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CANTILEVER MASONRY RETAINING WAL L DESIGK (E581106BS5628! MASONRY CANTILEVEF RETAINING

DESIGN TO CPZ & BS5628 (PART 1)

stem

RETAINING WALL PRESSURES - GRANULAF FILL - NO WALL FRICTION ~ ASSUMED FULLY DRAINED

General Soil Datz
Density of retained soil
Angle of internal friction
Angle of soil surface

Ground cover over base ai front of wall
—if = Omm, assumed permanent

Loade on wal' and ground

Surcharge load (horizontal plan area)

Desiagn vertical dead ioac on wall {unfactored)

Design vertical live load on wall (unfactored)
Stem details

Density of wall stem brickwork

Wall base section thickness

Height retained

z2sec getails

¥s = 18.0 KN/m?

&= 30.0
H=00" ) 7
Bt PR SNSRI v e
LA o =4
te = 150 mm g gy A R e

We = 2.5 kiN/m?*
W, = (.00 kN/m

Wi = €.00 kN/m

yw = 22.0 KN/m®
tw = 500.¢ mm

h =700 mm
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| Density of wall base v = 23,6 kiN/m?

1 = H

|

! Length of heel - Iheel = [' mm

|

" Length of toe loe =@ mm

| ‘ :

!' Base thickness fe = 200 mm

’ Length of base lo_a = hioe + b + Ineet = 500 mm

|

Feight of active soil (at back of stem and heel}
Height of wall stem Nsiem = 0 - 1w = 500 mm
Rsor = h < lneer = tan (0) = 700 mm
Load factors
Dead Load Factor Yio = 1.40

imposed Load Factor v = 1.60

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

Ka_s = ((cos(0) - V((cos(8))* - (cos(6))*)) / ( cos(0) + V((cos(n)) - (cos()) )) = €.332
Active coefficient (level surface) Ke=(1-8in(d))/(1+sin{¢ ) = 0.323
Passive coefficient (level surface) Ke={(1+sin(¢))/{1-sin{¢)) = 3.000

A\t - rest coefficient ko= (1-sin( ¢ )) = 0.50C

Fore one metre width - (Horizontal Components - Active Earth Fressures)

At the virtua® back of the wal! (back of heel)

Surcharge
pressure Ps = Ka_s > We = {8 kiN/m?®
force — harizonta! Fo=(ps » heot) > (cos(0))? = 0.6 kiN/m
overiurning moment about toe  iMis = Fe « hsoi /2 = 0.2 kNM/m

Baclkfill
pressure Pa = Ka s * e hsot = 4.2 KN/m?
force — horizontal Fa = (pz » hsat / 2) (cos(0))* = 1.5 kN/m
overturning moment about the toe Me = Fa » heot / 3 = 0.3 KNm/m

Total horizontal force (unfactored) Fi=Fs+ Fa=2.17kN/m

“otal horizontal force (factored) Fiut =y » Fs + v q » Fa= 3.0 kN/m
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! Tatal overturning moment (unfactored) Wi = Me + Mo = C.E KNm/m
| : ’ -
i Total overturning moment (factored) Mo =y s Ms + yig o Mo = 0.8 kKNm/m
\
! . : o =
| Average load facior vav = Man / Wh = 1,47
{ N

STABILITY CHECKS

{Unfactored Loads - Active Soi| Pressures)
11 SLIDING
Coefficient of friction p =tan (¢) + factor = 0.577 factor = 1.0
Passive pressures in front of wall
Top of base pp: = Kp > fc » ys= 8.4 kKN/m?

8.8 kiv/m®

n

Underside of base pp2= Ke» (te+le)> ve
Total resistance
Base PPrase = ( pp1 + ppz ) > 16 /2 = 2.7 KN/M
Passive resistance Soil in front of wall NOT assumed to resist sliding
P = PFoase - soil_resists = 0.0 kN/m
Factor of safety against sliding
Factor of safety required FOS_readsigmg = Z.00
Length of heel provided Ineer = € mm

Conservatively, it 1s assumed that the surcharge load does not provide downward pressure on
the heel in the sliding calculation.

FOSsigng = ((((Ineet » (}‘s“-(hstem"‘lheel--Ian(fnl’z)“"';lw o)) +hoe Yo+ L+ W, +(fw (yw hs.(em"",’h'tn))) % i+ PYFF
FOSSI\U!H_G =2.21¢
Factor of safety against sliding = 2.2 i.e. > 2.0 - OK

2, OVERTURNING

Factor of safety against overturning
Factor of safety reguired FOS_reqde_wm = 2.00
Length of toe prowidec loe = € mm

Conservatively, it 1s assumed that the surcharge loa¢ does not provide downward pressure on
the heel In the overturning calculation.

Taking Moments about front of the toe

Wi

f\N\- + hsiem + fw > yw ) * (loe + tw / 2) = 1.4 kiNm/m

Wiz = Iheel - Nsiem Ve (ltoe + tw + lneet / 2) = Q.0 kNm/m

Mra = (hoe + tw + Iheet ¥ » o = Yo / 2 = G.& KNm/m

Wiz = Ineet © Ineel> tan((‘)\, 12 ¥s ¥ “lue + fw + Iheel = 2/3 ) = (.¢ kNm/m
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Resisting moment Vi = Mier + Moo+ Mo + Mee = 2.0 KNm/m

Factor of safety against overturning FOSe_wm = M / abs(iMi) = 3.58

Factor of safety egeinst overturning = 3.6 i.e. > 2.

Overall length of base ic_e = hoe + tw + Iheet = 6,500 m

3) BEARIWNG PRESSURE (INCLUDING LIVE LOADRS AND TOE COVER)

Total overturning moment for bearing calculation Wi = 0.8 kiNm/m

Total resisting moment for bearing calculation Wi = 2.0 kiNm/m

Total vertica! ioad on base

¥

»
=

Yot Wy + We o Iheer + W

N =1y~ hstem » yu + (Nstemtineetan(0)/2) « lheet ~ v + tc * hoe > Ys +loa v o~
N = 7.8 kiN/m
Eccentricity of vertical ioag
g- = (M:—abs(Vi) + fc > ioe” > ¥s/2 + Ws > lheel » (lioe + tu + Ineet'2) + Wi > (loe + 1u/2)) / N = C.780 m

e=lcal2-e1=0.070m

Miaximum bearing pressure

Permissible bearing pressure  prearng = 150 kiN/m?

Resultani lies inside middie thirc

Pmax = if(abs(e)‘:(ic-_a 18) . omaxs omar1) = 26.8 kN/m?

o

WMieximum bearing pressure is 29 ki/m? [.e. < Aliowabie

DESIGN BASE PRESSURES BASED UPON AT REST EARTH PRESSURES

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

Surcharge
pressure Pso = Ko = Ws = 1.3 KN/m?
force Fso = pss » h = 0.8 kN/m
moment Mse = Fse » h /2 = 0.3 KNm/m
Eackdfill
pressure Po = Ko » e > h = £.3 KN/m?
force Fe=po»h/2=22kNm
moment Nic = Fo » h /3 = €.5 kNm/m

Total horizontal force (unfactored)

Total horizonta! force (factored)

FL_(‘ =Fso+ Fo = 3.1 KN/m

Fiuno =y > Fso* yia » Fo = &.5 kN/m

- OK
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Total moment (unfactored) Mo = IMse + Mo = 0.8 KNm/m
Tota' horizontal force (factored) Mi_ue o =y Mse + yo - Nie = 1.2 kikm/m
Average load facior Vi av = Mi_u o / Mo = 1.47
Total vertical load on base
N =1w> hsten - Yw ¥ { Nstem + |neet > tan(“) /2 } > neet » ¥s * te > hoe » ¥e + ;c-_a i G W + We > Iheet + W
N =T.8 kiN/m
Total resistance moment (no live loads included or toe cover)
t
M = 1. 9685 kiNm/m
: Eccentneity of vertical load
]
]
} = (I\[l\ =) i\fl‘_r' +te Ilce: > ']"5!’2 + We » |hﬁe\ ¥ (I\u&' + fy o+ ineell"z) + W - (hnf_ = ‘lw:"z)) [N = ['.’i 46 m
|

8= |na 2 -y =0404 m
Resultan? lies outside middie thire

1) Resultant outside middle third
Omaxt = (2 » N) /(3 (lo_/ 2 - abs(e)}) = 36 kN/m?
b1 = (N > 2/ Gmax) = 6.437 m
2) Resultant inside middle third This Section is Invalid as Resultant is outside Middle Thirgd
Omaxz = N /loa+ 6 » N« abs(e) / le_a” = 35 kiN/m?
Grmnz = N/ loa-6» N> abs(e) / l_s* = & kN/m?

bz = lo_a = 0.500m

Pressures under the base
Gmax = (f(@bs(e) < lo_a / B Gmaxz,Gmaxt ) = 36.0 kKN/m?
Gmn = if(abs(e) < lo_a / B,amnz. 0 KN/M?) = 0.0 KN/m*
Bearing length In = if(abs(e)<(lc_a / B) . loz , Ib1) = 0.437 m
Pressures under the heel/stem interface
Ip_neel = lp - loe - 1w = -0.062 m
Gheel = MaX (({Gmax - Omin ) > Ip_neet / Ip ) + omin , 0 kN/M? ) = 6.0 kiN/m*®
Pressures under the toe/stem interface

Gioe = ((Gmax - Gmin ) » (lp_reet + tw ) / lp ) + 6min= 36.0 KN/M?

STEWM DESIGK
Width of base of wall w = 500.¢ mm

Height of stem of wall hsiem = 500 mm
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DESIGHK OF WALL SECTION 1 (4T REST PRESSURES)

Wall base section thickness 1, = 500.0 mm
Depth from top of wall to base
haien = 3030 mm Warning the height of the wall i not 2 complete number of bricks
Applied moment at base of section
Misase = (Ko » We > hsien” / 2} »yt, + (Ko > ye > hsen® / 68) > v = 0.8 kNm/m
Appliec shear force af base of section

Fhase = (Ko = Ws » Nstem) = v+ (Ko » s Nsiam® ! 2) * Yed = 2.6 kiN/m

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

Compressive strength (Table 2) fi. = 7.80 N/mm?
Design vertical load per unit length of wali nu_sase = yta » (W + fw » hsiem » yw) = E.0 kN/m

Moment of resistance MRre_vase = ( Nw_base / 2 ) » (fw= (Mu_base = ym /i )) = 1.2 KNm/m

Mortar designation Mortar = "iii"
Design dead load at the base of the wall Vbase = W,y + tw » hstem > yw = £.50 KN/m
Design vertical dead load per unit arez  g:_vase = Voase + Vi / tw = 0.0% N/mm?
Characteristic shear strength of masonry
fi=min(1.75 Nimm?, 0.35 N/mm? + (0.6 ~ g+ _base )} = €.36 N/mm?

fo_in=min(1.4 N/mm-. 0. 15 N/mm? + (0.6 » Qs _base )} = 0.16 N/mm?

f, = if((Mortar == "i")||(Mortar == "ii"), f._, f._s) = 0.96 N/mm?
Shear stress Vbase = Foase / fw = 0017 N/mm?
Partial safetv factor for shear Ymv = 2.5

DESIGN OF WALL SECTION 2 (AT REST PRESSURES)

Wall section thickness twan > = 300.0 mm
Depth from top of wall to base of section
hwai_z = 200 mm Warning the height of the section is not ¢ compiete number of brigks
Applied moment at base of section
Muwai_2 = (Ko » Ws » hwai_2® / 2) syi + (Ko » ys > hwat 2* / 6) > y.a = 0.1 KNm/m
Applied shear force at base of section

Fwai_z = (ko » Ws > Dwai 2) sy + (Ko > ¥s » hwai_2? / 2) » v a = .7 kKN/m

Wali bending -« G

Ref BS 5628 Pt 1 Clause 25

Wi‘all base shear OF
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CHECK RESISTANCE TC MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:FT 4:CL 36.0.3

Compressive strength (Table 2) i = 7.80 N/mm?
Design vertical load per unit length of wall ne_wat_2 = 1o > (W, + twall2 > hwai_z + yw) = 5.2 KN/mM

Moment of resistance Mirc_wan_z = { Nw_wall_2 / 2 ) (twai 2 = (v waiz » ym / fi)) = 0.2 kKNm/m

STEW SHEAR (BS5628:PT 1:CL 33}

Miortar designation Mortar = "jii"

Desion dead load at the base of the wall Va2 = W + twal_z huai_z > yw = T.32 KN/m
Design vertical dead load per unit arez Qs _war 2 = Vwai_2 * Vo [ twal 2 = 0.00 N/mm*
Charactenstic shearlstrength of masonry
fo_ = min{1.75 N/mm?, 0.35 N'mm? + (0.6 « g _wai_z )) = 6.35 N/mm?
f_w=min(i.4 N/mm? 0.15 Nimm® + (0.6 > g4 war 2 )) = 0.8 N/mm?

f. = if((iviortar == "I")||(Miortar == "ii"), f,_, f_w) = .18 N/mm?

Shear stress vVwalz = Fuail_2 / twan_2 = G.00 N/mm?

Partia! safety factor for shear V= 26

SUMMARY OF RESULTS

Wall Dimensions
Masonry Compressive Strength Wizsonry Compressive Strength - 7.5 Nimm*2
Stem Base section 500mm thick and 500mm from base io the top of the wall

Section 2

300mm thick and 2060mm from base of section 2 to the top of the wall

Wall bending - GK

i
Ref BS 5628 P11 Clagse 25 |
|
|
|

|
Wall section base shea- OF |

i
i
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