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INTRODUCTION

Solutions to Structures Ltd have been instructed to design the proposed retaining walls to the proposed parking bays at the
front of the above property.

The walls are constructed in reinforced masonry with a brick face exposed, the wall is infilled with concrete in 450mm lifts
as directed in BS5628 so that the masonry skins may act as formwork.

The wall is backfilled with either single size clean stone or no fines concrete and drains via weepholes at 900mm max ctrs
to the permeable surfacing over the parking area.

RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.08
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Wall details
Retaining wall type; Unpropped cantilever
Height of retaining wall stem; hstem = 2400 mm
Thickness of wall stem; twar = 350 mm
Length of toe; lioe = 1100 mm
Length of heel; Iheel = 150 mm
Overall length of base; lbase = hoe + Iheel + twar = 1600 mm
Thickness of base; toase = 250 mm
Depth of downstand; dgs = 450 mm
Position of downstand; lgs = 1350 mm
Thickness of downstand; tgs = 250 mm
Height of retaining wall; hwail = stem + toase + das = 3100 mm
Depth of cover in front of wall; dcover = 200 mm
Depth of unplanned excavation; dexc = 200 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 = 24.0 KN/m3
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Density of base construction;

Angle of rear face of wall;

Angle of soil surface behind wall;
Effective height at virtual back of wall;

Retained material details
Mobilisation factor;

Moist density of retained material;
Saturated density of retained material;
Design shear strength;

Angle of wall friction;

Base material details

Stiff clay

Moist density;

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

Using Coulomb theory

Active pressure coefficient for retained material

Yoase = 24.0 KN/m?

o =90.0 deg

B =0.0deg

hett = hwail + lheet X tan(B) = 3100 mm

M=1.5

Ym = 18.0 kN/m?
¥s = 21.0 kKN/m®
0' = 25.0 deg

6 =19.3 deg

Ymb = 21.0 KN/m3
0's = 24.2 deg

dp = 18.6 deg
Poearing = 100 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)))]?) = 0.358

Passive pressure coefficient for base material

Ko = SIiN(90 - 0'5)2 / (SiN(90 - 86) x [1 - V(sin(9y + 8) x Sin(d's) / (SIN(90 + 8v)))]?) = 4.187

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(¢) = 0.577

Surcharge = 2.5 kN/m?
Wiead = 0.0 kN/m

Wiive = 0.0 KN/m

loagd = 0 mm

Fgead = 0.0 KN/m

Fiive = 0.8 kN/m

hload = 2650 mm
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Vertical forces on wall
Wall stem;

Wall base;

Wall downstand;
Surcharge;

Moist backfill to top of wall;
Soil in front of wall;

Total vertical load;

Horizontal forces on wall
Surcharge;

Moist backfill above water table;
Applied horizontal load;

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;
Applied horizontal load;

Soil in front of wall;

Total overturning moment;

Restoring moments
Wall stem;
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Loads shown in kN/m, pressures shown in kN/m2

Wuwall = hstem X twail X Ywan = 20.2 KN/m

Whase = Ibase X tbase X Ybase = 9.6 KN/m

Was = dds X tas X Yoase = 2.7 KN/m

Wsyr = Surcharge X lheel = 0.4 KN/m

Wm_w = lheet X (Nstem - Nsat) X Ym = 6.5 KN/m

Wp = lioe X deover X Ymb = 4.6 KN/m

Wiotal = Wwall + Woase + Wds + Wsur + Wm_w + Wp = 43.9 KN/m

Four = Ka x €0s(90 - o + 8) x Surcharge x heis = 2.6 kN/m
mea =0.5x Ka x COS(QO o+ 8) X Ym X (heff - hwater)2 =29.2 kN/m
Fh = Fead + Five = 0.8 kN/m

Fiotal = Fsur + mea + Fn =32.6 KN/m

Fp =0.5x Kp X COS(Sb) X (dcover + tbase + dds - dexc)2 X Ymb = 20.4 kN/m
Fres = Fp + (Whotal - Wsur - Wp) X tan(dp) = 33.5 kN/m
PASS - Resistance force is greater than sliding force

Meur = Feur X (heft - 2 X das) / 2 = 2.9 kNm/m

Mm_a = Fm_a X (heft + 2 X hwater - 3 X das) / 3 = 17 kNm/m
Mhor = Fi % hioag = 2 kNm/m

Mp_o = Fp X [2 X dgs - thase - Deover + dexc] / 3 = 4.4 KNm/m
Mot = Msur + Mm_a + Mhor + Mp o = 26.3 KNm/m

Muwall = Wwan X (ltoe + twan / 2) =25.7 KNm/m
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Wall base; Mbase = Whase X lbase / 2 = 7.7 kNm/m

Wall downstand;
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 -

Mas = Was X (las + tas / 2) = 4 kNm/m
M + = (Wi w X (lbase - Iheel / 2) + Wi s X (lbase - Iheel / 3)) = 9.9 kNm/m
Mrest = Mwail + Moase + Mgs + MmJ =47.2 kKNm/m

Mot = 26.3 KNm/m
Mrest = 47.2 KNm/m
PASS - Restoring moment is greater than overturning moment

Msur r = Wsur X (lbase - lheel / 2) = 0.6 KNm/m

Mp r = Wp X lioe / 2 = 2.5 KNm/m

Miotal = Mrest - Mot + Msur ¢ + Mp r = 24 KNm/m

R = Wiotal = 43.9 KN/m

Xbar = Miotal / R = 547 mm

e = abs((lbase / 2) - Xpar) = 253 mm

Reaction acts within middle third of base

Proe = (R / lbase) + (6 X R X € / lpase?) = 53.5 kKN/m?

Preel = (R / lbase) - (6 X R X € / lpase®) = 1.4 KN/m?
Maximum bearing pressure is less than allowable bearing pressure




Factored vertical forces on wa
Wall stem;

Wall base;

Wall downstand;

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;
Applied horizontal load;

Total horizontal load;

Passive resistance of soil in front of wall;

kN/m

Factored overturning moments

Surcharge;

Moist backfill above water table;
Applied horizontal load;

Soil in front of wall;

Total overturning moment;

Restoring moments
Wall stem;

Wall base;

Wall downstand;
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;
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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 = 28.2 KN/m

Whase_f = ¥i_d X lbase X toase X Yoase = 13.4 KN/m

Was_t = Yt_d X Ods X tds X Yoase = 3.8 KN/m

Wsur £ = Y11 X Surcharge X lheel = 0.6 kN/m

Wm_w_f =¥t d X lheel X (Nstem - Nsat) X Ym = 9.1 KN/m

Wp f =7Vt d X loe X Deover X Ymp = 6.5 KN/m

Wihotal_t = Wwall_f + Whoase_f + Wds_f + Wsur_f + Wm_w_f + Wp_f = 61.6 KN/m

Fsur 1 = 711 X Ko x Surcharge x het = 7.2 KN/m

Fm_a = e X 0.5 X Ko X Ym X (Nefr - hwater)? = 69.9 kN/m

Fn_t =Y e X Faead + 11 X Five = 1.2 KN/m

Frotal_f = Fsur_f + Fm_a_ + Fn_r = 78.3 KN/m

Fo 1 = e x 0.5 x Ky X c0S(8b) X (deover + tbase + dds - dexc)? X Ymb = 28.6

Msur = Fsur 1 X (het - 2 X dgs) / 2 = 7.9 kKNm/m

Mm_a = Fm_a X (Reff + 2 X hwater - 3 X dgs) / 3 = 40.8 kKNm/m
Mhor f = Fh_t X hioad = 3.2 kNm/m

Mp o 1= Fp X [2 X das - toase - Dcover + exc] / 3 = 6.2 kNm/m
Mot f = Msur t + Mm_a t + Mhor 1 + Mp o 1 = 58 KNm/m

Muwall_t = Wwall_f X (hoe + twan / 2) = 36 KNm/m
Mpase_f = Whase_t X Ibase / 2 = 10.8 kNm/m
Mas_t = Was_ X (las + tas / 2) = 5.6 KNm/m
Msur_r 1 = Wsur_f X (lbase - Iheel / 2) = 0.9 kNm/m

Mm,l',f = (Wmfwff X (lbase - |heel / 2) + Wm s X (lbase - |heel / 3)) =13.8

MPJJ = Wp_ X ltoe /2 =3.6 KNm/m
Mrest_ = Mwall_f + Mbase_t + Mas_t + Msur_r_ + Mm_r_1 + Mp_r 1 = 70.6 kNm/m

Miotal_f = Mrest_f - Mot_f = 12.6 KNm/m
Rt = Wiotal 1 = 61.6 KN/m
Xbar_f = Miotal_f / Rt = 204 mm
er = abs((lbase / 2) - Xpar 1) = 596 mm
Reaction acts outside middle third of base
Proe_t = Rt/ (1.5 X Xpar ) = 200.8 kN/m?
Pheel f = 0 KN/m? = 0 KN/m?
rate = Proe_/ (3 X Xoar 1) = 327.45 kN/m?/m
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Bearing pressure at stem / toe; Pstem_toe_f = MaX(Proe_f - (rate X lpe), 0 KN/m?) = 0 kN/m?
Bearing pressure at mid stem; Pstem_mid_f = MaX(Proe ¢ - (rate X (hoe + twan / 2)), 0 KN/m?) = 0 kN/m?
Bearing pressure at stem / heel; Pstem _heel_f = MaX(Proe_¢ - (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 = 40 N/mm?
Characteristic strength of reinforcement; fy = 500 N/mm?
Base details

Minimum area of reinforcement; k=0.13 %
Cover to reinforcement in toe; Ctoe = 40 mm

Calculate shear for toe design

Shear from bearing pressure; Vioe bear = 3 X Proe_ X Xpar {/ 2 = 61.6 KN/m

Shear from weight of base; Vioe wt_base = ¥t d X Ybase X loe X toase = 9.2 KN/m
Shear from weight of soil; Vice wt_soil = Wp 1 - (¥t d X Ym X lioe X dexc) = 0.9 kN/m
Total shear for toe design; Vioe = Vioe_bear = Vioe_wt_base = Vioe_wt_soil = 51.4 KN/m

Calculate moment for toe design

Moment from bearing pressure; Mioe_bear = 3 X Proe_ X Xbar f X (loe - Xoar  + twan / 2) / 2 = 65.9 KNm/m
Moment from weight of base; Mioce_wt base = (¥t d X Yoase X toase X (hoe + twan / 2)2/ 2) = 6.8 KNm/m
Moment from weight of soil; Mioe wt_soil = (Wp_f = (¥t d X YmX loeX dexc)) X (hoe + twan) / 2 = 0.7 KNm/m
Total moment for toe design; Mioce = Mioe bear - Mioe wt_base - Mioe wt_soil = 58.4 KNm/m

le——205—»
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Check toe in bending
Width of toe; b =1000 mm/m
Depth of reinforcement; dioe = toase — Ctoe — (Proe/ 2) = 205.0 mm
Constant; Kioe = Mioe / (0 X dioe® X fou) = 0.035
Compression reinforcement is not required
Lever arm; Zioe = Min(0.5 + V(0.25 - (min(Kiee, 0.225) / 0.9)),0.95) X dhoe
Ztoe = 195 mm
Area of tension reinforcement required; As_toe_des = Mioe / (0.87 X fy X Ztoe) = 690 mm2/m
Minimum area of tension reinforcement; As_toe_min = K X b X thase = 325 mm?/m
Area of tension reinforcement required; As toe req = Max(As toe_des, As toe min) = 690 mm2/m
Reinforcement provided; B785 mesh
Area of reinforcement provided; As toe prov = 785 mm?/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Check shear resistance at toe
Design shear stress; Vioe = Vioe / (D X Tioe) = 0.251 N/mm?
Allowable shear stress; Vagm = Min(0.8 X V(fey / 1 N/mm?), 5) x 1 N/mm2 = 5.000 N/mm?
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From BS8110:Part 1:1997 — Table 3.8

Design concrete shear stress;

PASS - Design shear stress is less than maximum shear stress

Ve_toe = 0.635 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 downstand;
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 downstand;
Moment from weight of moist backfill;
Moment from surcharge;

Total moment for heel design;

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13%
Cheel = 40 mm

Vheel_wt_base =¥t d X Ybase X lheel X toase = 1.3 KN/m
Vheel wt_ds =Vt d X Ybase X Ogs X tas = 3.8 KN/m
Vheel wt m = Wm_w_f = 9.1 KN/m

Vheel sur = Wsur = 0.6 KN/m

Vheel = VheeLwLbase + VheeLdes + VheeLwLm + Vheelfsur =14.7 kKN/m

Mheel_wt base = (¥ d X Yoase X toase X (Iheet + twai / 2)%/ 2) = 0.4 kNm/m
Mheel_wt_ds = Yt d X Yoase X Ods X tds X (lds - loe + (tds - twar) / 2) = 0.8 KNm/m
Mheel wt m = Wm_w_f X (lheel + twan) / 2 = 2.3 kKNm/m

Mheel sur = Wsur £ X (lheel + twan) / 2 = 0.2 KNm/m

Mheel = Mheel_wt base + Mheel_wt_ds + Mheet_wt_m + Mheel_sur = 3.6 KNm/m

«——200—»
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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;

b =1000 mm/m
dheel = thase — Cheel — (Pheel/ 2) = 205.0 mm
Kheel = Mheel / (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 dhee
Zheel = 195 mm
Asfheelfdes = Mhee / (0.87 X fy X Zheel) =43 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
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Check shear resistance at heel
Design shear stress; Vheel = Vheel / (D X dheel) = 0.072 N/mm?
Allowable shear stress; Vagm = Min(0.8 X V(fey / 1 N/mm?), 5) x 1 N/mm2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress; Vc_heel = 0.504 N/mm?
Vheel < Vc_neel - NO shear reinforcement required

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

Material properties

Characteristic strength of concrete; fou = 40 N/mm?
Characteristic strength of reinforcement; fy = 500 N/mm?
Base details

Minimum area of reinforcement; k=0.13 %
Cover to reinforcement in downstand; Cds = 40 mm

Calculate shear for downstand design
Total shear for downstand design
Vaown = Vi e X Kp X COS(8p) X Ym X dds X (dcover + tbase + dds / 2) = 30.4 KN/m

Calculate moment for downstand design
Total moment for downstand design
Mdown = Y1 e X Kp X €COS(8b) X Ym X dds X [(cover + thase) X (tbase + dds) + s X (toase / 2 + 2 X dgs / 3)] / 2 = 11.4 KNm/m

[
i —
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Check downstand in bending
Width of downstand; b = 1000 mm/m
Depth of reinforcement; ddown = tds — Cds — (¢down / 2) = 205.0 mm
Constant; Kdown = Maown / (b X dgown? X feu) = 0.007
Compression reinforcement is not required

Lever arm; Zdown = Min(0.5 + V(0.25 - (min(Kgown, 0.225) / 0.9)),0.95) X ddown

Zgown = 195 mm
Area of tension reinforcement required; As_down_des = Mdown / (0.87 X f, X Zgown) = 134 mm?2/m
Minimum area of tension reinforcement; As_down_min = K X b X tgs = 325 mm?/m
Area of tension reinforcement required; As_down_req = Max(As_down_des, As_down_min) = 325 mm?/m
Reinforcement provided; A393 mesh
Area of reinforcement provided; As_down_prov = 393 mm?/m

PASS - Reinforcement provided at the retaining wall downstand is adequate

Check shear resistance at downstand
Design shear stress; Vdown = Vdown / (0 X ddown) = 0.148 N/mm?
Allowable shear stress; Vadm = Min(0.8 X V(fe / 1 N/mm?), 5) x 1 N/mm? = 5.000 N/mm?
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From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress;

PASS - Design shear stress is less than maximum shear stress

Ve down = 0.504 N/mm2
Vdown < Vc_down - NO shear reinforcement required

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

.
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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 = 103 mm
tinner = 100 mm
teavity = twall - Touter - tinner = 148 mm
dstem = 200 mm

Standard format bricks
Punit = 30.0 N/mm?

(ii)

Category

Yom = 2.3

Characteristic compressive strength of masonry

From BS5628:2 Table 3a, mortar ii;
Characteristic compressive strength;

Factored horizontal at-rest forces on stem
Surcharge;

Moist backfill above water table;

Applied horizontal load;

Calculate shear for stem design
Shear at base of stem;

Calculate moment for stem design
Surcharge;

Moist backfill above water table;
Applied horizontal load;

Total moment for stem design;

Check maximum design moment for wall stem
Width of wall;
Maximum design moment;

fk = 7.1 N/mm?2

Fs sur f = Y11 % Ko x Surcharge x (heft - tbase - dds) = 5.5 kN/m
stmfaff = 05 X ’Yf,e X KO X 'Ym X (heff - tbase - dds - hsat)2 = 41 .9 kN/m
I:sfhff =Y dX Fdead + Y X Flive =1.2 kN/m

Vstem = I:sfsurff + I:sfmfaff + sthff = 48.6 kN/m

Ms_sur = Fs_sur 1 X (Nstem + toase) / 2 = 7.3 KNm/m

Ms m a =Fs m_a X (2 X hsat + heft - dds + tbase / 2) / 3 = 38.8 kNm/m
Ms_hor = Fs_n_t X (Nioad - toase / 2) = 3 KNm/m

Mstem = Ms_sur + Ms_m_a + Ms_nor = 49.1 KNm/m

b =1000 mm/m
Mdfstem =0.4 xfy xbx dstem2 / Ymm = 49.4 KNm/m
PASS - Applied moment is less than maximum design moment
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Check wall stem in bending

Moment of resistance factor; Q = Mstem / dstem?® = 1.228 N/mm?
Q=2xcx(1-¢)xf/Ymm

Lever arm factor; c=0.726

Lever arm; Zstem = MiN(0.95, ¢) X dstem = 145.2 mm

Area of tension reinforcement required; As_stem_des = Mstem X Yms / (fy X Zstem) = 778 mm?2/m

Minimum area of tension reinforcement; As_stem min = K X b X twar = 455 mm?/m

Area of tension reinforcement required; As stem req = Max(As_siem des, As_stem min) = 778 mm?2/m

Reinforcement provided; 12 mm dia.bars @ 100 mm centres

Area of reinforcement provided; As stem prov = T X Ostem? / (4 X Sstem) = 1131 mm2/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) = 0.243 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?
fubas = 0.449 N/mm?

Shear span; a = Mstem / Vstem = 1010.0 mm

Characteristic shear strength of masonry; fy = Min(fuoas x max(2.5 - 0.25 x (a/ dstem), 1), 1.75 N/mm?)
fy = 0.556 N/mm?

Allowable shear stress; Vagm = fv / Ymy = 0.278 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 = 12.50
PASS - Span to depth ratio is acceptable

Axial load check
Factored axial load on wall; Nwail = ([twal X Dstem X Ywai + Waead] X ¥ d) + (Wiive X ¥¢ 1) = 28.2 KN/m
Limiting axial load; Niimit = 0.1 X fx X twan = 248.5 KN/m

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

[

217
Stem reinforcement
(]
217
|
]
(]
217
(]
(]
217
Toe reinforcement Heel reinforcement
]
vl
—~——
- Downstand reinforcement

Toe mesh - B785 - (785 mm?m)
Heel mesh - A393 - (393 mm?2/m)
Downstand mesh - A393 - (393 mm?/m)

Stem bars - 12 mm dia.@ 100 mm centres - (1131 mm?/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)

j¢———600——pf{e—350—»{ 150 |«

4-200b4—250—>|«-200->|

Wall details

Retaining wall type;

Height of retaining wall stem;
Thickness of wall stem;

Length of toe;

Length of heel;

Overall length of base;

Thickness of base;

Depth of downstand;

Position of downstand;

Thickness of downstand;

Height of retaining wall;

Depth of cover in front of wall;
Depth of unplanned excavation;
Height of ground water behind wall;
Height of saturated fill above base;
Density of wall construction;
Density of base construction;
Angle of rear face of wall;

Angle of soil surface behind wall;
Effective height at virtual back of wall;

Retained material details
Mobilisation factor;

Moist density of retained material;
Saturated density of retained material;

Unpropped cantilever

hstem = 1800 mm
twar = 350 mm
lice = 600 mm
|heel =150 mm

(LTI T Toaume
T T
3
8
8
2
3
&
N
4
L X
A
850 »le—250—»]
[« 1100 »

lbase = lioe + lheel + twar = 1100 mm

toase = 250 mm

dgs = 200 mm
lgs = 850 mm
tgs = 250 mm

hwail = Nstem + thase + das = 2250 mm

dcover = 200 mm
dexc = 200 mm
hwater = 0 mm

hsat = max(hwater - toase - ddgs, 0 Mm) = 0 mm

Ywan = 24.0 KN/m?
Yoase = 24.0 KN/m?
o =90.0 deg

B =0.0deg

hett = hwai + lheet X tan() = 2250 mm

M =15
Y = 18.0 kN/m?
7s = 21.0 kN/m®

TEDDS calculation version 1.2.01.08
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Design shear strength; 0' =25.0 deg
Angle of wall friction; 8 =19.3 deg

Base material details

Stiff clay

Moist density;

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

Using Coulomb theory

Active pressure coefficient for retained material
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)))]?) = 0.358

Passive pressure coefficient for base material

At-rest pressure

Ymb = 21.0 KN/m3
0'p = 24.2 deg

dp = 18.6 deg
Poearing = 100 KN/m?

Ko = SiN(90 - 0'5)2 / (Sin(90 - 86) x [1 - V(sin(ds + 8b) x Sin(d's) / (SIN(90 + 8v)))]?) = 4.187

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;

Vertical forces on wall
Wall stem;

375

Ko = 1 —sin(¢) = 0.577

Surcharge = 2.5 kN/m?
Wiead = 0.0 KN/m

Wive = 0.0 kN/m
load = 0 mm
Fgead = 0.0 KN/m
Fiive = 0.0 kN/m
hipagd = 0 mm
[LTTTT
SRS

521

08 137

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

Wyall = Nstem X twall X Ywar = 15.1 KN/m
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Wall base; Whase = lbase X thase X Ybase = 6.6 KN/m

Wall downstand;
Surcharge;

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;
Soil in front of wall;

Total overturning moment;

Restoring moments
Wall stem;

Wall base;

Wall downstand;

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 -

Was = dds X tas X Yoase = 1.2 KN/m

Wsyr = Surcharge X lneet = 0.4 kN/m

Wm_w = lheet X (Nstem - hsat) X ym = 4.9 KN/m

Wp = lioe X deover X Ymb = 2.5 KN/m

Wiotal = Wall + Woase + Wds + Wsur + Wm_w + Wp = 30.7 kN/m

Fsur = Ka x c0s(90 - a0 + 8) x Surcharge x hert = 1.9 kN/m
Fm a=0.5x Kax c0os(90 - o + 8) X Ym X (Neft - hwater)? = 15.4 KN/m
Fiotal = Fsur + Fm_a = 17.3 KN/m

Fp =0.5x Kp X COS(Sb) X (dcover + tbase + dds - dexc)2 X Ymb = 8.4 kN/m
Fres = Fp + (Whotal - Wsur - Wp) X tan(dp) = 17.8 kN/m
PASS - Resistance force is greater than sliding force

Msur = Fsur X (et - 2 x das) / 2 = 1.8 kKNm/m
Mm_a = Fm a X (Neff + 2 X hwater - 3 X das) / 3 = 8.5 kNm/m
Mp_o = Fp X [2 X das - toase - Dcover + dexd] / 3 = 0.4 KNm/m
Mot = Msur + Mim a + Mp o = 10.6 kNm/m

Mwail = Wwail X (hoe + twan / 2) = 11.7 KNm/m

Mbase = Whase X lbase / 2 = 3.6 KNm/m

Mas = Was X (lgs + tas / 2) = 1.2 KNm/m

Mm r = (Wm w X (Ibase - heel / 2) + Wm_s X (Ibase - lheei / 3)) = 5 KNm/m
Mrest = Mwail + Mbase + Mas + Mm_r = 21.5 KNm/m

Mot = 10.6 KNm/m
Mrest = 21.5 KNm/m
PASS - Restoring moment is greater than overturning moment

Msur_r = Wsur X (Ibase - Iheel / 2) = 0.4 KNm/m

Mp_r = Wp X lioe / 2 = 0.8 KNm/m

Miotal = Mrest - Mot + Msur ¢ + Mp r = 12 kNm/m

R = Wiota = 30.7 KN/m

Xpar = Miotal / R = 391 mm

e = abs((lbase / 2) - Xpar) = 159 mm

Reaction acts within middle third of base

Proe = (R / lbase) + (6 X R X € / lpase?) = 52.1 KN/m?

Preel = (R / lpase) - (6 X R X € / lpase?) = 3.7 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;

Wall downstand;

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;
Soil in front of wall;

Total overturning moment;

Restoring moments
Wall stem;

Wall base;

Wall downstand;
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 = 21.2 KN/m

Whase_f = Yf_d X lbase X toase X Yoase = 9.2 KN/m

Was f =5 d X Ads X tds X Yoase = 1.7 KN/m

Wsur £ = Y11 X Surcharge X lheel = 0.6 KN/m

Wm_w_f =¥t d X lheel X (Nstem - Nsat) X Ym = 6.8 KN/m

Wp f =7Vt d X loe X deover X Ymp = 3.5 KN/m

Whotal_t = Wwall_f + Whase_f + Wds_f + Wsur_f + Wm_w_f + Wp_r = 43 KN/m

Fsur ¢ = 11 X Ko X Surcharge X heit = 5.2 kN/m

Fr_at =" e X 0.5X Ko X Ym X (heft - hwater)? = 36.8 kN/m

Fiotal f = Fsur t + Fm_a t = 42 KN/m

Fot = 2.0 X 0.5 Kp x COS(Be) X (Gover + foase + o - ol X o = 11.8

Msur f = Fsur 1 X (het - 2 X dgs) / 2 = 4.8 kKNm/m

Mm_a = Fm_a t X (Reff + 2 X hwater - 3 X dgs) / 3 = 20.3 kNm/m
Mp o = Fp X [2 X dgs - tbase - Dcover + exc] / 3 = 0.6 KNm/m
Mot 1 = Msur  + Mm_a 1 + Mp o 1 = 25.7 KNm/m

Muwall_t = Wwall_t X (loe + twan / 2) = 16.4 kNm/m

Mpase f = Woase 1 X lbase / 2 = 5.1 kNm/m

Mas f = Was_t X (lgs + tas / 2) = 1.6 KNm/m

Msur ¢ f = Wsur £ X (lbase - Iheet / 2) = 0.6 kNm/m

Mm_r_t = (Wm_w_t X (Ibase - Iheel / 2) + Wm_s_t X (lbase - Iheet / 3)) = 7 kNm/m
Mp_r 1 =Wp X hoe / 2 = 1.1 KNM/m

Mrest_t = Mwail_t + Moase_t + Mas_t + Msur_r 1 + Mm_r_f + Mp_r = 31.8 kNm/m

Miotal_f = Mrest_f - Mot_f = 6.1 KNm/m
Ri = Wtotalff =43.0 kN/m
Xbar_f = Miotal_f / R = 142 mm
et = abs((lpase / 2) - Xpar 1) = 408 mm
Reaction acts outside middle third of base
Pioe t = Rt/ (1.5 X Xpar 1) = 201.6 kN/m?
Pheel f = 0 KN/m? = 0 KN/m?
rate = Proe_/ (3 X Xoar 1) = 472.53 kN/m?/m
Pstem_toe_f = MaX(Proe_f - (rate X lpe), 0 KN/m?) = 0 kN/m?
Pstem_mid_f = MaX(Proe ¢ - (rate X (hoe + twan / 2)), 0 KN/m?) = 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 = 40 N/mm?2
fy = 500 N/mm?

k=0.13%
Ctoe = 40 mm

Vioe_bear = 3 X Proe_f X Xoar £/ 2 = 43 KN/m
Vioe_wt_base = ¥f_d X Yoase X hoe X toase = 5 KN/m
Vioe wt soil = Wp_f = (¥i.d X Ym X hoe X dexc) = 0.5 KN/m
Vice = Vioe bear - Vioe wt base - Vioe wt soil = 37.5 KN/m

Mioe_bear = 3 X Proe_f X Xoar_f X (hoe = Xoar_f + twai / 2) / 2 = 27.2 kNm/m
Mioe_wt_base = (¥t d X Yoase X toase X (loe + twan / 2)2/ 2) = 2.5 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 = 24.5 KNm/m

-
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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;

b =1000 mm/m
dioe = tbase — Ctoe — (Proe/ 2) = 205.0 mm
Kioe = Mioe / (b X dtoe2 X ch) =0.015
Compression reinforcement is not required
Zioe = MIN(0.5 + V(0.25 - (Min(Kie, 0.225) / 0.9)),0.95) X dhoe
Zioe = 195 mm
Asftoefdes = Mioe / (0-87 X fy X Ztoe) =289 mm%m
As toe_min = K X b X tpase = 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

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

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

Vioe = Vioe / (D X dioe) = 0.183 N/mm?2
Vagm = Min(0.8 X V(fey / 1 N/mm?), 5) x 1 N/mm2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve_toe = 0.504 N/mm?
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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 downstand;
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 downstand;
Moment from weight of moist backfill;
Moment from surcharge;

Total moment for heel design;

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13%
Cheel = 40 mm

Vheel_wt_base =¥t d X Ybase X lheel X toase = 1.3 KN/m

Vheel wt_ds =Vt d X Ybase X Ogs X tas = 1.7 KN/m

Vheel wt m = Wm_w_f = 6.8 KN/m

Vheel _sur = Wsur = 0.6 KN/m

Vheel = Vheel wt_base + Vheel wt_ds + Vheel wt m + Vheel sur = 10.3 KN/m

Mheel_wt base = (¥ d X Yoase X toase X (Iheet + twai / 2)2/ 2) = 0.4 kNm/m

Mheel wt_ds = Vi d X Yoase X Qds X tds X (lds - loe + (tds - twan) / 2) = 0.3 KNm/m
Mheel wt m = Wm_w_f X (lheel + twar) / 2 = 1.7 KNm/m

Mheel sur = Wsur £ X (Iheel + twan) / 2 = 0.2 KNm/m

Mheel = Mheel_wt_base + Mneel_wt_ds + Mneel_wt_m + Mheel_sur = 2.6 KNm/m

«——200—»

g l - —

l 1
Check heel in bending
Width of heel; b =1000 mm/m
Depth of reinforcement; Oheel = tbase — Cheel — (Pheet/ 2) = 205.0 mm
Constant; Kheel = Mheel / (b X dheeI2 X fcu) =0.002

Compression reinforcement is not required

Lever arm; Zheel = MIN(0.5 + V(0.25 - (Min(Kneer, 0.225) / 0.9)),0.95) X dheel

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;

Zheel = 195 mm

Asfheelfdes = Mheel / (0.87 X fy X Zheel) =31 mm?m

As heel_min = K X b X thase = 325 mm?/m

As_heel_req = Max(As_neel_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 / (0 X dheel) = 0.050 N/mm?
Vagm = Min(0.8 x V(fey / 1 N/'mm?), 5) x 1 N/mm2 = 5.000 N/mm?




Project Job no.
e‘ Te kIaLTeddS 40 Pentwyn Baglan Road 23-108

Solutions To Structures Ltd Calcs for Start page no./Revision
44 Depot Road Retaining wall 18
Cwmafan Calcs by Calcs date Checked by Checked date Approved by Approved date
Port Talbot JD 04/12/2023

PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress; Ve_heel = 0.504 N/mm?
Vheel < Vc_neel - NO shear reinforcement required

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

Material properties

Characteristic strength of concrete; fou = 40 N/mm?
Characteristic strength of reinforcement; fy = 500 N/mm?
Base details

Minimum area of reinforcement; k=0.13 %
Cover to reinforcement in downstand; Cds = 40 mm

Calculate shear for downstand design
Total shear for downstand design
Vdown = Vi e X Kp X COS(Sb) X Ym X dgs X (dcover + tbase + das / 2) =11 kN/m

Calculate moment for downstand design
Total moment for downstand design
Mdown = Y1 e X Kp X €OS(8b) X Ym X dds X [(Dcover + thase) X (toase + dds) + s X (toase / 2 + 2 X dgs / 3)] / 2 = 2.5 KNm/m

1]
|
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Check downstand in bending
Width of downstand; b = 1000 mm/m
Depth of reinforcement; ddown = tds — Cds — (¢down / 2) = 205.0 mm
Constant; Kaown = Maown / (b X dgown? X feu) = 0.002
Compression reinforcement is not required

Lever arm; Zgown = Min(0.5 + V(0.25 - (min(Kgown, 0.225) / 0.9)),0.95) X dgown

Zgown = 195 mm
Area of tension reinforcement required; As_down_des = Mdown / (0.87 X f, X Zgown) = 30 mm?2/m
Minimum area of tension reinforcement; As_down_min = K X b X tgs = 325 mm?/m
Area of tension reinforcement required; As_down_req = Max(As_down_des, As_down_min) = 325 mm?/m
Reinforcement provided; A393 mesh
Area of reinforcement provided; As_down_prov = 393 mm?/m

PASS - Reinforcement provided at the retaining wall downstand is adequate

Check shear resistance at downstand
Design shear stress; Vdown = Vdown / (D X ddown) = 0.054 N/mm?
Allowable shear stress; Vadm = Min(0.8 X V(fey / 1 N/mm?), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress
From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress; Ve_down = 0.504 N/mm?
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Vdown < Vc_down - NO shear reinforcement required

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

-

—

l—150—ple——200—»|

350
- 100-pla— 147 —pla-103-»|

I

-« 100-»]

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;

Characteristic compressive strength of masonry

From BS5628:2 Table 3a, mortar ii;
Characteristic compressive strength;

Factored horizontal at-rest forces on stem
Surcharge;
Moist backfill above water table;

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;

touter = 103 mm
tinner = 100 mm
teavity = twall - Touter - tinner = 148 mm
dstem = 200 mm

Standard format bricks
Punit = 30.0 N/mm?

(ii)

Category

Yom = 2.3

fk = 7.1 N/mm?2

FS?SUI’J =YX K() X SUrCharge X (heff - tbase - dds) =4.2 kN/m
stmfaff = 05 X ’Yf,e X KO X 'Ym X (heff - tbase - dds - hsat)2 = 23.6 kN/m

Vstem = FS?SUI’J + Fsimiaif =27.7 kN/m

Ms_sur = Fs_sur 1 X (Nstem + toase) / 2 = 4.3 KNm/m
Ms m a =Fs m a1 X (2 X hsat + heff - das + thase / 2) / 3 = 17.1 KNm/m
Mstem = Msisur + Msimia = 21 .4 kNm/m

b =1000 mm/m
Mdfstem =0.4 xfxxbx dstem2 / Ymm = 49.4 KNm/m
PASS - Applied moment is less than maximum design moment

Q = Mstem / dstem2 =0.534 N/mm?
Q=2xcx(1-¢)xfk/Ymm

¢ = 0.904

Zstem = MiN(0.95, ¢) X dstem = 180.9 mm
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Area of tension reinforcement required; As_stem_des = Mstem X Yms / (fy X Zstem) = 271 mm?2/m

Minimum area of tension reinforcement; As_stem min = K X b X twar = 455 mm?/m

Area of tension reinforcement required; As stem req = Max(As_siem des, As_stem min) = 455 mm?2/m

Reinforcement provided; B503 mesh

Area of reinforcement provided; As stem prov = T X Ostem? / (4 X Sstem) = 503 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) = 0.139 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?
fubas = 0.394 N/mm?

Shear span; a = Mstem / Vstem = 770.0 mm

Characteristic shear strength of masonry; fy = Min(fuoas x max(2.5 - 0.25 x (a/ dstem), 1), 1.75 N/mm?)
fy = 0.606 N/mm?

Allowable shear stress; Vagm = fv / Ymyv = 0.303 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 = 9.50
PASS - Span to depth ratio is acceptable

Axial load check
Factored axial load on wall; Nwail = ([twal X Dstem X Ywai + Waead] X ¥ d) + (Wive X ¥¢ 1) = 21.2 KN/m
Limiting axial load; Niimit = 0.1 X fx X twan = 248.5 KN/m

Applied axial load may be ignored - calculations valid
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Indicative retaining wall reinforcement diagram
N7
Stem reinforcement
7
218
2
7
218
2
Stem reinforcement
Z
Toereinforcement —— / Heel reinforcement
1z

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

)

Downstand mesh - A393 - (393 mm?/m)
Stem mesh - B503 - (503 mm?2/m)

Downstand reinforcement




