Afan Boat Club

Widening of Slipway

31/3/2021
Solutions to Structures Ltd.
J.M. Davies




Project

& Tekla

Afan Boat Club

Job Ref.
21-789

Tedds

Solutions to Structures Ltd
44 Depot Road

Section

Slipway Widening

Sheet no./rev.

Port Talbot Calc. by

SA12 9BA JD

Date

01

Chi'd by
/04/2021

Date

App'd by Date

INTRODUCTION

Solutions to Structures Ltd. have been instructed to carry out the structural design for the proposed widening of the slipway

to the estuary of the River Afan.

It is proposed to excavate behind the existing raised platform to cast a concrete section of uniform thickness to a depth
exceeding that of the platform, allow this to set, then excavate the platform and extend the slipway slab to the face of the

wall to provide a prop to the wall section.

RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex

incorporating Corrigendum No.1

Retaining wall details
Stem type;

Stem height;

Prop height;

Stem thickness;

Angle to rear face of stem;
Stem density;

Base thickness;

Base density;

Height of retained soil;
Angle of soil surface;
Depth of cover;

Height of water;

Water density;

Retained soil properties

Soil type;

Moist density;

Saturated density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;

Base soil properties

Soil type;

Soil density;

Characteristic cohesion;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;
Characteristic base friction angle;

Loading details
Variable surcharge load;

Propped cantilever
hstem = 1500 mm
hprop = 200 mm
tstem = 600 mm

o =90 deg

Yetem = 25 kN/m®
toase = 300 mm
Yoase = 25 kN/m®
hret = 1250 mm
B =25deg

dcover = 200 mm
hwater = 1250 mm
Yo = 9.8 kKN/m®

Medium dense rock fill
Yoor = 18 KN/m?®

Yr = 20.3 kN/m®

o'k =30 deg

&k =15deg

Medium dense rock fill
T = 18 kKN/m?

Clok = 0 kN/m?

¢'ox = 30 deg

dv.k = 15 deg

dook = 20 deg

Surchargeq = 10 kN/m?

Tedds calculation version 2.9.11
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General arrangement

Calculate retaining wall geometry

Base length; lbase = tstem = 600 mm
Saturated soil height; hsat = hwater + dcover = 1450 mm
Moist soil height; hmoist = ret - hwater = 0 mm
Length of surcharge load; lsur = lheet =0 mm

- Distance to vertical component; Xsur_v = lpase - Iheet / 2 = 600 mm
Effective height of wall; heft = hpase + deover + hret + lsur X tan(B) = 1750 mm
- Distance to horizontal component; Xsur h = hett/ 2 =875 mm

Area of wall stem; Astem = hstem X tstem = 0.9 m?

- Distance to vertical component; Xstem = hoe + tstem / 2 = 300 mm
Area of wall base; Avase = lbase X toase = 0.18 m?

- Distance to vertical component; Xpase = lbase / 2 = 300 mm

Design approach 1

Partial factors on actions - Table A.3 - Combination 1

Partial factor set; A1l
Permanent unfavourable action; Yo =1.35
Permanent favourable action; Yot = 1.00
Variable unfavourable action; Ya = 1.50
Variable favourable action; Yar = 0.00
;Partial factors for soil parameters — Table A.4 - Combination 1
Soil parameter set; M1

Angle of shearing resistance; Yy = 1.00
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Effective cohesion; Yo = 1.00
Weight density; vy = 1.00

Water properties
Design water density;

Retained soil properties

Design moist density;

Design saturated density;

Design effective shear resistance angle;
Design wall friction angle;

Base soil properties

Design soil density;

Design effective shear resistance angle;
Design wall friction angle;

Design base friction angle;

Design effective cohesion;

Using Coulomb theory
Active pressure coefficient;

Passive pressure coefficient;

Bearing pressure check

Vertical forces on wall
Wall stem;

Wall base;

Total;

Horizontal forces on wall
Surcharge load;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;
Total;

Moments on wall

Wall stem;

Wall base;

Surcharge load;
Saturated retained soil;
Water;

Base soil;

Total;

Library item; Partial factors output

Yo' =Y /Y, = 9.8 KN/m®

Your' = Yonr / Y, = 18 KN/m®

Yo' = Yor / ¥y = 20.3 kN/m*®

¢'ra = atan(tan(¢'rx) / vy) = 30 deg
O = atan(tan(dk) / vy) = 15 deg

Yo' =Y/, = 18 KN/m®

¢'v.a = atan(tan(d'vx) / vy) = 30 deg
8b.a = atan(tan(8ox) / vy) = 15 deg
dub.a = atan(tan(dwox) / vy) = 20 deg
Clod = Cok / Yo = 0 kKN/m?

Ka = sin(o + 0'r)? / (sin(o)? x sin(a - 8rq) X [1 + V[SiN(@'rg + Sr.q) X
sin(¢'v.q - B) / (sin(a - 8.g) x sin(a + P))]I?) = 0.485

Kp = sin(90 - ¢'p.4)? / (SIN(90 + 8p.g) X [1 - V[SIN(d'p.g + Sp.a) X SiN(P'bg) /
(sin(90 + 85.4))]]) = 4.977

Fstem = Ya X Astem X Ystem = 30.4 KN/m
Foase = Ya X Abase X Yoase = 6.1 KN/m
Frotal_v = Fstem + Fbase + Fwater v = 36.5 KN/m

Feur n = Ka x c0(3q) X Ya x Surchargea x her = 12.3 kN/m
Feat h = Ya X Ka X cOS(8r.a) X (Ysr' - W') X (Nsat + Nbase)® / 2 = 10.1 kN/m
Fwater h = Y& X Yw' X (hwater + cover + hbase)2 /2 =20.3 kN/m

Frmoist_n = Y6 X Ka X C08(8r.a) X Ymr' X ((Nefr - hsat - Nbase)” / 2 + (Dot - Nsat -
hbase) X (Nsat + hpase)) = 0 KN/m

Fpass h = Yot X Kp X COS(8p.4) X Yo' X (Aoover + Nbase)? / 2 = -10.8 kKN/m
Fiotal h = Fsur_n + Fsat_h + Fwater_n + Fmoist h + Fpass_h = 31.9 kKN/m

Mstem = Fstem X Xstem = 9.1 KNm/m

Mbase = Fpase X Xbase = 1.8 KNm/m

Msur = -Fsur_n X Xsur h = =10.8 kKNm/m

Msat = -Fsat_h X Xsat_nh = =5.9 kNm/m

Muwater = -Fwater h X Xwater h = =11.8 KNm/m

Mpass = -Fpass_h X Xpass_h = 1.8 KNm/m

Miotal = Mstem + Mbase + Msur + Msat + Mwater + Mmoist + Mpass = -15.7
kNm/m




‘. Tekla o Afan Boat Club o 21-789

Tedds ,

Solutions to Structures Ltd Section ) o Sheetno ey

44 Depot Road Slipway Widening 5

Port Talbot Calc. by Date Chk'd by Date App'd by Date
SA12 9BA JD 01/04/2021

Check bearing pressure

Maximum friction force; Firiction max = Fiotal_v X tan(dpp.a) = 13.3 kN/m

Propping force; Fpropﬁstem = max((Frotal_v X lbase / 2 - Miotar) / (hprop + toase), Fotal n -

Ffrictionﬁmax) =53.4 kN/m

Moment from propping force; Mprop = Fprop_stem X (Nprop + toase) = 26.7 KNm/m

Distance to reaction; X = (Miotal + Mprop) / Fiotal v = 300 mm

Eccentricity of reaction; e= X-lpase/2=0mm

Loaded length of base; lioad = lbase = 600 mm

Bearing pressure at toe; Qoe = Frotal v/ Ibase = 60.8 kN/m?

Bearing pressure at heel; Qheel = Frotal v/ Ibase = 60.8 kKN/m?

Effective overburden pressure; q = max((toase + doover) X o' = (toase + eover + Nwater) X Yu's 0 kKN/m?) = 0

kN/m?
Design effective overburden pressure; g=q/%=0 kN/m?
Bearing resistance factors; Ng = Exp(r x tan(¢'n.q)) x (tan(45 deg + ¢'b.a / 2))? = 18.401

Ne = (Ng - 1) X COt(d'.0) = 30.14
N, = 2 x (Ng - 1) x tan(¢'n.q) = 20.093

Foundation shape factors; Sq =1
sy =1
Sc =1
Load inclination factors; H = Fsur n + Fsat h + Fuwater h + Fmoist_h + Fpass_h - Fprop_stem = -21.5 kN/m
V = Fotal_v = 36.5 KN/m
m=2

ig=[1-H/(V+lioad X Clb.a X COL(Pq))]" = 2.527
iy=[1-H/(V+load X Co.q X COt(d'b.a))]™ * " = 4.018
ic =1iq- (1-1ig) / (Nc x tan(¢'v.q)) = 2.615
Net ultimate bearing capacity
Nt = C'og X No X 8¢ X ic + G X Ng X Sq X ig + 0.5 X (16" - Y') X lioad X Ny x 8, X i, = 198.4 kN/m?
Factor of safety; FoSpp = Nt/ max(Qoe, Gheel) = 3.265
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure
Design approach 1

Partial factors on actions - Table A.3 - Combination 2

Partial factor set; A2

Permanent unfavourable action; Yo = 1.00

Permanent favourable action; Yot = 1.00

Variable unfavourable action; Ya =1.30

Variable favourable action; Yar = 0.00

;Partial factors for soil parameters — Table A.4 - Combination 2

Soil parameter set; M2

Angle of shearing resistance; Yo = 1.25

Effective cohesion; Yo =1.25

Weight density; vy = 1.00

Library item; Partial factors output
Water properties
Design water density; Yo' = Yo /Y, = 9.8 KN/m®

Retained soil properties
Design moist density; Your' = Yonr / Y, = 18 kN/m®
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Design saturated density;
Design effective shear resistance angle;
Design wall friction angle;

Base soil properties

Design soil density;

Design effective shear resistance angle;
Design wall friction angle;

Design base friction angle;

Design effective cohesion;

Using Coulomb theory
Active pressure coefficient;
Passive pressure coefficient;

Bearing pressure check

Vertical forces on wall
Wall stem;

Wall base;

Total;

Horizontal forces on wall
Surcharge load;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;
Total;

Moments on wall

Wall stem;

Wall base;

Surcharge load;
Saturated retained soil;
Water;

Moist retained soil;
Base soil;

Total;

Check bearing pressure
Maximum friction force;
Propping force;

Moment from propping force;
Distance to reaction;
Eccentricity of reaction;
Loaded length of base;

'Ysrl = 'Ysr / 'Y«{ = 20.3 I(N/rﬂ3
¢'ra = atan(tan(d'rx) / vy) = 24.8 deg
o = atan(tan(dk) / vy) = 12.1 deg

Yo' =Y/, = 18 KN/m®

¢'v.a = atan(tan(¢'v.x) / vy) = 24.8 deg
dv.a = atan(tan(8px) / Yy) = 12.1 deg
dbb.a = atan(tan(duox) / Yy) = 16.2 deg
Clod = Cok / Yo = 0 kKN/m?

Ka = sin(o + ¢'rq)? / (sin(c)? x sin(o. - 8.q)) = 0.843
Kp = sin(90 - ¢Ib.d)2 / (sin(90 + Sb.d) X [1 - \/[sin(q)'b_d + Sb.d) X sin(q)'b_d) /
(sin(90 + 85.4))]]7) = 3.473

Fstem = Ya X Astem X Ystem = 22.5 KN/m
Foase = Ya X Abase X Yoase = 4.5 KN/m
Frotal_v = Fstem + Fbase + Fwater v = 27 KN/m

Fourn = Ka X 008(8.) X Yo x Surchargeq x hest = 18.8 kN/m
Feat h = Ya X Ka X cOS(8r.a) X (Ysr' - W') X (Nsat + Noase)’ / 2 = 13.2 KN/m
Fuater h = Y6 X Yo' X (Nwater + Qoover + Nbase)® / 2 = 15 KN/m

Fmoist 1 = Ya X Ka X C0S(8:a) X Ymr' X (et - Nsat - Noase)” / 2 + (et - hisat -
hbase) X (Nsat + hpase)) = 0 KN/m

Fpass_h = “Yor X Kp X COS(8o.) X Yo' X (doover + Nbase) / 2 = -7.6 kN/m
Fiotal_h = Fsur h + Fsat n + Fwater h + Fmoist_h + Fpass_h = 39.3 kN/m

Mstem = Fstem X Xstem = 6.7 KNm/m

Mbase = Fbase X Xoase = 1.4 KNm/m

Msur = -Fsur h X Xsur h = -16.4 KNm/m

Msat = -Fsat_h X Xsat_nh = =7.7 kNm/m

Muwater = -Fwater_h X Xwater h = -8.8 KNm/m

Mmoist = -Fmaist_h X Xmoist h = 0 KNm/m

Mpass = 'Fpassfh X Xpass_h = 1.3 kNm/m

Miotal = Mstem + Mbase + Msur + Msat + Mwater + Mmoist + Mpass = -23.5
kNm/m

Firiction_max = Ftotal v X tan(8pb.a) = 7.9 KN/m
Forop_stem = Max((Fiotal v X Ibase / 2 - Miotal) / (Nprop + tbase), Fotal h -
Firiction_max) = 63.2 kKN/m
Mprop = Fprop_stem X (Nprop + toase) = 31.6 KNm/m
X = (Miotal + Mprop) / Fiotal v = 300 mm
€= X-lpase/2=0mm
lioad = lbase = 600 mm
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Bearing pressure at toe; Qtoe = Frotal v/ Ibase = 45 KN/m?

Bearing pressure at heel; Qheel = Frotal v/ Ibase = 45 kKN/m?

Effective overburden pressure; q = max((toase + deover) X o' - (toase + Joover + hwater) X J's 0 KN/m?) = 0

kN/m?
Design effective overburden pressure; g=q/%=0 kN/m?
Bearing resistance factors; Ng = Exp(r x tan(¢'n.q)) x (tan(45 deg + ¢'b.a / 2))? = 10.431

Ne = (Nq - 1) X COt(¢n.0) = 20.418
N, =2 x (Ng - 1) x tan(¢'n.q) = 8.712

Foundation shape factors; Sq =1
sy =1
Sc =1
Load inclination factors; H = Fsur n + Fsat h + Fuwater h + Fmoist_h + Fpass_h - Fprop_stem = -23.9 kN/m
V = Fiotalv = 27 KN/m
m=2

ig=[1-H/(V +lioag X C'.a X COt(¢'v.q))]" = 3.548
iy = [1-H/ (V + loag X C'ba X COH(.0))|™ ") = 6.682
ic =1iq- (1-1ig) / (Nc x tan(¢'v.q)) = 3.818
Net ultimate bearing capacity
Nt = C'og X No X S¢ X g + G' X Ng X Sq X ig + 0.5 X (16" - Y') X lioad X Ny X 8, x iy = 143 kN/m?
Factor of safety; FOoSpp = Nt/ max(Qoe, Ghee) = 3.179
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure




