total unfactored overturning force;
Total unfactored restoring force;
Eccentricity;

Pressure at toe;
Pressure at heel;

Factor of safety;
Allowable factor of safety;

Woag2 = Y4 X W2 x hp = 16.0 KN/m

Wy = Wg1 + Wge = 32.0 kKN/m

Xg = (Wg1 X Xg1) + (Wg2 X Xg2)) / Wy = 538 mm

Yo = (Wgt X yg1) + (Wgz X Yg2)) / Wg = 1000 mm

Xg = Xg X COS(€) + Yg X Sin(€) = 538 mm

Hi = ygo + ho/2 - ((yg2 + h2/2) X COS(€) - (Xg2 + W2/2) X sin(g)) =0 mm

o = Atan((ws - (Xg2 + (W2 / 2))) / (yg2 + h2/ 2)) + 90 deg + € = 87.9 deg
0 = Atan((ygz2 + (ha/ 2)) / ((Xg2 - (W2/ 2)))) - € = 87.9 deg

H = (yg2 + ha/ 2) + (wy x sin(g)) - Hi = 2000 mm

Hinct = ((Yg2 + 2/ 2) x cos(g) - (Xg - (W2 / 2)) x sin(g)) = 2000mm

Ka = sin(o + ¢"rx)2 / (sin(o)2 x sin(ot - k) x (1 + V(sin(d'rk + 8rk) X
sin(¢'rk - B) / (sin(o - 8rk) x sin(a + B))))?) = 0.260

Pasoil = 0.5 X Kg X Ysr x H? = 10.9 KN/m

Po.min = MIN(H / Hret, 1) X qamin = 6.7 KN/m?

Fsoil_hq = Pasoil X c0S(90 - o + 3rx) = 9.6 kN/m

dh.soit = H/ 3 - wy x sin(e) = 667 mm

Fsurch_h,g = Max(Po,a, Po,min) X Ka x Hx cos(90 - o + &rx) = 4.6 KN/m
dh,surch = H/ 2 - wq X sin(e) = 1000 mm

Fgabion v.q = Wg = 32.0 kN/m
Fsoil_v,q = Pasoil X SiN(90 - o + &rk) = 5.2 KN/m
by soil = W1 X cos(g) - (H/ 3) / tan(a) = 975 mm
Fsurch v,q = Max(Po,q, Po,min) X Ka x H x sin(90 - a + &rx) = 2.5 kN/m
by surch = W1 X cos(g) - (H/ 2) / tan(a) = 963 mm
Tq = Fsoil_ hg + Fsurch hg = 14.2 KN/m
Nq = Fgabionfv,q + Fsoilfv,q + Fsurchfv,q =39.7 kN/m
Ns = Ng x cos(e) + Tq x sin(e) = 39.7 kN/m
Mo.q = Fsoil_hg X Ghsoil + Fsurch_nq X hsurch = 11.0 kNm/m
MR,q = Fgabionfv,q X Xg + Fsoilﬁv,q X by soil + Fsurchfv,q X by surch = 24.7 KNm/m
e=w1/2-(Mgrq-Mog)/Ns =156 mm
Reaction acts within middle third of base
Gioe = Ns / W1 x (1 + (6 x &/ wy)) = 76.8 KN/m?
Oheel = Ns / W1 X (1 - (6 x €/ W1)) = 2.6 KN/m?
FOSQ =q / max(cme, Gheel) =1.954
FOSQfaHow =1.000

PASS - Design FoS for allowable bearing pressure exceeds min allowable pressure to base

Design approach 1

Partial factors on actions - Section A.3.1 - Combination 1

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

Yo =1.35
Yo = 1.00
Ya = 1.50
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Variable favourable action; Yar = 0.00

Partial factors for soil parameters - Section A.3.2 - Combination 1

Angle of shearing resistance; Yo = 1.00

Weight density; vw=1.00

Design soil properties

Design effective shearing resistance angle; 0’ra = Atan(tan(¢'wkx) / vo) = 35.0 deg

Design saturated density of retained soil; Yod = Yor / ¥y = 21.0 KN/m?

Design walll friction angle (cl.5.4.2.1); Sra = min(atan(tan(drk) / ¢, ®'ra X Kmembrane) = 26.3 deg

Design base friction angle; dbb.d = Atan(tan(duwu.x) / yor) = 35.0 deg

Design friction between gabions; dbg.d = Atan(tan(dug.k) / Yo) = 35.0 deg

Active pressure using Coulomb theory; Ka = sin(o + ¢"rq)2 / (sin(o0)2 x sin(o - 8r.g) x (1 + V(siN(¢'rg + Sr.q) X
sin(¢'ra - B) / (sin(a - &) x sin(a + B))))?) = 0.260

Active thrust due to soil; Pasoil = 0.5 X K X ¥s.4 X H? = 10.9 kN/m

Minimum surcharge (cl.4.6.3.2); Po,min = MIN(H / Hret, 1) X gamin = 6.7 KN/m?

Horizontal forces

Retained soil; Fsoil h =Yg X Pasoit X €0s(90 - o + 8r.q) = 13.0 kKN/m

Surcharge; Fsurch_nh = max(Po,a X Ya, Po,min) X Ka X H x c0s(90 - o + dr.q) = 6.9 kN/m

Vertical forces

Gabion weight; Fgabion vt = Yo X Wg = 32.0 KN/m

Retained soil; Fsoil v.f = Yo, X Pasoil X SiN(90 - a + &) = 5.2 kN/m

Surcharge; Fsurch_v,i = Max(Po,a X Yot Po,min) X Ka X Hx sin(90 - a + &) = 1.7 kN/m

Overturning stability - take moments about the toe

Overturning moment; Mo = Fsoil_p X dhsoil + Fsurch_h X dhsurch = 15.5 kKNm/m

Restoring moment; MR = Fgabion_v.f X Xg + Fsoil v;f X by soil + Fsurch_v.f X by gurch = 23.9 KNm/m

Factor of safety; FoSw= Mg/ M, =1.536

Allowable factor of safety; FoSwm_alow = 1.000

PASS - Design FOS for overturning exceeds min allowable FOS for overturning

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force; T = Fsoil_h + Fsuren_h = 19.9 KN/m

Total vertical force; N = Fgabion_v,f + Fsoil v + Fsurch v.f = 38.9 KN/m

Sliding force; Fi =T x cos(e) - N x sin(e) = 19.9 kN/m

Sliding resistance; Fr = (T x sin(e) + N x cos(g)) x tan(dpp.q) = 27.2 KN/m
Factor of safety; FoSs=Fr/ F;=1.370

Allowable factor of safety; FoSs_aiow=1.000

PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Check overturning and sliding between courses 1 and 2

Wall geometry
Horizontal distance to centre of gravity gabion 2;  xg2 =w2/2 =500 mm

Vertical distance to centre of gravity gabion 2; Yg2 = h2/2 =500 mm
Weight of gabion 2; W2 = Y4 X Wa X ho = 16.0 kN/m
Weight of entire gabion; Wy = Wg2 = 16.0 kN/m

Horiz distance to centre of gravity entire gabion; Xg = ((Wg2 X Xg2)) / Wg = 500 mm
Vert distance to centre of gravity entire gabion; Yg = (Wg2 X yg2)) / Wg = 500 mm
Correcting for wall inclination horiz dist; Xg = Xg X COS(€) + Yg X sin(e) = 500 mm
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Vertical change in height due to wall inclination; Hi = yg2 + ho/2 - ((yg2 + h2/2) X COS(€) - (Xg2 + W2/2) X sin(g)) =0 mm

Design dimensions

Effective angle of rear plane of wall; o =90 deg + € = 90.0 deg

Effective face angle; 6 = 90deg - € = 90.0 deg

Effective height of wall; H = (yg2 + ha/ 2) + (w2 x sin(g)) - Hf = 1000 mm

Height of wall from toe to front edge of top gabion; Hina = ((Yg2 + h2/ 2) x cOS(€) - (Xg2 - (W2 / 2)) x sin(g)) = 1000mm

Active pressure using Coulomb theory; Ka = sin(o + ¢'rq)2 / (sin(o)2 x sin(o - 8r.g) x (1 + V(SiN(¢'rg + Sr.q) X
sin(0'ra - B) / (sin(a - 8rq) X sin(a + B))))?) = 0.245

Active thrust due to soil; Pasoil = 0.5 X Kg X ¥s.4 X H? = 2.6 KN/m

Minimum surcharge (cl.4.6.3.2); Po.min = MIN(H / Hret, 1) X qamin = 3.3 kKN/m?

Horizontal forces

Retained soil; Fsoil h =Yg X Pasoit X €0s(90 - ot + 8r.q) = 3.1 KN/m

Surcharge; Fsurch_nh = max(Po,a X Ya, Po,min) X Ka X H x c0s(90 - & + dr4) = 3.3 kN/m

Vertical forces

Gabion weight; Fgabion vt = Yo X Wg = 16.0 KN/m

Retained soil; Fsoil v.f = Yo, X Pasoil X SiN(90 - a + &) = 1.1 kN/m

Surcharge; Fsurch_v,t = Max(Po,a X Yo, Po,min) X Ka X H x sin(90 - a + &) = 0.4 kN/m

Overturning stability - take moments about the toe

Overturning moment; Mo = Fsoil_h X dhsoil + Fsurch_h X Ohsurch = 2.7 KNm/m

Restoring moment; MR = Fgabion v.f X Xg + Fsoil v;f X By soil + Fsurch_v.f X by surch = 9.5 KNm/m

Factor of safety; FoSw = Mg/ M, = 3.541

Allowable factor of safety; FoSwm_alow = 1.000

PASS - Design FOS for overturning exceeds min allowable FOS for overturning

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force; T = Fsoil_n + Fsurch_h = 6.4 KN/m

Total vertical force; N = Fgabion_v,f + Fsoil v + Fsurch vf = 17.5 KN/m

Sliding force; Fi =T x cos(e) - N x sin(e) = 6.4 kN/m

Sliding resistance; Fr = (T x sin(e) + N x cos(g)) x tan(Spg.q) = 12.3 kN/m
Factor of safety; FoSs=Fr/ Fi=1.914

Allowable factor of safety; FoSs_aiow=1.000

PASS - Design FOS for sliding exceeds min allowable FOS for sliding
Design approach 1

Partial factors on actions - Section A.3.1 - Combination 2

Permanent unfavourable action; Yo = 1.00
Permanent favourable action; Yo = 1.00
Variable unfavourable action; Ya =1.30
Variable favourable action; Yar = 0.00

Partial factors for soil parameters - Section A.3.2 - Combination 2

Angle of shearing resistance; Yo = 1.25

Weight density; v =1.00

Design soil properties

Design effective shearing resistance angle; 0’ra = Atan(tan(¢'kk) / vo) = 29.3 deg
Design saturated density of retained soil; Yod = Yor / ¥y = 21.0 KN/m3

Design wall friction angle (cl.5.4.2.1); &ra = min(atan(tan(d:k) / Yo), 0'r.d X Kmembrane) = 21.5 deg
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Design base friction angle;
Design friction between gabions;

Wall geometry

Horizontal distance to centre of gravity gabion 1;
Vertical distance to centre of gravity gabion 1;
Weight of gabion 1;

Horizontal distance to centre of gravity gabion 2;
Vertical distance to centre of gravity gabion 2;
Weight of gabion 2;

Weight of entire gabion;

Horiz distance to centre of gravity entire gabion;
Vert distance to centre of gravity entire gabion;
Correcting for wall inclination horiz dist;

Vertical change in height due to wall inclination;

Design dimensions

Effective angle of rear plane of wall;

Effective face angle;

Effective height of wall;

Height of wall from toe to front edge of top gabion;
Active pressure using Coulomb theory;

Active thrust due to soil;
Minimum surcharge (cl.4.6.3.2);

Horizontal forces
Retained soil;
Surcharge;

Vertical forces
Gabion weight;
Retained soil;
Surcharge;

Sbb.d = Atan(tan(duwu.k) / Yor) = 29.3 deg
dbg.d = Atan(tan(dug.k) / Vo) = 29.3 deg

Xg1 =w;/2 =500 mm

Ygt = hy /2 =500 mm

Wg1 =v4 x wy x hy = 16.0 kN/m
x92=W2/2+32=575mm

Yg2 = h2/2 + hy =1500 mm

Woag2 = Y4 X W2 x hp = 16.0 kKN/m

Wy = Wy1 + Wgo = 32.0 KN/m

Xg = ((Wg1 X Xg1) + (Wg2 X Xg2)) / Wy = 538 mm
¥g = (Wg1 X yg1) + (Wga X Yg2)) / Wy = 1000 mm
Xg = Xg X COS(€) + Yg X Sin(€) = 538 mm

Hi = ygo + ho/2 - ((yg2 + h2/2) X COS(€) - (Xg2 + W2/2) X sin(g)) =0 mm

o = Atan((ws - (Xg2 + (W2 / 2))) / (yg2 + h2/ 2)) + 90 deg + € = 87.9 deg
0 = Atan((ygz2 + (ha/ 2)) / ((Xg2 - (W2/ 2)))) - € = 87.9 deg

H = (yg2 + ha/ 2) + (wy x sin(g)) - Hi = 2000 mm

Hinct = ((Yg2 + h2/ 2) x cos(g) - (Xg2 - (W2 / 2)) x sin(g)) = 2000mm

Ka = sin(o + ¢"rq)2/ (sin(o)2 x sin(o - 8r.g) x (1 + V(SiN(¢'rg + Sr.g) X
sin(¢'ra - B) / (sin(a - 8rq) x sin(a + B))))?) = 0.321

Pasoil = 0.5 X Kg X ¥s.4 X H? = 13.5 kN/m

Po,min = MiN(H / Hret, 1) X Gamin = 6.7 KN/m?

Fsoil_h =Yg X Pasoit X €0s(90 - ot + 8r.q) = 12.3 kKN/m
Fsurch_nh = max(Po,a X Ya, Po,min) X Ka X H x c0s(90 - & + 8rq4) = 7.6 KN/m

Fgabion v.f = Yo, X Wy = 32.0 kN/m
FsoiL\,,f =YafX Pa,soil X sin(90 -0+ Sr.d) = 5.4 kN/m
Fsurch vt = Max(Po.q X Yat, Pomin) X Ka x Hx sin(90 - o + &¢) = 1.7 KN/m

Overturning stability - take moments about the toe

Overturning moment;
Restoring moment;
Factor of safety;
Allowable factor of safety;

Mo = Fsoil_h % Ahsoil + Fsurch_h X h,surch = 15.9 KNm/m

Mg = Fgabion_v.f X Xg + Fsoil_v.f X Dy soil + Fsurch_v.t X bysurcn = 24.1 KNm/m
FoSw= Mg/ M, =1.521

FOSNLa”ow =1.000

PASS - Design FOS for overturning exceeds min allowable FOS for overturning

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force;
Total vertical force;
Sliding force;

Sliding resistance;

Factor of safety;
Allowable factor of safety;

T = Fsoil_h + Fsureh_n = 20.0 KN/m

N = Fgavion v,f + Fsoil v + Fsurch v,f = 39.1 kKN/m

Fi =T x cos(e) - N x sin(e) = 20.0 kN/m

Fr = (T x sin(g) + N x cos(g)) x tan(dpp.a) = 21.9 KN/m
FoSs = Fr/ F;=1.097

FOszauow =1.000

PASS - Design FOS for sliding exceeds min allowable FOS for sliding
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Check overturning and sliding between courses 1 and 2

Wall geometry

Horizontal distance to centre of gravity gabion 2;
Vertical distance to centre of gravity gabion 2;
Weight of gabion 2;

Weight of entire gabion;

Horiz distance to centre of gravity entire gabion;
Vert distance to centre of gravity entire gabion;
Correcting for wall inclination horiz dist;

Vertical change in height due to wall inclination;

Design dimensions

Effective angle of rear plane of wall;

Effective face angle;

Effective height of wall;

Height of wall from toe to front edge of top gabion;
Active pressure using Coulomb theory;

Active thrust due to soil;
Minimum surcharge (cl.4.6.3.2);

Horizontal forces
Retained soil;
Surcharge;

Vertical forces
Gabion weight;
Retained soil;
Surcharge;

Xg2 =Wz /2 =500 mm

Yg2 = h2/ 2 = 500 mm

Wgz = ya x W2 x hp = 16.0 kN/m

Wy = Wge = 16.0 KN/m

Xg = (Wg2 X Xg2)) / Wg = 500 mm

Yo = (Wg2 X yg2)) / Wg = 500 mm

Xg = Xg X COS(€) + Yg X sin(e) = 500 mm

Hr = Vg2 + h2/2 - ((yg2 + h2/2) X COS(€) - (Xg2 + W2/2) X sin(g)) = 0 mm

o =90 deg + € = 90.0 deg

6 = 90deg - € = 90.0 deg

H = (yg2 + ha/ 2) + (w2 x sin(g)) - Hf = 1000 mm

Hinct = ((Yg2 + h2/ 2) x cos(g) - (Xg2 - (W2 / 2)) x sin(g)) = 1000mm
Ka = sin(o + ¢"rq)2/ (sin(o)2 x sin(o - 8rg) x (1 + V(siN(¢'rg + Sr.q) X
sin(¢'ra - B) / (sin(a - 8rq4) x sin(a + B))))?) = 0.305

Pasoil = 0.5 X Kg X ¥s.4 X H? = 3.2 KN/m

Po.min = MIN(H / Hret, 1) X qamin = 3.3 kKN/m?

Fsoilfh =Yg X Pa,soil X COS(90 -0+ Sr.d) = 3.0 kN/m
Fsurch_ h = max(po,a X Ya, Pomin) X Ka x H X cos(90 - o + 8:4) = 3.7 kN/m

Fgabion v.f = Yo X Wq = 16.0 KN/m
FsoiL\/,f =YG,f X Pa,soil X sin(90 -0+ Sr.d) =1.2 kN/m
Fsurch vt = Max(Po.q X Yat, Pomin) X Ka x H x sin(90 - o + & 4) = 0.4 KN/m

Overturning stability - take moments about the toe

Overturning moment;
Restoring moment;
Factor of safety;
Allowable factor of safety;

Mo = Fsoil_h X Oh,soil + Fsurch_h X Oh surch = 2.8 KNm/m

MR = Fgabion_v,f X Xg + Fsoil_v,f X Dysoil + Fsurch_v,f X bvsurch = 9.5 KNm/m
FoSuw= Mg /M, = 3.366

FOSNLa”ow =1.000

PASS - Design FOS for overturning exceeds min allowable FOS for overturning

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force;
Total vertical force;
Sliding force;

Sliding resistance;

Factor of safety;
Allowable factor of safety;

T = Fsoil_n + Fsurch_h = 6.7 KN/m

N = Fgabion v,f + Fsoil v + Fsurch v,f = 17.5 KN/m

Fi = T x cos(e) - N x sin(g) = 6.7 kN/m

Fr = (T x sin(e) + N x cos(g)) x tan(dpg.q) = 9.8 kN/m
FoSs=Fr/ Fi=1.474

FOszauow =1.000

PASS - Design FOS for sliding exceeds min allowable FOS for sliding
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SECTION 2

RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.08
f¢———600——ple——450—»f 150 |«

ﬂ:D:D:Dm KN/m?
2
%J L A
[« 1200 »|
Wall details
Retaining wall type; Unpropped cantilever
Height of retaining wall stem; hstem = 2025 mm
Thickness of wall stem; twal = 450 mm
Length of toe; lioe = 600 mm
Length of heel; Iheel = 150 mm
Overall length of base; lbase = hoe + Iheel + twar = 1200 mm
Thickness of base; toase = 250 mm
Depth of downstand; dgs =0 mm
Position of downstand; lgs = 950 mm
Thickness of downstand; tgs = 250 mm
Height of retaining wall; hwail = Nstem + toase + ddgs = 2275 mm
Depth of cover in front of wall; dcover = 100 mm
Depth of unplanned excavation; dexc =0 mm
Height of ground water behind wall; hwater = 0 mm
Height of saturated fill above base; hsat = max(hwater - toase - das, 0 mm) = 0 mm
Density of wall construction; Ywall = 19.0 KN/m3
Density of base construction; Yoase = 24.0 KN/m?
Angle of rear face of wall; o =90.0 deg
Angle of soil surface behind wall; B =0.0deg
Effective height at virtual back of wall; hett = hwai + Iheel X tan(B) = 2275 mm

Retained material details
Mobilisation factor; M=1.2
Moist density of retained material; Ym = 21.0 kN/m?
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Saturated density of retained material;
Design shear strength;
Angle of wall friction;

Base material details
Moist density;

Design shear strength;
Design base friction;
Allowable bearing pressure;

Using Coulomb theory

Active pressure coefficient for retained material

¥s = 23.0 kN/m?3
¢' = 30.3 deg
8 =23.7 deg

Ymb = 21.0 KN/m?
0' = 30.3 deg

dp = 23.7 deg
Poearing = 150 kN/m?

Ka = sin(o + ¢)2 / (sin(o)2 x sin(o - 8) x [1 + V(sin(¢" + 8) x sin(¢' - B) / (sin(at - 8) x sin(c + B)))]?) = 0.293

Passive pressure coefficient for base material

Ko = SiN(90 - ¢'5)2 / (SiN(90 - ) x [1 - V(sin(¢'s + 8b) x Sin(d's) / (SIN(90 + v)))]?) = 7.371

At-rest pressure
At-rest pressure for retained material;

Loading details

Surcharge load on plan;

Applied vertical dead load on wall;
Applied vertical live load on wall;
Position of applied vertical load on wall;
Applied horizontal dead load on wall;
Applied horizontal live load on wall;
Height of applied horizontal load on wall;

Ko = 1 —sin(¢’) = 0.495

Surcharge = 10.0 kN/m?
Wiead = 0.0 KN/m

Wiive = 0.0 KN/m

lioagd = 0 mm

Faead = 0.0 KN/m

Fiive = 0.0 kKN/m

Picad = 0 mm

EEZ

Vertical forces on wall
Wall stem;

496

27 12.8

76.6HH||||||||.

0.0

Loads shown in kN/m, pressures shown in kN/m2

Wyall = Nstem X twall X Ywar = 17.3 KN/m
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Wall base; Whase = lbase X thase X Ybase = 7.2 KN/m
Surcharge; Wsyr = Surcharge X lheel = 1.5 KN/m

Moist backfill to top of wall;
Soil in front of wall;
Total vertical load;

Horizontal forces on wall
Surcharge;

Moist backfill above water table;
Total horizontal load;

Calculate stability against sliding
Passive resistance of soil in front of wall;
Resistance to sliding;

Overturning moments
Surcharge;

Moist backfill above water table;
Total overturning moment;

Restoring moments
Wall stem;

Wall base;

Moist backfill;

Total restoring moment;

Check stability against overturning
Total overturning moment;
Total restoring moment;

Check bearing pressure
Surcharge;

Soil in front of wall;

Total moment for bearing;
Total vertical reaction;
Distance to reaction;
Eccentricity of reaction;

Bearing pressure at toe;
Bearing pressure at heel;

PASS -

Wm_w = lheet X (Nstem - hsat) X ym = 6.4 KN/m
Wp = lioe X cover X Ymb = 1.3 KN/m
Whotal = Wwall + Whase + Wsur + Wm_w + Wp = 33.7 KN/m

Fsur = Ka x c0s(90 - a0 + 8) x Surcharge x het = 6.1 kKN/m
Fm a=0.5x Ky x cos(90 - o + 8) X Ym X (Neft - Nwater)2 = 14.6 KN/m
Frotal = Fsur + mea =20.7 kN/m

Fp =0.5x Kp X COS(Sb) X (dcover + tbase + dds - dexc)2 X Ymb = 8.7 kN/m
Fres = Fp + (Wiotal - Wsur - Wp) X tan(8p) = 22.2 kN/m
PASS - Resistance force is greater than sliding force

Msur = Fsur X (Neff - 2 % dgs) / 2 = 6.9 KNm/m
Mm_a = Fm_a X (Neft + 2 X hwater - 3 X dgs) / 3 = 11 KNm/m
Mot = Msur + Mm,a =18 kKNm/m

Mwail = Wwail X (hoe + twan / 2) = 14.3 KNm/m

Mbase = Whase X lbase / 2 = 4.3 KNm/m

Mm r = (Wm w X (lbase - lheel / 2) + Wm_s X (Ibase - Iheel / 3)) = 7.2 kNm/m
Mrest = Mwail + Mbase + Mm_r = 25.8 KNm/m

Mot = 18.0 KNm/m
Mrest = 25.8 kKNm/m
PASS - Restoring moment is greater than overturning moment

Msur r = Wsur X (lbase - lheel / 2) = 1.7 kKNm/m

Mp_r = Wp X lioe / 2 = 0.4 KNmM/m

Miotal = Mrest - Mot + Msur ¢ + Mp ¢ = 9.9 KNm/m

R = Wiota = 33.7 KN/m

Xpar = Miotal / R =293 mm

e = abs((lbase / 2) - Xpar) = 307 mm

Reaction acts outside middle third of base

Proe = R/ (1.5 X Xpar) = 76.6 kN/m?

Preel = 0 KN/m? = 0 kN/m?
Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)

TEDDS calculation version 1.2.01.08

Ultimate limit state load factors
Dead load factor; Yia=14
Live load factor; Yi1=1.6
Earth and water pressure factor; Yie=1.4

Factored vertical forces on wall
Wall stem;

Wall base;

Surcharge;

Moist backfill to top of wall;

Soil in front of wall;

Total vertical load;

Factored horizontal active forces on wall
Surcharge;

Moist backfill above water table;

Total horizontal load;

Passive resistance of soil in front of wall;
kN/m

Factored overturning moments
Surcharge;

Moist backfill above water table;
Total overturning moment;

Restoring moments
Wall stem;

Wall base;

Surcharge;

Moist backfill;

Soil in front of wall;
Total restoring moment;

Factored bearing pressure
Total moment for bearing;
Total vertical reaction;
Distance to reaction;
Eccentricity of reaction;

Bearing pressure at toe;

Bearing pressure at heel;

Rate of change of base reaction;
Bearing pressure at stem / toe;
Bearing pressure at mid stem;
Bearing pressure at stem / heel;

Wyall_f = ¥r_d X Nstem X twan X Ywar = 24.2 KN/m

Whase f = ¥t d X lbase X tbase X Yoase = 10.1 KN/m

Wsur £ = Y1 X Surcharge X lheel = 2.4 KN/m

Wm_w_f =¥t d X lheel X (Nstem - Nsat) X Ym = 8.9 KN/m

Wp f =7t d X loe X deover X Ymp = 1.8 KN/m

Wiotal_f = Wwall_f + Whoase f + Wsur f + Wm_w f + Wp 1 = 47.4 KN/m

Fsur ¢ = 11X Ka x cos(90 - a + 3) x Surcharge x heyt = 9.8 kKN/m

Fm af=7ex 0.5 xKaxcos(90 - o + 8) X Ym X (Neft - Nwater)? = 20.4 KN/m
Fiotal f = Fsur f + Fm a r = 30.2 KN/m

Fot = 2.0 X 0.5 Kp x COS(Be) X (Goer + foase + o - o)X Yo = 12.2

Msurﬁf = Fsurﬁf X (heff -2X% dds) /2 =11.1 kKNm/m
Mm_a t = Fm_a_t X (Nett + 2 X hwater - 3 X das) / 3 = 15.5 kKNm/m
MOU = Msurﬁf + Mmfaﬁf =26.6 KNm/m

Muail t = Wi £ X (hoe + twan / 2) = 20 kNm/m
Moase_f = Woase_f X lbase / 2 = 6 KNm/m

Msur ¢ 1 = Wesur 1 X (lbase - lheel / 2) = 2.7 KNm/m

Mm _r 1= (Wm_w_1 X (Ibase = Ineet / 2) + Wm s X (lase - lheei / 3)) = 10 KNm/m
Mo f = Wp_ X lioe / 2 = 0.5 KNm/m

Mrest f = Mwail_f + Mbase_f + Msur_r 1 + Mm_r ¢ + Mp_r t = 39.3 kNm/m

Miotal_f = Mrest_f - Mot_r = 12.8 KNm/m
Rt = Wiotal 1 = 47.4 KN/m
Xbar f = Miotal_f / Rt = 269 mm
e = abS((|basg / 2) - Xbarif) =331 mm
Reaction acts outside middle third of base
Proe f = R/ (1.5 X Xpar 1) = 117.5 kKN/m?
Pheel f = 0 KN/m? = 0 KN/m?
rate = Proe_/ (3 X Xoar 1) = 145.52 kN/m?/m
Pstem_toe_f = MaX(Proe_f - (rate X loe), 0 KN/m?) = 30.2 kN/m?
Pstem_mid_f = MaX(Proe_f - (rate X (loe + twan / 2)), 0 KN/m?) = 0 kKN/m?
Pstem _heel_f = MaX(Proe_f - (rate X (koe + twan)), 0 KN/m?) = 0 kN/m?

Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties
Characteristic strength of concrete;

fou = 35 N/mm?2
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Characteristic strength of reinforcement;

Base details
Minimum area of reinforcement;
Cover to reinforcement in toe;

Calculate shear for toe design
Shear from bearing pressure;
Shear from weight of base;
Shear from weight of soil;

Total shear for toe design;

Calculate moment for toe design
Moment from bearing pressure;
Moment from weight of base;
Moment from weight of soil;

Total moment for toe design;

fy = 500 N/mm?

k=0.13%
Ctoe = 30 mm

Vioe_bear = (Ptoe_t + Pstem_toe_1) X hoe / 2 = 44.3 KN/m
Vioe_wt_base = ¥f_d X Yoase X hoe X toase = 5 KN/m

Vioe wt_soil = Wp_f = (Yid X Ym X hoe X dexc) = 1.8 KN/m
Vice = Vioe bear - Vioe wt base - Vioe wt soil = 37.5 KN/m

Mice_bear = (2 X Proe_t + Pstem_mid_f) X (loe + twan / 2)%/ 6 = 26.7 kKNm/m
Mice_wt_base = (Vi d X Yoase X toase X (loe + twan / 2)2/ 2) = 2.9 kNm/m
Mioe wt soil = (Wp_1 - (¥ d X YmX loeX dexc)) X (hoe + twan) / 2 = 0.9 kKNm/m
Mioe = Mioe_bear - Mioe_wt base - Mioe wt_soil = 22.9 KNm/m

-

«———250—»|
le——215—p
L]

—

«——200—»
Check toe in bending
Width of toe; b = 1000 mm/m
Depth of reinforcement; dioe = toase — Ctoe — (Proe/ 2) = 215.0 mm
Constant; Kioe = Mice / (b X dioe? X fou) = 0.014
Compression reinforcement is not required
Lever arm; Zioe = Min(0.5 + V(0.25 - (Min(Kiee, 0.225) / 0.9)),0.95) X dhoe

Area of tension reinforcement required;
Minimum area of tension reinforcement;
Area of tension reinforcement required;
Reinforcement provided;

Area of reinforcement provided;

Check shear resistance at toe
Design shear stress;
Allowable shear stress;

From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress;

Zioe = 204 mm
Asftoefdes = Mioe / (0-87 X fy X Ztoe) =257 mm%m
As toe_min = K X b X toase = 325 mm3/m
As toe req = Max(As_toe_des, As_toe min) = 325 mm?2/m
A393 mesh
Asftoefprov =393 mm%m
PASS - Reinforcement provided at the retaining wall toe is adequate

Vioe = Vioe / (D X dioe) = 0.174 N/mm?2
Vagm = Min(0.8 X V(fey / 1 N/mm?), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve_toe = 0.468 N/mm?
Vioe < Vc_toe - NO shear reinforcement required
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Design of reinforced concrete retaining wall heel (BS 8002:1994)

Material properties
Characteristic strength of concrete;
Characteristic strength of reinforcement;

Base details
Minimum area of reinforcement;
Cover to reinforcement in heel;

Calculate shear for heel design
Shear from weight of base;

Shear from weight of moist backfill;
Shear from surcharge;

Total shear for heel design;

Calculate moment for heel design
Moment from weight of base;
Moment from weight of moist backfill;
Moment from surcharge;

Total moment for heel design;

fou = 35 N/mm?2
fy = 500 N/mm?

k=0.13%
Cheel = 30 mm

Vheel_wt_base =¥t d X Ybase X lheel X toase = 1.3 KN/m
Vheel wt_ m = Wm_w t = 8.9 kN/m

Vheel_sur = Wsyr 1 = 2.4 KN/m

Vheel = Vheel wt_base + Vheel wt m + Vheel_sur = 12.6 KN/m

Mheel_wt_base = (¥i_d X Ybase X thase X (Iheel + twan / 2)2/ 2) = 0.6 kNm/m
Mheel wt m = Wm_w_f X (lheel + twan) / 2 = 2.7 KNm/m

Mheel sur = Wsur £ X (lheet + twan) / 2 = 0.7 KNm/m

Mheel = Mheel_wt_base + Mreel_wt_m + Mheel_sur = 4 KNm/m

«——200—»

250——»
215—»|
L]

-

Il

Check heel in bending
Width of heel;

Depth of reinforcement;
Constant;

Lever arm;

Area of tension reinforcement required;
Minimum area of tension reinforcement;
Area of tension reinforcement required;
Reinforcement provided;

Area of reinforcement provided;

Check shear resistance at heel
Design shear stress;
Allowable shear stress;

From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress;

b = 1000 mm/m
Oheel = tbase — Cheel — (Pheel/ 2) = 215.0 mm
Kheet = Mheet / (b X dheel2 X fcu) =0.002
Compression reinforcement is not required
Zheel = MIN(0.5 + V(0.25 - (Min(Kneel, 0.225) / 0.9)),0.95) X dheel
Zheel = 204 mm
As_neel des = Mheel / (0.87 X fy X Zneel) = 45 mm?/m
As_heel_min = K X b X toase = 325 mm?/m
As heel_req = Max(As_heel_des, As_heel min) = 325 mm2/m
A393 mesh
Asfheel«prov =393 mm%¥m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (D X dhee) = 0.059 N/mm?
Vadm = Min(0.8 X V(fe, / 1 N/mm?), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve heel = 0.468 N/mm?
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Vheel < Vc_neel - NO shear reinforcement required

Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000

///

_

- . :

: —

€ 100-ple—135—pla——215—»|

l¢—150—ple—300

450
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l«——200—»]

Wall details

Thickness of outer leaf of wall;
Thickness of inner leaf of wall;
Thickness of reinforced cavity;
Depth of stem reinforcement;

Masonry details

Masonry type;

Compressive strength of units;

Mortar designation;

Category of manufactoring control of units;
Partial safety factor for material strength;

touter = 215 mm
tinner = 100 mm

tcavity = twall - touter - tinner = 135 mm

dstem =300 mm

Aggregate concrete blocks no voids

Punit = 10.0 N/mm?

(i)
Normal
Yoom = 2.3

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units;
Height of masonry units;

Ratio of height to least horizontal dimension;
From BS5628:2 Table 3d, mortar ii
Characteristic compressive strength;

Factored horizontal active forces on stem
Surcharge;

kN/m

Moist backfill above water table;

16.2 kN/m

Calculate shear for stem design
Shear at base of stem;

Calculate moment for stem design
Surcharge;

Moist backfill above water table;
Total moment for stem design;

Check maximum design moment for wall stem
Width of wall;

bunit = 100.0 mm
hunit = 215.0 mm

ratio = hynit / bunit = 2.2

fk = 8.1 N/mm?2

Fs surt =71 % Kaxcos(90 - a + ) x Surcharge X (heft - toase - das) = 8.7

Fsimiaif = 05 X ’Yf,e X Ka X COS(90 -0+ 6) X 'Ym X (heff - tbase - dds - hsat)2 =

Vstem = FSﬁSULf + Fsimiaif = 24.8 kN/m

Ms_sur = Fs_sur 1 X (Nstem + toase) / 2 = 9.9 KNm/m
Ms m a=Fs m a X (2 X hsat + Neff - das + tbase / 2) / 3 = 12.9 KNm/m
Mstem = Msisur + Msimia = 22.8 kNm/m

b =1000 mm/m




Project Job no.
e‘ Te kIaLTeddS 3 Fernfield, Baglan 23-030
Solutions To Structures Ltd Calcs for Start page no./Revision
44 Depot Road Driveway Retaining Walls 15
Cwmafan Calcs by Calcs date Checked by Checked date Approved by Approved date
Port Talbot JD 27/04/2023
Maximum design moment; Md stem = 0.4 X fx X b X dstem® / Ymm = 127.4 KNm/m

PASS - Applied moment is less than maximum design moment

Check wall stem in bending

Moment of resistance factor; Q = Mstem / dstem® = 0.253 N/mm?
Q=2xcx(1-¢)xf/Ymm

Lever arm factor; ¢ =0.963

Lever arm; Zstem = MiN(0.95, ¢) X dstem = 285.0 mm

Area of tension reinforcement required; As_stem_des = Mstem X Yms / (fy X Zstem) = 184 mm?2/m

Reinforcement provided; A393 mesh

Area of reinforcement provided; As stem prov = T X Ostem? / (4 X Sstem) = 393 mm?2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem

Design shear stress; Vstem = Vstem / (0 X Ostem) = 0.083 N/mm?

Basic characteristic shear strength of masonry; fubas = MIN[0.35 + (17.5 X As_stem_prov / (0 X dstem)), 0.7] x 1 N/mm?
fybas = 0.373 N/mm?

Shear span; a = Mstem / Vstem = 918.0 mm

Characteristic shear strength of masonry; fy = Min(fuoas x max(2.5 - 0.25 x (a/ dstem), 1), 1.75 N/mm?)
fy = 0.647 N/mm?

Allowable shear stress; Vagm = fv / Ymy = 0.323 N/mm?

PASS - Design shear stress is less than maximum shear stress

Check limiting dimensions
Limiting span/effective depth ratio; ratiomax = 18.00
Actual span/effective depth ratio; ratioact = (Nstem + dstem / 2) / dstem = 7.25
PASS - Span to depth ratio is acceptable

Axial load check
Factored axial load on wall; Nwail = ([twal X Dstem X Ywan + Waead] X ¥ d) + (Wive X ¥¢ 1) = 24.2 KN/m
Limiting axial load; Niimit = 0.1 X fx X twan = 366.4 KN/m

Applied axial load may be ignored - calculations valid
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Toe mesh - A393 - (393 mm?%m)
Heel mesh - A393 - (393 mm?2/m)
Stem mesh - A393 - (393mm?/m)

MY

—

Stem reinforcement

NN NN

NN

Stem reinforcement

Heel reinforcement
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SECTION 3

RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.08
—»{150|¢————800 ——bla———750——»]
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Wall details
Retaining wall type; Unpropped cantilever
Height of retaining wall stem; hstem = 3000 mm
Thickness of wall stem; twar = 800 mm
Length of toe; lioe = 150 mm
Length of heel; Iheel = 750 mm
Overall length of base; lbase = hoe + Iheel + twar = 1700 mm
Thickness of base; toase = 300 mm
Depth of downstand; dgs =0 mm
Position of downstand; lgs = 1000 mm
Thickness of downstand; tgs = 300 mm
Height of retaining wall; hwail = Nstem + toase + das = 3300 mm
Depth of cover in front of wall; dcover = 100 mm
Depth of unplanned excavation; dexc =0 mm
Height of ground water behind wall; hwater = 0 mm
Height of saturated fill above base; hsat = max(hwater - toase - das, 0 mm) = 0 mm
Density of wall construction; Ywall = 19.0 KN/m3
Density of base construction; Yoase = 24.0 KN/m?
Angle of rear face of wall; o =90.0 deg
Angle of soil surface behind wall; B =0.0deg
Effective height at virtual back of wall; hett = hwail + lheel X tan(B) = 3300 mm

Retained material details
Mobilisation factor; M=1.2
Moist density of retained material; Ym = 21.0 kN/m?
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Saturated density of retained material;
Design shear strength;
Angle of wall friction;

Base material details
Moist density;

Design shear strength;
Design base friction;
Allowable bearing pressure;

Using Coulomb theory

¥s = 23.0 kKN/m®
¢' = 30.3 deg
6 =23.7 deg

Ymb = 18.0 KN/m3
0" = 31.2 deg

dp = 24.4 deg
Poearing = 150 kN/m?

Active pressure coefficient for retained material
Ka = sin(o + ¢')2 / (sin(or)2 x sin(o - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(c - &) x sin(a + B)))]?) = 0.293
Passive pressure coefficient for base material
Kp = sin(90 - 0's)2 / (siN(90 - 8p) x [1 - V(siN(0's + 8b) X SiN(0'5) / (SiN(90 + &5)))]?) = 8.102

At-rest pressure
At-rest pressure for retained material;

Loading details

Surcharge load on plan;

Applied vertical dead load on wall;
Applied vertical live load on wall;
Position of applied vertical load on wall;
Applied horizontal dead load on wall;
Applied horizontal live load on wall;
Height of applied horizontal load on wall;

——

531

Vertical forces on wall
Wall stem;

Ko = 1 —sin(¢’) = 0.495

Surcharge = 10.0 kN/m?
Wiead = 0.0 KN/m

Wive = 0.0 kN/m
load = 0 mm
Faead = 0.0 KN/m
Five = 0.0 KN/m
hioad = 0 MM
RENRRRNRENRNIE
W0
Eocam
27 186
142.1’ H|||||||II||.. .

Loads shown in kN/m, pressures shown in kN/m2

Wyall = Nstem X twall X Ywar = 45.6 KN/m
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Wall base; Whase = lbase X thase X Yoase = 12.2 KN/m
Surcharge; Wsyr = Surcharge X lheel = 7.5 KN/m

Moist backfill to top of wall;
Soil in front of wall;
Total vertical load,;

Horizontal forces on wall
Surcharge;

Moist backfill above water table;
Total horizontal load;

Calculate stability against sliding
Passive resistance of soil in front of wall;
Resistance to sliding;

Overturning moments
Surcharge;

Moist backfill above water table;
Total overturning moment;

Restoring moments
Wall stem;

Wall base;

Surcharge;

Moist backfill;

Soil in front of wall;
Total restoring moment;

Check stability against overturning
Total overturning moment;
Total restoring moment;

Check bearing pressure
Total moment for bearing;
Total vertical reaction;
Distance to reaction;
Eccentricity of reaction;

Bearing pressure at toe;
Bearing pressure at heel;

PASS -

Wm_w = Iheel X (hstem - hsat) XYm = 47.3 kKN/m
Wp = lioe X cover X Ymb = 0.3 KN/m
Wiotal = Wwall + Woase + Wsur + Wm_w + Wp = 112.9 KN/m

Fsur = Ka x c0s(90 - a0 + 8) x Surcharge x het = 8.8 kN/m
Fm a=0.5x Kax c0s(90 - o + 8) X Ym X (et - hwater)? = 30.6 kKN/m
Frotal = Fsur + mea =39.5 kN/m

FD =0.5x KD X COS(Sb) X (dcover + toase + dds - dexc)2 X Ymb = 10.6 kN/m
Fres = Fp + Wigtal X tan(dp) = 61.8 kN/m
PASS - Resistance force is greater than sliding force

Msur = Fsur X (heff -2X% dds) /2 =14.6 KNm/m
Mm_a = Fm_a X (Neft + 2 X hwater - 3 X dgs) / 3 = 33.7 KNm/m
Mot = Msur + Mmﬁa =48.3 kKNm/m

Mwail = Wwail X (hoe + twan / 2) = 25.1 KNm/m

Mpase = Whase X lpase / 2 = 10.4 KNm/m

Msur_r = Wsur X (Ibase - Iheel / 2) = 9.9 KNm/m

Mm_r = (Wm_w X (loase = Iheel / 2) + Wim_s X (lbase - Iheet / 3)) = 62.6 kNm/m
Mp_r = Wp X loe / 2 = 0 KNm/m

Mrest = Mwail + Moase + Msur r + Mm_r + Mp_r = 108 KNm/m

Mot = 48.3 KNm/m
Mrest = 108.0 kKNm/m
PASS - Restoring moment is greater than overturning moment

Miotal = Mrest - Mot = 59.7 KNm/m
R = Wietal = 112.9 kN/m
Xpar = Miotal / R = 529 mm
e = abs((lbase / 2) - Xpar) = 321 mm
Reaction acts outside middle third of base
Proe = R/ (1.5 X Xpar) = 142.1 kKN/m2
Preel = 0 KN/m? = 0 kN/m?
Maximum bearing pressure is less than allowable bearing pressure




Factored vertical forces on wa
Wall stem;

Wall base;

Surcharge;

Moist backfill to top of wall;

Soil in front of wall;

Total vertical load;

Factored horizontal at-rest forces on wall

Surcharge;
Moist backfill above water table;
Total horizontal load;

Passive resistance of soil in front of wall;

kN/m

Factored overturning moments

Surcharge;
Moist backfill above water table;
Total overturning moment;

Restoring moments
Wall stem;

Wall base;

Surcharge;

Moist backfill;

kNm/m

Soil in front of wall;
Total restoring moment;

Factored bearing pressure
Total moment for bearing;
Total vertical reaction;
Distance to reaction;
Eccentricity of reaction;

Bearing pressure at toe;

Bearing pressure at heel;

Rate of change of base reaction;
Bearing pressure at stem / toe;
Bearing pressure at mid stem;
Bearing pressure at stem / heel;
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RETAINING WALL DESIGN (BS 8002:1994)

TEDDS calculation version 1.2.01.08

Ultimate limit state load factors
Dead load factor; Yia=14
Live load factor; Yii=1.6
Earth and water pressure factor; Yie=1.4

Wuwall_f = ¥t d X Nstem X twan X Ywar = 63.8 KN/m

Whase_f = ¥f_d X lbase X toase X Yoase = 17.1 KN/m

Wsur £ = Y1 X Surcharge X lheel = 12 kKN/m

Wm_w_f =¥t d X lheel X (Nstem = Nsat) X Ym = 66.1 KN/m

Wp f =Vt d X loe X Deover X Ymp = 0.4 KN/m

Wihotal_t = Wwall_t + Whase_f + Wsur_f + Wm_w_f + Wp_f = 159.5 KN/m

Fsur f = 1 1 X Ko x Surcharge X heft = 26.2 kKN/m

Fm_a t =" eX 0.5 X Ko X ¥m X (heft - hwater)? = 79.3 kN/m

Fiotal f = Fsur  + Fm_a r = 105.5 kN/m

Fo =Y e X 0.5 X Ky X c08(8b) X (dcover + toase + dds - Jexc)? X Ymo = 14.9

Msurﬁf = Fsurﬁf X (heff -2X% dds) /2 =43.2 kKNm/m
Mm_a_t = Fm_a_f X (Neff + 2 X hwater - 3 X dgs) / 3 = 87.2 KNm/m
Mot t = Msur 1 + Mm_a ¢ = 130.4 KNm/m

Muwail t = Wwall X (hoe + twai / 2) = 35.1 kNm/m
Mbase f = Woase 1 X lbase / 2 = 14.6 KNm/m

Msur 1 f = Wsur £ X (Ibase - lheet / 2) = 15.9 KNm/m

Mm_r 1 = (Wm_w_1 X (lbase - Iheet / 2) + Wm_s_ X (Ibase - Iheei / 3)) = 87.6

Mp_r t =Wp X loe / 2 =0 KNm/m
Mrestﬁf = MWaHJ + Mbaseﬁf + Msurﬁrﬁf + IVlmirif + Mpﬁrﬁf = 153.3 kKNm/m

Miotal_f = Mrest_f - Mot_r = 22.8 KNm/m
Rt = Wiota 1 = 159.5 KN/m
Xbar_f = Miotal_f / R = 143 mm
et = abs((lbase / 2) - Xpar 1) = 707 mm
Reaction acts outside middle third of base
Proe 1 = Rt/ (1.5 X Xpar 1) = 742.6 KN/m?
Pheel f = 0 KN/m? = 0 KN/m?
rate = Proe_/ (3 X Xoar 1) = 1728.54 KN/m?/m
Pstem_toe_f = MaX(Proe_f - (rate X loe), 0 KN/m?) = 483.3 kN/m?
Pstem_mid_ = MaX(Proe_i - (rate X (loe + twar / 2)), 0 kN/m?2) = 0 kN/m?
Pstem _heel_f = MaX(Proe_f - (rate X (koe + twan)), 0 KN/m?) = 0 kN/m?
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Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties
Characteristic strength of concrete;
Characteristic strength of reinforcement;

Base details
Minimum area of reinforcement;
Cover to reinforcement in toe;

Calculate shear for toe design
Shear from bearing pressure;
Shear from weight of base;
Shear from weight of soil;

Total shear for toe design;

Calculate moment for toe design
Moment from bearing pressure;
Moment from weight of base;
Moment from weight of soil;

Total moment for toe design;

fou = 35 N/mm?2
fy = 500 N/mm?

k=0.13%
Ctoe = 30 mm

Vioe_bear = (Ptoe_f + Pstem_toe_f) X loe / 2 =91.9 KN/m
Vioe_wt_base = ¥f_d X Yoase X hoe X toase = 1.5 KN/m
Vioe wt_soil = Wp_f = (Yi_d X Ym X hoe X dexc) = 0.4 KN/m
Vice = Vioe bear - Vioe_wt base - Vioe wt soil = 90.1 KN/m

Mioe_bear = (2 X Proe_f + Pstem_mid 1) X (hoe + twan / 2)2/ 6 = 74.9 KNm/m
Mioe_wt_base = (¥t d X Ybase X toase X (hoe + twai / 2)2/ 2) = 1.5 kNm/m
Mioe wt_soil = (Wp_f = (¥t d X YmX loeX dexc)) X (hoe + twan) / 2 = 0.2 KNm/m
Mioe = Mioe_bear = Mioe_wt base - Mioe_wt_soil = 73.2 KNm/m

4 100-»|

Check toe in bending
Width of toe;

Depth of reinforcement;
Constant;

Lever arm;

Area of tension reinforcement required;
Minimum area of tension reinforcement;
Area of tension reinforcement required;
Reinforcement provided;

Area of reinforcement provided;

Check shear resistance at toe
Design shear stress;
Allowable shear stress;

From BS8110:Part 1:1997 — Table 3.8

b =1000 mm/m
dioe = tbase — Ctoe — (Proe/ 2) = 265.0 mm
Kioe = Mice / (b X dioe? X fou) = 0.030
Compression reinforcement is not required
Zioe = MIN(0.5 + V(0.25 - (Min(Kipe, 0.225) / 0.9)),0.95) X Ghoe
Zioe = 252 mm
As_toe_des = Mioe / (0.87 X fy X Zioe) = 668 mm2/m
As toe_min = K X b X tpase = 390 mm3/m
As toe req = Max(As_toe_des, As_toe min) = 668 mm?2/m
10 mm dia.bars @ 100 mm centres
As toe prov = 785 mm?/m
PASS - Reinforcement provided at the retaining wall toe is adequate

Vioe = Vioe / (D X dioe) = 0.340 N/mm?2
Vagm = Min(0.8 x V(fey / 1 N/mm2), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress
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Design concrete shear stress;

Ve_toe = 0.522 N/mm?
Vioe < Vc_toe - NO shear reinforcement required

Design of reinforced concrete retaining wall heel (BS 8002:1994)

Material properties
Characteristic strength of concrete;
Characteristic strength of reinforcement;

Base details
Minimum area of reinforcement;
Cover to reinforcement in heel;

Calculate shear for heel design
Shear from weight of base;

Shear from weight of moist backfill;
Shear from surcharge;

Total shear for heel design;

Calculate moment for heel design
Moment from weight of base;
Moment from weight of moist backfill;
Moment from surcharge;
Total moment for heel design;

4 100-»|

fou = 35 N/mm?2
fy = 500 N/mm?

k=0.13%
Cheel = 30 mm

Vheel_wt_base =¥t d X Ybase X lheel X toase = 7.6 KN/m
Vheel wt m = Wm w_f = 66.1 KN/m

Vheel _sur = Wsur t = 12 KN/m

Vheel = Vheel wt_base + Vheel_wt m + Vheel_sur = 85.7 KN/m

Mheel_wt base = (¥ d X Yoase X toase X (Iheet + twai / 2)2/ 2) = 6.7 kNm/m
Mheet wt m = Wm_w_f X (lheet + twan) / 2 = 51.3 kNm/m

Mheel_sur = Wsur 1 X (lheel + twan) / 2 = 9.3 KNm/m

Mheel = Mheel_wt_base + Mheel_wt_m + Mheel_sur = 67.2 KNm/m

-

«————300——»
265

Check heel in bending
Width of heel;

Depth of reinforcement;
Constant;

Lever arm;

Area of tension reinforcement required;
Minimum area of tension reinforcement;
Area of tension reinforcement required;
Reinforcement provided;

Area of reinforcement provided;

Check shear resistance at heel
Design shear stress;
Allowable shear stress;

b = 1000 mm/m
dheel = thase — Cheel — (Pheel/ 2) = 265.0 mm
Kheel = Mheet / (b X dheel® X feu) = 0.027
Compression reinforcement is not required
Zheel = MIN(0.5 + V(0.25 - (Min(Kneel, 0.225) / 0.9)),0.95) X dhee
Zheel = 252 mMm
Asfheelfdes = Mheel / (0.87 X fy X Zheel) = 614 mm?/m
As heel_min = K X b X thase = 390 mm?/m
As heel_req = Max(As_heel_des, As_heel min) = 614 mm2/m
10 mm dia.bars @ 100 mm centres
Asfheel«prov =785 mm%m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (b X dheel) = 0323 N/mm2
Vadm = Min(0.8 X V(fey / 1 N/mm?), 5) x 1 N/mm? = 4.733 N/mm?
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PASS - Design shear stress is less than maximum shear stress
From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress; Ve_heel = 0.522 N/mm?
Vheel < Vc_neel - NO shear reinforcement required

Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000

i
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Wall details
Thickness of outer leaf of wall; touter = 215 mm
Thickness of inner leaf of wall; tinner = 215 mm
Thickness of reinforced cavity; teavity = twall - Touter - tinner = 370 mm
Depth of stem reinforcement; dstem = 500 mm
Masonry details
Masonry type; Aggregate concrete blocks no voids
Compressive strength of units; Punit = 10.0 N/mm?
Mortar designation; (i)
Category of manufactoring control of units; Normal
Partial safety factor for material strength; Ymm = 2.3

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units; bunit = 100.0 mm
Height of masonry units; hynit = 215.0 mm
Ratio of height to least horizontal dimension; ratio = hynit / bunit = 2.2
From BS5628:2 Table 3d, mortar ii

Characteristic compressive strength; fk = 8.1 N/mm?

Factored horizontal at-rest forces on stem
Surcharge; Fs sur 1 = Y1 X Ko X Surcharge X (hef - tbase - das) = 23.8 kN/m
Moist backfill above water table; Fs.m af=0.5XY e X KoXY¥m X (Neft - tase - ds - hsat)? = 65.6 KN/m
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Calculate shear for stem design
Shear at base of stem;

Calculate moment for stem design
Surcharge;

Moist backfill above water table;
Total moment for stem design;

Check maximum design moment for wall stem

Width of wall;
Maximum design moment;

Check wall stem in bending
Moment of resistance factor;

Lever arm factor;

Lever arm;

Area of tension reinforcement required;
Reinforcement provided;

Area of reinforcement provided;

Check shear resistance at wall stem
Design shear stress;

Basic characteristic shear strength of masonry;

Shear span;

Characteristic shear strength of masonry;

Allowable shear stress;

Check limiting dimensions
Limiting span/effective depth ratio;
Actual span/effective depth ratio;

Axial load check
Factored axial load on wall;
Limiting axial load;

Vstem = I:sfsurff + I:sfmfaff =89.3 kN/m

Ms_sur = Fs_sur 1 X (Nstem + toase) / 2 = 39.2 kNm/m
Ms m a =Fs m_a X (2 X hsat + heft - dds + tbase / 2) / 3 = 75.4 kNm/m
Mstem = Msisur + Msimia =114.6 kNm/m

b =1000 mm/m
Mdfstem = 04 X fk X b X dstem2 / Ymm = 354-0 kNm/m
PASS - Applied moment is less than maximum design moment

Q = Mstem / dstem? = 0.459 N/mm?
Q=2xcx(1-¢)xfk/Ymm

c=0.930

Zstem = MiN(0.95, €) X dstem = 465.2 mm
As_stem_des = Mstem X Yms / (fy X Zstem) = 567 mm?/m
10 mm dia.bars @ 100 mm centres

As_stem_prov = Tt X Qstem? / (4 X Ssiem) = 785 mm?/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (0 X Ostem) = 0.179 N/mm?
fubas = MiN[0.35 + (17.5 X As_stem_prov / (D X dstem)), 0.7] x 1 N/mm?
fybas = 0.377 N/mm?
a= Mstem / Vstem =1283.1 mm
fy = Min(fuoas x Max(2.5 - 0.25 x (a/ dstem), 1), 1.75 N/mm?)
fy = 0.702 N/mm?
Vagm = fv / Ymv = 0.351 N/mm?
PASS - Design shear stress is less than maximum shear stress

ratiomax = 18.00
ratiOact = (hstem + dstem / 2) / dstem =6.50
PASS - Span to depth ratio is acceptable

Nwail = ([twai X hstem X Ywail + Wdead] X ¥t ) + (Wive X ¥11) = 63.8 KN/m
Niimit = 0.1 X i X twan = 651.4 KN/m
Applied axial load may be ignored - calculations valid




MY Tekla. Tedds

Solutions To Structures Ltd
44 Depot Road
Cwmafan
Port Talbot

Project

3 Fernfield, Baglan

Job no.

23-030

Calcs for Start page no./Revision
Driveway Retaining Walls 25
Calcs by Calcs date Checked by Checked date Approved by Approved date
JD 27/04/2023

Indicative retaining wall reinforcement diagram

Toe reinforcement

Stem reinforcement

MAMIITEIMDEEES s
AT iy

|

Toe bars - 10 mm dia.@ 100 mm centres - (785 mm?/m)
Heel bars - 10 mm dia.@ 100 mm centres - (785 mm?2/m)
Stem bars - 10 mm dia.@ 100 mm centres - (785 mm?2/m)

Heel reinforcement
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SECTION 4

INCLINED WALL BEHIND STEPS TO REAR GARDEN.

The wall is constructed at an incline of 13 degrees into the retained material and comprises a 440mm thick dense
blockwork wall on a 750x300mm mass concrete base with a 150mm toe and heel.

As the area above the wall can only be accessed on foot as a level garden area the surcharge has been taken as 2.5kN/m?

Soil properties

Moist density; Ymb = 18.0 KN/m?

Wall Angle to vertical; o =77 deg

Slope of retained soil; B =0.0deg

Characteristic peak shearing resistance angle; 0’okk = 35.0 deg

Wall friction angle; &k = 0 deg (eggshell drainage sheet behind)
Design base friction angle; dp = 26.0 deg

Bearing capacity of founding soil; g = 150 kN/m?

Using Coulomb theory
Active pressure coefficient for retained material
Ka = sin(o + ¢')2 / (sin(or)2 x sin(oc - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(c - &) x sin(a + B)))]?) = 0.192

Horizontal load on wall Pa = 0.5K; YmoH
=5.184 kN

Lever arm la =0.333x3.0
=1.0m

Moment due to soil Ms = 5.2 kKNm/m

Surcharge load on plan; Surcharge = 2.5 kN/m?

Horizontal load due to surcharge Ps =V KaH
=25x0.192x 3
=1.44 kN

Lever arm la =0.5x3.0
=1.5m

Moment due to surcharge Ms = 2.16 kNm/m

Total Overturning Moment Mo = 7.4 kN/m

Dead Load from wall Rv =3 x 0.44x18
=23.76 kN

Lever arm lw =1.5sin13+0.22 +0.15
=0.708m

Restoring Moment Mr =23.76 x 0.708
= 16.8 kNm/m

Factor of Safety Against overturning FOT = Mr/ Mo

=227>2

Therefore O.K. for Overturning
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CHECK SLIDING
Fs = RV tan 8wk / RH
=23.76 Tan 26 / 6.624

=1.749 >15
THEREFORE O.K. FOR SLIDING
CHECK BEARING CAPACITY
Lever arm to resultant = Mr-Mo / Rv
=16.8-7.4/23.76
= 0.396m
Eccentricity e =0.396 - (750/2)

= 21mm toward back of foundation.

Note: reaction lies within middle third of masonry thickness and masonry only transmits axial load

Max base pressure = (Rv/B) (1+6e/B)
=(28.76/ 0.75)(1+0.126/0.75)
= 38 KN/m? < 150 kN/m?
THEREFORE O.K. FOR BEARING




