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PROJECT NOTES

Brief

To provide a boundary retaining wall design for alterations to existing garden at 14 Beechwood Drive. The
wall is to retainin approximatley 1.1m of loose fill, the land usage above is a residential garden therefore a
surcharge load of 1.5kN/m? must be taken.

The wall is founded on firm clay and therefore a bearing capacity of 100kN/m?2.

NEW PATIO AREA
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CANTILEVER MASONRY RETAINING WALL DESIGN (BS8110&BS5628) MASONRY CANTILEVER RETAINING WALL

DESIGN TO CP2 & BS5628 (PART 1)
RETAINING WALL PRESSURES - GRANULAR FILL - NO WALL FRICTION — ASSUMED FULLY DRAINED

General Soil Data

Density of retained soil ¥s = 18.0 kN/m?
Angle of internal friction p=28.0°
Angle of soil surface 06=0.0°

Ground cover over base at front of wall
—if > Omm, assumed permanent tc =200 mm

Loads on wall and ground
Surcharge load (horizontal plan area) ws = 1.5 kKN/m?
Design vertical dead load on wall (unfactored) W, = 0.00 kN/m
Design vertical live load on wall (unfactored) W = 0.00 kN/m

Stem details

Density of wall stem brickwork Yw = 19.0 kN/m3
Wall base section thickness tw = 440.0 mm
Height retained h =1200 mm

Base details
Density of wall base Vb = 23.6 kN/m?

Length of heel Iheet = 250 mm
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Length of toe loe =200 mm

Base thickness to =200 mm

Length of base lo_a = ltce + tw + lheel = 890 mm

Height of active soil (at back of stem and heel)
Height of wall stem hstem = h - to = 1000 mm
hsoit = h + Iheer x tan (8) = 1200 mm
Load factors
Dead Load Factor Vi d = 1.40

Imposed Load Factor yei=1.60

Coefficients using Rankine

Active coefficient (Sloping Surface) - no friction

ka_s = ( cos(B) - V((cos(8))? - (cos(®)? )) / ( cos(8) + V((cos(8))? - (cos(@))? )) = 0.361

Active coefficient (level surface) ka=(1-sin(@))/(1+sin(@))=0.361
Passive coefficient (level surface) kp=(1+sin(@))/(1-sin(@))=2.770
At - rest coefficient ko =(1-sin(¢))=0.531

For a one metre width - (Horizontal Components - Active Earth Pressures)

At the virtual back of the wall (back of heel)

Surcharge
pressure Ps = ka_s X ws = 0.5 kN/m?
force — horizontal Fs = (ps % hsoil) % (cos(0))? = 0.6 kN/m

overturning moment about toe  Ms = Fs X hsoi /2 = 0.4 KNm/m

Backfill
pressure Pa = Ka_s X Vs X hsoil = 7.8 KN/m?
force — horizontal Fa = (pa X hsoil / 2) x (cos(0))? = 4.7 kN/m
overturning moment about the toe Ma = Fa X hsoi / 3 = 1.9 kKNm/m
Total horizontal force (unfactored) Ft=Fs+ Fa=5.3 kN/m
Total horizontal force (factored) Fiut=VrixFs+yiaxFa=7.6kN/m
Total overturning moment (unfactored) Mt = Ms + Ma = 2.3 kNm/m
Total overturning moment (factored) Mt utt = ¥ri X Ms + ¥t g X Ma = 3.2 kKNm/m

Average load factor Ve av = Meut / My = 1.43
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STABILITY CHECKS

(Unfactored Loads - Active Soil Pressures)

1) SLIDING
Coefficient of friction p = tan (¢) x factor = 0.452 factor = 0.85

Passive pressures in front of wall
Top of base pp1 = kp * tc x ys=10.0 kN/m?
Underside of base pp2= kp X (tc +to ) X ys= 19.9 kN/m?
Total resistance
Base PPbase = (pp1 + pp2 ) Xt / 2 = 3.0 kN/m
Passive resistance Soil in front of wall assumed to resist sliding
P = PPpase x soil_resists = 3.0 kN/m
Factor of safety against sliding
Factor of safety required FOS_reqdsiding = 1.50
Length of heel provided Iheel = 250 mm

Conservatively, it is assumed that the surcharge load does not provide downward pressure on
the heel in the sliding calculation.

FOSsiiding = ((((Ineel X (YsX(hstem*Iheerxtan(8)/2)+ybxtp))+loeXybXto+Wy +(twX(YwXhstem+ybXtp))) X W )+ P) / Ft

FOSsiiging = 2.008

Factor of safety against sliding = 2.0 i.e. > 1.5 - OK

2) OVERTURNING

Factor of safety against overturning

Factor of safety required FOS_reqdo_tum = 1.50
Length of toe provided ltoe =200 mm

Conservatively, it is assumed that the surcharge load does not provide downward pressure on
the heel in the overturning calculation.

Taking Moments about front of the toe

Mr1 = ( Wy + hstem X tw X Y ) X (loe + tw/ 2) = 3.5 KNm/m

Mr2 = Iheel X hstem X Vs X (lioe + tw + lheel / 2) = 3.4 KNm/m

Mrz = (ltoe + tw + Iheet )2 X tb X Yo / 2 = 1.9 KNm/m

Mra = lheet X lheerX tan(B) / 2 X ys X (loe + tw + lheet X 2/3 ) = 0.0 KNm/m
Resisting moment M: = M1 + M2 + Mz + Mg = 8.8 KNm/m

Factor of safety against overturning FOSo_tun = M: / abs(Mt) = 3.90

Factor of safety against overturning = 3.9 i.e. > 1.5 - OK

Overall length of base oa = ltoe + tw + Iheet = 0.890 m
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3) BEARING PRESSURE (INCLUDING LIVE LOADS AND TOE COVER)

Total overturning moment for bearing calculation Mt = 2.3 KNm/m

Total resisting moment for bearing calculation  M: = 8.8 kNm/m

Total vertical load on base
N = tw X hstem X Yw + (Nstemtlheextan(8)/2) X lheet X Vs + fc X ltoe X Ys + lo_a X to X yb + Wy + Ws X lheet + Wi
N =18.2 kN/m

Eccentricity of vertical load
e1 = (Mr— abs(Mt) + te X loe? X Ys/2 + Ws X |heet X (ltoe + tw + Iheel/2) + Wi X (ltoe + tw/2)) / N = 0.381 m

€=loal/2-e1=0.064m

Resultant lies inside middle third

Maximum bearing pressure pmax = if(@abs(e)<(lo_a /6) , Omax2 , Omax1) = 29.2 KN/m?

Permissible bearing pressure  poearing = 100 kKN/m?

Maximum bearing pressure is 29 kN/m? i.e. < Allowable - OK

DESIGN BASE PRESSURES BASED UPON AT REST EARTH PRESSURES

For a one metre width - (Horizontal Components - At Rest Earth Pressures)

Surcharge

pressure Pso = Ko X Ws = 0.8 kN/m?

force Fso = pso X h = 1.0 kN/m

moment Mso = Fso x h /2 = 0.6 KNm/m
Backfill

pressure Po = ko X ys X h = 11.5 kN/m?

force Fo=poxh/2=6.9kN/m

moment Mo =Foxh/3=2.8kNm/m
Total horizontal force (unfactored) Ft o = Fso + Fo = 7.8 KN/m
Total horizontal force (factored) Ftuto = Vi % Fso + Yt a X Fo=11.2 kN/m
Total moment (unfactored) Mt o = Mso + Mo = 3.3 KNm/m
Total horizontal force (factored) Mt_ut o = Vi X Mso + Yt a X Mo = 4.8 KNm/m

Average load factor Vrav = Mtut o/ Mo =1.43




N AXIOM |

St sl Deslen i 14 Beechwood Drive AX236
Calcs for Start page no./Revision
Retaining Wall Design 5
Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 02/12/2021 LB 02/12/2021

Total vertical load on base
N = tw X hstem X Yw + ( hstem + Iheel X taN(0) / 2 ) X lneet X Vs + tc X loe X Ys + lo_a X to X Yo + Wy + Ws X lheet + W
N =18.2 kN/m
Total resistance moment (no live loads included or toe cover)
r = 8.823 kKNm/m
Eccentricity of vertical load
€1 = (Mr - Mo + te X ltoe? X Ys/2 + Ws X Iheel X (ltoe + tw + Iheet/2) + W X (ltoe + tw/2)) / N = 0.323 m

€=loal/2-€1=0122m
Resultant lies inside middle third

1) Resultant outside middle third This Section is Invalid as Resultant is within Middle Third
Omaxt = (2 X N) /(3 % (lo_a / 2 - abs(e))) = 38 kN/m?
Ib1 = (N x 2 / Omax1) = 0.968 m
2) Resultant inside middle third
Omax2 = N/lo_a+ 6 x N x abs(e) / lo_a? = 37 kN/m?
Omin2 = N /loa-6xN xabs(e)/loa? =4 kN/m?

Ib2 = |o_a =0.890m

Pressures under the base
Omax = if(abs(e) < lo_a / 6,0max2,0max1 ) = 37.2 kN/m?
Omin = if(abs(€) < lo_a / 6,0min2, 0 KN/m?) = 3.6 kN/m?
Bearing length I = if(abs(e)<(lo_a / 6) , Ib2 , Ib1) = 0.890 m
Pressures under the heel/stem interface
[p_heel = Ip - ltoe - tw = 0.250 m
Oheel = Max (((Omax = Omin ) X lp_neel / lp ) + Omin , 0 KN/m? ) = 13.0 kN/m?
Pressures under the toe/stem interface

Otoe = ((Omax = Omin ) X (Ip_nheel + tw ) / Ip ) + Omin= 29.7 kN/m?2

BASE DESIGN - HEEL

Shears and Moments
Vertical load downward Wuit_heel = ( hstem X Vs + Yb X to ) X Vi d + Ws X yr i = 34.2 KN/m?

Wuit_heet = (lheel X tan(8)/2 x ys) X yt ¢ = 0.0 kN/m?

Ultimate Shear (at wall face)

downward Vultﬁposﬁheel = (Wultﬁheel + Wult_heelt ) X lheel = 8.6 KN/m
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upward
Vuit_neg_heel = ( Omin X Max(lp_heet,0 mMm) + (Gheel - Omin) X (MaxX(lp_neel,0 mm))2 /(2 X lp_heel )) X Yt av
Vult_neg_heel = 3.0 kN/m

Nett Ultimate Shear Vult_heel = abS( Vult_pos_heel - Vult_neg_heel ) = 5.6 kN/m

Ultimate Moment (at centre of wall)
clockwise Muit_pos_heel = Wuit_heel X Iheel X ( Iheel + tw )/2 + Wuit_heel1 X lheel X ( 2Xlheet / 3 + tw/2) = 3.0 KNm/m
anticlockwise
Mutt_neg_heel = (( Omin X lp_heel X (lp_heet + tw) / 2 )+ (Cheel = Gmin) / 2 X lp_heel X (Ip_heet / 3 + tw /2 )) X V av
Muit_neg_heel =1.0 kKNm/m

Nett Ultimate Moment Mult_heel = abS( Mult_pos_heel - Mult_neg_heel ) =2.0 kKNm/m

HEEL REINFORCEMENT - MESH

Tension Reinforcement

Cover to bars in the top of the heel Cr_heel = 35 mm
Effective depth to bars dheel = tb - Cr_heel - (6BMm) = 159 mm
Assume the base is a cantilevered slab

Characteristic strength of reinforcement fy = 460 N/mm?
Characteristic strength of concrete feu = 35 N/mm?
Area of reinforcement required

Kheel = abs(Muit_heel) / ( dheel® X feu )=0.002 K'=0.156
Compression steel not required

Lever arm Zheel = Min (( 0.95 x dheet),(dheer(0.5+V(0.25-Khee/0.9)))) = 151 mm
Reinforcement required As _heel = abs(Muit_neel) / (1/yms X fy X Zneel) = 30 mm?2/m
Minimum reinforcement As_min_neel = if(fy == 460 N/mm?,0.0013xt,,0.0024 xts) = 260 mm?3/m
As req_heel = Max(As_neel, As_min_neet) = 260 mm?2/m

Tension steel provided

Use A393 Mesh As_prov_heel = Asi_heel = 393 mm?m

Area of main tension steel provided in heel sufficient

Heel - Check min and max areas of steel
Total area of concrete Ac = t, =200000 mm?/m

Minimum percentage area of reinforcement k =0.13 %
Minimum area of steel required As min = k X Ac = 260 mm?/m

Maximum area of steel allowed As max = 4 % x Ac = 8000 mm?/m

Area of main steel provided OK
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Heel Distribution Steel
Minimum percentage of distribution reinforcement k1 =0.13 %
Minimum Area Required As_dist_req = K1 X Ac = 260 mm?2/m

Area Provided As_dist base = Ast_heel = 393 mm?/m

Area of distribution steel provided OK

CHECK OF NOMINAL COVER

Cover to outer tension reinforcement
Cheel = tb - dheel - dsi_neel / 2 = 36.0 mm
Permissible minimum nominal cover to all reinforcement (Table 3.4)
Cmin_heel = 35 mm

Cover over outer steel OK (top of heel)

HEEL SHEAR RESISTANCE — AT WALL FACE

Applied shear stress at wall face
Vheel = Vuit_heel / dheel = 0.04 N/mm?
Check shear stress to clause 3.4.5.2 (BS8110:Pt 1)

Vallowable = Min ((0.8 N"2/mm) x V(fcu ), 5 N/mm? ) = 4.73 N/mm?
Shear stress < maximum - OK
Shear stresses to clause 3.4.5.4 (BS8110:Pt1)
Allowable shear stress
Ve_heel = 0.56 N/mm?

No shear reinforcement required

BASE DESIGN - TOE

Shears and Moments
Conservatively all soil overburden on the toe is ignored
Ultimate Shear (conservatively - at face of wall)
Vult toe = (( Otoe X hoe ) + (((Omax = Gtoc) / 2 ) X ltoe )) X Yt av - loe X to X yb X yr d = 8.3 KN/m
Ultimate Moment (at centre of wall)
Muit_toe =((Ttoe X ltoe X ( ltoet tw)/2)+(Omax-Otoe )/2 X hoe X (2Xloe/3 + tw/2 )) X Vi av - loe X to X Yb X Vi d X (ltoe/2+tw/2)

Mult_toe = 2.7 kKNm/m

TOE REINFORCEMENT - MESH

Tension Reinforcement
Cover to bars in the bottom of the toe Cr toe = 35 mm
Effective depth to bars dtoe = tb - Cr_toe - (BmMm) = 159 mm

Assume the base is a cantilevered slab
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Characteristic strength of reinforcement fy = 460 N/mm?
Characteristic strength of concrete feu = 35 N/mm?

Area of reinforcement required

Kioe = abs (Muit_toe ) / ( dioe? X fou ) = 0.003 K'=0.156

Compression steel not required

Lever arm Zioe = MiN (( 0.95 X dioe),(dtoex(0.5+V(0.25-K10e/0.9)))) = 151 mm
Reinforcement required As toe = abs(Mutt_toe) / (1/yms X fy X Ztoe) = 41 mm?/m
Minimum reinforcement As_min_toe = if(fy == 460 N/mm?,0.0013xt,,0.0024xtp) = 260 mm?/m
As req_toe = MaXx(As_toe, As_min_toe) = 260 mm?2/m
Tension steel provided

Use A393 Mesh As_prov_toe = Asl_toe =393 mm?*/m

Area of main tension steel provided in toe sufficient

Toe - Check min and max areas of steel
Total area of concrete Ac = tp = 200000 mm?/m

Minimum percentage area of reinforcement k = 0.13 %
Minimum area of steel required As_min = kK X Ac = 260 mm?/m

Maximum area of steel allowed As max = 4 % x Ac = 8000 mm?/m
Area of main steel provided OK

Toe Distribution Steel
Minimum percentage of distribution reinforcement k1=0.13 %
Minimum Area Required As dist_req = K1 X Ac = 260 mm?2/m

Area Provided As_dist base = Ast_toe = 393 mm?2/m

Area of distribution steel provided OK

CHECK OF NOMINAL COVER

Cover to outer tension reinforcement

Ctoe = tb - dtoe - dsl_toe / 2 = 36.0 mm
Permissible minimum nominal cover to all reinforcement (Table 3.4)

Cmin_toe = 35 mm

Cover over outer steel OK (bottom of toe)

TOE SHEAR RESISTANCE

Applied shear stress
Vice = Vult_toe / dtoe = 0.05 N/mm?2
Check shear stress to clause 3.4.5.2 (BS8110:Pt 1)

Vallowable = Min ((0.8 N"2/mm) x V(feu ), 5 N/mm? ) = 4.73 N/mm?
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Shear stress < maximum - OK

Shear stresses to clause 3.4.5.4 (BS8110:Pt 1)
Allowable shear stress

Ve toe = 0.56 N/mm?

No shear reinforcement required

STEM DESIGN
Width of base of wall tw = 440.0 mm
Height of stem of wall hstem = 1000 mm

DESIGN OF WALL SECTION 1 (AT REST PRESSURES)

Wall base section thickness  tw = 440.0 mm
Depth from top of wall to base
hstem = 1000 mm Warning the height of the wall is not a complete number of bricks
Applied moment at base of section
Mbase = (Ko X Ws % hstem? / 2) Xyt i + (Ko X Vs X hstem® / ) X Yt ¢ = 2.9 KNm/m
Applied shear force at base of section

Fbase = (Ko X Ws X hstem) XVt i + (Ko X s X hstem? / 2) x yra = 8.0 kN/m

CHECK RESISTANCE TO MOMENT WITH FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Flexural strength (|| to bed joints)(Table 3) fix = 0.38 N/mm?

Design dead load at the base of the wall Vpase = Wy + tw X hstem X yw = 8.36 KN/m

Dead load per unit area Qd_base = Vbase X Yia / tw = 0.02 N/mm?
Section modulus Zbase = tw?/6 = 32.27*10%° mm3/m
Restoring moment MR_base = (fx/Ym + Qd_base) X Zbase = 4.1 KNm/m

Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

Mortar designation Mortar = "iii"

Design dead load at the base of the wall Vbase = Wy + tw X hstem X yw = 8.36 KN/m
Design vertical dead load per unit area ga_base = Vbase X Yrd / tw = 0.02 N/mm?
Characteristic shear strength of masonry
fvi=min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga base )) = 0.36 N/mm?
fu_ii = min(1.4 N/mm?, 0.15 N/mm? + (0.6 X ga base )) = 0.16 N/mm?

fv = if((Mortar == "i")||(Mortar == "ii"), fu_i, fv_ii) = 0.16 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress Vbase = Fbase / tw = 0.02 N/mm?

Partial safety factor for shear Ymv = 2.5
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Wall base shear OK

DESIGN OF WALL SECTION 2 (AT REST PRESSURES)

Wall section thickness twai_2 =215.0 mm
Depth from top of wall to base of section
hwai_2 = 440 mm Warning the height of the section is not a complete number of bricks
Applied moment at base of section
Muwai_2 = (Ko X Ws X hwail 22 / 2) Xy i + (Ko X Vs X hwai 22 / 6) X Yt ¢ = 0.3 KNm/m
Applied shear force at base of section

Fual_2 = (Ko X Ws X hwail_2) Xyt i + (Ko X Vs X hwai 22 / 2) X y ¢ = 1.9 KN/m

CHECK RESISTANCE TO MOMENT WITH FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Flexural strength (|| to bed joints)(Table 3) fix = 0.38 N/mm?

Design dead load at the base of the wall Vwai_2 = Wy + twai 2 X hwai_2 X yw = 1.80 kKN/m

Dead load per unit area gd_wall 2 = Vwall 2 X Vid / twai_2 = 0.01 N/mm?
Section modulus Zwal_2 = twan 22/6 = 7.704*10% mm3/m
Restoring moment MR _wai_2 = (fkx/Ym + gd_wai_2) X Zwai_2 = 0.9 KNm/m

Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

Mortar designation Mortar = "iii"
Design dead load at the base of the wall Vwai_2 = Wy + twai 2 X hwai_2 X yw = 1.80 kN/m
Design vertical dead load per unit area ga_wai 2 = Vwal_2 X Y / twai_2 = 0.01 N/mm?
Characteristic shear strength of masonry
fui=min(1.75 N/mm?, 0.35 N/'mm? + (0.6 x ga wai 2 )) = 0.35 N/mm?

fu_ii = min(1.4 N/mm?, 0.15 N/mm? + (0.6 x ga wai 2 )) = 0.15 N/mm?

fv = if((Mortar == "i")||(Mortar == "ii"), fu_i, fv_ii) = 0.15 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress Vwall 2 = Fwai_2 / twar 2 = 0.01 N/mm?
Partial safety factor for shear Ymv = 2.5

Wall section base shear OK

SUMMARY OF RESULTS

Wall Dimensions

Masonry Flexural Strength Masonry Flexural Strength - 0.4 N'mm*2
Stem Base section 440mm thick and 1000mm from base to the top of the wall
Section 2 215mm thick and 440mm from base of section 2 to the top of the wall

Base Top Reinforcement - Mesh
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Heel ( Top ) Reinforcement
Base Bottom Reinforcement - Mesh

Toe ( Bottom ) Reinforcement

Provide A393 Mesh (Top)

Provide A393 Mesh (Bottom)




