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STEEL SHEET PILING ANALYSIS & DESIGN

In accordance with BS EN1997-1:2004 - Code of Practice for Geotechnical design and the UK National Annex

Desigh summary

Combination 1

Tedds calculation version 2.0.07

Description Unit Provided Required Utilisation |Result
Total length required mm 9480 5404 1.754 PASS
Moment capacity KNm/m 385.9 71.6 5.390 PASS
Shear capacity kN/m 779.3 139.2 5.600 PASS
Combination 2

Description Unit Provided Required Utilisation |Result
Total length required mm 9480 6330 1.498 PASS
Moment capacity kNm/m 385.9 81.1 4,761 PASS
Shear capacity kN/m 779.3 120.5 6.466 PASS
Geometry

Total length of sheet pile provided Hpile = 9480 mm

Number of different types of soil Ns =6

Retained height dret = 1870 mm

Depth of unplanned excavation dex = 500 mm

Total retained height ds = 2370 mm

Angle of retained slope B =0.0 deg

Depth from GL to top of water table retained side  dw = 1350 mm

Depth from GL to top of water table retaining side  dwp = 2370 mm

Loading

Permanent surcharge

Variable surcharge

Soil layer 1

Characteristic shearing resistance angle
Characteristic wall friction angle

Moist density of soil

Characteristic saturated density of retained soil
Height of soil 1

Soil layer 2

Characteristic shearing resistance angle
Characteristic wall friction angle

Moist density of soil

Characteristic saturated density of retained soil
Height of soil 2

Soil layer 3

Characteristic shearing resistance angle
Characteristic wall friction angle

Moist density of soil

Characteristic saturated density of retained soil
Height of soil 3

Po.c = 5.0 kN/m?
Po.a = 5.0 kN/m?

¢'k s1 = 30.0 deg
Sk_s1 = 28.0 deg
Ym_s1 = 17.5 kN/m3
vs.s1 = 21.0 kN/m3
h1 =630 mm

d'k_s2 = 30.0 deg
Sk_s2 = 28.0 deg
ym.s2 = 17.5 KN/m?
¥s_s2 = 20.0 kN/m3
h2 = 2400 mm

¢'k_s3 = 30.0 deg
Sk_s3 = 28.0 deg
Ym_s3 = 14.0 kN/m3
vs.s3 = 18.0 kN/m3
hs =900 mm
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Soil layer 4

Characteristic shearing resistance angle
Characteristic wall friction angle

Moist density of soil

Characteristic saturated density of retained soil
Height of soil 4

Soil layer 5

Characteristic shearing resistance angle
Characteristic wall friction angle

Moist density of soil

Characteristic saturated density of retained soil
Height of soil 5

Soil layer 6

Characteristic shearing resistance angle
Characteristic wall friction angle

Moist density of soil

Characteristic saturated density of retained soil
Height of soil 6

d'k_s4 = 30.0 deg
Sk_s4 = 28.0 deg
Ym_s4 = 15.0 KN/m3
¥s_s4 = 19.0 kN/m3
hs = 1100 mm

¢'k_s5 = 30.0 deg
dk_s5 = 25.0 deg
Ym_s5 = 14.0 kN/m3
vs.s5 = 19.0 kN/m3
hs = 1100 mm

d'k_ss = 30.0 deg
Sk_s6 = 30.0 deg
ym_s6 = 14.0 kN/m?
¥s_s6 = 19.0 kN/m3

Partial factors on actions - Section A.3.1 - Combination 1

Permanent unfavourable action
Permanent favourable action

Variable unfavourable action

Angle of shearing resistance

Weight density

Design soil properties - soil 1

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil
Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 2

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil
Active pressure using Coulomb theory

he = 5700 mm
ve =1.35
vef=1.00
ya=1.50

v = 1.00

v =1.00

¢’'a = Atan(tan(¢') / y¢) = 30.0 deg
dq = atan(tan(dx) / y¢) = 28.0 deg
Ymdt = ym /vy = 17.5 KN/m?3

vsd1 = s /7y = 21.0 KN/m?3

Ydd1 = Ys.d1- yw = 11.2 KN/m?

Ka1 = sin(o + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(¢'s + 8a) x sin(¢'a -

B)/ (sin(c - ) x sin(a + B))))2) = 0.296

Kp1 = $in(90 - ¢'a)2 / (Sin(90 + 8a) x [1 - \[sin(¢'a + Sa) x sin(¢'a) / (Sin(90

+ 84))11%) = 9.012

¢'a = Atan(tan(¢') / y¢) = 30.0 deg
dq = atan(tan(dx) / y¢) = 28.0 deg
Yma2 = ym /¥y = 17.5 KN/m?3

Ys.d2 = ys | 7y = 20.0 KN/m?3

Yd.d2 = Vs.d2- Yw = 10.2 KN/m?

Kaz = sin(o. + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(¢'s + 8a) x sin(¢'a -

B) / (sin(c - ) x sin(a + B))))2) = 0.296
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Passive pressure using Coulomb theory

Design soil properties - soil 3

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 4

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 5

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 6

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Koz = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))]1?) = 9.012

¢’'a = Atan(tan(¢'v) / y¢) = 30.0 deg

84 = atan(tan(é«) / y¢) = 28.0 deg

Yma3 = ym /¥y = 14.0 KN/m?3

vs.d3 = ys / 7y = 18.0 KN/m?3

Yd.d3 = Ys.d3- yw = 8.2 KN/m?3

Kas = sin(o. + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B)/ (sin(a - 84) x sin(a + B))))?) = 0.296

Kps = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))]1?) = 9.012

¢'a = Atan(tan(¢'v) / y¢) = 30.0 deg

84 = atan(tan(é«) / y¢) = 28.0 deg

Ymaa = ym /¥y = 15.0 KN/m?3

vs.da = ys [ vy = 19.0 KN/m?3

Yd.o4 = Ysda- yw = 9.2 kN/m?3

Kasa = sin(o + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B) / (sin(a - 84) x sin(a + B))))?) = 0.296

Kpa = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))]1?) = 9.012

¢'a = Atan(tan(¢'v) / y¢) = 30.0 deg

84 = atan(tan(é«) / y¢) = 25.0 deg

Ymas = ym /¥y = 14.0 KN/m?3

vs.d5 = ys / 7y = 19.0 KN/m?3

Yd.ds = Vs.d5- yw = 9.2 KN/m?3

Kas = sin(o. + ¢'a)? / (sin(a)? x sin(o. - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B) / (sin(a - 84) x sin(a + B))))?) = 0.296

Kps = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))11%) = 7.704

¢'a = Atan(tan(¢'v) / y¢) = 30.0 deg

84 = atan(tan(é«) / y¢) = 30.0 deg

Ymds = ym /¥y = 14.0 KN/m?3

vs.d6 = ys / 7y = 19.0 KN/m?3

Yd.d6 = Vs.de- Yw = 9.2 KN/m?3

Kas = sin(o. + ¢'a)? / (sin(a)? x sin(o. - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B) / (sin(o. - 8a) x sin(o + B))))?) = 0.297

Kes = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))11%) = 10.095
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SECTION THROUGH SHEET PILE WALL

Overburden on active side

Overburden at 0 mm below GL in soil 1
Overburden at 630 mm below GL in soil 1
Overburden at 630 mm below GL in soil 2
Overburden at 1350 mm below GL in soil 2
Overburden at 2370 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 4
Overburden at 4962 mm below GL in soil 4

Overburden on passive side

Overburden at 2370 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 4
Overburden at 4962 mm below GL in soil 4

Pressure on active side

Active at 0 mm below GL in soil 1
Active at 630 mm below GL in soil 1
Active at 630 mm below GL in soil 2
Active at 1350 mm below GL in soil 2
Active at 2370 mm below GL in soil 2
Active at 3030 mm below GL in soil 2
Active at 3030 mm below GL in soil 3
Active at 3930 mm below GL in soil 3

OB'a11 = (Po,c X Y& + Po,a X va) = 14.3 KN/m?

OB'a21 = Y6 x Ym.d1 X hat + OB'a11 = 29.1 kN/m?
OB'a22 = G X Ymd1 X hat + OB'a11 = 29.1 kN/m?
OB'a31 = Y6 X Ym.d2 X haz + OB'a22 = 46.1 kN/m?
OB'a41 = G X Yd.d2 X has + OB'a31 = 60.2 kN/m?
OB'a51 = Y6 X Yd.d2 X ha4 + OB'as1 = 69.3 kN/m?
OB'a52 = G X Yd.d2 X has + OB'as1 = 69.3 kN/m?
OB'a61 = Y6 X Yd.d3 X has + OB'as2 = 79.2 kN/m?
OB'a62 = G X Yd.d3 X has + OB'as2 = 79.2 kN/m?
OB'a71 = Y6 X Yd.d4 X has + OB'as2 = 92.0 kN/m?

OB'pa1 = 0 kN/m? = 0.0 kN/m?

OB'ps1 = yaf X Yd.d2 X hpa + OB'pat = 6.7 KN/m?
OB'ps2 = yGf X yd.d2 X hpa + OB'par = 6.7 kN/m?
OB'ps1 = yaf X yd.d3 x hps + OB'ps2 = 14.1 kKN/m?
OB'ps2 = yG£ X yd.d3 x hps + OB'ps2 = 14.1 kN/m?
OB'p71 = yaf X yd.d4 x hps + OB'ps2 = 23.6 KN/m?

p'att = Kat x OB'a11 = 4.2 kN/m?
P'a21 = Kat x OB'a21 = 8.6 kN/m?
p'azz = Kaz x OB'a22 = 8.6 kN/m?
P'ast = Kaz x OB'a31 = 13.7 kN/m?

BALANCE PRESSURE DIAGRAM (kN/m 2)

P'a4t = Kaz2 x OB'as1 + v x yw x (dis - dw) = 31.3 kN/m?
P'ast = Kaz x OB'as1 + v x yw x (dis - dw) = 42.8 kN/m?
p'as2 = Kaz x OB'as2 + v x yw x (dis - dw) = 42.8 kN/m?
P'ast = Kaz x OB'as1 + v x yw x (dis - dw) = 57.6 kN/m?
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Active at 3930 mm below GL in soil 4 P'as2 = Kaa x OB'as2 + v x yw x (dis - dw) = 57.6 kN/m?
Active at 4962 mm below GL in soil 4 p'a71 = Kaa x OB'a71 + 6 x yw x (di7 - dw) = 75.1 kN/m?
Pressure on passive side
Passive at 2370 mm below GL in soil 2 p'pat = Kp2 x OB'pat + yaf x yw x (dLs - max(ds, dw)) = 0.0 kN/m?
Passive at 3030 mm below GL in soil 2 p'pst = Kp2 x OB'ps1 + yaf x yw x (dis - max(ds, dw)) = 67.1 kN/m?
Passive at 3030 mm below GL in soil 3 p'ps2 = Kpz x OB'ps2 + yaf x yw x (dis - max(ds, dw)) = 67.1 kN/m?
Passive at 3930 mm below GL in soil 3 p'pst = Kpz x OB'ps1 + ya,f x yw x (die - max(ds, dw)) = 142.3 kN/m?
Passive at 3930 mm below GL in soil 4 p'ps2 = Kpa x OB'pe2 + vGf X yw x (dis - max(ds, dw)) = 142.3 kN/m?
Passive at 4962 mm below GL in soil 4 p'p71 = Kpa x OB'p71 + yaf x yw x (diz - max(ds, dw)) = 237.8 kN/m?

By iteration the depth at which the active moments equal the passive moments has been determined as 4960 mm
as follows:-

Active moment about 4960 mm

Moment level 1 Ma11 = 0.5 x p'a11 x hat x ((H - di2) + 2/3 x hat) = 6.3 KNm/m
Moment level 1 Ma12 = 0.5 x p'a21 x hat x ((H - di2) + 1/3 x hat) = 12.3 kNm/m
Moment level 2 Ma21 = 0.5 x p'az2 x haz x ((H - di3) + 2/3 x ha2) = 12.7 kNm/m
Moment level 2 Ma22 = 0.5 x p'az1 x haz x ((H - di3) + 1/3 x ha2) = 19.0 kNm/m
Moment level 3 Maz1 = 0.5 x p'az1 x haz x ((H - dis4) + 2/3 x haz) = 22.8 kNm/m
Moment level 3 Ma32 = 0.5 x p'a41 x haz x ((H - drsa) + 1/3 x haz) = 46.8 kNm/m
Moment level 4 Ma41 = 0.5 x p'a41 x haa x ((H - dis) + 2/3 x has) = 24.5 KNm/m
Moment level 4 Mas2 = 0.5 x p'ast x haa x ((H - dis) + 1/3 x has) = 30.3 kKNm/m
Moment level 5 Mas1 = 0.5 x p'as2 x has x ((H - dis) + 2/3 x has) = 31.4 kNm/m
Moment level 5 Mas2 = 0.5 x p'as1 x has x ((H - dis) + 1/3 x has) = 34.5 kNm/m
Moment level 6 Mag1 = 0.5 x p'as2 x has x ((H - di7) + 2/3 x has) = 20.4 kNm/m
Moment level 6 Mas2 = 0.5 x p'a71 x has x ((H - di7) + 1/3 x has) = 13.3 KNm/m
Passive moment about 4960 mm

Moment level 4 Mp4a1 = 0.5 x p'pat x hpa x ((H - dis) + 2/3 x hpa) = 0.0 KNm/m
Moment level 4 Mpaz = 0.5 x p'ps1 x hpa x ((H - dis) + 1/3 x hps) = 47.6 KNm/m
Moment level 5 Mps1 = 0.5 x p'ps2 x hps x ((H - dis) + 2/3 x hps) = 49.2 kKNm/m
Moment level 5 Mps2 = 0.5 x p'ps1 x hps x ((H - dis) + 1/3 x hps) = 85.2 kNm/m
Moment level 6 Mps1 = 0.5 x p'ps2 x hps x ((H - di7) + 2/3 x hpe) = 50.3 kNm/m
Moment level 6 Mps2 = 0.5 x p'p71 x hps x ((H - di7) + 1/3 x hps) = 42.0 KNm/m
Total moments about 4960 mm

Total active moment YMa = 274.6 KNm/m

Total passive moment EMp = 274.9 KNm/m

Required pile length

Length of pile required to balance moments H=4960 mm

Depth of equal pressure doontra = 2742 mm

Add 20% below this point de_add = 1.2 x (H - dcontra) = 2662 mm

Minimum required pile length Hitotal = dcontra + de_add = 5404 mm

Pass - Provided length of sheet pile greater than minimum required length of pile

Pile capacity (EN1993-5)

Maximum moment in pile (from analysis) Mpiie = max(abs(Mmin), abs(Mmax)) / 1Tm = 71.6 kNm/m
Maximum shear force in pile (from analysis) Vhpiie = 139.2 KN/m

Nominal yield strength of pile fy_pile = 240 N/mm?




Project

PCC Retaining Flood Wall Check

Job no.

279

Calcs for Start page no./Revision
2045 Design Check - Cantilever Section 2045 6 1.1
Calcs by Calcs date Checked by Checked date Approved by Approved date
MC 23/07/2025 NJ 23/07/2025 JP 23/07/2025

User defined section
Plastic modulus of pile
Thickness of web
Thickness of flange
Overall height

Section width

Web incline angle

Shear buckling of web (cl.5.2.2(6))
Width of section
Thickness of web

Bending
Interlock reduction factor (cl.5.2.2)

Design bending resistance (eqn.5.2)

Shear
Projected shear area of web (eqn.5.6)

Design shear resistance (eqn.5.5)

Wiy = 2010 cm3/m
s =6.1 mm
t=12.2 mm

h =381 mm

b =400 mm

opie = 67.0 deg

¢ = (h - t) / sin(apie) = 401 mm
tw=s=6.1mm
& = V(235 N/mm?2 / f,_pie) = 0.990
c/tw=657=664xe<=72x¢
PASS - Shear buckling of web within limits

Bs=0.8
Mcrd = Wiy x fy pie X BB / ymo = 385.9 KNm/m
PASS - Moment capacity exceeds moment in pile

Ay =s x (h -t) = 2250 mm?
Voira = Av x y_pie / (V(3) x ymo) / b = 779.3 kN/m
PASS - Shear capacity exceeds shear in pile

Partial factors on actions - Section A.3.1 - Combination 2

Permanent unfavourable action
Permanent favourable action

Variable unfavourable action

Angle of shearing resistance

Weight density

Design soil properties - soil 1

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil
Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 2

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil

Design buoyant density of retained soil

ve =1.00
vef=1.00
va=1.30
vo =1.25
v =1.00

¢'a = Atan(tan(¢') / y¢) = 24.8 deg

8¢ = atan(tan(d«) / y¢) = 23.0 deg

Ymdt = ym /vy = 17.5 KN/m?3

vsd1 = s [ 7y = 21.0 KN/m?3

Ydd1 = Ys.d1- w = 11.2 KN/m?

Ka1 = sin(o. + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(¢'s + 8a) x sin(¢'a -
B) / (sin(a - 84) x sin(a + B))))?) = 0.358

Kp1 = sin(90 - ¢'a)2 / (sin(90 + 8q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))]]%) = 5.106

¢'a = Atan(tan(¢') / y¢) = 24.8 deg
8¢ = atan(tan(dx) / y¢) = 23.0 deg
Ymd2 = ym /¥y = 17.5 KN/m?3

vs.d2 = ys | 7y = 20.0 KN/m?3

Yd.d2 = Ys.d2- Yw = 10.2 KN/m?
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Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 3

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 4

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 5

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Passive pressure using Coulomb theory

Design soil properties - soil 6

Design effective shearing resistance angle
Design wall friction angle

Design moist density of retained soil
Design saturated density of retained soil
Design buoyant density of retained soil

Active pressure using Coulomb theory

Kaz = sin(o + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B) / (sin(a - 84) x sin(a + B))))?) = 0.358

Koz = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))1]%) = 5.106

¢'a = Atan(tan(¢'v) / yy) = 24.8 deg

84 = atan(tan(é«) / y¢) = 23.0 deg

Yma3 = ym /¥y = 14.0 KN/m?3

vs.d3 = ys / 7y = 18.0 KN/m?3

Yd.d3 = Ys.d3- yw = 8.2 KN/m?3

Kas = sin(o. + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B) / (sin(a - 84) x sin(a + B))))?) = 0.358

Kps = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))1]%) = 5.106

¢'a = Atan(tan(¢'v) / yy) = 24.8 deg

84 = atan(tan(é«) / y¢) = 23.0 deg

Ymaa = ym /¥y = 15.0 KN/m?3

vs.da = ys [ vy = 19.0 KN/m?3

Yd.o4 = Ysda- yw = 9.2 kN/m?3

Kasa = sin(o + ¢'a)? / (sin(a)? x sin(o - 8a) x (1 + V(sin(¢'a + 84) x sin(¢'a -
B) / (sin(a - 84) x sin(a + B))))?) = 0.358

Kpa = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))1]%) = 5.106

¢'a = Atan(tan(¢'v) / yy) = 24.8 deg

84 = atan(tan(é«) / y¢) = 20.5 deg

Ymas = ym /¥y = 14.0 KN/m?3

vs.d5 = ys / 7y = 19.0 KN/m?3

Yd.ds = Vs.d5- yw = 9.2 KN/m?3

Kas = sin(o. + ¢'a)? / (sin(a)? x sin(o. - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B) / (sin(o. - 8a) x sin(o + B))))?) = 0.360

Kps = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90
+ 84))1]%) = 4.622

¢'a = Atan(tan(¢'v) / yy) = 24.8 deg

84 = atan(tan(é«) / y¢) = 24.8 deg

Ymds = ym /¥y = 14.0 KN/m?3

vs.d6 = ys / 7y = 19.0 KN/m?3

Yd.d6 = Vs.de- Yw = 9.2 KN/m?3

Kas = sin(o. + ¢'a)? / (sin(a)? x sin(o. - 8a) x (1 + V(sin(§'a + 84) x sin(¢'a -
B) / (sin(a - 84) x sin(a + B))))?) = 0.358
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Passive pressure using Coulomb theory

Sem—n
d, o k2
d, 630
d_,——1350
d,——2370 m
d., 13030 ‘
d,, 13930 —

\

d +—5030

7

Balanced, d , ——5761

19480

pile

SECTION THROUGH SHEET PILE WALL

Overburden on active side

Overburden at 0 mm below GL in soil 1
Overburden at 630 mm below GL in soil 1
Overburden at 630 mm below GL in soil 2
Overburden at 1350 mm below GL in soil 2
Overburden at 2370 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 4
Overburden at 5030 mm below GL in soil 4
Overburden at 5030 mm below GL in soil 5

Overburden at 5761 mm below GL in soil 5

Overburden on passive side

Overburden at 2370 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 2
Overburden at 3030 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 3
Overburden at 3930 mm below GL in soil 4
Overburden at 5030 mm below GL in soil 4
Overburden at 5030 mm below GL in soil 5

Overburden at 5761 mm below GL in soil 5

Pressure on active side
Active at 0 mm below GL in soil 1

Active at 630 mm below GL in soil 1

Kes = sin(90 - ¢'a)2 / (sin(90 + &q) x [1 - V[sin(¢'a + 8a) x sin(¢'a) / (sin(90

+ 84))]]%) = 5.480

Soil 2 - 2400
2
Soil 3 - 900
Soil 4 - 1100
149.7
138.0
Soil 5- 1100

176.2

OB'a11 = (P0G X Y6 * Po.a x ya) = 11.5 kN/m?

OB'a21 = Y6 x Ym.d1 X hat + OB'a11 = 22.5 kN/m?
OB'a22 = G X Ymd1 X hat + OB'a11 = 22.5 kN/m?
OB'a31 = Y6 x Ym.d2 X haz + OB'a22 = 35.1 kN/m?
OB'a41 = Y6 X Yd.d2 X haz + OB'a31 = 45.5 kN/m?
OB'a51 = Y6 X Yd.d2 X ha4 + OB'as1 = 52.2 kN/m?
OB'a52 = G X Yd.d2 X has + OB'as1 = 52.2 kN/m?
OB'a61 = Y6 X Yd.d3 X has + OB'as2 = 59.6 kN/m?
OB'a62 = G X Yd.d3 X has + OB'as2 = 59.6 kN/m?
OB'a71 = Y6 X Yd.d4 X has + OB'as2 = 69.7 kN/m?
OB'a72 = G X Yd.d4 x has + OB'as2 = 69.7 kN/m?
OB'a81 = G X Yd.ds X ha7 + OB'a72 = 76.4 kN/m?

OB'pa1 = 0 kN/m? = 0.0 kN/m?

OB'ps1 = yaf X Yd.d2 X hpa + OB'pat = 6.7 KN/m?
OB'ps2 = yGf X yd.d2 X hpa + OB'pat = 6.7 KN/m?
OB'ps1 = yaf X yd.d3 x hps + OB'ps2 = 14.1 kKN/m?
OB'ps2 = yG£ X yd.d3 x hps + OB'ps2 = 14.1 kN/m?
OB'p71 = yaf X yd.d4 x hps + OB'pe2 = 24.2 KN/m?
OB'p72 = y6£ X yd.d4 x hps + OB'pe2 = 24.2 kKN/m?
OB'ps1 = yaf X yd.ds x hp7 + OB'p72 = 30.9 kKN/m?

p'att = Kat x OB'a11 = 4.1 kN/m?
p'az1 = Kat x OB'a21 = 8.1 KN/m?

BALANCE PRESSURE DIAGRAM (kN/m 2)
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Active at 630 mm below GL in soil 2 p'azz = Kaz x OB'a22 = 8.1 kN/m?
Active at 1350 mm below GL in soil 2 p'ast = Ka2 x OB'a31 = 12.6 kN/m?
Active at 2370 mm below GL in soil 2 P'a41 = Kaz x OB'as1 + v x yw x (dia - dw) = 26.3 kN/m?
Active at 3030 mm below GL in soil 2 p'ast = Ka2 x OB'as1 + v x yw x (dis - dw) = 35.2 kN/m?
Active at 3030 mm below GL in soil 3 P'as2 = Kaz x OB'as2 + v x yw x (dis - dw) = 35.2 kN/m?
Active at 3930 mm below GL in soil 3 p'ast = Kaz x OB'a61 + v x yw x (dis - dw) = 46.7 kN/m?
Active at 3930 mm below GL in soil 4 P'as2 = Kaa x OB'as2 + v x yw x (dis - dw) = 46.7 kN/m?
Active at 5030 mm below GL in soil 4 p'a71 = Kaa x OB'a71 + v x yw x (di7 - dw) = 61.1 kN/m?
Active at 5030 mm below GL in soil 5 p'a72 = Kas x OB'a72 + v x yw x (dL7 - dw) = 61.2 kN/m?
Active at 5761 mm below GL in soil 5 p'agt = Kas x OB'ag1 + v x yw x (dLs - dw) = 70.8 kN/m?
Pressure on passive side
Passive at 2370 mm below GL in soil 2 p'pat = Kp2 x OB'pat + ya x yw x (dLs - max(ds, dw)) = 0.0 kN/m?
Passive at 3030 mm below GL in soil 2 p'pst = Kp2 x OB'ps1 + yaf x yw x (dis - max(ds, dw)) = 40.8 kN/m?

Passive at 3030 mm below GL in soil 3

Passive at 3930 mm below GL in soil 3

Passive at 3930 mm below GL in soil 4

Passive at 5030 mm below GL in soil 4

Passive at 5030 mm below GL in soil 5

Passive at 5761 mm below GL in soil 5

p'ps2 = Kps x OB'ps2 + yGf x yw x (dis - max(ds, dw)) = 40.8 kN/m?

P'st1 =
p'ps2 = Kpsa x OB'ps2 + yG,1 X yw x (die - max

p'p71 =

p'pst =

Kps x OB'ps1 + yGf X yw x (dLe - max

87.3 kN/m?
87.3 kN/m?

ds, dw)
ds, dw)

Kpa x OB'p71 + ya x yw x (dL7 - max(ds, dw)) = 149.7 kN/m?
p'p72 = Kps x OB'p72 + ya,f x yw x (diz - max(ds, dw)) = 138.0 kN/m?

( )=
( )=
( )
( )=
( )=
( )=
( )=
( )=

Kps x OB'ps1 + G x yw x (dis - max(ds, dw)) = 176.2 kN/m?

By iteration the depth at which the active moments equal the passive moments has been determined as 5761 mm

as follows:-

Active moment about 5761 mm

Moment level 1
Moment level 1
Moment level 2
Moment level 2
Moment level 3
Moment level 3
Moment level 4
Moment level 4
Moment level 5
Moment level 5
Moment level 6
Moment level 6
Moment level 7

Moment level 7

Passive moment about 5761 mm

Moment level 4
Moment level 4
Moment level 5
Moment level 5
Moment level 6

Moment level 6

Ma11 = 0.5 x p'a11 x hat x ((H - di2) + 2/3 x hat

7.2 KNm/m

Ma12 = 0.5 x p'a21 x hat x ((H - di2) + 1/3 x hat) = 13.6 kKNm/m
0.5 x p'azz x haz x ((H - dis) + 2/3 x ha2) = 14.2 KNm/m

Maz1 =
Maz2 = 0.5 x p'as1 x haz x ((H - dis) + 1/3 x haz
0.5 x p'a3t x haz x ((H - dia) + 2/3 x has
Maz2 = 0.5 x p'as1 x haz x ((H - dua) + 1/3 x has
0.5 x p'ast x haa x ((H - dis) + 2/3 x haa
Ma42 = 0.5 x p'ast x haa x ((H - dus) + 1/3 x has
0.5 x p'as2 x has x ((H - dus) + 2/3 x has
Mas2 = 0.5 x p'as1 x has x ((H - dis) + 1/3 x has
0.5 x p'as2 x has x ((H - dr7) + 2/3 x has
Mas2 = 0.5 x p'az1 x has x ((H - di7) + 1/3 x has

Maz1 =

Ma41 =

Mas1 =

Mae1 =

Ma71 =

Ma72 = 0.5 x p'ag1 x ha7 x ((H - dis) + 1/3 x ha7

Mpa1 = )=

Mps2 = 0.5 x p'pst x hpa x ((H - dis) + 1/3 x hps) =

= 0.5 x p'ps2 x hps x ((H - dis) + 2/3 x hps) = 44.6 KNm/m
)=
)=
)=

Mps1

Mps2 = 0.5 x p'pe1 x hps x ((H - dis) + 1/3 x hps
Mps1 =

21.1 kNm/m
26.1 kKNm/m
50.1 kNm/m
27.5 kKNm/m
34.3 kNm/m
38.5 kNm/m
44.8 KNm/m
37.6 kNm/m
36.9 kNm/m

0.5 x paz2 x haz x ((H - dis) + 2/3 x har) = 10.9 kNm/m

0.5 x p'pat x hpa x ((H - dus) + 2/3 x hpa

0.5 x p'pe2 x hps x ((H - di7) + 2/3 x hpe
Mps2 = 0.5 x p'p71 x hps x ((H - di7) + 1/3 x hps

)=
)=
)=
)=
)=
)=
)=
)=
)=
)=
)=
)=
)=
)=

6.3 kKNm/m

0.0 kNm/m
39.7 kNm/m

83.7 kNm/m
70.3 kKNm/m
90.4 kNm/m
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Moment level 7
Moment level 7

Total moments about 5761 mm
Total active moment

Total passive moment

Required pile length

Length of pile required to balance moments

Depth of equal pressure
Add 20% below this point
Minimum required pile length

Mp71 = 0.5 x p'p72 x hp7 x ((H - dig) + 2/3 x hp7) = 24.6 KNm/m
Mp72 = 0.5 x p'pg1 x hp7 x ((H - dis) + 1/3 x hp7) = 15.7 KNm/m

EMa = 369.1 KNm/m
M, = 369.2 KNm/m

H =5761 mm

dcontra = 2914 mm

de_add = 1.2 x (H - dcontra) = 3416 mm
Hiotal = dcontra + de_ada = 6330 mm

Pass - Provided length of sheet pile greater than minimum required length of pile

Pile capacity (EN1993-5)

Maximum moment in pile (from analysis)
Maximum shear force in pile (from analysis)

Nominal yield strength of pile
User defined section

Plastic modulus of pile
Thickness of web

Thickness of flange

Overall height

Section width

Web incline angle

Shear buckling of web (cl.5.2.2(6))
Width of section
Thickness of web

Bending
Interlock reduction factor (cl.5.2.2)

Design bending resistance (eqn.5.2)

Shear
Projected shear area of web (eqn.5.6)

Design shear resistance (eqn.5.5)

Mpile = max(abs(Mmin), abs(Mmax)) / 1m = 81.1 kNm/m
Vpie = 120.5 kN/m
fy_pile =240 N/mm?

Wiy = 2010 cm3/m
s =6.1 mm
t=12.2 mm

h =381 mm

b =400 mm

opie = 67.0 deg

¢ = (h - t) / sin(apie) = 401 mm
tw=s=6.1mm
& = V(235 N/mm?2 / f,_pie) = 0.990
c/tw=657=664xc<=72x¢
PASS - Shear buckling of web within limits

Bs=10.8
Mcrd = Wiy x fy pie X BB / ymo = 385.9 KNm/m
PASS - Moment capacity exceeds moment in pile

Ay =s x (h -t) = 2250 mm?
Voira = Av x y_pie / (V(3) x ymo) / b = 779.3 kN/m
PASS - Shear capacity exceeds shear in pile




