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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;
; Angle of internal friction;
; Angle of soil surface;

; Ground cover over base at front of wall
— if > Omm, assumed permanent;

Loads on wall and ground
; Surcharge load (horizontal plan area);

s = 18.0 kN/m®
$=35.0°
8=00°

t; = 200 mm

Ws = 1.5 kN/m?

; Design vertical dead foad on wall (unfactored); W, = 0.00 kN/m

; Design vertical live load on wall (unfactored);

Stem details

i Density of wall stem brickwork;
; Wall base section thickness;

; Height retained;

Base details

p Density of wall base;

; Length of heel;

; Length of toe;

i Base thickness;

Length of base;

Wi = 0.00 kN/m

Yo = 19.0 kN/m®
tw = 700.0 mm
h = 1700 mm

T = 23.6 kN/m®
lhet = 25 mm
loe = 25 mm
to =300 mm

lo_a = hioe + tw + Iheet = 750 mm
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Height of active soil (at back of stem and heel)
Height of wall stem; hstem = h - tp, = 1400 mm
hso] =h + lhed x tan (0) = 1700 mm

Load factors
: Dead Load Factor; Yid=1.40
; Imposed Load Factor; ¥ =1.60

Coefficients using Rankine
Active coefficient (Sloping Surface) - no friction

ka_s = ( c0s(8) - V((cos(8))” - (cos(9))? )) / ( cos(B) + V((cos(6))? - (cos(9))?)) = 0.271

Active coefficient (level surface); ka=(1-sin(¢))/(1+sin(¢))=0.271
Passive coefficient (level surface); kp=(1+sin(¢))/(1-sin{¢))=3.690
At - rest coefficient; ko = (1 -sin{ ¢ )) = 0.426

For a one metre width - (Horlzontal Components - Active Earth Pressures)
At the virtual back of the wall (back of heel)

Surcharge
pressure; Ps = ka_s X Ws = 0.4 KN/m?
force — horizontal; Fs = (Ps X hsoit) X (C08(6))% = 0.7 kN/m

overturning momant about toe; Ms = Fs X hgpy /2 = 0.6 kNm/m

Backfill
pressure; Pa = Ka_s X Y5 X hsoil = 8.3 KN/m?
force — horizontal; Fa = (Pa X hsan / 2) x (c0s(0))? = 7.0 kN/m
overturning moment about the toe; Ma = Fa X hgop / 3 = 4.0 KNm/m
Total horizontal force (unfactored); Fe=Fg + Fa = 7.7 kN/m
Total horizontal force (factored); Frun =% Fs + ¥4 X Fa = 11.0 KN/m
Total overturning moment (unfactored); Mi = Ms + Ma = 4.6 kNm/m
Total overturning moment (factored); Muur = ¥ X Ms + 11_¢ X Ma = 6.5 kNm/m
Average load factor; Yav= M/ M = 1.43

STABILITY CHECKS

(Unfactored Loads - Actlve Soil Pressures)

1) SLIDING

; Coefficient of friction; u = tan (¢) x factor = 0.525 ; factor = 0.75
Passive pressures in front of wall
Top of base; Pp1 = kp X to X 15 = 13.3 kN/m?
Underside of base; PPz = ko X (te + bty ) X s = 33.2 kN/m”®

Total resistance
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Base; PPrase = ( pp1 + pp2 ) X to / 2 = 7.0 kN/m

;Passive resistance; Soll In front of wall assumed to reslst sliding

P = PPyase X soil_resists = 7.0 kN/m
Factor of safety against sliding
; Factor of safety required; FOS_reqdsiiing = 2.00

Length of heel provided; lheet = 25 mm
Conservatively, it is assumed that the surcharge load does not provide downward pressure on
the hesl in the sliding calculation.
FOSsiding = ({{(Ihees X (YsX(Nstom+heai<tan(8)/2) +ypxts) )+hoexynxtn+ Wy +(twX (X Nstem+1oxt))) X W )+ P) / Fy
FOSsliding = 2.568

Factor of safety against sliding = 2.6 i.e. > 2.0 - OK

2) OVERTURNING

Factor of safety against overturning

; Factor of safety required,; FOS_reqdo_um = 2.00
Length of toe provided; lice = 25 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
Mrt = ( Wy + haiam % tw X Y ) X (oo + tw/ 2) = 7.0 KNm/m
Mrz = el X Nstem X Y X (lios + tw + lheat / 2) = 0.5 KNm/m
M = (loe + tw + heel )2 X th X 1/ 2 = 2.0 kNm/m
Mrs = lheet X Ineetx tan(8) / 2 X ys X (lioe + tw + lhoat X 2/3 ) = 0.0 kNm/m
Resisting moment; M; =M + Mz + Mg + Mg = 9.4 KNm/m
Factor of safety against overturning;  FOSg_um = M,/ abs(M,) = 2.06
Factor of safely against averturning = 2.1 i.e. » 2.0 - OK

Overall length of base; lo_a = lioe + tw + lheal = 0.750 m

3) BEARING PRESSURE (INCLUDING LIVE LOADS AND TOE COVER)

Total overturning moment for bearing calculation; M = 4.6 kNm/m

Total resisting moment for bearing calculation; M, = 9.4 kNm/m

Total vertical load on base
N = tw X hstem X v + (Pstem+lheetXtan(8)/2) x lheet X ¥ + to X hoo X ¥ + lo_a X to X Yo + Wy + Ws X Jheet + Wi
N = 24.7 kN/m
Eccentricity of vertical load
@1 = (M; — abs(My) + to X hoe? X Yo/2 + Ws X Iheal X (ltos + tw + thoat/2) + Wi X (lie + ta/2)) / N = 0.198 m
e=l,a/2-8=0177Tm
Resultant lies outside middle third;
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Maximum bearing pressure; Prmax = if(@abs(e)<(lo_a /8) , Omase , Gmax1) = 83.2 kN/m?
;Permissible bearing pressure; Poearing = 150 kN/m?
Maximum bearing pressure is 83 kN/nT i.e. < Allowable - OK

STEM DESIGN
Width of base of wall; ty = 700.0 mm
Height of stem of wall; hstem = 1400 mm

DESIGN OF BASE WALL SECTION (ACTIVE PRESSURES)
;Wall base section thickness;  t» = 700.0 mm

Depth from top of wall to base
; hsiem = 1400 mm; Warning the height of the wall is not a complete number of bricks
Applied moment at base of wall

Mbaso = (Ka_s X (C0S(8))* X Ws X hstem” /2) yt_1 + (Ka_s X {COS(8))% X Y6 X hstom® / 6 ) x ¥t_s = 3.8 kNm/m
Applied shear force at base of wall

Foase = (Ka_s X {COS(8))° X Ws X hetem) Y11 + (Kes X (COS(8))2 X s X Natom? / 2 ) X Yi_g = 7.6 kN/m

CHECK RESIST, E TO MOMENT WITHOUT FLEXURAL ENGTH (BS5628:PT 1:CL 36.5.3
; Compressive strength (Table 2); fx = 6.40 N/mm?

;Design vertical load per unit length of wall; nu_pase = Yia X (Wy + ty X hsiem X ) = 16.8 kKN/m
1;Moment of resistance; Mrc_nase = ( Mw_base / 2 ) X (tw = (Mw_pase X Jm / fx )) = 5.8 kKNm/m

Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

; Mortar designation; Mortar = "fii"

Design dead load at the base of the wall; Vease = W\ + tw X Rsiom X Y = 18.62 KN/m
5 Design vertical dead load per unit area; ga pase = Voase Xt / ty = 0.02 N/mm?
Characteristic shear strength of masonry

fy = min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga_beso )) = 0.36 N/mm?

f_i = min(1.4 Nmm? 0.15 N'mm? + (0.6 X ga_base ) = 0.16 N/mm?

f, = if((Mortar == "i"}[|(Mortar == "ii"), , 1, f, 1) = 0.16 N/mm?
Ref BS 5628 Pt 1: Glause 25

Shear stress; Vbase = Foase / tw = 0.01 N/mm?

;Partial safety factor for shear; Ymy = 2.5
Wall base shear OK

DESIGN OF WALL SECTION 2 (ACTIVE PRESSURES)
;Wall section thickness; tyar_2 = 552.5 mm

Depth from top of wall to base of section
; hwal_z = 900 mm;
Applied moment at base of section

Muan_2 = (Ka_s X (COS(8)) % Ws X hwait 2° /2) XYLi + (Ka_s X (COS(8)) X s X hwai 2° / 6 ) X ¥ g = 1.1 kNm/m
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Applied shear force at base of section
Fuwal 2 = (Ka_s X (COS(8))? X Ws X hwar_2) XYt + (Ka_s X (C0S(8))% X Ye X hwah 22/ 2 ) X Yt 4 = 3.4 kN/m

CHE ESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.
; Compressive strength (Table 2); f. = 6.40 Nmm?
;Design vertical load per unit length of wall; nw_wat_2 = ia X (Wy + twan_2 X hwai 2 X Tw) = 8.5 kN/m
;»"Moment of resistance; Mrc_wai_2 = { Mw_wall2/ 2 } X {twail_2 - (Nw_wan 2 X Ym / fi )) = 2.3 KNm/m
Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)
N Mortar designation; Mortar = "li"
Design dead load at the base of the wall; Va2 = Wy + twai 2 X Nwai_2 X 1w = 9-45 kN/m

5 Design vertical dead load per unit area; ga wai_z = Vwal_2 X Yia / twar_z = 0.02 N/mm?
Characteristic shear strength of masonry

fyi = min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga_wai_2 )) = 0.36 N/mm?

fuii = min(1.4 N/mm® 0.15 Nmm? + (0.6 X ga wan 2 )) = 0.16 N/mm?

fy = if{(Mortar == "i"}||(Mortar == "ii"}, f,_;, f, ) = 0.16 N/mm?

Ref BS 5628 Pt 1: Clause 25
2

Shear stress; Vwall 2 = Fuai_2 / twai_2 = 0.01 N/mm
;Partial safety factor for shear; Yov = 2.5
Wall section base shear OK
SUMMARY OF RESULTS
Wall Dimensions
Masonry Compressive Strength ;Masonry Compressive Strength - 6.4 NmmaA2
Stem Base saction ;700mm thick and 1400mm from base to the top of the wall
Section 2 ;553mm thick and 900mm from base of section 2 to the top of the wall

Base Mass Concrete Standard Mix ST4 750x300mm

.
4
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CHECK ON BASE OF WALL ADJACENT TO VESTRY FOUNDATION.

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; ¢=35.0°
: Angle of soil surface; 0=0.0°

; Ground cover over base at front of wall
— if > 0Omm, assumed permanent; t; = 200 mm

Loads on wall and ground

; Surcharge load (horizontal plan area); w; = 30.0 kN/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

g Density of wall stem brickwork; W = 19.0 kN/m®
; Wall base section thickness; tw = 1000.0 mm
; Height retained; h =750 mm
Base details

; Density of wall base; b = 23.6 kN/m®
; Length of heel; fhoet = 25 mm

; Length of toe; hoe = 25 mm

; Base thickness; tp = 300 mm
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Length of base; lo_a = lige + tw + Iheet = 1050 mm

Height of active soil (at back of stem and heel)
Height of wall stem; hstem = h - t, =450 mm
hsot = h + lheet X tan (8) = 750 mm
Load factors
; Dead Load Factor; Yi g = 1.40
; Imposed Load Factor; ¥ = 1.60

Coeflicients using Rankine

Active coefficient (Sloping Surface) - no friction

ka_s = ( c0s(8) - V((cos(8))? - (cos(¢))?)) / ( cos(8) + V((cos(8))? - (cos(¢))? )) = 0.271

Active coefficient (level surface); ka=(1-sin(0)) /{1 +sin(¢))=0.271
Passive coefficient (level surface); ko=(1+sin($)}/(1-sin(¢)) = 3.690
At - rest coefficient; Ko =(1-sin( ¢ )} =0.426

For a one metre width - (Horlzontal Components - Active Earth Pressures)
At the virtual back of the wall (back of heel)

Surcharge
pressure; Ds = Ko s X Wg = B.1 kN/m?
force — horizontal; Fs = (ps % hsgi) X (cos(8))? = 6.1 KN/m

overturning moment about toe; Ms = Fs X heai /2 = 2.3 KNm/m

Backfill
pressure; Pa = Ka s X s X hgot = 3.7 kiN/m?
force — horizontal, Fa = (Pa X hsai / 2) x (cos(8))? = 1.4 kN/m
overturning moment about the toe; Ma = Fa X heeit / 3 = 0.3 KNm/m
Total horizontal force (unfactored); Fi=Fs+ Fa=7.5 kN/m
Total horizontal force (factored); Fun =71 % Fs + ¥ % Fa = 11.7 kN/m
Total overturning moment (unfactored); M= M; + Ma = 2.6 kNm/m
Total overturning moment (factored); Miur = ¥ X Ms + ¥ o X Ma = 4.1 kNm/m
Average load factor; Y_av = M_un/ M = 1.57
STABILITY CHECKS
(Unfactored Loads - Active Soil Pressures)
1) SLIDING
; Coefficient of friction; K = tan (¢) x factor = 0.525 ; factor = 0.75

Passive pressures in front of wall
Top of base; PPt = ko X te X Ys = 13.3 kN/m?
Underside of base; PPz = Ko x (te + th ) X Ye = 33.2 kKN/m?
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Total resistance
Base; PPbase = ( PP1 + pp2 ) X 1o/ 2 = 7.0 kN/m
;Passive resistance; Soil in front of wall assumed to resist sliding
P = PPpase X s0il_resists = 7.0 kN/m
Factor of safety against sliding
; Factor of safety required; FOS_reqdsiding = 2.00
Length of heel provided; Iheet = 25 mmt

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

FOSsiaing = (({(theet X (YeX{Nstem+heed<tan(B)/2)+yxto) J+hoexyoxte+Wy +(twX(JwXhaem+1bxto))) X 1 )+ P) / Fy

FOSsiding = 2.072
Factor of safety against sliding = 2.1 i.e. > 2.0 - OK

2) OVERTURNING

Factor of safety against overturning
; Factor of safety required; FOS_reqdo_wm = 2.00
Length of toe provided; lige = 25 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
Mri = ( Wy + hgiem X tw X Y ) X (loe + tw / 2) = 4.5 KNm/m
Mrz = Iheet X hgiem X Ys X (lios + tw + lneat / 2) = 0.2 KNm/m
Ma = (hoo + fiw + Iheet )2 Xt X 1o/ 2 = 3.9 KNm/m
Mrs = lheal X lhoaix tan() / 2 x s X (e + tw + lheat X 2/3 ) = 0.0 kNm/m
Resisting moment; M = Mt + M2 + Mia + My = 8.6 kNm/m
Factor of safety against overturning ;  FOSg_um = M/ abs(M,) = 3.27
Factor of safety against overturning = 3.3 i.e. > 2.0 - OK

Overall length of base; lo_a = hoo + tw + lheat = 1.050 M

3) BEARING PRESSURE (INCLUDING LIVE LOADS AND TOE COVER)

Total overturning moment for bearing calculation; M, = 2.6 kNm/m

Total resisting moment for bearing calculation; M; = 8.6 kNm/m

Total vertical load on base
N = tw X hstem X v + (hstem+heatXtan(8)/2} X lhoat X ¥s + tc X hoe X ¥s + lo_a X to X 1o + Wy + Ws X lnae + W)
N = 17.0 KN/m

Eccentricity of vertical load
e1 = (My— abs(M) + te X hoa” X Y6/2 + W X hheol X (lioe + tw + heat/2) + Wi X (lioe + tw/2)) / N = 0.397 m

e=lga/2-€ =0.128m
Resultant lies inside middle third;
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Maximum bearing pressure;  Pmax = if(abs(8)<(lo_a /6) , Omaxz , Omaxt) = 28.1 kN/m?
;Permissible bearing pressure; Prearng = 150 kN/m?
Maximum bearing pressure is 28 kN/n?’ i.e. < Allowable - OK

STEM DESIGN
Width of base of wall; tw = 1000.0 mm
Height of stem of wall; hgtem = 450 mm

DESIGN OF BASE WALL SECTION (ACTIVE PRESSURES)

;Wall base section thickness; ty = 1000.0 mm

Depth from top of wall to base
; hstem = 450 mm;
Applied moment at base of wall
Moasa = (Ka_s X (COS(8))? X Ws X Ngiam” /2) ¥ i + {ka_s X (COS(6))2 X ¥s X hgtem / 6 ) X Y 4 = 1.4 kNm/m
Applied shear force at base of wall
Fbase = (Ka_s X (COS(8))” X Wa X Nstem) 3¥t_i + (Ka_s X (CO8(8))° X Y5 X hsiem? / 2) X ¥4 = 6.5 kN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)

; Compressive strength (Table 2); fx = 6.40 N/mm?
;Design vertical load per unit length of wall; Ny _pase = Yta X (Wy + tw X Naem X Yw) = 7.7 kN/m
iiMoment of resistance; Mrc_pase = ( Mw_vase / 2 ) X (tw - (Mw_base X Y / fk )} = 3.8 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; Viase = Wy + ty X hsiem X Yw = 8.55 kN/m
5 Design vertical dead load per unit area; ga_pase = Vbase X Yid / tw = 0.01 N/mm?
Characteristic shear strength of masonry

fi_i = min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga_pase )) = 0.35 N/mm?

fu_i = min(1.4 N/mm? 0.15 N/mm? + (0.6 X ga_bass ) = 0.15 N/mm?

f, = if((Mortar == "i")f|(Mortar == "ii"}, f, ;, f,_ii) = 0.15 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress; Vbase = Fhase / tw = 0.01 N/mm?
;Partial safety factor for shear; Ymv = 2.5

Wall base shear OK

SUMMARY OF RESULTS

Wall Dimenslons

Masonry Compressive Strength ;Masonry Compressive Strength - 6.4 N'mmA2
Stem Base section ;1000mm thick and 450mm from base to the top of the wall
Base Mass Concrete Standard Mix ST4 1050x300mm;
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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

i Density of retained soil;
; Angle of internal friction;
; Angle of soll surface;

Ground cover over base at front of wall
- if > 0mm, assumed permanent;

’

Loads on wall and ground

; Surcharge load (horizontal plan area);
Stem details
; Density of wall stem brickwork;
Wall base section thickness;
Height retained;

Base detalls

; Density of wall base;
; Length of heel;

; Length of toe;

; Base thickness;

Length of base;

Design vertical dead load on wall (unfactored);
Design vertical live load on wall (unfactored);

¥s = 18.0 kN/m®
$=35.0°

6=00°

tc=200mm

ws = 1.5 kN/m?
W, = 0.00 kN/m
W, = 0.00 kN/m

Y = 19.0 KN/m®
tw = 700.0 mm
h=1700 mm

" = 23.6 kN/m?
Iheel = 25 mm
lige = 25 mm
ts = 300 mm

Iq_a = IlOB + tw + lheel = 750 mm
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Height of active soil (at back of stem and heel)
Height of wall stem; hstem = h - t, = 1400 mm
hsot = h + lheat X tan (8) = 1700 mm
Load factors
i Dead Load Factor; Y a=1.40
i Imposed Load Factor; Y= 1.60

Coefficients using Rankine
Active coefficient (Sloping Surtace) - no friction
ka_s = ( cos(8) - V((cos(8))* - (cas(9))* )) / ( cos(8) + V((cos(8))” - (cos($))* )) = 0.271

Active coefficient (level surface); kKa=(1-sin(¢))/(1+sin(¢))=0.271
Passive coefficient (level surface); kp=(1+sin(¢))/(1-sin(¢))=3.680
At - rest coefficient; ko = (1 -sin( ¢)) = 0.426

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 = 0.4 kN/m?
force — horizontal; Fs = (ps % hsoi) X (c0s(6))° = 0.7 kN/m
overturning moment about toe; Mg = Fg X hgei /2 = 0.6 KNm/m
Backfill
pressure; Pa = Ka_s X ¥s X hson = 8.3 kN/m?
farce ~ horizontal; Fa = (Pa X hsoi / 2) x (cos(6)) = 7.0 kN/m
overturning moment about the toe; Ma = Fa X hgoi / 3 = 4.0 KNm/m
Total horizontal force (unfactored); Fi=Fs + Fa = 7.7 kN/m
Total horizontal force (factored); Fiut =9, % Fs + v aX Fa = 11.0 kN/m
Total overturning moment (unfactored); M = Ms + Ma = 4.6 kNm/m
Total overturning moment (factored); Mt it = Y01 X Ms + 1.4 X Ma = 6.5 kKNm/m
Average load factor; Y av =M/ M =1.43

STABILITY CHECKS

(Unfactored Loads - Active Soil Pressures)

1) SLIDING
; Coefficient of friction; | = tan (¢) x factor = 0.525 ; factor = 0.75

Passive pressures in front of wall
Top of base; pp1 = kp X te X Ys = 13.3 kN/m®
Underside of base; PPz = koX (to + 1t ) X 7 = 33.2 kN/m?

Total resistance
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Base; PPbase = ( pp1 + ppz ) Xt / 2 = 7.0 kN/m

;Passive resistance; Sail in front of wall assumed to resist sliding
P = PPpass % S0il_resists = 7.0 kN/m

Factor of safety against sliding

; Factor of safety required; FOS_reqdsiing = 2.00
Length of heel provided; lheet = 25 mm

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

FOSslldng = ((((Iheel X ('st(hslem"'lheeIXtan(e)/2)+wdb))+ltusx'}‘b>db+wv +(tw><('Yw)<hslem+'YnXTb))) XU )+ Py / Fy

FOSqiigng = 2.568
Factor of safety against sliding = 2.6 i.e. > 2.0- OK

2) OVERTURNING

Factor of safety against overturning

; Factor of safety required; FOS_reqds_wm = 2.00
Length of toe provided; lige = 25 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 = (W, + hatem X tw X Y ) X (los + tw / 2) = 7.0 kNm/m

Mz = Theet X hatam X ¥s X (lioe + tw + Ihea / 2) = 0.5 kNm/m

Mea = (oo + tw + lhast )% X to X 16/ 2 = 2,0 KNm/m

Mes = lheet X Iheepx tan(8) / 2 X vs X (los + tw + lheet X 2/3 ) = 0.0 KNm/m
Resisting moment; Mr = My + M2 + Mg + Mg = 9.4 kKNm/m
Factor of safety against overturning;  FOS,_um = M / abs(M) = 2.06

Factor of safety against overturning = 2.1 i.e. » 2.0 - OK

Overall length of base; lo_a = lios + tw + Iheat = 0.750 M

3) BEARING PRESSURE (INCLUDING LIVE LOADS AND TOE COVER)

Total overturning moment for bearing calculation; Mi = 4.6 kNm/m
Total resisting moment for bearing calculation; M; = 9.4 kNm/m

Total vertical load on base
N = tw X hatem X Y + (Nstem+heetaN(8)/2) X hhogt X Vs + to X oo X Y + lo_a X th X Yo + Wy + Ws X lhea + Wi
N = 24.7 kN‘m

Eccentricity ot vertical load
01 = (Mr — abs(My) + t X hos” X ¥5/2 + Wy X lheet X (oo + tw + lhoet2) + Wi x (loo + tw/2)) / N = 0.198 m

=la/2-21=0177Tm
Resultant lies outside middle third;
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Maximum bearing pressure; Prmax = if(abs(e)<(lo_a /6) , Gmaxe , Gmax1) = 83.2 kN/m®

;Permissible bearing pressure; Puearing = 150 kN/m?
Maximum bearing pressure is 83 kN/m? i.e. < Allowable - OK

STEM DESIGN
Width of base of wall; tw = 700.0 mm
Height of stem of wall; Ngtem = 1400 mm

DESIGN OF BASE WALL SECTION (ACTIVE PRESSURES)

:Wall base section thickness;  t, = 700.0 mm
Depth from top of wall to base
; hsiem = 1400 mm; Warning the height of the wall is not a complete number of bricks
Applied moment at base of wall

Moase = (Ka_s X (C08(6))% X Ws X haiem® /2) 50¥1_s + (Ka_s X (COS(8))? X %5 X hatem™ / 6 ) X Y4 = 3.8 KNm/m
Applied shear force at base of wall

Foass = (ka_s X (€05(8))% X Ws X htom) ¥ + (ka_s X (COS(8))% X s X hetem?/ 2 ) X 71 ¢ = 7.6 KN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)

; Compressive strength (Table 2); fi = 6.40 N/mm?

:Design vertical load per unit length of wall; M_pase = Yia X (Wy + tw X hstem X 1) = 16.8 kKN/m

1;Moment of resistance; Mag_base = { Mw_base / 2 ) X (tw - (Mw_pase X Y / T )) = 5.8 kKNm/m
Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)
; Mortar designation; Martar = "fli"

Design dead load at the base of the wall; Viyase = Wy + tw X Dgiem X Yw = 18.62 kN/m

N Design vertical dead load per unit area; ga base = Vbase X Yia / tw = 0.02 N/mm?
Characteristic shear strength of masonry

fi = min(1.756 N'mm?, 0.35 N/mm? + (0.6 X ga_base )} = 0.36 N/mm?

foii = min(1.4 N‘mm? 0.15 N/mm? + (0.6 X _ase )) = 0.16 N/mm?

f, = if{((Mortar == "i")||(Mortar == "ii"), fui, fy_i) =0.16 N/mm?
Ret BS 5628 P11: Clause 25

Shear stress; Vbase = Fhase / tw = 0.01 N/mm?

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

DESIGN OF WALL SECTION 2 (ACTIVE PRESSURES)

;Wall section thickness; twa_» = 552.5 mm
Depth from top of wall to base of section
; hwal_z = 900 mm;

Applied moment at base of section
Muan_z = (Ka_s X (COS(8))% X Ws X hwai 2% 12) XY + (Ka_s X {COS(8))° X Vs X hwan 2>/ 6 ) X Y9 = 1.1 KNm/m
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Applied shear force at base of section
Fuall_2 = (Ka_s % (C08(8))? X We X hwat_2) Y11 + (Ka_s X (COS(8))% X s X hwan 22/ 2 ) X Yr_g = 3.4 KN/m

CHECK RESISTANCE TQ MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Compressive strength (Table 2); f, = 6.40 N/mm?

;Design vertical load per unit length of wall; nw_wat_2 = ia X (Wy + twait_2 X hwai_2 X Yw) = 8.5 kN/m

; Moment of resistance; Mrc_waz_z = { Mw_wai_2/ 2 ) X (twail_2 - (Mw_wai_2 X Ym / fx }) = 2.3 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; Vwan 2 = Wy + twall 2 X hwan 2 X ¥w = 9.45 KN/m

& Design vertical dead load per unit area; ga wai_z = Viwar2 X Ya/ twar 2 = 0.02 N/rmm®
Characteristic shear strength of masonry

fu_i = min(1.75 N/mm?, 0.35 N/mm? + (0.6 X Qa_wai_2 )) = 0.36 \/mm?®

fu_w = min(1.4 N/mm?, 0.15 N‘mm? + (0.6 X ga_wan 2 )) = 0.16 Nimm?

fy = if((Mortar == "i")[|(Mortar == "ii"}, f,_, f, i) = 0.16 N/mm?
Ref BS 5628 Pt 1: Clause 25

Shear stress; Vwall 2 = Fuvat_2 / twai 2 = 0.01 N/mm?
;Partial safety factor for shear; Y = 2.5
Wall section base shear OK
SUMMARY OF RESULTS
Wall Dimensions
Masonry Compressive Strength :Masonry Compresslve Strength - 6.4 N-mm#~2
Stem Base section ;700mm thick and 1400mm from base to the top of the wall
Section 2 ;553mm thick and 300mm from base of section 2 to the top of the wall

Base Mass Concrete Standard Mix ST4 750x300mm

.

a
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ECK ON BASE OF WALL ADJA T TO VESTRY FOUNDATION.

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; ¢=35.0°
; Angle of soil surface; 8=00°

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

Loads on wall and ground

Surcharge load (horizontal plan area); ws = 30.0 kN/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; Y = 19.0 kN/m?

; Wall base section thickness; tv = 1000.0 mm

; Height retained; h =750 mm

Base details

: Density of wall base; T = 23.6 kN/m*®

; Length of heel; Iheet = 25 mm
Length of toe; lie = 25 mm

; Base thickness; tp = 300 mm
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Length of base; lo_a = lige + tw + Iheet = 1050 mm
Height of active sail (at back of stem and heel)

Height of wall stem; hsiem = h - tp = 450 mm

hsot = h + lheet X tan (8) = 750 mm

Load factors
B Dead Load Factor; Yid=1.40
; Imposed Load Factor; Yii=1.60

Coeifficients using Rankine
Active coefficient (Sloping Surface) - no friction

Ka_s = ( c0s(6) - V((cos(8))? - (cos($))? ) / ( cos(B) + V((cos(8))? - (cos(¢))?)) = 0.271

Active coefficient (level surface); Ka=(1-sin{¢))/(1+sin(¢))=0.271
Passive coefficient (level surface); ko={1+sin{¢))/(1-sin{¢)) =3.690
At - rest coefficient; ko = (1 - sin( ¢ )) = 0.426

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 = 8.1 kN/m®
force — horizontal; Fs = (Ps X hsai) % (cos(8)) = 6.1 KN/m

overturning moment about toe; Ms = Fg X hsg) /2 = 2.3 kNm/m
Backfill

pressure; Pa = Ka_a X ¥a X Nsoit = 3.7 kN/m?
force — horizontal; Fa = (Pa X hsan / 2) x (co5(6))2 = 1.4 kN/m
overturning moment about the toe; Ma = Fa X hgey / 3 = 0.3 kKNm/m
Total horizontal force (unfactored); Fi=Fs + Fa = 7.5 kN/m
Total horizontal force (factored); Fun =70 % Fs + Y4 % Fa = 11.7 kN/m
Total overturning moment (unfactored); M= M: + Ma = 2.6 kNm/m
Total overturning moment (factored); Miun =700 X Ms + ¥ a X Ma = 4.1 KNm/m
Average load factor; Y av = Me e/ My = 1.57

STABILITY CHECKS

(Unfactored Loads - Active Soil Pressures)

1) SLIDING

; Coefficient of friction; | = tan (¢) x factor = 0.525 ; factor = 0.75
Passive pressures in front of wall
Top of base; Pp1 = Kp X fo X ¥5 = 13.3 kN/m®
Underside of base; PPz = Ko X (te +ty ) X ys = 33.2 kN/m?
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Total resistance
Base; PPuoase = ( pp1 + pp2 ) x t, / 2 = 7.0 kN/m
;Passive resistance; Soil in front of wall assumed to resist sliding
P = PPupase X s0il_resists = 7.0 kN/m
Factor of safety agalnst sliding
Factor of safety required; FOS_reqdsiiing = 2.00
Length of heel provided; Iheet = 25 mm

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

FOSsiding = ({{{Theet X (YX{Netom +Ineeix<tan (8)/2) +7uxts) ) +oexyoxtit Wy +(twx(JuXhatem+1b3ts))) X 1 )+ P}/ F
FOSstiding = 2.072

I

Factor of safety against sliding = 2.1 i.e. > 2.0 - OK

TURNING
Factor of safety against overturning
; Factor of safety required; FOS_reqds_um = 2.00
Length of toe provided; loe = 25 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
Mrt = (W, + hatam X tw X Y ) X (e + tw/ 2) = 4.5 KNm/m
Mz = lheet X hstem X s X (hoa + tw + hheet / 2) = 0.2 KNm/m
Ma = (loe + tw + hheet )% X tb X 1/ 2 = 3.9 kKNm/m
Mia = thaet X Iheeix taN(B) / 2 X Y5 X (Itae + tw + lhea X 2/3 ) = 0.0 kNm/m
Resisting moment; M: = Mr + Mz + Mis + M = 8.6 KNm/m
Factor of safety against overturning;  FOSq_um = M/ abs(My) = 3.27
Factor of safety against overturning = 3.3 i.e. > 2.0 - OK

Overall length of base; lo_a = hoo + tw + lheet = 1.050 m

3) BEARING PRESSURE (INCLUDING LIVE LOADS AND TOE COVER)

Total overturning moment for bearing calculation; M; = 2.6 kNm/m
Total resisting moment for bearing calculation; M, = 8.6 kNm/m

Total vertical load on base
N =t X Nstem X ¥ + (hstem+heatxtan(8)/2) X hhoat X ¥s + 1o X lioe X ¥s + lo_a X th X 1o + Wy + We X lneet + Wi
N =17.0 kN/m

Eccentricity of vertical load
€1 = (M — abs(My) + t X hoe? X 16/2 + Ws X lrees X (liga + tw + haet’2) + Wi X (los + tw/2)) / N = 0.397 m

8=l,a/2-21=0.128m
Resultant lles inside middle third:
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Maximum bearing pressure; Prax = If(abs(e)<(ly_a /6) , Ormaxa » Omaxt) = 28-1 KN/m?
;Permissible bearing pressure; Pyearing = 150 kN/m?
Maximum bearing pressure is 28 kN/m” i.e. < Allowable - OK

STEM DESIGN
Width of base of wall; ty = 1000.0 mm
Height of stem of wall; hstem = 450 mm

DESIGN OF BASE WALL SECTION (ACTIVE PRESSURES)
:Wall base section thickness;  tw = 1000.0 mm
Depth from top of wall to base
; hsiem = 450 mm;
Applied moment at base of wall
Miase = (Ka_s X (COS(8))% X Ws X hstem® /2) 3y + (Ka_s X (COS(8))* X s X hstem” / 6 ) X y_g = 1.4 KNm/m

Applied shear force at base of wall
Foase = (Ka_s X (cos(e))2 X Ws X Nstem) 371 + (Ka_s X (608(8))% X 45 X Rstom” / 2 ) X ¥id = 6.5 KN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
: Compressive strength (Table 2); f = 6.40 N/mm®

;Design vertical load per unit length of wall; Nw_tase = Yia X (Wy + tw X hetem X ) = 7.7 kN/m

;;Moment of resistance; Mac_nase = { Nw_basa/ 2 ) X (tw = (Mw_base X Ym / f )) = 3.8 kNm/m
Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

; Mortar designation; Martar = "iii"
Design dead load at the base of the wall; Voase = Wy + t X Dsem X 1w = 8.55 KN/m
" Design vertical dead load per unit area; ga_ssse = Vbase X Y1a / tw = 0.01 N/mm?
Characteristic shear strength of masonry
f, i = min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga_base )) = 0.35 N/mm?
fo i = min(1.4 N'mm?, 0.15 Nfmm? + (0.6 X ga_vase )) = 0.15 N/mm?

f, = if((Mortar == "i")||(Mortar == "ii"}), ., f,_w) = 0.15 N/mm?
Rel BS 5628 Pt 1: Clause 25

Shear stress; Vbase = Foase / tw = 0.01 N/mm?
;Partial safety factor for shear; Yov=2.5
Wall base shear OK
SUMMARY OF RESULTS
Wall Dimensions
Masonry Compressive Strength :Masonry Compressive Strength - 6.4 N/mmA2
Stem Base section ;1000mm thick and 450mm from base to the top of the wali

Base Mass Concrete Standard Mix ST4 1050x300mm;




