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APPENDIX A

Finite element model results
(Parameters of the main retaining wall)
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1.1 Anchored Sheet Pile Wall Model Results - (4m Improvement wall)

Case 1
Int. Wall Hori. Bf/{nocii;lg Anchor Excavation
Fric.Angle | Def (mm) (kNm') Force (kN) | Depth (m)
22 204.51 190.93 115.6 6.8*
24 32.16 146.62 85.74 6.8*
26 45.17 153.91 97.38 7
28 10.17 117.14 06.38 7
30 7.23 98.98 57.93 7
32 5.83 82.89 52.06 7
34 4.93 71.36 47.37 7
36 4.05 60 42.33 7
38 3.33 50.51 37.75 7
Case 2
Int. Wall Hori. Bending é?;lclgr Excavation
Fric.Angle | Def (mm) | Mom. (kNm) (kN) Depth (m)
22 20.48 139.73 73.1 6.6*
24 22.1 140.13 77.37 7*
26 12.59 124 68.26 7
28 7.92 101.41 57.22 7
30 6.13 85.66 52.03 7
32 4.89 72.14 46.58 7
34 3.94 60.62 41.83 7
36 3.05 49.3 36.78 7
38 2.24 38.18 31.12 7
Case 3
Int. Wall Hori. Bﬁfﬁg AFnOcrl;gr Excavation
Fric.Angle | Def (mm) (kij (kN) Depth (m)
22 37.14 149.88 83.08 6.8*
24 17.6 129.73 69.58 7*
26 11.1 113.84 63.21 7
28 6.91 91.9 54.25 7
30 5.29 78.26 49.21 7
32 4.01 63.4 43.37 7
34 3.14 52.61 38.28 7
36 24 42.53 33.59 7
38 1.85 34.61 29.02 7
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Case 4

Int. Wall Hori. Bﬁlodrglg Anchor Excavation
Fric.Angle | Def (mm) (kNm5 Force (kN) | Depth (m)
22 31.44 144.39 78.97 6.8%*

24 14.23 119.69 63.94 7*
26 9.03 104.01 57.82 7
28 5.84 84.25 50.88 7
30 4.43 71.06 46.06 7
32 3.29 56.71 40.28 7
34 2.46 45.53 34.82 7
36 1.85 36.96 30.46 7
38 1.39 29.92 26.17 7

Case 5
. Bending .

- Int. Wall Hori. Mo, Anchor Excavation
Fric.Angle | Def (mm) (kNm) Force (kN) | Depth (m)
22 52.37 148.59 89.41 6.8*

24 20.62 125.08 71.93 7*
26 7.52 97.52 54.71 7

28 4.85 77.85 47.88 7

30 3.62 63.57 429 7

32 2.58 49.9 36.96 7

34 1.9 39.91 31.82 7

36 1.36 31.95 27.09 7

38 0.933 25.31 22.79 7

Case 6
. Bending .

. Int. Wall Hori. Mo, Anchor Excavation
Fric.Angle | Def (mm) (kNm) Force (kN) | Depth (m)
22 41.53 143.53 84.31 6.8*

24 15.27 117.76 64.65 7*

26 6.13 91.99 51.87 7

28 4.15 73.25 45.64 7

30 2.97 57.77 40.09 7

32 2.01 44.27 33.43 7

34 1.39 34.93 28.4 7

36 0.945 27.77 24.16 7

38 0.607 22.48 20.37 7

* soil body collapses in the numerical model
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1.2 Anchored Sheet Pile Wall Model Results - (6m Improvement wall)

Case 1
Int. Wall Hori. Bl\e/?:rﬁlg Anchor Excavation
Fric.Angle | Def (mm) (kij Force (kN) | Depth (m)
22 204.51 190.93 115.6 6.6%
24 32.16 146.62 85.74 6.8%
26 30.26 149.23 92.49 7.2%
28 18.72 136.33 82.52 7.4%
30 19.07 132.51 87.73 7.6*
32 15.57 120.98 82.37 7.8%
34 8.81 97.26 62.32 7.8%
36 9.36 93.12 64.43 8*
38 8.42 85.03 61.7 8
Case 2
Int. Wall Hori. Bl\e/ilocg?g Anchor Excavation
Fric.Angle | Def (mm) (kNm‘) Force (kN) | Depth (m)
22 42.32 147.96 90.74 6.8%*
24 29.47 132.97 83.63 7*
26 19.84 119.23 80.46 7.2%
28 16.18 108.01 78.19 7.4%
30 10.52 90.39 66.3 7.6*
32 8.63 80.28 61.83 7.8%
34 7.48 71.82 57.83 8*
36 6.56 63.79 54.11
38 5.02 53.7 4491
Case 4
Int. Wall Hori. Bl\e/ilocglng Anchor Excavation
Fric.Angle | Def (mm) (kNm‘) Force (kN) | Depth (m)
22 29.55 130.41 79.23 6.8%*
24 16.34 110.18 66.94 7*
26 30.7 123.22 91.17 7.6*
28 19.88 109.01 84.14 7.8%
30 13.16 93.85 73.83 8*
32 10.03 79.73 65.92 8
34 6.45 62.47 52.56 8
36 4.39 49.21 40.94 8
38 3.22 39.42 33.83 8
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Case 6

Bending

. Int. Wall Hori. Mo, Anchor Excavation
Fric.Angle | Def (mm) (kNm) Force (kN) | Depth (m)
22 41.53 143.53 84.31 6.8%*
24 15.27 117.76 64.65 6.8%*
26 6.13 91.99 51.87 7
28 4.15 73.25 45.64 7
30 2.97 57.77 40.09 7
32 2.01 44.27 33.43 7
34 1.39 34.93 28.4 7
36 0.945 27.77 24.16 7
38 0.607 22.48 20.37 7

* s0il body collapses in the numerical model

1.3 Cantilever Sheet Pile Wall Model Results - (6m Improvement wall)

Case 1
Int. Wall Hori. Def | Bending Mom. Excavation
Fric.Angle (mm) (kNm) Depth (m)
22 297.42 149.57 3.8*
24 198.73 145.7 4%
26 114.81 140.35 4.4*
28 46.59 117.76 4.4*
30 80.66 131.63 4.8%*
32 42.99 110.56 4.8*
34 58.46 116.09 5
36 423 102.65 5
38 30.26 88.28 5
Case 2
Int. Wall Hori. Def | Bending Mom. Excavation
Fric.Angle (mm) (kNm) Depth (m)
22 135.34 93.42 4*
24 44.15 77.54 4*
26 104.09 78.15 4.6*
28 66.27 68.72 4.8%
30 36.48 56.81 4.8%
32 45.28 55 5*
34 28.18 44.89 5
36 18.67 383 5
38 13.99 33.78 5
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Case 3

Int. Wall Hori. Def | Bending Mom. Excavation
Fric.Angle (mm) (kNm) Depth (m)

22 201.46 96.53 4.2*

24 51.63 78.08 4.2%

26 98.65 77.72 4.6*

28 44.21 63.57 4.8*

30 34.7 55.03 5*

32 29.22 47.99 5

34 18.97 40.48 5

36 13.15 33.31 5

38 9.13 28.22 5

Case 4

Int. Wall Hori. Def | Bending Mom. Excavation
Fric.Angle (mm) (kNm) Depth (m)

22 106.97 94.29 4.2%

24 130.6 88.04 4.6*

26 37.08 67.98 4.6*

28 46.09 63.92 5*

30 33.52 52.89 5

32 19.23 43.93 5

34 12.63 36.47 5

36 8.29 30.61 5

38 5.85 26.1 5

Case 5

Int. Wall Hori. Def | Bending Mom. Excavation
Fric.Angle (mm) (kNm) Depth (m)

22 163.37 96.44 4.4*

24 184.38 86.52 4.8*

26 79.01 75.13 5*

28 48.77 64.22 5

30 20.76 49.43 5

32 12.69 41.84 5

34 7.53 34.15 5

36 5.25 29.2 5

38 3.69 25.77 5
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Case 6

Int. Wall Hori. Def | Bending Mom. Excavation
Fric.Angle (mm) (kNm) Depth (m)

22 264.56 100.16 4.4*

24 193.87 89.19 4.8*

26 21.53 67.52 5

28 29 59.58 5

30 14.08 50.44 5

32 7.85 40.47 5

34 4.83 33.73 5

36 3.08 29.34 5

38 1.83 24.83 5

* so0il body collapses in the numerical model

1.4 Cantilever Sheet Pile Wall Model Results - (8m Improvement wall)

Case 1
Int. Wall Hori. Bending Mom. Excavation
Fric.Angle Def (mm) (kNm) Depth (m)
22 297.42 149.57 3.8*
24 198.73 145.7 4%
26 114.81 140.35 4.4*
28 46.59 117.76 4.4*
30 80.66 131.63 4.8%
32 42.99 110.56 4.8*
34 103.16 132.33 5.4*
36 62.42 114.91 5.4%*
38 47.24 102.95 5.4%
Case 2
Int. Wall Hori. Bending Mom. Excavation
Fric.Angle Def (mm) (kNm) Depth (m)
22 134.63 84.85 4.4*
24 227.7 72.55 5*
26 60.23 71.44 4.8*
28 65.05 67.06 5.2%
30 22.6 55.33 4.8*
32 60.96 48.87 5*
34 33.15 47.36 5.6*
36 18.21 38.07 5.4%*
38 14.37 33.14 5.4%
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Case 4

Int. Wall Hori. Bending Mom. Excavation
Fric.Angle Def (mm) (kNm) Depth (m)
22 37.03 87.27 4*
24 39.67 75.19 4.4*
26 54.56 68.36 5*
28 78.78 59.74 5.4%
30 32.85 50.16 5.4%*
32 27.83 42.44 5.6*
34 39 36.99 6
36 27.87 31.56 6
38 26.04 27.45 6
Case 6
Int. Wall Hori. Bending Mom. Excavation
Fric.Angle Def (mm) (kNm) Depth (m)
22 251.13 89.66 5*
24 33.69 74.37 4.6*
26 39.32 64.7 5.2%
28 89.68 56.58 6*
30 51.6 53.51 6*
32 33.61 45.13 6
34 20.72 36.96 6
36 13.97 31.85 6
38 9.71 26.93 6

* so0il body collapses in the numerical model
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APPENDIX B

Finite element model results
(Parameters of the improvement wall)
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2.1 Anchored sheet pile wall - Parameters of 4m improvement wall

Case 2
Int. Wall Hori. Bending Retaining
Fric.Angle Def (mm) Mom. (kNm) | Height (m)
22 42.56 4.84 6.6
24 56.61 6.65 7
26 35.09 7.39 7
28 17.37 7.94 7
30 11.89 8.97 7
32 8.71 9.94 7
34 6.62 10.66 7
36 4.93 11.24 7
38 3.59 11.94 7
Case 3
Int. Wall Hori. Bending Retaining
Fric.Angle Def (mm) Mom. (kNm) | Height (m)
22 81.85 5.77 6.8
24 50.96 6.65 7
26 32.37 7.62 7
28 16.23 8.51 7
30 11.01 9.72 7
32 7.83 10.54 7
34 5.8 11.01 7
36 4.25 11.05 7
38 3.19 11.08 7
Case 4
Int. Wall Hori. Bending Excavation
Fric.Angle Def (mm) Mom. (kNm) Depth
22 87.46 6.56 6.8
24 44,18 6.68 7
26 32.37 7.62 7
28 14.57 8.68 7
30 10.59 9.43 7
32 7.61 9.98 7
34 4.89 10.43 7
36 3.58 10.41 7
38 2.61 10.63 7
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Case 5

Int. Wall Hori. Bending Excavation
Fric.Angle Def (mm) Mom. (kNm) Depth
22 163.84 7.46 6.8
24 90.61 8.44 7
26 24.36 8.26 7
28 12.63 8.7 7
30 8.3 9.09 7
32 5.52 9.14 7
34 3.91 9.19 7
36 2.82 9.34 7
38 1.93 9.71 7
Case 6
Int. Wall Hori. Bending Excavation
Fric.Angle Def (mm) Mom. (kNm) Depth
22 159.14 7.93 7
24 79.73 9.15 7
26 20.89 8.51 7
28 11.46 8.71 7
30 7.26 8.91 7
32 4,71 8.84 7
34 3.27 8.61 7
36 2.18 8.58 7
38 1.43 8.67 7

* s0il body collapses in the numerical model

2.2 Anchored sheet pile wall - Parameters of 6m improvement wall

Case 2
Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) Depth
22 72.82 18.81 6.6*
24 534 19.64 7*
26 37.3 20.43 7.2%
28 30.33 21.13 7.4%
30 17.69 21.91 7.6*
32 14.2 22.13 7.8%
34 12.2 21.68 8*
36 10.72 20.85 8
38 7.52 21.5 8
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Case 4

Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) Depth
22 49.43 22.98 6.8*
24 29.85 22.05 7*
26 62.01 23.97 7.6*
28 42.93 22.53 7.8*
30 26.83 21.71 8*
32 20.15 21.79 8
34 11.54 22.61 8
36 7.29 22.53 8
38 5.14 21.26 8
Case 6
Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) Depth
22 149.82 25.66 7.2*
24 176.82 24.87 7.6*
26 56.71 24.39 7.8*
28 19.5 25.67 7.8*
30 211 25.27 8
32 10.26 25.52 8
34 6.39 23.7 8
36 4.48 21.37 8
38 3.32 18.99 8

* s0il body collapses in the numerical model

2.3 Cantilever sheet pile wall - Parameters of 6m improvement wall

Case 2

Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) | Depth (m)

22 83.14 43.36 4*
24 26.5 32.78 4*
26 65.1 55.88 4.6%*
28 41.21 54.95 4.8*
30 22.26 48.14 4.8*
32 27.91 55.83 5
34 17.01 47.71 5
36 10.97 40.79 5
38 8.03 36.02 5
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Case 3

Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) | Depth (m)

22 118.98 47.25 4.2%
24 30.58 36.59 4.2%*
26 60.44 52.31 4.6*
28 26.88 47.64 4.8*
30 21.18 46.97 5*
32 17.83 46.9 5
34 11.27 40.45 5
36 7.77 34.51 5
38 5.36 28.77 5

Case 4

Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) | Depth (m)

22 58.81 38.75 4.2%
24 75.6 45.46 4.6*
26 22.1 39.79 4.6*
28 28.28 47.61 5*
30 20.89 46.45 5
32 11.77 40.1 5
34 7.7 33.73 5
36 5.05 27.57 5
38 3.57 23.11 5

Case 5

Wall Hori. Bending Excavation

Int. Fric.Angle Def (mm) Mom. (kNm) | Depth (m)
22 86.61 42.89 4.4*
24 106.6 47.52 4.8*
26 47.27 46.83 5%
28 29.53 45.59 5
30 12.8 38.05 5
32 7.77 32.35 5
34 4.71 25.92 5
36 3.3 21.5 5
38 2.28 17.74 5
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Case 6

Wall Hori. Bending Excavation

Int. Fric.Angle Def (mm) Mom. (kNm) | Depth (m)
22 137.06 43.96 4.4*
24 109.92 45.08 4.8*
26 15.69 51.64 5
28 17.56 38.34 5
30 8.44 31.54 5
32 4.89 25.1 5
34 3.05 19.96 5
36 1.97 15.95 5
38 1.24 12.64 5

* so0il body collapses in the numerical model

2.4 Cantilever sheet pile wall - Parameters of 8m improvement wall

Case 2

Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) | Depth (m)

22 76.73 126.55 4.4*
24 131.69 179.83 5*
26 35.78 98.92 4.8*
28 39.13 114.91 5.2*
30 13.28 54.12 4.6*
32 12.15 53.35 5*
34 20.26 80.58 5.6*
36 10.8 51.68 5.4*
38 8.39 43.81 5.4%

Case 4

Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) | Depth (m)

22 18.59 39.43 4*
24 21.66 53.89 4.6*
26 30.66 81.77 5*
28 48.07 119.06 5.6*
30 20.72 75.31 5.4*%
32 17.8 70.28 5.6*
34 25.19 87.12 6
36 18.05 70.89 6
38 12.53 55.66 6
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Case 6

Int. Fric.Angle Wall Hori. Bending Excavation
Def (mm) Mom. (kNm) | Depth (m)

22 114 118.13 5%
24 18.18 48.52 4.6%*
26 22.8 66.52 5.2%
28 52.29 109.98 6*
30 30 87.06 6*
32 20.15 70.01 6
34 12.65 52.57 6
36 8.56 41.1 6
38 6.07 32.91 6

* soil body collapses in the numerical model
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APPENDIX C

Sample Calculation
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REF

CALCULATION

OUTPUT

Anchored Sheet Pile Wall

A VYV +15m
Bl N ¥ +0.5m
< p1 T
_________________________ oo ¥ 00 MSL
C
B V¥ -35m

¥ 55m <

Active side
Ka=1/3
Kp=3

oa = OkN/m
Oc = kyyZ

=1/3x17x1.5
=8.5kN/m?

OF = Ka[YZ1+ (Y - Yw) Z2]
=8.5+1/3x9x 7.5
= 19kN/m?




P1=1/2x85x 1.5
=6.375kN

P,=8.5x7.5
=63.75kN

P3=1/2 x7.5x 22.5
=84.375kN

Passive side
Orur = kp Xy X Z
=3x9x 4
= 108kN/m?
Fpu=1/2x 108 x 4
=216 kN
@ F, take moments around point F

0=P1*05+P,*475+P3x6 - Fp*7.17

Fp, =113.28 kN

FOS =216/113.28 =1.91
-> Horizontal force equilibrium
P1+P2+P3=Fp+T

T=41.22 kN
Anchor Force = 41.22 kN




Improvement Sheet Pile wall - Anchored Sheet Pile Structure

H

Dredge line ¢

D - h
P
| "L h
| b
H=3.0m
¢ =30
y = 19 kN/m?®

Taking moments about b;

D (H+D) _

B, X i P, X = 0

K,vsD* —K,ys(H+D)* =0
D= 1.85m
Dactua = 2.0 m

Dactwal = Ddesign X 8%

(20% - 40% recommended)




Cantilever Sheet Pile Wall

¥ +20m

p2

¥ 05MSL

p3
w -7.0m

P




At point o ;
Koya-(Pa+Kaya)=0
a=0.54m
Pp1=(Ky-Ka) vY

P =Kyy(H+a+Y)-Kay(@+y)

From the pressure diagram ;

Y=1.44m
Ra= 26.01 kN

XH=0
Ra+1/2(Ppl+Pp2)Z-1/2PplY =0
taking moments about baseb; T M =0

Ra (Y +Y)+ 1/2 (Ppl +Pp2) Z.5 - 1/2PpL Y. £ = 0

Y =443 m
D=Y+a

D=497 ~5m

D design=D + D x 20%

=6.0m




Improvement Sheet Pile wall - Cantilever Sheet Pile Structure

Dredge line ¢4

i —_— -

D a

H=20m
¢ =30
y = 19 kN/m®

Taking moments about b;

P xQ—Pax(HJrD) =

0
p 3 3

K,ysD? —K,y;(H+D)* =0
D= 1.85m
Dacwa=3.0m
Dactual = Ddesign X 62%

(20% - 40% recommended)







