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Abstract- One of the earliest earth retention technologies used in
civil engineering projects is sheet pile walls. Therefore, in this
work, a numerical analysis using Plaxis 2D was performed to
investigate the behaviour of laterally anchored retaining system
in sandy soil, focusing on the anchor force, lateral displacement,
and maximum bending moment. The effects of anchor location
and number on wall and soil deformations were investigated for
various wall heights. When anchored-sheet-piles were used
instead of cantilever sheet piles, the results showed a significant
reduction in both wall deformation and bending moment
specially at high dredging levels. In addition, while having
numerous anchor levels is the most approach to minimize wall
and soil deformations. Also, the findings revealed that adopting
the one-anchored sheet pile wall can greatly decrease the
maximum wall displacement by about and 59.16%; which
occurs at 0.4H; as well as reduce the maximum bending
moment by about 85.63%; which occurs at 0.5H, comparing
with the cantilever sheet pile wall at dredging depth (H) = 5m.
At a deeper dredging depth (H=9m), the maximum lateral
displacement and maximum of wall were reduced by 88 %, and
86 %, respectively. Also, at H= 9m, using the second level of
anchors can also reduce the maximum bending moment on the
wall by more than 83.55 %.

Index terms: Retaining sheet pile; Penetration depth;
Lateral deformation; Maximum bending moment

l. INTRODUCTION

Excavation support systems, cut-off walls under dams,
cofferdams, waterfront constructions, slope stabilization, and
floodwalls are widely used as applications for sheet pile
walls. Steel sheet piles are the most prevalent in retaining
walls, despite the fact that other materials (such as timber,
reinforced concrete, and polymers) are also utilized.

The selection of wall type, either cantilever or anchored,
is based on characteristics of foundation soils, the function of
wall, and the proximity of wall to existing structures. The
conventional methods for designing anchored sheet pile
walls are dependent on active and passive earth pressures
with the failure condition determined by the Mohr-Coulomb
failure criterion. These design methodologies do not take
wall displacements into account. An investigation of
anchored sheet pile walls via the finite-element method
(FEM) by Bjerrum, Frimann [1] also found stress
concentration at the anchor level. The stresses calculated
from the finite-element analysis (FEA) were higher at the
anchor level and above the anchor level, as well as toward
the tip of the wall, than the lateral earth stresses assumed in
the free earth support method.
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The finite element analyses (FEAs) also, found lower
active earth pressures between the anchor level and the
dredge line. Using finite element analysis, Amer [2] studied
wall behavior by varying the soil conditions for both the
cantilever and anchored sheet pile walls. It was concluded
that increasing wall penetration depth reduces wall
deformations for both types of walls, as well as, the bending
moments significantly reduced.

Unloading generated by the excavation area, shear
deformations of the earth body, elastic deformation of the
wall, and soil movement beneath the wall are the cause of
the total deformation of the wall [3]. For the cantilever sheet
pile wall; the bottom of the wall is assumed not to move,
while the top of the wall at the ground is considered to move
enough to generate the active and passive earth pressures [4].
On contrary, the displacements at the anchor level are
limited when the anchors are utilized. Although the wall can
bend between these positions, the overall wall displacements
are minimal as compared to the cantilever wall of the same
height [4].

There are no firm rules for what constitutes acceptable
deflection in sheet pile walls, however values ranging from 1
to 5 inches are commonly accepted. In general, there are
different techniques utilized to decrease sheet pile wall
deformations. Bilgin and Erten [5] concluded that using
multiple anchor levels is the most efficient technique to
reduce anchored wall deformations. They found that 50 %
reduction in anchored wall deformations is noticed when
utilizing larger pile profile, as well as, more than 65 %
decrease is observed when using second level of anchors. In
addition, placing the anchor at 0.25 of the wall height from
the top of wall can result in the least amount of deformations
compared with installing the anchor above or below this
level [5]. When the anchor stiffness is increased, the
maximum wall deformations are lowered by about 50 % in
the walls have lower heights. According to Rowe [6], a
horizontal displacement at the top of the wall of around 5%
of wall height is the acceptable limit.

Moreover, ultimate passive pressure occurs in loose sand
for wall movements between 25% and 40% of the wall
height, however, for dense sand, movements at ultimate
passive resistance are around 5% of the wall height. Rieke,
Crowser [7] showed a failure of a 300-ft-long anchored sheet
pile wall during the placement of backfill behind the wall.
The cause of the failure is attributed to the loss of stability of
underlying soft soils due to large soil and wall deformations.
[8] have studied the effect of some parameters such as
number of anchors, and friction angle of soil on anchored
sheet pile. The results concluded that variation of the friction
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angle has a significant impact on the wall. Moreover,
increasing the number of anchors reduces the maximum
bending moment, wall displacement, and on contrary,
increases the maximum shear force.

A numerical parametric study using the finite element
program of PLAXIS was performed on single and double
anchored sheet piles systems for sandy [9]. This numerical
study aimed at study the effect of varying of some
parameters such as the embedded depth, and positions of
anchor rods either the upper rod or the lower one. The
findings revealed that the forces developed in the lower
anchor rods are always higher than those developed in the
upper anchor rods.

Finally, in the double anchored sheet pile wall, the lower
values of anchor forces and that of maximum bending
moments were acquired at the higher soil density. Sowers
and Sowers [10] described numerous cases of anchored
bulkhead failures. The results concluded that excessive earth
pressures, and lack of consideration of effects of
construction operations were among the variables leading to
anchored sheet pile wall failures. The FEM has been used by
researchers to investigate and understand the behavior of
cantilever, and anchored sheet pile walls under dynamic and
static loading cases [1, 11-20].

. GOALS AND OBJECTIVES

The finite element method has mostly been used for the
study of various anchored or braced retaining structures in
the past for the excavation cases as mentioned in the
introduction. On the other hand, there are a history of
failures of anchored sheet pile walls. In addition, various
aspects of the anchored sheet pile walls performance are not
yet completely understood. This article presents the analysis
results and provides recommendations to be utilized in the
design of anchored sheet pile walls in order to acquire the
optimum straining actions acting on the wall.

The objective of this study was to investigate the
deformations of anchored sheet pile walls, and then to study
the influence of various parameters in reducing the lateral
wall movements and maximum bending moment. Using
finite element software package (PLAXIS 2D), parametric
study was conducted for varying dredging depth (H), wall
type, and number of anchor levels.

1. NUMERICAL MODELING AND
ANALYSES

A. Numerical Model

The geotechnical behavior of retaining structures was
studied using numerical modeling of cantilever and anchored
sheet pile walls at various dredge height (H) values. The
plane strain model was used with 15 node elements. A fine
mesh was generated by the program. In this investigation,
For the case of lateral loads acting on piles or earth pressure
on sheet piles under static load, the Mohr- Coulomb model is
considered as a suitable model that can be used to simulate
the nonlinear behavior of the soil in general due to its
simplicity. Furthermore, many researchers have utilized the
Mohr-Coulomb model to simulate the drained attitude of
granular soils [8, 18, 21-24]. Mohr-Coulomb soil model was
utilized to model elasto-plastic behavior of sand soil, which
involves five input parameters including Young’s modulus
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(Es); Poisson’s ratio (v) for soil elasticity; angle of friction
(@) for sand and the angle of dilatancy (¥). Since we
considered sand soil in this study in the drained case, soil
cohesion was set to (1*10 kPa) to minimize errors in the
numerical analysis as recommended by the Plaxis's manual.

B. Geometry and Material Properties
A schematic of a typical wall and soil type analyzed is
presented in Fig. 1, Fig. 2, and Fig. 3. The parametric study
used one soil condition, loose sand, six dredging heights of
sheet pile wall, five distances for one anchor sheet pile, and
four distances for two anchor sheet pile. The dredging
heights (H) investigated in this article were 5, 6, 7, 8 and, 9m.
Five distances for the one anchor considered were 0.2 H,
0.25 H, 0.3 H, 0.4 H, and 0.5H. Four distances for the second
anchor considered were 0.2 H, 0.3 H, 0.4 H. In each case

uniform soil condition was assumed.
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Fig. 1. The geometry of 2D Plaxis model for cantilever sheet pile
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Fig. 2. The geometry of 2D Plaxis model for one anchored sheet pile
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Fig. 3. The geometry of 2D Plaxis model for two anchors sheet pile

Table 1 lists the parameters that were chosen for the
sandy soil. The properties chosen for the steel sheet pile are
given in Table 2, however, Table 3 shows the properties
selected for anchor system. These properties were chosen
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according to Kumar and Dey [24]. The characteristics of the
sheet pile wall including the dredging height (H), the
penetration depth of cantilever sheet pile (Do), the
penetration depth of anchored sheet pile (D), the distance
between ground surface and the first anchor (y), the distance
between the first and the second anchor (Svy), the effective
length (L¢), and the grout length (Loond).

Table 1. Properties of sandy soil used for all tests

Parameter Loose sand Unit
Type of material Drained | ----
Soil saturated unit weight (gsat) 16 kN/m3
Soil unsaturated unit weight (gunsat) 16 kN/m3
Permeability (Kx, Ky) 1 m/day
Young’s modulus (ES) 24000 kN/m2
Poisson’s ratio (u) 033 | -
Cohesion (c) 0.001 kN/m?2
Friction angle () 30 °
Dilatancy angle (‘) 0 °
Interface reduction factor (R) 08 | -

Table 2. Properties of the Sheet Pile Wall (Plate) - Using AZ-48

Parameter Name Value Unit
Type of . o
behavior Material type Elastic

Normal stiffness EA 6.45E+06 kN/m
Bending El 2.43E+05 KN/m?/m
stiffness

Equivalent
thickness d 0.672 m

Weight W 15 kN/m?
Poisson’s ratio ) 0.3 -

Table 3. Properties of the anchor and the grout part

. . . EA L spacing
Identification Material type
(kN/m) (m)
Anchor Elastic 5.00E+05 25
grout part Elastic 2.00E+05 | --m-meee-

Table 4. Variables and ranges used in parametric study

Case Variable | Range Considered of Anchor depth
Wall height H 5m,6m,7m,8m,and 9 m
No .of anchor N One, and two
One anchored y (0.2H,0.25H, Oﬁ)H, 0.4 H,and 0.5
Two anchored Shy (0.2H, O(.:?;niia?ritﬂfyl_:i’o a;(L 0.5 H) at

C. Numerical Analysis

The excavation was simulated by removing soil in lifts.
The complete excavations were conducted in four steps for
at H=5m, and H=6m, five steps at H=7m, and H=8m, and six
steps at H=9m. The anchor was installed when excavation
reached the anchor level. Because of the cohesionless soils,
the analyses were performed considering fully drained
conditions. Table 4 lists an outline of the parameters studied
in the numerical analyses and their values.
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V.

In this research, analytical studies of the wall system are
performed using the finite element program (Plaxis 2D)
based on an existing test results [25] as shown in Fig. 4 and
illustrated Table 5. The study is made for cohesion less soils
with different properties. Furthermore, the total wall height
is kept constant while the driven depth, d, is varied. In the
initial analysis, the driven depth of the wall is assumed to be
1.25 times the free height.

In each subsequent analysis, the driven depth is increased
by 0.20m while the overall height is remains unchanged.
Each time, the horizontal displacement of the top point and
the maximum bending moment are measured. The results of
analyses for various walls with total heights (H) of 6.75,
11.25, and 15.75m are presented.

Where:

Hw: Free height of the wall is considered (3, 5, 7) m

d: Driven depth of the wall is considered 1.25 Hy,

H: Total Height of the wall,

hi: Increase in driven depth, (Decrease in free height)

The soil profile consists of a medium dense sand layer with
D=28.

The validation results indicated a good agreement with
the model in the instance of the relationship among the
maximum bending moment on the wall versus increasing in
the driven depth for the three wall heights as well as plots of
the lateral displacement versus increase in driven depth as
presented in Fig. 5, and Fig. 6, respectively.

NUMERICAL MODEL VALIDATION

Hw

hi ———————

1.25Hw

Cantilever Wall

-

Fig. 4. Typical mesh dimensions for sheet pile wall, [25]

Table 5. Properties of sheet pile Wall, Morsi [25]

No. Property Group (1)
1 Flexural rigidity per meter 1.26 E7
2 Axial stiffness per meter 3.78 E5
3. Unit weight per meter 15.00
4 Poisson’s Ratio 0.25
5 Equivalent wall thickness 0.60

Increasing dredging height (H) on the behaviour of walls
is pretty similar at all dredging heights, indicated to the same
trends, i.e. increase the dredging height (H) resulting in
increasing the horizontal displacements of walls, as well as,
in case of higher cantilever walls, large values of bending
moments were observed compared to relatively shorter walls,
as expected.
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Fig. 6. Deflection of the Wall versus Increase of Driven
Depth (Hw=3.0m & ¢ =28°)

V. RESULTS AND ANALYSIS
A. Behavior of The Cantilever Sheet Pile Wall

Figure 7 depicts the analysis results in terms of walls
displacements and bending moment. The influence of
increasing dredging height (H) on the behaviour of walls is
pretty similar at all dredging heights, indicated to the same
trends, i.e. increase the dredging height (H) resulting in
increasing the horizontal displacements of walls, as well as,
in case of higher cantilever walls, large values of bending
moments were observed compared to relatively shorter walls,
as expected.

B. Behavior of the anchored sheet pile wall

First set of analysis was conducted to study the impact of
anchor depth on wall deformations. The first anchor
measured from the wall's top, and the second anchor
measured from the first anchor. The influence of anchor
location on deformations of the wall at various dredging
heights and different types of sheet pile has been
investigated. These deformations were estimated at three
points as follows:

1- The horizontal displacement at the beginning of
excavation is shown in Figs. 8, 9, 14, 15, and 16 as well
as, concluded in Tables 6, and 12.

2- At the point of maximum wall horizontal displacement
which shown in Figs. 10, 11, 17, and 18 as well as,
concluded in Tables 7, 8, 13, 18 and 14.

https://digitalcommons.aaru.edu.jo/erjeng/vol5/iss2/6
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(b) bending moment
Fig. 7. Comparison of bending moment and lateral displacement with depth for
cantilever sheet pile wall.

3- At the point of maximum bending moment which
illustrated in Figs. 12, 13, 14, 19, 20, and 21, as well as,
concluded in Tables 9, 10, 15, and 16.

e  Result of the one anchored sheet pile wall

From the current investigation, after studying the
behavior of the cantilever sheet pile walls as shown in Fig. 2,
the anchored sheet pile wall was utilized to reduce the
penetration depth, as well as, minimize the horizontal
displacement of the wall and the bending moment acting on
it. A single anchor was investigated at different distances and
measured from the surface of the ground or from the top of
the wall.

The lateral displacement and bending moment were
investigated at different locations; such as 1- at the wall top
and presented in Fig. 8, and Fig. 9 and Table 6, 2- at the
point of maximum lateral displacement; which occurred as
presented in Table 7; and shown in Fig. 10, and Fig. 11 and
Table 8, and 3- at the point of maximum bending moment;
which occurred as presented in Table 9; as shown in Fig. 12,
Fig. 13, Fig. 14, and Table 10. The reduction percentages
were measured in each case compared to the cantilever sheet
pile wall case, as well as, the anchor forces are also found at
various places as shown Table 10.

1) At the top of the sheet pile wall
At the wall top, the results indicate that the highest
percentage of reduction in the horizontal displacement was
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at y/H = 0.2. The same observations were found for all
dredging depths at D=0.25H. The reduction percentages
were 68%, 76%, 83%, 86%, and 91% at H = 5m, 6m, 7m,
8m, and 9m, respectively, comparing with the cantilever
sheet pile.

80
70
60
50
E 40 —+—H=m
- 30 H=6m
20 H=Tm
H=8m
10| "
H=0m
0
0.1 0.4 0.7 1
(y/H) ,m

Fig. 8. Variation of the horizontal displacement (A) at different
wall height (H).

45
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10
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5
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(v/H) ,m
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2) At the point of maximum lateral displacement

At the point of maximum displacement, the results
indicate that the highest percentage of reduction in the
horizontal displacement was at y/H = 0.3 at H = 7m, and 8m,
however, occurred at y/H = 0.4 at H = 5m, 6m, and 9 m at
D=0.25H. The reduction percentages were 95%, 71%, 80%,
48%, and 88% at H = 5m, 6m, 7m, 8m, and 9m, respectively,
comparing with the cantilever sheet pile.

3) At the point of maximum bending moment

At the point of maximum moment, the results indicate
that the highest percentage of reduction in the bending
moment was at y/H = 0.5 for all wall heights (H= 5m, 6m,
7m, 8m, and 9m). The reduction percentages were 85%,
84%, 85%, 85%, and 86% at H = 5m, 6m, 7m, 8m, and 9m
respectively, comparing with the cantilever sheet pile.

100
EQ 20
=
=
§ 80
=
2 —e— H=5m
w 70
gﬂ H=6m
g H=Tm
g 60 =
5 H=8m
=
H=%m
50
0.1 0.3 0.5 0.7 0.9
Gv/H) .m
(b)

Fig. 9. Variation of a) the ratio of the lateral displacement to lateral displacement of anchored sheet pile to cantilever wall (A/Ao), and b) reduction percentage
of horizontal displacement with y/H at different wall height (H).
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65
55
— 45
E
=35 —+— H=5m
=2
25 H=6m
H=Tm
15 ey H=Sm
H=%m
5
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
O/H) ,m
@)

60
) \/\_,,

40

30

(A/A0)%

—— H=5m

20 H=6m

H=7m

10

H=8m
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0.1 0.2 03 0.4 05 0.6

(y/H) ,m

0.7 0.8

(b)

Fig.10. Variation of a) horizontal displacement (A),b) the ratio of the lateral displacement of anchored sheet pile to lateral displacement of cantilever wall
(A/Ao), and b) reduction percentage of horizontal displacement with y/H at different wall height (H).
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Table 6. The values of lateral displacement, (mm) and the percent of decreasing in lateral displacement at different y/H distances.

5m 6m m 8m 9m
83 X 85 85 25
< < |88l < | 88| <| 88| < | 2g| < | &8
g8 g3 g8 g8 $£e
0.2 | 9.59 69 | 13.12 | 76.03 | 18 | 83.88 | 27.5 | 85.99 | 29.75 | 90.9
025 | 891 | 71.2 | 12.74 | 76.73 | 19 83 26.8 | 86.35 | 31.71 | 90.3
0.3 | 9.88 | 68.1 | 13.19 | 75.91 | 18.7 | 83.25 | 27.54 | 85.97 | 33.76 | 89.7

04 | 1249 | 59.6 | 14.43 | 73.63 | 22.8 | 79.62 | 30.12 | 84.66 | 41.12 | 87.42
05 | 12.72 | 58.9 | 18.82 | 65.62 | 32.1 | 71.32 | 40.62 | 79.31 | 53.74 | 83.6

Table 7. The locations of the ratio (h/H), (m) at different y/H distances for various dredging height (H).

(h/H)
y/H 5m 6m m 8m 9m
0.2 1.25 0.96 0.79 0.69 0.67
025 1.25 0.88 0.79 0.69 0.67
03 11 0.92 0.73 0.69 0.67
04 1 0.83 0 0 0
0.5 0 0 0 0 0

Table 8. The values of lateral displacement, (mm) and the percent of decreasing in lateral displacement due at different y/H distances

5m 6m m 8m 9m
45 28 28 28 28
v D v D v D o D o D
a = a > a = a = a =
0.2 15 51.6 | 17.38 | 68.27 | 24.4 | 78.14 | 35.3 | 82.02 | 41.55 | 87.37
0.25 | 13.04 | 57.9 | 16.08 | 70.6 | 23.8 | 78.65 | 32.57 | 83.4 | 41.86 | 87.28
0.3 13.7 | 55.7 | 16.38 | 70.1 | 21.8 | 80.4 | 31.75 | 83.83 | 39.56 | 87.98
04 | 12.64 | 59.2 | 1595 | 70.9 | 22.8 | 79.55 | 30.12 | 84.66 | 41.12 | 87.5
05 | 12.73 | 58.9 | 1882 | 65.6 | 28.1 | 74.8 | 40.63 | 79.34 | 51.44 | 84.36

0

95 1 02 03 04 0.6 7
£ -50
= 85
8
s 7 100
§ 75 —+— H="m E
= H=m z 150 —+—H=5m
E” 65 =
& H=7 -
,E m E 200 H=6m
§ 55 Hegm H=7m
@ =
- H9m 250 H=8m

45 H=%m

01 02 03 04 05 06 07 08 300
(yH) m (vH)

. . . . . . Fig. 12. Variation of bending moment at different wall height (H).
Fig. 11. Variation reduction of horizontal displacement percentage with y/H

at different wall height (H).
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45
35
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=
25
E —p— F=5m
Ef H=6m
1s H=7m
H=8m
—— H=%m
5
0 0.2 0.4 0.6 0.8 1
(v/H) .m

Fig. 13. Variation of the ratio of the bending moment to bending moment of

anchored sheet pile to cantilever wall at different wall height (H).

Table 9. The locations of the ratio (h/H), (m) at different y/H distances for
various wall height (H).

(h/H)
y/H 5m 6m m 8m 9m
0.2 0.8 0.75 0.7 0.75 0.8
0.25 0.8 0.75 0.79 0.75 0.8
0.3 0.8 0.75 0.84 0.81 0.8
0.4 0.85 0.83 0.84 0.81 0.8
0.5 0.9 0.92 0.9 0.88 0.89

Table 10. The values of maximum bending moment, (kN.m/m) and the
percent of decreasing in bending moment at different y/H distances.

im fim im m
?‘e:.-::_:r ?'E‘..'F:I.I:l | ?::\e-':t_:'\e ?‘:.'ve':z:"e EE:ﬂL_:‘!:
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Table 11. The values of the force in the anchor at various y/H distances at

different wall height (H).

Force in the one-anchored sheet pile wall
y/H kN

H=5m H=6m H=7m H=8m H=9m

0.2 51.0 63.1 81.4 114.7 1329

0.25 49.2 61.6 87.5 1125 150.7
0.3 50.7 66.0 81.57 119.1 150.2

0.4 59.7 67.4 91.08 122.3 161.6

0.5 54.9 75.5 98.45 131.6 172.0

From the aforementioned results, it is clear that the
lowest value of the anchor force at all dredging depths occur
at y/H = 0.2. In addition, with increasing the dredging depth
value (H), the Anchor force increases. Thereby, the lowest
value of the anchor force was at H = 5 m and the largest
value was at H = 9 m, as expected. The findings also
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Fig. 14. Variation of the reduction percentage of the bending moment with
y/H at different wall height (H).

concluded that the best position for the first anchor is at y/H
= 0.2-0.25 for the horizontal displacement, however, for the
moment, the best position s at y/H = 0.5. Therefore, in order
to study the two-anchored sheet pile, the first anchor is
placed at a constant position ( y/H =0.2).

o Result of the two anchored sheet pile walls

After investigating the behavior of the one-anchored
sheet pile walls, the two-anchored sheet pile wall was
examined in order to decrease the penetration depth as well
as minimize both of the wall horizontal displacement and
bending moment. The first anchor was set at a certain depth
(y = 0.2H) and the position of the second anchor was
examined at different distances from the first anchor. Both of
the lateral displacement and bending moment were
investigated at various locations such as at the wall top and
shown in Fig. 14, Fig. 15, and Fig.16 and presented in Table
12, at the point of maximum lateral displacement; which
occurred as tabulated in Table 13; and shown in Fig. 17, and
Fig.18 and Table 14, and at the point of maximum bending
moment; which occurred as presented in Table 15; and
shown in Fig. 19,Fig.20 ,and Fig.21 and Table 16.

The percentages of reduction were measured in each case
compared to the cantilever sheet pile wall case, as well as,
the anchor forces are also calculated at various positions
where the anchors were placed, as shown Table 16.
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Fig. 14. Variation of lateral displacement at different wall height (H).
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Fig. 15. Variation of the ratio of the lateral displacement of anchored
sheet pile to lateral displacement of cantilever wall (A/Ao) at different wall

height (H).
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Fig. 16. Variation of the reduction percentage of lateral displacement with
Sw/H at different wall height (H).

Table 12. The values of lateral displacement, (mm) and the percent of
decreasing in lateral displacement at different S,,/H distances.
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Fig. 17. Variation of the ratio of the lateral displacement of anchored
sheet pile to lateral displacement of cantilever wall (A/Ao) at different wall

height (H).
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Fig. 18. Variation of the ratio of the reduction percentage of lateral
displacement with S,;/H at different wall height (H).

Table 13. The locations of the ratio (SviH), (m) at different S,,/H distances
for various dredging height (H).

Fig. 14. Variation of lateral displacement (A),at different S,/H distances.
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Svi/H = 0.2 at H = 5m, 6m, and 9 m, however, occurred at
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Sw/H = 0.3 at H = 7m, and 8m at D=0.25H. The reduction
percentages were 76.1%, 81.2%, 86.41%, 89.12%, and 91.95
% at H = 5m, 6m, 7m, 8m, and 9m, respectively, comparing
with the cantilever sheet pile.

2) At the point of maximum lateral displacement

The highest percentage of reduction in the horizontal
displacement was at Swa/H = 0.3 at H = 7m, 8m, and 9 m,
however, occurred at Sy1/H = 0.4 at H = 5m, 6m, and 10 m at
D=0.25H. The reduction percentages were 62.94%, 73.7%,
82.6%, 87.13%, 90.2%, and 92.25% at H = 5m, 6m, 7m, 8m,
9m, and 10 m, respectively, comparing with the cantilever
sheet pile the point of maximum displacement, the results
indicate that.

3) At the point of maximum bending moment

At the point of maximum moment, the results indicate
that the highest percentage of reduction in the bending
moment was at Svi/H = 0.4 for all dredging heights (H= 5m,
6m, 7m, 8m, 9m, and 10m). The reduction percentages were
80.8%, 78.9%, 81.4%, 82.92%, 83.55%, and 85.54% at H =
5m, 6m, 7m, 8m, 9m, and 10 m, respectively, comparing
with the cantilever sheet pile.

From the aforementioned results, it is clear that the
lowest value of the anchor force at all dredging depths occur
at Sw/H = 0.2. In addition, with increasing the dredging
depth value (H), the Anchor force increases. Thereby, the
lowest value of the anchor force was at H = 5 m and the

largest value was at H =10 m.
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Fig. 19. Variation of bending moment (M) at different wall height (H).

40
30
2 N,
s :
2 2 \\ —+— H=5m
g H=6m
~ H=Tm
10 H=8m
H=5%m
0

0 0.2 04 06 038 1

(Sv1/H)
Fig. 20. Variation of the ratio of the bending moment to bending moment of
cantilever wall (M/Mo), at different wall height (H).
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Fig. 21. Variation of the ratio of the reduction percentage of bending
moment with S,,/H at different wall height (H).

Table 15. The locations of the ratio (h/H), (m) at different Sv1/H distances
for various wall height (H).

(h/H)

Sw/H 5m 6m 7m 8m 9m
0.2 0.8 0.67 0.79 0.81 0.83
03 0.8 0.83 0.84 0.81 0.83
0.4 0.85 0.83 0.86 0.81 0.83
05 0.85 0.85 0.86 0.88 0.84

Table 16. The values of maximum bending moment, (kN.m/m) and the
percent of decreasing in bending moment at different Sv1 y/H distances.
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Table 17. The values of the force in the anchor at various S.i/H distances at
different wall height (H).

Force in the anchors at different H values

kN
(Sw/H)

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2

0.2 213 | 321 | 31.0 | 384 | 388 | 56.1 | 51.9 75.4 69.3 99.5

0.3 268 | 285 | 322 | 379 | 413 | 49.0 | 574 | 773 69.9 93.2

0.4 310 | 322 | 385 | 37.0 | 53.8 | 459 | 58.7 | 62.8 79.5 91.2

0.5 299 | 247 | 419 | 329 | 535 | 447 67.8 62.9 86.2 77.1

VI. CONCLUSION
The cantilever and anchored sheet pile walls deformations
and bending moment on the walls were examined with
varying the dredging heights, locations of anchors and
varying the number of anchors. The influence of several
parameters on the wall and soil movements was investigated.
Dredging height and the number of anchor levels were the
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most critical parameters to consider. Based on the variables
and the ranges considered, the main findings from this
research are as follows:

1. For the two-anchored sheet pile wall, the lateral wall
displacements behind the wall are minimum when the anchor is
installed at approximately 0.2H to 0.25 H depth from the top of
wall;

2. Using the one-anchored sheet pile wall can significantly
decrease both maximum wall displacement and
maximum bending moment; which were 59.16%; which
occurs at 0.4H; and 85.63%; which occurs at 0.5H
respectively, comparing with the cantilever sheet pile
wall at H= 5m, however, at a large dredging depth
(H=9m), 88 %, and 86 % reduction in maximum lateral
wall displacement and maximum bending moment were
observed;

3. By using the second level of anchors, the maximum
bending moment on the wall can be reduced more than
83.55 % and 85.54% for relatively high dredging height
(H=9m and H=10m), respectively, which occurs at a
distance of 0.4H for both heights.

4. At H= 7m, using the two-anchored sheet pile wall can
significantly decline the maximum wall displacement and
maximum bending moment; which were 10.63%; which
occurs at 0.2; and 23.89%; which occurs at 0.5
respectively, comparing with the one anchor sheet pile
wall.

5. At second-anchored level sheet pile wall, there is a trend
of slight increase in the first anchor forces with
increasing y/h value, on contrary, an increase has been
observed in the second anchor force for all cases studied
(H=5m, 6m, 7m, 8m, 9m, and 10m) as shown in Figure
10.

6. The optimal distance for the first anchor is between 0.2 H
and 0.25 H measured from the ground surface, however,
the second anchor is 0.2 H from the first anchor.
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