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Manashay House Report of : Batty France Limited

115 Upper Brow Road
Huddersfield, HD1 4UP On behalf of :Mrland Mrs R Bi

Introduction

11

1.2

1.3

1.4

1.5

Formal details

| am Ashley France. | am Managing Director of Batty France Ltd, 1 Rosse Street, Shipley, Bradford
BD18 3SX, Chartered Quantity Surveyors and Chartered Building Consultants.

Instructions

Instructions were given to me by Mr | and Mrs R Bi

My instructions are to carry out a survey of a newly constructed retaining wall to the south/west side
of the property and provide a Condition and Dilapidations Report

The principal purpose is to record the Condition of the retaining wall which supports the property’s
garden and driveway

Site inspection
| or my colleagues carried out site inspections on the following dates, namely:

a. 13" October 2021; and
b. 18" October 2021; and
C. 24% November 2021; and

Limitations

Inspection was visual and non-intrusive

| was provided with the documents as recorded in Section 3

Disclosure

I have no connection with any of the parties in this matter.
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Manashay House Report of : Batty France Limited
115 Upper Brow Road

Huddersfield, HD1 4UP On behalf of :Mrland Mrs R Bi
2 Description
2.1 Site

1

The site in question is on an elevated platform over off Upper Brow Road, in Huddersfield
The site is south of a main train line from the West into Huddersfield City Centre

The site comprises a large irregularly shaped plot containing a stone-built detached dwelling and
single car garage with associated tarmacked driveway, other external paving and immature gardens

The pertinent site boundary to the south / south-west backs on to brownfield site to a lower level,
approx. 4m below. The land on this boundary edge is now retained by a substantial stone-filled
gabion basket retaining wall

The most southerly portion of the gabion retaining wall is approx 4m high, from the base of the
adjacent site, approx 22m long. On top of this gabion basket wall is an earth bund of approx 1.8m,
sloped and shaped into the site

The south-westerly portion of the gabion retaining wall is a reducing height 3.5m high reducing to
zero, from the upper part of an existing stone wall] of the adjacent site, over approx 30m

In restriction, there is a new approx 1.8m high timber slatted fence erected. This fence is based at
the top of the earth bund on timber posts on the southerly boundary and atop of the existing gabion
wall adjoining the south-westerly portion
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2.2 Retaining Structure; Design

1

The design intent is as described in Elysium Structures details as follows:

a.

b.

C.

Drawing ref ES453-01rD
Design Calculations, planned [11 pgs]

Design Calculations, as-built [8 pgs]

Intended / as-built commentary:

a.

Intended: A 300mm sloping [to an 8deg slope] RC concrete base to be constructed as
formation to the gabion basket retaining wall
Actual: Same to a 3deg slope

Intended / Actual: a 4500mm thick gabion basket base, in a single layer, rubble filled; on which
was to be placed

Intended / Actual: a 3000mm thick 2" layer gabion basket, in a single layer, rubble filled; on
which was to be placed

Intended / Actual: a 2500mm thick 3™ layer gabion basket, in a single layer, rubble filled; on
which was to be placed

Intended / Actual: a final 2000mm thick 4" layer gabion basket, in a single layer, rubble filled

Intended: the outward face of the gabion baskets was to be sloped inwards to an 8 deg angle
Actual: Same to a 3 deg angle

Intended / Actual: behind the gabion basket construction was to be generally backfilled with
granular material to min 40mm particle size

Intended: on top of the 4™ layer of gabion basket, from the rear face of the basket, there was
to be constructed an earth bund at a 70-degree max angle comprising Terramesh brackets at
760mm intervals backfilled behind with granular material to min 40mm particle size. The bund
was to be faced with well compacted structural fil, base of batter to be set at approx 50/50
point of top gabion basket

Actual: Same but base of batter is set at front edge of top gabion basket, the earth bund is
now covered in a mature layer of grass / vegetation and soil
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Huddersfield, HD1 4UP On behalf of :Mrland Mrs R Bi
3 Other Information, | understand that
a. Richard Williams of Williams Walling Ltd" undertook the construction works on site
b. Williams Walling Ltd constructed the gabion basket wall using the Maccaferri Limited gabion

walling solution.

Prepared by

Ashley France

%L.

Date: 22" November 2022
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Manashay House
115 Upper Brow Road
Huddersfield, HD1 4UP

Report of : Batty France Limited

On behalf of :Mrland Mrs R Bi

3 Documents Reviewed

Elysium Structures

Kirklees Council

Sk Drawings

ES453.01D Gabion Basket Layout
ES453 Design Calculations
ES453 Design Calculations, as built

Planning Application dated 16" April 2021 ref 2021/91604
Planning Application dated 16" April 2021 ref 2021/91795

2709 [100] 01 Proposed Site Plan & Site Section
2709 [100] 02 Location Plan
2709 [100] 03 Proposed Rear Elevation
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4 Photographic Record
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info@elysiumstructures.co.uk

Project

115 Upperbrow Lane, Huddersfield

Job Ref.
ES453

Section Sheet no./rev.
Gabion Basket Retaining Wall Insitu
Calc. by Date Chk'd by Date App'd by Date
SB 22/08/22 SB 22/08/22

GABION RETAINING WALL ANLYSIS & DESIGN

In accordance with BS8002:2015 - Code of Practice for Earth Retaining Structures and the UK National Annex

Wall geometry

Width of gabion 1

Height of gabion 1

Width of gabion 2

Height of gabion 2

Step to front face between courses 1 and 2
Width of gabion 3

Height of gabion 3

Step to front face between courses 2 and 3
Width of gabion 4

Height of gabion 4

Step to front face between courses 3 and 4
Wall inclination

Gabion properties
Unit weight of fill
Friction between gabions

Loading
Permanent surcharge
Variable surcharge

Soil properties

Slope of retained soil

Characteristic peak shearing resistance angle
Characteristic saturated density of retained soil
Coefficient for wall friction

Wall friction angle

Characteristic base friction angle

Bearing capacity of founding soil

Wall geometry

Horizontal distance to centre of gravity gabion 1
Vertical distance to centre of gravity gabion 1
Weight of gabion 1

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2
Weight of gabion 2

Horizontal distance to centre of gravity gabion 3

4 - 2000mm x

3 - 3000m

rcharge

lEOmm

2 - 4000mm x 1000mm
1-400

1000mm

mm x 1000mm

=4000 mm
h1=1000 mm
w2 = 4000 mm
h2=1000 mm
s2 =0 mm
w3 = 3000 mm
h3 =1000 mm
s3=0mm
w4 =2000 mm
hs=1000 mm
s4=0mm
=3 deg

4 = 16.0 kN/m®
Spgk = 35.0 deg

Po.c = 5 kN/m?
Poa = 3 kN/m?

B =33.0deg
¢’pkk = 26.0 deg
Yor = 14.0 kN/m®
Kmembrane = 0.75
8k =19.5 deg
Spok = 30.0 deg
q =200 kN/m?

Xg1 = w1/ 2=2000 mm

Yg1 = h1/2 =500 mm

W1 =14 x W1 x h1 = 64.0 kN/m
Xg2 = W2/ 2 + 52 = 2000 mm
Yg2=h2/2+h1=1500 mm
Wg2 = yd¢ x W2 x h2 = 64.0 kN/m
Xg3 = W3/ 2 + 82+ 83 = 1500 mm

Tedds calculation version 2.0.01
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Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Pressure at base

Horizontal forces

Retained soil

Height of soil thrust resolved vertically
Surcharge

Height of surcharge thrust resolved vertically

Vertical forces

Gabion weight

Retained soil

Horizontal dist to where soil thrust acts
Surcharge

Horizontal dist to where surcharge thrust acts
Total horizontal unfactored force

Total vertical unfactored force

Force normal to base

Total unfactored overturning force
Total unfactored restoring force
Eccentricity

Pressure at toe

Pressure at heel

Factor of safety
Allowable factor of safety

Design approach 1

Partial factors on actions - Section A.3.1 - Combination 1
Permanent unfavourable action

Permanent favourable action

Variable unfavourable action

Variable favourable action

Partial factors for soil parameters - Section A.3.2 - Combination 1
Angle of shearing resistance
Weight density

Design soil properties

Design effective shearing resistance angle
Design saturated density of retained soil
Design wall friction angle (cl.5.4.2.1)
Design base friction angle

Design friction between gabions

Active pressure using Coulomb theory
Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight

Yg3 =h3/2+ht+hz=2500 mm

Wg3 = y¢ x W3 x ha = 48.0 kN/m

Xg4 = Wa /2 + 2+ s3+s54=1000 mm

Yg4 = ha/2+hi+hz2+h3z=3500 mm

Was = ya x Wa x hg = 32.0 kN/m

Wy =Wg1 + Wgz + Wgs + Wgs = 208.0 kN/m

Xg = ((Wg1 x Xg1) + (Wg2 x Xg2) + (Wgs x Xg3) + (Wga x Xga)) / Wg = 1731 mm
Yg = (Wg1 x yg1) + (Wg2 x yg2) + (Wgs x yg3) + (Wga x yga)) / Wg = 1731 mm
Xg = Xg X COS(g) + yg x sin(e) = 1819 mm

Hr = yga + ha/2 - ((yga + ha/2) x cos(g) - (Xg4 + Wa/2) x sin(e)) = 110 mm

o = 90deg - Atan((w1 - (Xgs + (Wa / 2))) / (yg4 + ha/2)) + & = 66.4 deg
6 =90deg - ¢ = 87.0 deg

H = (yge + ha / 2) + (w1 x sin(g)) - H = 4099 mm

Hinat = ((Yg4 + ha / 2) x cos(e) - (Xga - (Wa / 2)) x sin(g)) = 3995mm

Ka = sin(a + ¢'rx)? / (sin(a)? x sin(a. - 8r)) = 1.626

Pasoil = 0.5 x Ka x ysr x H? = 191.3 kN/m

Pomin = Min(H / Heef, 1) x qamin = 10.0 kN/m?

Fsoil_hq = Pasail x c0s(90 - o + &rk) = 139.7 kN/m

dhsoil = H /3 - wi x sin(e) = 1157 mm

Fsurch_hq = Max((Po + Po.), Pomin) x Ka x H x cos(90 - o + &x) = 48.7 kN/m
dhsurch = H/ 2 - w1 x sin(e) = 1840 mm

Fgabion_v.q = Wg = 208.0 kN/m
Fsoil v.q = Pasoil x sin(90 - a + &) = 130.6 kN/m
bu.soil = W1 x cos(e) - (H/3) / tan(a) = 3399 mm
Fsurch_vq = Max((Poc * Po.), Pomin) X Ka x H x sin(90 - o + &:k) = 45.5 kN/m
by,surch = W1 x cos(g) - (H/2)/ tan(a) = 3101 mm
Tq = Fsail_hq * Fsurch_hq = 188.4 KN/m
Ng = Fgabion_v.q + Fsoil vq + Fsurch_v,q = 384.1 kKN/m
Ns = Ngq x cos(e) + Tq x sin(e) = 393.5 kN/m
Mo,q = Fsoil_hg % dhsoil + Fsurch_hg X dhsurch = 251.3 KNm/m
MRr,q = Fgabion_v.q x Xg *+ Fsoil_v.q X busoil + Fsurch_v.q X bysurcn = 963.4 kNm/m
e=w1/2-(Mrg-Mog)/Ns=190 mm
Reaction acts within middle third of base

otoe = Ns / Wi x (1 + (6 x €/ w1)) = 126.4 kN/m?
oheel = Ns / w1 x (1 - (6 x e / wi)) = 70.3 kN/m?
FoSa = q/ max(ctee, Oheel) = 1.582
FoSaq_aliow = 1.000

PASS - Design FoS for allowable bearing pressure exceeds min allowable pressure to base

y6 =1.35
vaf=1.00
ya =1.50
yaf = 0.00
vy = 1.00
¥, =1.00

¢’ra = Atan(tan(¢'skk) / v¢) = 26.0 deg

Ysd = Ysr / 7, = 14.0 kN/m®

8rd = min(atan(tan(drk) / v¢), ¢'rd X Kmembrane) = 19.5 deg
8bb.g = Atan(tan(den.x) / vy) = 30.0 deg

8bg.a = Atan(tan(dog.k) / vy) = 35.0 deg

Ka = sin(a + ¢'ra)? / (sin(o)? x sin(a. - 8r.)) = 1.626
Pasoil = 0.5 x Ka x ys.4 x H2 = 191.3 kN/m

Pomin = Min(H / Href, 1) x qamin = 10.0 kN/m?

Fsoil_h = Y6 % Pasoil x €0s(90 - o + 8r.q) = 188.7 kN/m
Fsurch_h = max((Po,c % Y& + Poa X YQ), Pomin) x Ka x H x cos(90 - o + &ra) = 51.1 kN/m

Fgabion_vf = Y, x Wg = 208.0 KN/m
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mTm Section
01422 861145 Calc. by
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Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 1 and 2
Wall geometry

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2
Weight of gabion 2

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 2 and 3
Wall geometry

Horizontal distance to centre of gravity gabion 3

Vertical distance to centre of gravity gabion 3

Fsoil_v.f = Y6 X Pasoil x sin(90 - o + &) = 130.6 kN/m
Fsureh_v.f = Max((Poc X Y61 + Poa X Yas), Pomin) X Ka x H x sin(90 - o + 8.4) = 45.5 kN/m

Mo = Fsoit_h x dh,soil + Fsurch_h x dhsurch = 312.4 KNm/m
MR = Fgabion_vf X Xg + Fsoil_vf X bysoil + Fsurch_vf x bysurch = 963.4 kNm/m
FoSw=Mr /Mo = 3.084
FoSwm_aliow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Fsoih + Fsurcn_n = 239.8 kN/m
N = Fgabion_vf + Fsoil_vf + Fsurch_vs = 384.1 kN/m
Fi=T x cos(e) - N x sin(e) = 219.4 kN/m
Fr = (T x sin(e) + N x cos(g)) x tan(8pv.a) = 228.7 kN/m
FoSs=Fr/F;=1.043
FoSs_ailow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Xg2 = W2 /2 =2000 mm

Yg2 = h2/2 =500 mm

Wg2 = ya x W2 x h2 = 64.0 kN/m

Xg3 = W3/ 2 + s3=1500 mm

Yg3 = ha/ 2+ h2=1500 mm

Wg3 = ya x W3 x hz = 48.0 kN/m

Xg4 = Wa /2 + 83+ 54=1000 mm

Yg4 =ha /2 +hz +h3=2500 mm

Woaa = yd x Wa x hg = 32.0 kN/m

W = Wez + Was + Wee = 144.0 kN/m

Xg = ((Wg2 x Xg2) + (Wg3 x Xg3) + (Wga x Xg4)) / Wg = 1611 mm
Yg = (Wg2 x yg2) + (Wg3 x yg3) + (Wga x yga)) / Wg = 1278 mm
Xg = Xg X COS(g) + yg x sin(e) = 1676 mm

Hr = yga + ha/2 - ((yga + ha/2) x cos(g) - (Xg4 + Wa/2) x sin(e)) = 109 mm

o = 90deg - Atan((wz - (Xga + (Wa/ 2))) / (yga + ha/ 2)) + £ = 59.3 deg
6 =90deg - ¢ = 87.0 deg

H = (yga + ha/ 2) + (W2 x sin(e)) - Hr = 3101 mm

Hinat = ((Yg4 + ha / 2) x cos(g) - (Xga - (Wa / 2)) x sin(g)) = 2996mm

Ka = sin(a + ¢'ra)? / (sin(a)? x sin(a. - 8r.4)) = 2.098

Pasoi = 0.5 x Ka x ys.a x H? = 141.2 kN/m

Pomin = Min(H / Hret, 1) X Gdmin = 10.0 kN/m?

Fsoil_h = Y6 x Pagsoil x €0s(90 - o + 8r.q) = 122.0 kN/m
Fsurch_h = max((Po,c x Y6 + Poa X YQ), Pomin) x Ka x H x cos(90 - o + &r.4) = 43.7 kN/m

Fgavion_v.f = y6.f x Wg = 144.0 kN/m
Fsoilv.f = Y6 X Pasoil x sin(90 - o + 84) = 108.5 kN/m
Fsurch_vf = max((Poc x Y6£ * Poq X Yaf), Pomin) X Ka x H x sin(90 - a + &.4) = 50.0 kN/m

Mo = Fsoil_h x dh,sail + Fsurch_h % dh,surch = 159.2 kNm/m
MR = Fgabion_vf X Xg + Fsoil_vf X bysoil + Fsurch_v.f X bvsurch = 761.6 KNm/m
FoSw=Mr/ Mo = 4.784
FoSm_alow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = FsoiLh + Fsurch_n = 165.8 kN/m
N = Fgabion_vf + Fsoil_vf + Fsurch_vf = 302.4 KN/m
Fr=T x cos(e) - N x sin(e) = 149.7 kN/m
Fr = (T x sin(e) + N x cos(g)) x tan(dg.a) = 217.5 kN/m
FoSs=Fr/Fr=1.453
FoSs_ailow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Xg3 = w3/ 2 =1500 mm
Yg3 = h3 /2 =500 mm
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Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 3 and 4

Wall geometry

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Wg3 = y¢ x W3 x hz = 48.0 kN/m

Xg4 = Wa /2 +84=1000 mm

Yg4 = ha /2 + h3=1500 mm

Was = yd x Wa x hg = 32.0 kN/m

Wy = Wgs + Wgs = 80.0 kN/m

Xg = ((Wg3 x Xg3) + (Wga x Xga)) / Wg = 1300 mm

Yo = ((Wga x yga) + (Wga x yga)) / Wg = 900 mm

Xg = Xg X COS(g) + yg x sin(e) = 1345 mm

Hr = yg4 + ha/2 - ((ygs + hal2) x cOS(g) - (Xgs + Wa/2) x sin(g)) = 107 mm

o = 90deg - Atan((ws - (Xga + (Wa / 2))) / (Yga + ha/ 2)) + & = 66.4 deg
6 =90deg - ¢ = 87.0 deg

H = (yga + ha/2) + (w3 x sin(g)) - Hf = 2050 mm

Hinol = ((Yg4 + ha / 2) x cos(g) - (Xga - (Wa / 2)) x sin(g)) = 1997mm

Ka = sin(a + ¢'r.a)? / (sin(a)? x sin(a - 8r.)) = 1.626

Pasol = 0.5 x Ka x 5.0 x H? = 47.8 kN/m

Pomin = Min(H / Href, 1) % qa,min = 6.8 kKN/m?

Fsoil_h = y6 % Pagsoil x €08(90 - o + 8rq) = 47.2 kN/m
Fsurch_h = max((Po,c x Y6 + Po.a * Ya), Pomin) x Ka x H x cos(90 - o + &r.4) = 25.6 kN/m

Fgavion_v.f = v,/ x Wg = 80.0 kN/m
Fsoil vt = v6f X Pasoil x sin(90 - o + &.q) = 32.7 kN/m
Fsureh_vf = Max((Poc X Y61 + Poa X Yaf), Pomin) X Ka x H x sin(90 - o + &) = 15.5 kN/m

Mo = Fsoil_h x dh,soil + Fsurch_n X dhsurch = 47.0 kNm/m
MR = Fgabion_v X Xg * Fsail_vf X bysoil + Fsurch v X bvsurch = 235.4 KNm/m
FoSw=Mr /Mo = 5.007
FoSm_alow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Fsoil_h + Fsurch_h = 72.7 kN/m
N = Fgaion_vf + Fsoil_vf + Fsurch_v = 128.2 KN/m
Fr =T x cos(g) - N x sin(e) = 65.9 kN/m
Fr = (T x sin(e) + N x cos(g)) x tan(8bg.d) = 92.3 kN/m
FoSs=Fr/Fi=1.400
FoSs_ailow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Xg4 = Wa/2=1000 mm

Yg4 = ha/2 =500 mm

Waa = yd x W x hg = 32.0 kN/m

Wg =Wgs = 32.0 kN/m

Xg = ((Wga x Xg4)) / Wg = 1000 mm

Yg = (Wga x yga)) / Wg = 500 mm

Xg = Xg % COS(g) + yg x sin(e) = 1025 mm

Hr = yga + ha/2 - ((yga + ha/2) x coS(g) - (Xga4 + Wa/2) x sin(g)) = 106 mm

o =90 deg + ¢ = 93.0 deg

0 = 90deg - ¢ = 87.0 deg

H = (yga + ha/2) + (wa x sin(g)) - Hr = 999 mm

Hinci = ((Yga + ha / 2) x cos(g) - (Xga - (Wa / 2)) x sin(g)) = 999mm
Ka = sin(a + ¢'ra)? / (sin(a)? x sin(a. - 8r.4)) = 0.800

Pasail = 0.5 x Ka x ys.0 x H? = 5.6 KN/m

Pomin = Min(H / Hrer, 1) x Gamin = 3.3 kN/m?

Fsoil_h = Y6 x Pasil X c0s(90 - o + 8r.d) = 7.2 kN/m
Fsureh_h = max((Po,c X Y6 + Po.a X YQ), Pomin) X Ka x H x cos(90 - o + &r.4) = 8.0 kN/m

Fgabion_v.f = ya1 x Wg = 32.0 kN/m
Fsoilv.f = Y6 X Pasoil x sin(90 - o + 8:.4) = 1.6 kN/m
Fsureh_vf = Max((Po.c X Y61 + Poa X Yas), Pomin) X Ka x H x sin(90 - o + &r4) = 1.1 kN/m

Mo = Fsoil_h x dh,soil + Fsurch_h X dhsurch = 4.8 KNm/m
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Restoring moment
Factor of safety
Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure
Total horizontal force

Total vertical force

Sliding force

Sliding resistance

Factor of safety

Allowable factor of safety

Design approach 1

Partial factors on actions - Section A.3.1 - Combination 2
Permanent unfavourable action

Permanent favourable action

Variable unfavourable action

Variable favourable action

Partial factors for soil parameters - Section A.3.2 - Combination 2
Angle of shearing resistance
Weight density

Design soil properties

Design effective shearing resistance angle
Design saturated density of retained soil
Design wall friction angle (cl.5.4.2.1)
Design base friction angle

Design friction between gabions

Wall geometry

Horizontal distance to centre of gravity gabion 1
Vertical distance to centre of gravity gabion 1
Weight of gabion 1

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2
Weight of gabion 2

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

MR = Fgabion_vt X Xg + Fsoil_v X bysoil + Fsurch_v,f X bvsurch = 38.3 KNm/m
FoSw=Mr /Mo =7.937
FoSm_aliow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Fsoil_h *+ Fsurch_h = 15.3 kKN/m
N = Fgaion v + Fsoil_vf + Fsurch vt = 34.7 kN/m
Fi=T x cos(g) - N x sin(c) = 13.4 kN/m
Fr = (T x sin(e) + N x cos(g)) x tan(8bg.d) = 24.8 kN/m
FoSs=Fr/F;=1.849
FoSs_ailow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

y6 =1.00
yes=1.00
ya=1.30
yaf = 0.00
vy =125
v, =1.00

¢’ra = Atan(tan($'pkk) / v¢) = 21.3 deg

vsa = vsr /v, = 14.0 kKN/m®

8r.d = min(atan(tan(drk) / v¢), ¢'rd X Kmembrane) = 15.8 deg
Sbb.g = Atan(tan(den.x) / vy) = 24.8 deg

8bg.d = Atan(tan(dogx) / v4) = 29.3 deg

Xg1 = w1/2=2000 mm

Yg1 = h1/2 =500 mm

Wg1 = ya x Wy x h1 = 64.0 kN/m

Xg2 = W2/ 2 + 52 = 2000 mm

Yg2 = h2/2 + h1=1500 mm

Wg2 = yd¢ x W2 x h2 = 64.0 kN/m

Xg3 = W3/ 2 + s + 53 =1500 mm

Yg3 =h3/ 2+ h1+hz=2500 mm

Wog3 = yd4 x W3 x hs = 48.0 kN/m

Xg4 = Wa /2 + 2+ s3+54=1000 mm

Yg4 =ha/2+hy+hz+hs=3500 mm

Was = yd4 x W x hg = 32.0 kN/m

Wy =Wg1 + Wgz + Wgs + Wgs = 208.0 kN/m

Xg = ((Wg1 x Xg1) + (Wg2 x Xg2) + (Wg3 x Xg3) + (Wg4 x Xga)) / Wg = 1731 mm
Yo = (W1 x yg1) + (Wg2 x yg2) + (Wgs x yg3) + (Wga x yga)) / Wg = 1731 mm
Xg = Xg x COS(€) + yg x sin(e) = 1819 mm

Hr = yga + ha/2 - ((ygs + ha/2) x cOS(g) - (Xg4 + Wa/2) x sin(e)) = 110 mm

o = 90deg - Atan((w1 - (Xgs + (Wa / 2))) / (yg4 + ha/ 2)) + & = 66.4 deg
0 =90deg - ¢ = 87.0 deg

H = (yga + ha / 2) + (W1 x sin(g)) - Hr = 4099 mm

Hinei = ((Yga + ha / 2) x cos(g) - (X4 - (Wa / 2)) x sin(e)) = 3995mm

Ka = sin(a + ¢'ra)? / (sin(o)? x sin(a - 8r.)) = 1.538

Pasoil = 0.5 x Ka x ys.4 x H? = 180.8 kN/m

Pomin = Min(H / Href, 1) x qa,min = 10.0 kKN/m?

Fsoil_h = Y6 % Pasoil X €0s(90 - o + 8r.4) = 139.8 kN/m
Fsurch_h = max((Po,c X Y6 + Poq X ¥Q), Pomin) x Ka x H x cos(90 - o + 5r.q) = 48.7 kN/m

Fgabion_v.f = v x Wg = 208.0 kN/m
Fsoil v = Y6, X Pasail x Sin(90 - o + &ra) = 114.7 kN/m
Fsurch_v.f = Max((PoG x Y61 + Poa X Ya), Pomin) x Ka x H x sin(90 - o + 8r.4) = 40.0 KN/m

Mo = Fisoit_h x dn,soil + Fsurch_h X dhsurch = 251.4 KNm/m
MR = Fgabion_vf X Xg *+ Fsail_v X bysoil + Fsurch_v,f X bysurch = 892.3 KNm/m
FoSw=Mr /Mo = 3.550
FoSm_alow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning
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Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 1 and 2

Wall geometry

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2
Weight of gabion 2

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 2 and 3

Wall geometry

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

T = Fsoih + Fsurch_n = 188.5 kN/m
N = Fgabion v + Fsoil v + Fsurch v = 362.7 KN/m
Fi=T x cos(e) - N x sin(e) = 169.3 kN/m
Fr = (T x sin(e) + N x cos(g)) x tan(8pb.a) = 171.9 kN/m
FoSs=Fr/F;=1.015
FoSs_ailow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Xg2 = W2 /2 =2000 mm

Yg2 = h2/2 =500 mm

Wg2 = yd¢ x W2 x h2 = 64.0 kN/m

Xg3 = W3/ 2 + s3=1500 mm

Yg3 = ha/2 + h2=1500 mm

Wg3 = ya x W3 x hz = 48.0 kN/m

Xg4 = Wa /2 + 83+ 54=1000 mm

Yg4 =ha /2 +hz +h3=2500 mm

Waa =y x Wa x hg = 32.0 kN/m

Wi = Wez + Was + Wee = 144.0 kN/m

Xg = ((Wg2 x Xg2) + (Wg3 x Xg3) + (Wga x Xg4)) / Wg = 1611 mm
Yo = ((Wg2 x yg2) + (Wg3 x yg3) + (Wgs x yg4)) / Wg = 1278 mm
Xg = Xg X COS(g) + yg x sin(e) = 1676 mm

Ht = yga + ha/2 - ((yga + ha/2) x cos(g) - (Xg4 + Wa/2) x sin(e)) = 109 mm

o = 90deg - Atan((wz - (Xgs + (Wa / 2))) / (yg4 + ha/ 2)) + & = 59.3 deg
6 =90deg - ¢ = 87.0 deg

H = (yga + ha / 2) + (W2 x sin(g)) - Hf = 3101 mm

Hinct = ((Yga + ha / 2) x cos(g) - (Xga - (Wa / 2)) x sin(g)) = 2996mm

Ka = sin(o + ¢'ra)? / (sin(a)? x sin(a - 8r.4)) = 1.913

Pasoi = 0.5 x Ka x ys.a x H? = 128.7 kN/m

Pomin = Min(H / Hret, 1) X Gdmin = 10.0 kN/m?

Fsoilh = Y6 % Pagsoil x €0s(90 - . + 8r.q) = 88.6 kN/m
Fsurch_h = max((Po,c x Y6 + Poa X 7Q), Pomin) x Ka x H x cos(90 - o + 5r.4) = 40.8 kN/m

Fgavion_v.f = y6.f x Wg = 144.0 kKN/m
Fsail_v.f = Y61 x Pasoil x sin(90 - o + &r.4) = 93.4 kN/m
Fsureh_v.f = max((Po,c X Y61 + Poa X Ya/), Pomin) X Ka x H x sin(90 - o + &.q) = 43.0 kN/m

Mo = Fsoit_n X dh,soil + Fsurch_h % dhsurch = 127.7 KNm/m
MR = Fgabion_vf X Xg + Fsoil_vf X bysoil + Fsurch_vf x bysurch = 689.3 kNm/m
FoSw=Mr /Mo = 5.396
FoSm_alow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Fsoil_h + Fsurch_h = 129.4 kN/m
N = Fgavion_vf + Fsoil_vf + Fsurch_vf = 280.4 KN/m
Fr=T x cos(e) - N x sin(e) = 114.5 kN/m
Fr = (T x sin(e) + N x cos(g)) x tan(8pg.a) = 160.6 kN/m
FoSs=Fr/ Fr=1.402
FoSs_ailow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Xg3 = w3/ 2=1500 mm

Yg3 =h3 /2 =500 mm

Wg3 = ya x W3 x hz = 48.0 kN/m

Xg4 = Wa /2 +84=1000 mm

Yg4 = ha/ 2+ h3=1500 mm

Was = ya x W x hg = 32.0 kN/m

Wg =Wgs + Wgs = 80.0 KN/m

Xg = ((Wgs x Xg3) + (Wg4 x Xg4)) / Wg = 1300 mm
Yo = (Wg3 x yg3) + (Wgs x yg4)) / Wg = 900 mm
Xg = Xg x COS(g) + Yq x sin(c) = 1345 mm

Hs = yga + ha/2 - ((yga + hal2) x cos(g) - (Xga + Wa/2) x sin(e)) = 107 mm
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Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 3 and 4
Wall geometry

Horizontal distance to centre of gravity gabion 4

Vertical distance to centre of gravity gabion 4

Weight of gabion 4

Weight of entire gabion

Horiz distance to centre of gravity entire gabion

Vert distance to centre of gravity entire gabion

Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

o = 90deg - Atan((ws - (Xgs + (Wa / 2))) / (yg4 + ha !/ 2)) + & = 66.4 deg
0 =90deg - ¢ = 87.0 deg

H = (yga + s/ 2) + (w3 x sin(g)) - Hr = 2050 mm

Hinol = ((Yg4 + ha / 2) x cos(g) - (Xga - (Wa / 2)) x sin(g)) = 1997mm

Ka = sin(o + ¢'ra)? / (sin(a)? x sin(a. - 8r.)) = 1.538

Pasoil = 0.5 x Ka x ys.q x H? = 45.2 kN/m

Pomin = mMin(H / Hret, 1) X qa,min = 6.8 kN/m?

Fsoil_h = Y6 x Pagsoil x €0s(90 - o + &r.q) = 34.9 kKN/m
Fsurch_h = max((Po,g x Y6 + Po,a X Ya), Pomin) x Ka x H x cos(90 - a + &r.4) = 20.1 kN/m

Fgavion_v.f = v, x Wg = 80.0 kN/m
Fsoil_v.f = Y61 x Pasoil x sin(90 - o + &r.4) = 28.7 kN/m
Fsurch_v.f = Max((PoG % Y61 + Poa X Yaf), Pomin) x Ka x H x sin(90 - o + 8r.4) = 13.7 kKN/m

Mo = Fsoil_h x dh,soil + Fsurch_n X dhsurch = 35.8 kNm/m
Mg = Fgabion_vf % Xg + Fsoil_vf X bysoil + Fsurch_vf x bysurch = 219.8 kNm/m
FoSw=Mr /Mo = 6.136
FoSwm_aliow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Fsoih + Fsurch_n = 55.0 kN/m
N = Fgaion v + Fsoil_vf + Fsurch vt = 122.3 kN/m
Fi=T x cos(e) - N x sin(e) = 48.6 kN/m
Fr = (T x sin(e) + N x cos(g)) x tan(dpg.a) = 70.1 kN/m
FoSs=Fr/F;=1.443
FoSs_ailow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Xg4 = Wa/2=1000 mm

Yg4 = ha/2 =500 mm

Was = ya x Wa x hg = 32.0 kN/m

W, = Wgs = 32.0 kN/m

Xg = ((Wga x Xga)) / Wg = 1000 mm

Yg = ((Wga x yg4)) / Wg = 500 mm

Xg = Xg x COS(g) + Yg x sin(e) = 1025 mm

Hr = yg4 + ha/2 - ((ygs + hal2) x cos(g) - (Xgs + Wal2) x sin(g)) = 106 mm

o =90deg +¢=93.0deg

6 =90deg - ¢ = 87.0 deg

H = (yga + ha/2) + (wa x sin(e)) - Hr = 999 mm

Hinet = ((Yga + ha / 2) x cos(g) - (Xga - (W4 / 2)) x sin(g)) = 999mm
Ka = sin(a + ¢'r.a)? / (sin(a)? x sin(a - 8r.q)) = 0.854

Pasoil = 0.5 x Ka x ys.4 x H? = 6.0 kN/m

Pomin = Min(H / Heef, 1) x qamin = 3.3 kN/m?

Fsoil_h =6 x Pasoil x €0s(90 - o + 8r4) = 5.8 kN/m
Fsurch h = max((Po, x Y6 + Poa X ¥a), Pomin) x Ka x H x cos(90 - o + &r4) = 6.9 kN/m

Fgavion_v.f = y6.1 x Wg = 32.0 kN/m
Fsoil vf = Y6 % Pasail x sin(90 - o + 8:4) = 1.3 kN/m
Fsurch_vf = Max((PoG x Y61 + Poa X Yaf), Pomin) x Ka x H x sin(90 - o + 8r.4) = 0.9 kN/m

Mo = Fsoil_h x dhsoit + Fsurch_n X dh,surch = 4.0 KNm/m
Mg = Fgabion_vf X Xg * Fsoil_vf X bysoil + Fsurch_v x bvsurch = 37.4 KNm/m
FoSw=Mr /Mo = 9.264
FoSm_alow = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Fsoil_h + Fsurcn_h = 12.7 kKN/m

N = Fgaion_vf + Fsoil_vf + Fsurch_v = 34.3 KN/m

Fr =T x cos(g) - N x sin(¢) = 10.9 kN/m

Fr = (T x sin(e) + N x cos(g)) x tan(pg.a) = 19.5 kN/m
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Factor of safety FoSs=Fr/F;=1.799

Allowable factor of safety

FoSs_ailow = 1.000

PASS - Design FOS for sliding exceeds min allowable FOS for sliding
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Design calculations for proposed works for Gabion Basket Wall for a Residential
Dwelling

FROM SITE MEASUREMENTS
RELEVANT ARCHITECTURAL DRAWINGS Q

RELEVANT CODES OF PRACTICE

B BRITISH STANDARDS EUROCODES
GENERAL Building Regulations 2010 EN 1990 - Eurocode o: Basis of strucural design
PP7312 :2002
LOADING BS 6399 (1:1996 ; 2:1997 ; 3 1988) EN 1991 - Eurocode 1: Actions on structures
STEELWORK BS 5950 (1: 2000) EN 1993 - Eurocode 3: Design of steel structures
SCI Steelwork Design Guide to BS 5950 —
6" Edition
TIMBER BS 5268 (2:2002 3 3:1998) EN 1995 - Eurocode 5: Design of timber structures
MASONRY BS 5628 (1:1992 ; 2:2000) EN 1996 - Eurocode 6: Design of masonry structures
CONCRETE BS 8110 (1:1997) EN 1992 - Eurocode z: Design of concrete structures

FOUNDATIONS  BS 8004 (1986)

NOT FOR BUILDERS

Builders must use drawings only
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Sheet No. o1 Date 03/02/2021
LOADS SLS ULS
ROOF
Coverings (Tiles) 0.60
Battens, Felt, Insulation 0.05
Rafters / Trussed Rafters 0.15
Ceiling Joists 0.25
Ceiling
DEAD ros
IMPOSED 0.75 1.20
TOTAL - & 270
FLAT ROOF
Chippings, 3 Layer Felt, Boards, Joists, Insulation & 0.80 Liz
Ceiling
FLOOR
Coverings 0.10
Joists/PC Planks 0.15
Ceiling 0.5
Partitions generally
DEAD 0.50 o.70
IMPOSED .50 2.40
TOTAL 2.00 3.10
WALLS
Brickwork outer leaf (102 mm - fair faced) 2.00 2.80
Brickwork outer leaf (102 mm — rendered) 2.50 3.50
Brickwork inner leaf (102 mm - plastered) 2.25 3.15
Blockwork inner Leaf (1oomm — plastered /1) .75 ‘ 2.50
Blockwork partition (1oomm - plastered/2) 2.10 3.00
Timber stud (7smm - plastered/2) 0.70 00
Lightweight stud 0.50 0.70
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GABION RETAINING WALL ANLYSIS & DESIGN
In accordance with BS8002:2015 - Code of Practice for Earth Retaining Structures and the UK National Annex

4981

80

.S

Wall geometry

Width of gabion 1

Height of gabion 1

Width of gabion 2

Height of gabion 2

Step to front face between courses 1 and 2
Width of gabion 3

Height of gabion 3

Step to front face between courses 2 and 3
Width of gabion 4

Height of gabion 4

Step to front face between courses 3 and 4
Width of gabion §

Height of gabion 5

Step to front face between courses 4 and 5
Wall inclination

Gabion properties
Unit weight of fill
Friction between gabions

Loading
Permanent surcharge
Variable surcharge

Soil properties

Slope of retained soil

Characteristic peak shearing resistance angle
Characteristic saturated density of retained soil
Coefficient for wall friction

Wall friction angle

Characteristic base friction angle

Bearing capacity of founding soil

Wall geometry

Horizontal distance to centre of gravity gabion 1
Vertical distance to centre of gravity gabion 1
Weight of gabion 1

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2

~x—11 Surcharge

5438

7 -4500mm x 1000mm

wi = 4500 mm
hi = 1000 mm
wz = 3000 mm
hz = 1000 mm
sz=0mm
w3 = 2500 mm
h3 = 1000 mm
s3=0mm
wa = 2000 mm
hs = 1000 mm
sa=0mm
ws = 1000 mm
hs = 1000 mm
ss=0mm
£=8deg

ya = 16.0 kN/m?
Obgx = 35.0 deg

Poc=5 KkN/m?
Poo = 3 kN/m?

B =33.0deg
¢'pex = 26.0 deg
Yer = 14.0 KN/M®
kenemerane = 0.75
&ex = 19.5 deg
Bbox = 30.0 deg
q =200 kN/m?

Xg1 = Wi /2 = 2250 mm

Yot =hs /2 =500 mm

War = ya x Wi x hy = 72,0 kN/m
Xg2 = W2/ 2 + s2 = 1500 mm
ygz = h2/2 + hy = 1500 mm

Tedds calculation version 2.0.01
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Weight of gabion 2

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion §
Vertical distance to centre of gravity gabion 5
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from tae to front edge of top gabicn
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.46.3.2)

Pressure at base

Horizontal forces

Retained soil

Height of soil thrust resolved vertically
Surcharge

Height of surcharge thrust resolved vertically

Vertical forces

Gabion weight

Retained soil

Horizontal dist to where soil thrust acts
Surcharge

Horizontal dist to where surcharge thrust acts
Total horizontal unfactored force

Total vertical unfactored force

Force normal to base

Total unfactored overturning force
Total unfactored restoring force
Eccentricity

Pressure at toe

Pressure at heel

Factor of safety
Allowable factor of safety

Design approach 1

Partial factors on actl - Secti
Permanent unfavourable action

A3.1-C ination 1

Permanent favourable action
Variable unfavourable action
Variable favourable action

Partial factors for soil parameters - Section A.3.2 - Combination 1
Angle of shearing resistance
Weight density

Design soil properties

Design effective shearing resistance angle
Design saturated density of retained soil
Design wall friction angle (c1.5.4.2.1)
Design base friction angle

Design friction between gabions

Active pressure using Coulomb theory
Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Wiz = 7a x Wz x hz = 48.0 KN/m
x¢=w=l2+sz+s;=1150mm
yga=hsl2+hx+h2=2500mm

Wea = va x Ws x ha = 40.0 KN/m
X94=W4/2*’52+53+sa=1000mm

yoe = ha/ 2 + hy + ha + iy = 3500 mm
Waa = Yo x Wa x ha = 32,0 KN/m
xq5=Ws’2*Sz+Se+S4+55=500mm
Vn5=hs/2"h1+hz+l'b+h4=4500mm
Wes = 1¢ x Ws x hs = 16.0 KN/m
Wg=Wg|+Wgz+W93+Wg4*W95=208.0kNlm

Xg = ((Wa1 xXe!)*(anXqu)'*(WsaxXos)*(WgAXw)'*(Wgssts))/Wg
Yo = ((Wat x Vat) + (Waz x yg2) + (Waz yaa) + (W x yge) + (Wes x Yes)) 1

Xg = Xg x COS(E) *+ Yo * sin(g) = 1805 mm

He = ygs + hs/2 - ({ygs + hsf2) x cos(e) - (g5 * wsl2) x sin(e)) = 188 mm

o = 90deg - Atan((w1 - (Xgs + (Ws 120/ (ygs+hs/2)) +e= 63.0 deg

6 = 90deg - £ = 82.0 deg
H=(ygs+hs/2)+ (Wi x sin(g)) - He = 5438 mm

Hine = ({yss + s / 2) x Cos{e) - (xgs - (ws [ 2)) x sine)) = 4951mm

Ke = sinoc + ¢')? 1 (sin(a)? x sin(e - 8ri)) = 1.829
Pasot = 0.5 x Ks x 7sr x H? = 378.6 kN/m
Poswin = Min(H / Hrar, 1) x Gamn = 10.0 kN/m?

Faoii_hgq = Pasoi x cos(S0 - o + &) = 260.7 kN/'m
Ohsan = H/ 3 - ws x sin(e) = 1187 mm

Fauwcn_ng = Max((pes + Poa), Posin) x Ka x H x cos(80 - o + 8-x) = 68.5 KN/m

Gnsurch = H 12 - w1 x sinfe) = 2093 mm

Fgasion_vq = Wg = 208.0 KN/m
Feot_vq = Pasat x Sin(90 - o + 8:x) = 274.6 kN/m
busat = Wi x cos(e) - (H/3) / tan(a) = 3533 mm

Feurch_va = Mmax{(poc + Pe.a), Pomin) x Ka x H x sin(Q0 - o + drk) = 72.1 kKN/m

Busen = Wi x COS(e) - (H/2) tan(a) = 3071 mm

Tq = Fsoing + Fauenhg = 329.1 kN/m

Nq = Fation_vg + Faeiva * Fauwenvg = 554.7 kN/m

Ns = Ng x cos(g) + Tq x sin(e) = 595.2 kN/m

Mo = Foai_hq X Ohsot + Faurch_hg X Onsuren = 452.8 kNm/m

Mg, = Fgation_vq X Xg *+ Fsol_vq X Busot + Fauren_vg X Dysuen =

e=wi/2-(Mrg-Mog)/ N==377 mm

ot0e = Ne w1 % (1 + (6 x & 1 i) = 198.8 KN/m®
Ohoat = No /W1 x (1 - (6% @/ wi)) =657 KN/m?
FoSa = G / max(cwe, Ghea)) = 1.008

FoSq_siiew = 1.000

1567.1 KNm/m

=1558 mm
W, = 1885 mm

Reaction acts within middle third of base

PASS - Design FoS for allowable bearing pr

e =1.35
var=1.00
vo = 1.50

var = 0.00

ve=1.00
1, =1.00

&'ra = Atan(tan(®'pei) [ 1) = 26.0deg

vsa = var [ = 14.0 KN/im®

8ca = min(atan(tan(drx) / ve), §'ra x Kmemersne) = 19.5 deg
Sun.a = Atan(tan(Soo k) / v4) = 30.0 deg

Buga = Atan(tan(Beg k) / v¢) = 35.0 deg

K = sin(c + d'ra)? | (sin(e)? x sinfa - 8r¢)) = 1.828
Pasoi = 0.5 x Ka x ¥s¢ ¥ H? = 378.6 kN/m

Pomin = MIN(H / Hrer, 1) % Gamin = 10.0 kKN/m?

ds min

ble pressure to base
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Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Aliowable factor of safaty

Sliding stability - ignore any passive pressure in front of the structure
Total horizontal force

Total vertical force

Sliding force

Sliding resistance

Factor of safety

Allowable factor of safety

Check overturning and sliding between courses 1 and 2

Wall geometry

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2
Weight of gabion 2

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion 5
Vertical distance to centre of gravity gabion 5
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (¢l.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure
Total horizontal force

Total vertical force

Sliding force

Sliding resistance

Fsoa_h = Y6 x Pasol x ¢08(90 = o + ra) = 351.9kN/m

Fauen_n = Max{{Pos x Y6 + Pog X Ya), Pamin) X Ka x H x c0s(90 - &« + 8r.g) = 71.89 kKN/m

Faasion v = Yar x Wy = 208.0 kN/m
Feal_vt = Y61 * Pagon x sin(80 - a + 8ra) = 274.86 KN/m

Fauen_vt = Max((Pos * Y51 + Pog x Ya), Pomin) x Ka x H x sin(80 - o + &) = T2.1 KN/m

Mo = FeolLn % Ohsat * Fsuren_h  dnsuren = 568.0 KNm/m

Mg = Fgabion_vt ¥ Xg + Fai_v.t x byzan + Fauren_ve Dusurch = 1567.1 KNm/m
FoSm=Ma /M, = 2.759

FOSu_siow = 1.000

ds min

ble FOS for over

PASS - Design FOS for overturning

T = Feot_p + Fauen n = 423.8 kKN/m

N = Fyation_vt + Faot_vs + Fauen vt = 554.7 kN/m

Fr=T x cos(e) - N x sin() = 342.5 kN/m

Fx = (T x sin(s) + N x cos(g)) x tan(des.) = 351.2 kN/m
FoSs=Fgr/Fr=1.026

FoSs_siow= 1.000

PASS - Design FOS for sli min

Xg2 = W2/ 2 = 1500 mm

Ye2 = hz/2 =500 mm

Wgz = y4 x W2 x hiz = 48.0 kKN/m

Xga = Wal 2 + 53 = 1250 mm

Yg3 =haf 2 +hz=1500 mm

Wes = ya x wa x hs = 40,0 kN/m

Xgs = W4/ 2 + 3 + S4 = 1000 mm

y94=l'\4/2+hz+hs=2500mm

W94=deW4Xh4=32.0kNlm

Xgs = Ws / 2 + 53+ 54 + 55 = 500 mm

Yos = s/ 2 + h + ha + ha = 3500 mm

W5 = 74 x Ws x hs = 16.0 kN/m

Wy = Wgz + Wes + Wge + Wes = 136.0 KN/m

Xg = ((Waz x Xgz) + (Wga x Xg2) + (Wa x Xg2) + (Wes x Xgs)) / Wy = 1191 mm
Yo = ((Waz x Ye2) + (Wea x Yga) + (W x Yga) + (Wes x ygs)) / We = 1618 mm
Xg = Xg % COS(g) + yg x Sin(g) = 1405 mm

Hi = yes + hsf2 - ({yes + hs/2) x cos(e) - (Xgs + Ws/2) x sin(g)) = 178 mm

o = 90deg - Atan((wz - (xgs + (Ws / 2))) / (Yos + hs/ 2)) +& = 71.4 deg
0 = 90deg -& = 82.0 deg

H = (ygs + Ds / 2) + (w2 x sinfe)) - Hr = 4239 mm

Hinar = {(yes + s/ 2) x coS(e) - (X5 - (Ws | 2)) x sin(e)) = 3961mm

Ks = sin(a + ¢'rd)? / (sin(e)? x sinfa - 8r¢)) = 1.390

Pasal = 0.5 x Ka x 754 x H? = 174.8 kN/m

Porin = Min(H / Hrer, 1) x Gemin = 10.0 KN/M?

Faou_n = 76 % Pa,soi x c0S(90 - & + 5rg) = 185.8 kN/m

ble FOS for sliding

Fauren_n = Max((Pe.c % Y6 + Po.a * Ya), Pomin) X Ka x H x c0s(90 - o + &r¢) = 48.7 KN/m

Faation_vt = Yo x Wy = 136.0 kN/m
Fooi_vst = 6.1 x Pason x sin(90 - + 8¢a) = 107.8 kN/m

Fawch_vt = Max((Poc X ¥6.1 + Poa x ¥as), Pamn) x Ka x H x $in{80-a + dra) = 36.3 KN/m

Mo = Faaih x Ghzes + Fauch_h x Gnsuen = 267.9 kKNnv/m

Mg = Foation vt % Xg + Fsoa_ v x Buson + Faucn v % Duswrcn = 542.2 KNm/m
FoSu=Mgr /M, = 2.024

FoSn_atiew = 1.000

PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T= Fsagh + Faouehn = 234.5 KN/m

N = Fgavion_vt + Faoi_vs + Faucn_vs = 280.1 KN/m

Fr=T x cos(z) - N x sin(e) = 193.3 kN/m

Fa = (T x sin{e) + N x cos(e)) x tan(deg) = 217.1 kN/m
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Factor of safety FoSs=Fa/Fr=1123
Allowable factor of safety FoSs_aiow= 1.000
PASS - Design FOS for slidi ds min allowable FOS for siiding

Check overturning and sliding between courses 2and3

Wall geometry

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
VWeight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion 5
Vertical distance to centre of gravity gabion §
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (¢.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure
Total horizontal force

Total vertical force

Sliding force

Sliding resistance

Factor of safety

Allowable factor of safety

Check overturning and sliding between courses 3and4
Wall geometry

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion 5
Vertical distance to centre of gravity gabion 5
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion

Xg3 = Wal2=1250 mm

yga = ha /2 = 500 mm

W°3=‘r¢xwaxh3=40.0kNlm

X94=W4/2+Sa=1000mm

yvq=h4/24'ha=1500mm

Wes =74 x We x hs = 32.0 KN/m
xg5=wslz+s4+ss=500mm

yes = hs 12 + ha + s = 2500 mm

W95='{¢stxh5= 16.0 kN/m

Wy = Wgs + Wage +W;s = 88.0 kN/m

Xg = ((Waa x Xg3) + (Wgs x Xga) + (Wes x Xg5)) [ W = 1023 mm
¥a = ((Wgs x Ya3) + (W x yae) + (Wes x Yos)) / W = 1227 mm
Xg = Xg % COS(€) + Yg * sin(g) = 1184 mm

Hr = ygs + he/2 - ((ygs + hs/2) = cos(e) - (xgs + wsf2) x sin(e)) = 168 mm

. = 90deg - Atan{(ws - (xgs + (Ws / 2))) / {yes + hs/2)) +e=T71.4deg
6 = 90deg - € = 82.0 deg

H = (ygs + hs / 2) + (w3 x sin(e)) - Hr = 3180 mm

Hinat = ((Vgs *+ hs { 2) x cOS(g) - (Xgs - (Ws 12)) x sin(e)) = 2971mm

Ke = sin(a + &' / (sinc)? x sin(o: - 8ra)) = 1.390

Pasoi = 0.5 x Ks % yas x H2 = 98.3 kN/m

Doumin = Min(H / Hret, 1) X Gamin = 10.0 KN/m?

Feoilh = 76 % Pasos x €0S(80 - & + Bro) = 104.5 KN/m

Faurch.n = Max((Pog x Y6 + Po@ x ¥a), Pomin) x Ka x H x c0os(90 - & + dre) = 36.5 KN/m

Faapion_vs = 761 x Wg = 88.0 KN/m
FooiLvt = 761 X Pagos x SIN(S0 - ot +&re) = 60.8 kN/m

Fruch_vt = Max({Pos x Y61 + Poa X ¥af), Pomin) x Ka x H x $in(90 - &« + 8cq) = 27.2 KN/M

Mo = Faail_h % Gnsos + Feurcn_n x dnsurch = 119.8 kNm/m

Mg = Fgabion_v1 * Xg + Feoa_vs x buson + Faucn_vf X Dusuren = 285.8 KNm/m
FoSu= Mg /M. =2.384

FoSu_aiow = 1.000

"y

PASS - Design FOS for overturning

min

ble FOS for over

T = Feoi_n + Fauen_n = 141.1 kKN/m

N = Fabion_vt + Fasil_vs + Faurch v1 = 175.9 KN/m

Fr=T x cos(e) - N x sin(e} = 115.2 kN/m

Fr = (T x sinfe) + N x cos(e)) x tan(Bega) = 135.7 KN/m
FoSs=Fr/Fr=1.178

F0Ss_siow = 1.000

=

PASS - Design FOS for sli

ble FOS for

s

min

g

Xg4 = Wa /2 =1000 mm

yga = he/ 2 =500 mm

Wie = 7a x wa x hs = 32.0 KN/m

Xgs = Ws /2 + 5= 500 mm

ygs =hs/ 2 + hs = 1600 mm
W95=Yd’lwb><h5=1s-0kN]m

W, = Wos + Wos = 48.0 KN/m

Xg = ({(Was x Xga) + (Wgs x Xgs)) / Wg = 833 mm
Yo = ((Was x Yga) + (Wes x yes)) / Wg = 833 mm
Xg = Xg x COS(E) + ¥g x Sin(g) = 941 mm

He = yes + hsf2 - ({ygs + hsf2) x cos(e) - (¥gs + Wsl2) x sin(c)) = 158 mm

a = 90deg - Atan((wa - (xgs + (ws / 2))) / (Ygs + his/ 2))+&=T1.4deg
0 = 90deg - ¢ = 82.0 deg

H = (ygs + hs / 2) + (wa x sin(g)) - Hr = 2120 mm

Heer = (g5 + hs / 2) x cos(e) - (xgs - (ws / 2)) x sin(g)) = 1981mm
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Active pressure using Coulomb theory
Active thrust due to soil
Minimum surcharge (¢1.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces

Gabion weight

Retained soil

Surcharge

Overturning stability - take moments about the toe
Qverturning moment

Restoring moment

Factor of safety

Allowzble factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 4 and 5

Wall geometry

Horizontal distance to centre of gravity gabion 5
Vertical distance to centre of gravity gabion S
Weight of gabion §

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance
Factor of safety
Allowable factor of safety

Ka = sin(a + §'re)? / (sin(o)? x sinfec - 3ra)) = 1.390
Pagon = 0.5 x Ka x yaa x H? = 43.7 kKN/m
Posmin = MIN(H / Heet, 1) x Qamin = 7.1 kN/m?

Faai_h = 76 % Pascit x C0S(80 - o + 8r4) = 46.5 KN/m
Feuchun = Max((Po x 76 + Poa  Ya), Pomin) x Ka x H x c08(90 - o + &:4) = 24.4 kN/m

Fgapion_vt = vast x Wy = 48.0 kN/m
Feat_vf = ya1 x Pasol x Sin(90 - & + &rg) = 27.0 KN/m
Faureh_vs = Max{(Poe x ¥a1 + Poa X Y1), Pomin} * Ka x H x sin(80 - o + 8.4) = 12.8 kN/m

Mo = Faci_p X Gn.soil + Faurch_h X dnsuen = 38.9 KNm/m
Mg = Faavion_vt x Xg + Faai_ut X Dysol + Feureh vt % Dysuch = 113.0 kNm/m
FoSu= Mg/ M, = 2903
FoSwu_atew = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Feait_n + Faurcn_n = 70.8 KN/m
N = Fgasion_vf + Feoi_vs + Frucn_ve = 87.8 KN/m
Fr=T x cos(e) - N x sin(g) = 57.9 kN/m
Fr = (T x sin(e) + N x cos(z)) = tan(Ssg.c) = 67.8 KN/m
FoSs=Fr/Fr=1.170
FoSs_siiow = 1.000
PASS - Design FOS for siidil ds min ail ble FOS for slidil

Xgs = ws /2 = 500 mm

ygs =hs/2 =500 mm

Wis = 74 x Ws x hs = 16.0 kN/m

W, = Wes = 16.0 kKN/im

Xg = ((Wigs x Xgs)) / Wg = 500 mm

¥s = ((Wos x ygs)) / Wy = 500 mm

Xg = Xg x COS(g) + yg x Sin(e) = 565 mm

Hr = ygs + he/2 - ((Yos + hs/2) x COS(e) - (Xgs + We/2) x sin(s)) = 149 mm

« =90 deg +¢& = 98.0 deg

0 =90deg - £ = 82.0 deg

H = (Yos + hs / 2) + (ws x sin(e)) - Hf = 990 mm

Hin = (Vg5 + hs / 2) x cos(g) - (Xgs - (ws / 2)) x sin(g)) = 990mm
Ka = sin(a + ¢'-¢)? / (sin{ce)? x sin(a - 6r4)) = 0.715

Pasoit = 0.5 % Ka x 754 x H?=4.9 kN/m

Posmin = MIn(H / Heer, 1) X Gasmin = 3.3 KN/m?

Feei_n = ¥6 % Pasa x c0s(90 - a + 8r4) = 6.5 kN/m
Feuenn = Max{(Pos x ¥6 + Poa X Ya), Pomin) x Ka x H x €08(30 - o + &r4) = 7.3 kN/m

Faation_vf = Y& x Wy = 16.0 KN/m
Foi_vt = 764 % Pasoa x Sin(80 - a + 8ra) = 1.0 kKN/m
Fawen_vt = Max((Poe x Y61 + Po. * Yaus), Pomin) x Ke x H x sin(30 - @ + &ra) = 0.7 kN/m

Mo = Faot_n % Ohsail + Fauron_h  Gneurcn = 3.8 KNm/m
Mg = Fganion_v. ¥ Xg + Faoil_vt % Busot + Faurch_vf % Dyzurch = 10.8 KNm/m
FoSwu= Mg/ Mo = 2.816
FoSu atow = 1.000
PASS - Design FOS for overturning ds min all ble FOS for over

T = Faoii_n + Fauren_n = 13.8 kN/m
N = Fgapion_v + Faoi_vs + Fauen_ve = 17.7 KN/M
Fr=T x cos(z) - N x sin(e) = 11.2 kN/m
Fr = (T x sin(g) + N x cos(g)) x tan(Sege) = 13.6 KN/m
FoSs=Fr/Ft=1.216
FoSs_ssow = 1.000
PASS - Design FOS for slidil ds min allowable FOS for slidi
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Design approach 1
Partial factors on actions - Section A.3.1 - Combination 2
Permanent unfavourable action ve = 1.00
Permanent favourable action ves = 1.00
Variable unfavourable action va=1.30
Variable favourable action yar = 0.00
Partial factors for soil parameters - S tion A.3.2 - C 2
Angle of shearing resistance v =125
Weight density v, =1.00

Design soil properties

Design effective shearing resistance angle
Design saturated density of retained sail
Design wali friction angle (¢l.5.4.2.1)
Design base friction angle

Design friction between gabions

Wall geometry

Horizontal distance to centre of gravity gabion 1
Vertical distance to centre of gravity gabion 1
Weight of gabion 1

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2
Weight of gabion 2

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion 5
Vertical distance to centre of gravity gabion 5
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe

Overturning moment
Restoring moment
Factor of safety
Allowable factor of safety

&'ra = Atan(tan('skx) / v¢) = 21.3 deg

o =y | 7 = 14.0 KNIM®

8.4 = min(atan(tan(d:x) / 1), ¥'ra Kmemarane) = 15,8 deg
Seba = Atan(tan(Seox) 1 v¢) = 24.8 deg

Suo.e = Atan(tan(Begx) / 1) = 29.3 deg

Xgt = Wi [ 2 = 2250 mm

yat = hy /2 =500 mm

Wit =ya x Wi x h1 =72.0 kN/m

x,,2=WzI2+52=1500mm

yg2=hz/2+h|=1500mm

Wgz:yuxwthz=48.0kNlm

Xg3 = Wal 2 + 52+ 83 = 1250 mm

Ygs=h3/2+h1*hz=2500mm

Wgs = 16 X W3 x hsz = 40.0 KN/m

x¢4=w‘l2+sz+ss+54=1000mm

y94=h‘12+h1+h2+h3=3500mm

W94=*{uxw.sxh4=32.0kNlm

X§=WS/2+52+SS+S4+55=500mm

‘{95=hs/2+hx'*hz+hs+h4=4500mm

Wgs=*{astxh5=16.0kNlm

Wg = Wet + Wgz + Wgs + W + Wgs = 208.0 kN/m

Xg = ((Was x Xg1) + (We2 xxgz)«f(ngxxga)+(waxg4)+(wgsqus))lwg=1558 mm
Yo = ((Wat x Yg1) + (Wez x ygz) + (Wes x yas) + (Wee x Vo) + (Wes x ¥es)) / Wg = 1885 mm
Xg = Xg x COS(8) + Yz x sin(z) = 1805 mm

H'=y95+h5/2<((st+h5/2) x Co8(E) - (Xgs + wsl2) x sine)) =188 mm

o = 90deg - Atan{(wi - (xgs + (ws/ 20}/ (ygs+hs/2)) +&= 63.0 deg
8 = 90deg - = 82,0 deg

H=(ygs +hs/2)+(ws x sin(s)) - Hr = 5438 mm

Hiner = ({yss + hs / 2) x COS(g) - (Xg5 = {(ws / 2)) x sine)) = 4951mm

K = sin(a + @' | (sin(e)? x sin(a. - 8q)) = 1.700

Pasot = 0.5 x Ka % yad % H? = 352.0 kN/m

Pomin = Min(H / Heer, 1) * Qamin = 10.0 KN/m?

Fsoih = Y6 X Ps,sail x €08(0 - ot + 8ra) = 258.2 kN/m
Fauren_n = Max({(Pog x ¥& + Poa ¥ va), Pomin) % Ka x H x c0S(90 - ot + 8:4) = 67.8 kKN/m

Egabion_vs = a1 x Wy = 208.0 KN/m
Fea_vs = Yaf ¥ Pasoil x Sin(80 - a + ra) = 239.2 KN/m
Feurch_vs = Max({Po, x 76 + Poa * o), Pomin) X Ks x H x sin(90 - o + 5ra) = 62.8 kKN/M

Mo = Fzai_h x Onzeit + Fauchn x O zuren = 448.3 KNm/m
Mg = Faabion_vt * Xg + Fsotus x Duson + Fauch_vf x Dyswen = 1413.3 KNm/m
FoSm= Mg/ M, = 3.152
FoSw_ssew = 1.000
PASS - Design FOS for overturning exceeds min allowable FOS for overturning

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total verticai force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

T = Fsar_n + Fsurch n = 326.0 KN/m
N = Faation_vt + Feoi_vs + Feuren_vs = 510.0 KN/m
Fe=T x cos(s) - N x sin(g) = 251.9 kN/m
Fr = (T x sin(g) + N x cos(e)) x tan(dese) = 254.2 kKN/m
FoSs=Fr/F:=1.008
FOSs_atow = 1.000
PASS - Design FOS for slidii ds min ble FOS for slidii
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Check overturning and sliding between courses 1 and 2

Wall geometry

Horizontal distance to centre of gravity gabion 2
Vertical distance to centre of gravity gabion 2
Weight of gabion 2

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion §
Vertical distance to centre of gravity gabion 5
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical changa in height dus to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (c1.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

sliding stability - ignore any passive pressure in front of the structure
Total horizontal force

Total vertical force

Sliding force

Sliding resistance

Factor of safety

Allowable factor of safety

Check overturning and sliding between courses 2 and 3

Wall geometry

Horizontal distance to centre of gravity gabion 3
Vertical distance to centre of gravity gabion 3
Weight of gabion 3

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion §
Vertical distance to centre of gravity gabion 5
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination heriz dist

Vertical change in height due to wall inclination

Design dimensions
Effective angle of rear plane of wall

Xgz = w2/ 2 = 1500 mm

ygz=hzlz=500mm

W@=yuszxhz=48.0kNlm

Xgs = W3 /2 + 53 = 1250 mm

Y3 = ha/ 2 + hz = 1500 mm

W93=y¢xw;r,xh3=40.0 kN/m

Xg4 = Wal 2 + 83+ 54 = 1000 mm

y94=h4/2+hz+h3=2500mm

Waa = ve x Wa x he = 32.0 kKN/M

Xgs = Ws [ 2 + S5 + 84 + 55.= 500 mm

ygs = hs /2 + hz + ha + ha = 3500 mm

Wqs = va x Ws x hs = 16.0 kN/m

WD=W¢+W§3+W94+W95=135.0 kN/m
Xg=((anxxsz)+(Wsaxx“=)+(W«Hea)*(Wgs*qu))/Wg=1191 mm
¥a = ((Waz x yg2) + (W x ygz) + (Woe x Yae) + (Wes x ygs)) | W = 1618 mm
Xg = Xg % COS(e) + yg x sinfe) = 1405 mm

Hr = ygs + hs/2 - ((yss + hs/2) x cos(e) - (xgs + ws/2) x sin(g)) = 178 mm

o = 90deg - Atan((wz - (Xgs + (Ws / 2))) / (yes + hs/2))+e=T1.4deg
8 = 90deg -= = 82.0 deg

H = (ygs + hs/ 2) + (w2 x sin(e)) - Hr = 4239 mm

Hinat = ((ygs + s / 2) x €08(g) - (Xgs - (Ws / 2)) x sin(g)) = 3961mm

Ka = sin(a + ¢'m)’l (sin(cz)2 x sinfo. - 8rg)) = 1.345

Pasot = 0.5 x Ka x y2d x H? = 169.2 kN/m

Pomin = Min(H / Heet, 1) x Qamin = 10.0 KN/m?

Feai b = 76 % Pasoil x C0S(0 - a + 3re) = 139.7 kKN/m

Faurch_h = Max((Po. x 6 + Poa Ya), Pomin) x Ks x H x cos(90 - & + 8ra) = 47.1 KN/m

Fgabion_v.f = a1 x Wp = 136.0 KN/m
FasiLvs = 761 % Pasos % SIN(80 - o + 8¢) = 95.6 kN/m
Fauen_vt = Max{{Poc X a1 + Poa X Yau), Poumin) x Ka x H x sin(80 - a + &) = 32.2 KN/m

Mo = Fagi_n % Gnscil + Fauen_n x Onsuch = 219.2 KNm/m
Mg = Fasion_v.f x Xg *+ Faoil_v x Drsos + Fauren vt % Dusueen = 502.4 kNm/m
FoSu= Mg/ M, = 2.292
FoSwm_stiew = 1.000

PASS - Design FOS for over

min ble FOS for overturning
T = Feor_n + Fauren n = 186.7 kN/m
N = Faasion_vt + Faoius + Faurcn_vs = 263.8 KN/m
Fe=T x cos(g) - N x sin(e) = 148.2 kN/m
Fr = (T x sin(s) + N x cos(e)) x tan(dega) = 160.9 KN/m
FoSs=Fa/Fr=1.085
FoSs_atiow = 1.000
PASS - Design FOS for sliding exceeds min allowable FOS for sliding

Xga = W3/ 2 = 1250 mm

yg3 = ha /2 =500 mm

Wigs = v x Wa x hs = 40,0 kN/m

Xgé = W4 | 2 + 54 = 1000 mm

Yge = ha /2 + h3 = 1500 mm

Waa = ¥4 x Wa x s = 32.0 KN/m

Xgs = Ws [ 2 + 54+ 85 = 500 mm

yg5 = hs/ 2 + hz + ha = 2500 mm

Wys = va x ws x hs = 16.0 kN/m

Wi = Wz + Wge + Wos = 88.0 kN/m

Xg = (W3 x Xga) + (Wpge x Xga) + (Wgs x xgs)) / Wg = 1023 mm
Yo = ((Wa3 x yga) + (Was x yga) + (Wes x ygs)) / Wg = 1227 mm
Xg = Xg x COS(e) + ¥g x sin(e) = 1184 mm

Hr = ygs + hs/2 - ((yes + hsf2) x coS(g) - (xgs + Ws/2) x sin(g)) = 168 mm

o = 90deg - Atan((ws - (s + (Ws 1 2)))/ (ygs + s 2)) + & = T1.4 deg
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Effective face angle 8 =90deg - ¢ = 82.0 deg
Effective height of wall H = (ygs + hs/ 2) + (w3 x sin(g)) - Hr = 3180 mm

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Sliding resistance

Factor of safety
Allowable factor of safety

Check overturning and sliding between courses 3and4

Wall geometry

Horizontal distance to centre of gravity gabion 4
Vertical distance to centre of gravity gabion 4
Weight of gabion 4

Horizontal distance to centre of gravity gabion 5
Vertical distance to centre of gravity gabion 5
Weight of gabion 5

Weight of entire gabion

Horiz distance to centre of gravity entire gabion
Vert distance to centre of gravity entire gabion
Correcting for wall inclination horiz dist

Vertical change in height due to wall inclination

Design dimensions

Effective angle of rear plane of wall

Effective face angle

Effective height of wall

Height of wall from toe to front edge of top gabion
Active pressure using Coulomb theory

Active thrust due to soil

Minimum surcharge (cl.4.6.3.2)

Horizontal forces
Retained soil
Surcharge

Vertical forces
Gabion weight
Retained soil
Surcharge

Overturning stability - take moments about the toe
Overturning moment

Restoring moment

Factor of safety

Allowable factor of safety

Sliding stability - ignore any passive pressure in front of the structure

Total horizontal force
Total vertical force
Sliding force

Hingt = ((Vgs + hs 1 2) x cos(g) - (xgs = (ws / 2)) x sin(s)) = 2971mm
Ke = sin(a + d'ra)? / (sin(o)? x sin(e - 3re)) = 1,345

Pason = 0.5 % Ka x vs6 x H* = 95.2 KN/m

Posmin = MIN(H / Hrer, 1) x Gemin = 10.0 kN/m?

Fain = 7c % Pagon ¥ c0s(90 - o + Brg) = 78.6 KN/m

Fawen_n = Max((Pog x Y6 * Poa * v0), Posmin) % Ka x H x c0s(90 - & + 8ra) = 35.3 kN/m

Fgabion_vf = 1.1 x Wg = 88.0 KN/m
Fasilvs = Yei % Pagea x sin(90 -a + Bre) = 53.8 KN/m

Fauren_vt = Max((Pos x Y& * Pog * var). Pomin) * Ka x H x sin(90 - & + 8:4) = 24.2 KN/m

Mo = Fagil_n % Gnsoa + Fauch_h x Gnzuren = 99.8 KNm/m

Mg = Fgavion_vs % Xg + Feell vf x Drsol + Feurch_vf X Dysuen = 265.0 kKNm/m
FoSu= Mg /M, = 2.656

FOSw_atow = 1.000

PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Faci_n + Fauenn = 113.8 KN/M

N = Fgasion_vs + Fsoa_vs + Fauenve = 165.9 kN/m

Fr=T x coslg) - N x sin(z) = 89.7 kN/m

Fa = (T x sin(s) + N x cos(e)) x tan(Seg«) = 100.9 kN/m
FoSs=Fz/Fi=1.125

FOSs_aliow = 1.000

PASS - Design FOS for sliding

Xg4 = Wa /2 = 1000 mm

Yo = ha/ 2=500 mm

W = yd x Wa x Ng = 32.0 KN/m

Xgs = Ws/ 2 + s5 = 500 mm

yes = hs/ 2 + ha = 1500 mm

Was = 7¢ x W5 x hs = 16.0 KN/m

W, = Ws + Wes = 48,0 kN/m

Xa = ((Wes x Xge) + (Was x Xgs)) / Wg = 833 mm
Ya = ((Was x Ygs) + (Wes x ygs)) / We = 833 mm
Xg = Xg % COS(g) + yg ¥ Sin(e) = 941 mm

Hr = yos + hs/2 - ({Ygs + sf2) x cOS(e) - (xgs + Ws/2) x sin(e)) = 159 mm

o = 90deg - Atan((wa - (xgs + (s / 2))) / {yes + s/ 2)) +2 = T1.4 deg
6 =90deg -« = 82.0 deg

H = (yes + hs [ 2) * (wa x sin(e)) - H = 2120 mm

Het = ((yes + hs / 2) x cos(e) - (xes - (s / 2)) x sin(e)) = 1981mm

Ke = sinfa + ¢'ra)? / (sin{a)? x sin(e - 3-9)) = 1.345

Pasoi = 0.5 x Ka x 720 x H? = 42.3 kKN/im

Pomin = MIn(H / Hret, 1) x Gomin = 7.1 kKN/M?

FeolLn = 76 % Paail x €05(90 - & + 8rd) = 34.9 KN/m

min

Fsuen_n = Max((Po.c x v6 + Po X ya), Posmin) x Ka x H x cos(90 - a. + 8r4) = 19,4 KN/m

Fgation_vs = Ya1 x Wy = 48.0 KN/m
Fson_vs = 161 % Pagot x sin(90 - a + 8r) = 23.9 kN/m

Fauren_vs = Max((Pos x Y61 * Po.c % Ya1), Pomn) X Ka x H x sin(90 - & + 8rq) = 11.4 kN/m

Mo = Faain x Onsail + Feurch_  dnsurch = 30.1 kKNm/m

Mg = Fgation_v1 % Xg *+ FaoiLvt % Drsos + Faurch v X Dyswen = 105.3 KNm/m
FoSw= Mg/ Mo = 3.496

FOSwu_siow = 1.000

ble FOS for sliding

PASS - Design FOS for overturning exceeds min allowable FOS for overturning

T = Fao_ * Feurcn_n = 54.3 KN/m
N = Fgaion_vt + Faot_vs + Faucn_yr = 83.3 KN/m
Fr=T x cos(g) - N x sin(e) = 42.2 kN/m




Project Job Ref.
115 Upperbrow Lane, Huddersfield ES453
Section Sheet no.frev.
Gabion Basket Retaining Wall Design O
01422 861145 Calc. by Date Chk'd by Date App'd by Date
info@elysiumstructures.co.uk SB 03/02/21 SB 03/02/21
Sliding resistance Fr = (T x sin(e) + N x cos(e)) x tan(dega) = 50.4 kN/m
Factor of safety FoSs=Fr/Fr=1.195
Allowable factor of safety FoSs_siow= 1.000
PASS - Design FOS for slidil ds min allowable FOS for slidii
Check overturning and sliding between courses 4 and §
Wall geometry
Horizontal distance to centre of gravity gabion 5 Xes = Ws [ 2 = 500 mm
Vertical distance to centre of gravity gabion 5 yos = hs /2 = 500 mm
Weight of gabion 5 Wis = 74 % Ws x hs = 16,0 kKN/m
Weight of entire gabion Wy = Wgs = 16.0 kKN/m
Horiz distance to centre of gravity entire gabion Xg = ((Wgs x Xg5)) / Wy = 500 mm
Vert distance to centre of gravity entire gabion Vg = ((Ws x Ygs)) / Wg = 500 mm
Correcting for wall inclination horiz dist Xg = X, x €08(g) + yg x Sinfz) = 565 mm
Vertical change in height due to wall inclination Hr = ygs + hs/2 - ((ygs + hs/2) x COS(e) - (Xgs + Wsf2) x sin(e)) = 149 mm
Design dimensions
Effective angle of rear plane of wall o =90deg +¢=98.0deg
Effective face angle 6 = 90deg -¢ = 82.0 deg
Effective height of wall H = (Ygs + hs / 2) + (ws x sin(e)) - Hr = 990 mm
Height of wall from toe to front edge of top gabion Hinet = ((Ygs + hs / 2) x cos(g) = (Xgs - (Ws 12)) x sin(e)) = 990mm
Active pressure using Coulomb theory Ks = sin(a + ¢'a)? / (sinfa)? x sin(c - 5rq)) = 0.783
Active thrust due to soil Pasan = 0.5 x Ke % 5.0 x H* = 5.4 KN/m
Minimum surcharge (cl.4.6.3.2) Posain = Min(H / Hret, 1) x Qamin = 3.3 kN/m?
Horizontal forces
Retained soil Feoi_h = Y& x Pasct x 08(S0 - a + 3rg) = 5.3 kN/m
Surcharge Fauren_n = Max{((Po,6 * 16 * Po.a x 7a), Posain) x Ka x H x c0s(80 - o + rg) = 6.3 KN/m
Vertical forces
Gabion weight Foevien_vf = 761 x Wg = 16.0 KN/m
Retained soil FasiLvs = 765 % Pasat x Sin(80 - & + 8ra) = 0.7 kKN/m
Surcharge Fawen_vi = Max({Pos x ¥ + Poa x Yas), Pamin) x Ka x H x sin(90 - & + &ra) = 0.5 kN/m
Overturning stability - take moments about the toe
Overturning moment Mo = Feoi_n % Ohsot + Faurch_h X Ghsurch = 3.3 KNm/m
Restoring moment Mg = Fgabion_v.f x Xg + Feoil_v.f x byson + Faurch_vs x Deswren = 10.4 KNm/m
Factor of safety FoSu= Mg /M, = 3.165
Allowable factor of safety FOSu_aiiow = 1.000
PASS - Design FOS for ning ds min FOS for overturning
Sliding stability - ignore any passive pressure in front of the structure
Total horizontal force T = Feci_p + Fsuren n = 11.7 kKN/m
Total vertical force N = Fgasion_vs + Faot_vs + Fauen_vr = 17.3 kN/m
Sliding force Fr=T x cos(e) - N x sin(e) = 9.1 KN/m
Sliding resistance Fr = (T x sin(e) + N x c0s{e)) x tan(Segq) = 10.5 kN/m
Factor of safety FoSs=Fr/Fr=1.147
Allowabie factor of safety FoSs_aiow = 1.000

PASS - Design FOS for slidil ds min bie FOS for slidir
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the design, is the property and copyright of
the Architect and must not be reproduced without written permission

1130 Upper Brow Road -
SN.Q“‘H . -~ 1120

New Gabion Baskets Retaining Wall to
SE's Detals.
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Only figured dimensions should be used.

Scaled dimensions should be checked with the Architect.
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Photographic record of

115 Upper Brow Road, HD1 4UP (Drone Survey) Survey dated 13 October 2021
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Photographic record of

RafeenBi, 115 Upper Brow Road, HD1 4UP Survey [during construction]
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