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INTRODUCTION

Solutions to Structures Ltd. have been appointed to carry out the structural design for the retaining works to the parking bay

at the front of the above property.

The structure is restrained at the top by the concrete slab of the car bay which bears on the walls.

The calculations are based on the rear wall section with stepped thicknesses as noted, ignoring the restraint provided by

the return walls.
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PROPPED CANTILEVER MASONRY RETAINING WALL DESIGN (BS8110&BS5628);:PROPPED CANTILEVER
MASONRY RETAINING WALL DESIGN TO CP2 & BS5628 (PART 1)

Note:-The wall is part of a structure restrained at the top by a concrete floor slab. Sliding & Overturning are
therefore not critical and are thus not checked.

RETAINING WALL PRESSURES - GRANULAR FILL - NO WALL FRICTION — ASSUMED FULLY DRAINED

General Soil Data

; Density of retained soil; ¥ = 18.0 kN/m®
; Angle of internal friction; ¢=35.0°
; Angle of soil surface; 6=00°

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

Loads on wall and ground
: Surcharge load (horizontal plan area); Ws = 0.0 kN/m?
; Design vertical dead load on wall (unfactored); W, = 5.00 kN/m

; Design vertical live load on wall (unfactored); W, = 2.50 kN/m

Stem details

; Density of wall stem brickwork; Yo = 21.0 kN/m®

; Height retained; h =2800 mm

; Thickness of wall stem; tw = 1002 mm

Base details

: Density of wall base; T = 24.0 kKN/m*

; Length of heel; lheet = 150 mm

; Length of toe; lioe = 150 mm

; Base thickness; ty = 500 mm
Length of Base; lo_a = lioe + tw + lheet = 1302 mm

Height of active soil (at back of stem and heel)
Height of wall stem; hstem = h - 1, = 2300 mm
Warning the height of the stem is not a complete number of bricks
hsoil = N + Ineer X tan (6) = 2800 mm
Load factors
; Dead Load Factor; Yi g =1.40
; Imposed Load Factor; Y i=1.60

Coefficients using Rankine

Active coefficient (Sloping Surface) - no friction

Active coefficient (level surface); ka =
Passive coefficient (level surface); Ko =

At - rest coefficient; ko =(1-sin(¢))=0.426
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For a one metre width - (Horizontal Components - Active Earth Pressures)

Surcharge
pressure;
force;

Backfill
pressure;

force;

Total horizontal force (unfactored);

Moments

Unfactored base moment;
Factored base moment;
Unfactored span moment;
Factored span moment;
Average load factor;
Shears

Unfactored shear at base;

Unfactored shear at top;

Surcharge
pressure;
force;

Backfill
pressure;

force;

Ps = ka s X ws = 0.0 kN/m2
Fs = (ps X hsai) X (cOS(6))? = 0.0 kN/m

Pa = Ka s X ¥s X hsoi = 13.7 kN/m?

Fa = (pa X hsoi / 2) X (c0s(6))? = 19.1 kN/m

Fi=Fs+ Fa=19.1 kN/m

Mbase = - (2 X Fa X hsit / 15 + Fs X hgii / 8 ) = =7.1 KNm/m

Mbaseﬁult =-

( 2 X Fa X hsoil XYt d /15 + Fs X hsoil XYt i /8 ) =-10.0 kNm/m
Mspan = 00596 X Fa X hsoi| + 007 X Fs X hsoi| = 3.2 kNm/m

Mepan_utt = 0.0596 x Fa X Nsoi X Y1 g + 0.07 x Fs X N 1 i = 4.5 kNm/m
Yt av = Mbase_utt / Mbase = 1.40

Ft base = 0.625 x Fs + 0.8 x Fa = 15.3 kN/m

Ft top = Ft - Ft_base = 3.8 KN/m

Stem loading using At Rest Earth Pressures

Pso_wall = Ko X Ws = 0.0 kN/m?

Fso wall = Pso_wall X Nstem = 0.0 KN/m

Po_wall = Ko X ¥ X Nstem = 17.7 kN/m?
Fo_wall = Po_wall X hstem / 2 = 20.3 kN/m

Total horizontal force (factored); Fi uit wail = ¥ i X Fso_wal + ¥t d X Fo_wai = 28.4 KN/m

Base of Wall ( Negative Moments ) - Outer Face

Mbase wall = Fso_wall X hstem / 8 + 2 X Fo_wail X hstem / 15 = 6.2 KNm/m
Mbase wall_utt = Fso_wall X Nstem X ¥ti / 8 + 2 X Fo_wai X hstem X ¥ .4/ 15 = 8.7 KNm/m
Shear at Base of Wall;Fpase_wall uit = 0.625 X Fso wan X ¥i i + 0.8 X Fo_wan X ¥ ¢ = 22.7 kN/m

Mid Height of Wall ( Positive Moments ) - Inner Face

Mspanfwall = Foﬁwall X hstem X 0.0596 + Fsoﬁwall X hstem X 0.07 = 2.8 KNm/m
IVlspanfwallfult = Fo_wall X hstem X ¥t d X 0.0596 + Fso wail X hstem X ¥ i x 0.07 = 3.9 KNm/m

Shear at Top of Wall;
Stem details
Thickness of wall stem;
Height of wall stem;
Thickness of wall stem;

Height of wall stem;

Fop_wall_utt = Ft_uit wall - Foase wail_ut = 5.7 KN/m

tw = 440 mm

hstem = 750 mm

tw = 665 mm

hstem = 1000 mm
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Thickness of wall stem; tw = 1002 mm
Height of wall stem; hstem = 2300 mm

STEM DESIGN CHECKS - TENSION ALLOWED

Moment of Resistance - Tension Allowed

;Thickness of wall stem; tw = 440 mm

;Material safety factor for brickwork; Ym = 3.50

;Characteristic brickwork flexural stress; fio = 0.15 N/mm?

;Partial safety factor for design dead load; Yia = 0.90

Modified stress; for = fioc + Yia X (( Yo X hstem X tw + Wy ) / tw ) X Jm = 0.235 N/mm?
Moment of resistance; Mg pase = (tw’/6) X (it / Ym ) = 2.17 kNm/m

Maximum base moment; Mstem_base = abS(Mbase_wall uit) = 2.11 kKNm/m

;Wall thickness OK - MR > factored moments at step

Mid Height Moment of Resistance - Tension Allowed 665mm Thick Section

Modified stress; fixt_span = fix + Yid X (( Yw X Nstem/2 X tw + Wy ) / tw ) X Ym = 0.207 N/mm?
Moment of resistance; Mg span = (tw’ /6 ) X ( fit _span/ Ym ) = 4.35 KNm/m
Maximum moment; Mspan = abs(Mspan_wai_u) = 3.90 KNm/m

;Wall thickness OK - MR > factored moments at mid height

Base Moment of Resistance - Tension Allowed

;Thickness of wall stem; tw = 1002 mm

;Material safety factor for brickwork; Ym = 3.50

;Characteristic brickwork flexural stress; fio = 0.15 N/mm?

;Partial safety factor for design dead load; Yia = 0.90

Modified stress; for = fio + Yia X (( Yo X hstem X tw + Wy ) / tw ) X Jm = 0.318 N/mm?
Moment of resistance; Mg pase = (tw’/6) X (it / Ym ) = 15.21 kNm/m

Maximum base moment; Mstem_base = abS(Mbase_wall uit) = 8.72 kNm/m

;Wall thickness OK - MR > factored moments at base height

Stem Shear at base of wall (BS5628:Pt 1:Cl 33)
; Mortar designation; Mortar = "ii"
Design dead load at the base of the wall; Vbase = Wy + tw X hstem X Y = 53.42 kN/m
N Design vertical dead load per unit area; ga pase = Vbase X ¥ia / tw = 0.05 N/mm?
Characteristic shear strength of masonry

f, i = min(1.75 N/mm?, 0.35 N/mm?® + (0.6 X ga pase )) = 0.38 N/mm?

f, i = min(1.4 N/mm?, 0.15 N'mm?® + (0.6 X ga pase )) = 0.18 N/mm?
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fy base = if((Mortar == "i")||(Mortar == "ii"), f i, fvii) = 0.38 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stresses; Vpase = Foase wall_ut / tw = 0.02 N/mm?

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

STABILITY CHECKS

(Unfactored Loads - Active Soil Pressures)

Note:- Sliding and Overturning are Not Critical where the Wall is part of a balanced structure

;Length of heel provided; lheet = 150 mm
;Length of toe provided; lioe = 150 mm
Overall Length Of Base; 0.a=lioe + tw + lheet = 1.302 m

1) BEARING PRESSURE

Total vertical load on base

N = tw X hstem X Yw + (Nstem + lheet X taN(0) /2 ) X Iheel X ¥s + tc X loe X ¥s + lo_a X to X Yo + Wy + Ws X lheel + W

N = 77.8 kN/'m
Restoring moment

Mri = (W) + Wy + hstem X tw X Y ) X (loe + tw / 2) = 36.4 KNm/m

Mr2 = (lheel X (Nstem X s + Ws) X (lioe + tw + lheei / 2)) = 7.6 KNm/m

M = loo” X te X s / 2 = 0.0 kKNm/m

Mra = ((loe + tw + Iheet )* X to X Y5 / 2) = 10.2 kNm/m

Ms = ( lhee” X tan(0) /2) x (loe + tw + lneei X 2/3 ) X s = 0.0 KNm/m
Restoring Moment; M = Myt + M2 + M3 + My + Mis = 54.2 kKNm/m
Eccentricity of vertical load

e1 = ( M - abs( Mpase )) / N = 0.605 m

e=loa/2-e1=0.046m

Resultant lies inside middle third

Maximum bearing pressure; Prmax = if(abs(e)<(lo_a /6) , Omaxz ; Omaxt) = 72.3 kN/m?
;Permissible bearing pressure; poearing = 150 kN/m?

Maximum bearing pressure is 72 kN/m’ i.e. < Allowable - OK
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Stem details - 7.3N/mm2 Dense aggregate blockwork

Thickness of wall stem; tw = 440 mm
Height of wall stem; hstem = 750 mm
Thickness of wall stem; tw = 665 mm
Height of wall stem; hstem = 1000 mm
Thickness of wall stem; tw = 1002 mm
Height of wall stem; hstem = 2300 mm

Base - 500mm thick Mass concrete base with 150mm projection to toe and heel.




