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Abstract:

Construction on soft soils is very challenging due to the extreme low shear strength and
deformation modulus of soft soils, which cannot sustain external loads without having large
strain. Designing dams and embankments, on soft soils raises several concerns, which are
related to the fact that embankment impose a significant surcharge over wide.

This research aims to study the pile length optimization of the floating-piles system and
how to determine the critical length that the pile length at which the entire embankment load
is supported by the floating pile. The required pile length is defined as the pile length at which
the entire embankment load is supported by the pile. This will be carried out using numerical
modeling utilizing the finite elements technique. The numerical models will be applied on
previous cases studies followed by performing a parametric study to investigate the different
factors affecting the determination of the critical length of the piles
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1. Introduction:

The interaction between clay soft soils and different structures results in many
complications in terms of geometric behavior in both the short and long term. Projects that
built on soft clay are projects of very high danger for the safety, cost and time so that it is
requiring a very precise description of the geometrical characteristics of the soft clay.

The load transfer mechanism in basal foundation is a combination of the soil arching
phenomenon and the effect of the reinforcement layer. The tensile strength of the reinforced
layer is the remaining load from the load transfer through soil arching. Many works have been
published in the past to calculate the load transferred to the piles due to arching (Terzaghi et
al. 1943; Carlsson et al. 1987; and Hewlett et al. 1998). Based on these works, guidelines for
piled embankment design such as British Standard BS8006 were developed.

Design methods for (GRPES) geosynthetic-reinforced piled embankment system are
based on a wide range of conservative assumptions that give rise to conflicting results Smith et
al. (2007) They are good for the preliminary design of piled embankments as these designs are
simple to use and give conservative results but questionable for the detailed design. According
to Lawson et al. (1995) to accurately analyze (GRPES), numerical techniques are required
especially when it comes to serviceability criteria.

Geotechnical investigations were administrated for major comes at Port same
Governorate. In this research, previous geotechnical engineering studies were all collected
(Hamed et al. 2017; Hamza et al. 2005; Hamza et al. 2013) in different places in Port Said.
Figure 1 shows the soil profiles for all studies.
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Figure 14soil profiles of Port Said Studies.
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2. Finite element models and parameters

Full 3 D modeling approach adopted in this study was used to develop a 3-D model used
in this study. The analysis steps carried out by Liu et al. (2007) were followed for the
validation of the methodology adopted in the present study. Comparisons were made between
the results from the four models with floating and end-bearing piles with lengths (20, 30, 40,
and 53 m) of the measured variations in stress, settlement, axial forces, skin friction, shear
forces, bending moment, and distortion angle. Figure 2 shows representing the right half of the
embankment geometry due to the domain on account of the line of symmetry about its mid-
section. A 3 m height of embankment with crest width 18 m and having side slopes of
1V:1.5H. A working platform with depth of 0.50 m lying on the piles. Piles of diameter (d) 1
m arranged in a square grid pattern and at 3 m center-to-center spacing (s).

The profile of soil used in this model is (Hamed, 2017). The profile consists of a silty
sand layer with thickness of 7.6 m. The second layer is soft soil with permeability Kh=
2.5%10-3 m/day and Kv= 8.3x10-4 m/day with thicknesses of 5 m. The third layer is soft soil
with permeability Kh= 5x10-3 m/day and Kz= 1.7x10-4 m/day at depth of 44 m. The last
layer is sand with thickness of 8.4 m. The groundwater table located at 8.6 m below the
ground surface. Table 1 and 2 show soil properties used in this model.
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Figure 15 Pile embankment system.

Table 8 Soil properties used in numerical model.

V\;Jnlth c @ Eu® Eo ; Vertl(tz)gll_ pHOHZOS'?I
Layer eight Ko i ermeability ermeability
kN/m?® (kPa) 1 () | (MPa) | (MPa) m/day m/day
Silty Sand 17 0.52 0 29 20 20 1 1
Sand 18 0.43 0 35 30 30 4.3x107° 4.3x10°
Embankment 17 0.5 10 30 20 20 1 1
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Table 9 Soft Clay properties used in numerical model.

Unit c o Vertical Horizontal
Layer Weight . M K Permeability Permeability
0
kN/m? (kPa) | O) m/day m/day
C1 16 0 23 0.109 0.81 0.030 8.3x10™ 2.5%10°
Cc2 16 0 23 0.109 0.81 0.030 1.7x10" 5x10™

3. Results and discussion
Stresses Variation with Time

Figures 3 a) and b) show the comparison between stress acting on soil surface and pile
head for different cases. Figure 3, a) Shows the variation of stress acting on the soil surface at
the middle of embankment after the consolidation period of 1490 days. Generally, the stress
acting on the soil surface in the middle of the embankment in the case of the floating pile is
higher than the stress in the case of end-bearing piles. The stresses acting on the soil surface
decrease with increase in pile length due to the arching coefficient improved with increase pile
length.

Figure 3, b) shows the variation of stresses acting on pile head at the middle of
embankment after the consolidation period of 1490 days. The stresses increase with the
increase of pile length and reach a maximum at pile length 40 and 53 m. The stresses in case
of end bearing pile (53 m) constant during consolidation period. In case of floating piles (20,
30 and 40 m) stresses increase during consolidation period.

The improvement in soil arching can be observed by increase stresses acting on the pile
and decrease stresses acting on the soil surface between the piles. In the case of pile length 40
m, and 53 m the stress on pile head increase with increase pile length and stress on soil surface
decrease with increase pile length.
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a) Stresses acting on soil surfaces. b) Stresses acting on piles head.

Figure 16 Comparison between stress acting on soil surface and pile head for different cases at the middle of embankment.

310



Figure 4 a) and b) show the stresses acting on the soil surface and the pile head at the toe
of embankment. the stress acting on pile head increase with increase pile length. The
minimum stress acting on the pile head in the case of an end-bearing pile. The stresses acting
on the soil surface decrease with increase pile length. In case of floating piles(20, 30 and 40)
the stress increase during consolidation period. In case of end bearing pile 53 m the stresses
constant during consolidation period. The minimum stress acting on the soil surface in the
case of an end-bearing pile.
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Figure 17 Comparison between stress acting on soil surface and pile head for different cases at the toe of embankment.
Settlement Variation with time

Figure 5 and 6 show the comparison between the settlement in the middle and toe of
embankment on the soil surface and pile head. The settlement decrease with an increase in
pile length. The settlement in case of the floating pile is higher than the settlement in the case
of end bearing. The settlement in the middle of the embankment more than the settlement at
the toe of the embankment. The maximum settlement is 340 mm in case of no pile after
consolidation period of 1460 days. The minimum settlement acting on the soil in case of pile
length 53 m equal 21 mm.
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Figure 18 Comparison between the settlement on soil surfaces and piles head at the middle of embankment
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Figure 19 Comparison between the settlement on soil surfaces and piles head at the toe of embankment.

Axial Forces

Figure 7 shows comparisons between axial forces analysis. In general axial forces
increase with increased depth due to negative skin friction and the maximum value of axial
force located at the neutral plane level. As shown in figure 7 no change in the neutral plane
depth after construction and after consolidation 1460 days but the change happen when the
pile length change. In case of end bearing piles the axial force showed a significant increase
because of the continuous transfer of negative skin forces to the pile over the full length of the
pile as shown in figure 7 c).

Table 3 shows the difference between axial forces value and neutral plane depth at the
end of construction and after consolidation 1460 days at the middle and toe of embankment.

Table 10 Comparisons between axial forces values and neutral plane depth.

Middle of embankment Toe of embankment Differences
After construction After consolidation After construction After consolidation Axial Axial
Pile 1460 days 1460 days force force Percent
length Axial Neutral Axial Neutral Axial Neutral Axial Neutral _ agg of
Force Plane Force Plane Force Plane Force Plane Middle Toe pile
(kN) depth (kN) depth (KN) depth (kN) depth (kN) (kN) length
(m) (m) (m) (m)
10 200 3.75 225 3.75 170 35 160 35 25 10 37%
135 250 55 275 55 270 6.5 250 6.5 25 20 40%
15 250 55 275 55 280 6.5 250 6.5 25 30 36%
20 300 7 325 7 320 74 311 7.4 25 9 35%
30 350 17 375 17 395 8 340 8 25 45 56%
40 400 25 500 25 435 15.4 400 154 100 35 62%
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Figure 20 comparisons between axial forces analysis for floating piles.

Skin Friction

Negative skin friction is happened when the settlement of the soft soil is more than the
settlement of the upper part of pile. In the lower section of the pile the positive shaft resistance
is happened when the settlement of the pile is more than that of the soft soil. Figure 8 shows
the distribution of skin friction force for different lengths of floating piles. In case of floating
pile (20, 30 ,and 40 m) the neutral plane depth do not change after consolidation but change
with change in pile length. In case of pile length 53 m (an end-bearing pile) the neutral plane
is become near to the pile tip as illustrated in Figure 8 c). Table 4 shows the depth of neutral
plane at the end of construction and also at the end of consolidation for each pile length.

Table 11 Comparisons between neutral plane depth at different cases.

INeu;raI h INeu;raI h Percentage Percentage
Pile length Pairr]sidiirl): P a;]ftozpt of piIe_Iength of pile length
at middle at toe
(m) (m)
10 35 4 35% 40%
135 45 6 33% 44%
15 45 6 33% 44%
20 45 7 22.5% 35%
30 5 10 16.6% 33.3%
40 5 10 12.5% 25%
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Figure 21 comparisons between Skin friction forces for floating piles.

Bending Moment and Shear Forces

Figure 9 and 10 show the distribution of bending moment and shear force for different
lengths of the pile. The bending moment and shear force are found to increase as the
consolidation progressed and reached the maximum value near the end of consolidation. The
maximum value of bending moment and shear force is located at a depth of (4/5)L from the

top of the pile.
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Figure 22 comparisons between Bending moment forces for floating piles.
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Figure 23 comparisons between Shear forces for floating piles.

Distortion Angle

According to maintenance manual of road DGH No : 03/MN/B/ 1983 distortion is one of
the road pavement damage. Distortion is a deformation happen due to foundation soil not
good or not compacted good. Figure 12 shows comparisons between distortion of soil surface

and pile head.
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Figure 24 Distortion angle for soil surface and piles head.

6. Summary and Conclusions:

3D column models were utilized to hold out the constant studies on factors governing the
performance of Geosynthetic strengthened concentrated hill Systems (GRPES), like the skin
friction distribution on the pile length, axial force distribution. Full three-dimensional analyses
were carried out to study the overall settlement behavior of the GRPES system. Stress on pile
head increase with increase pile length. Based on the studies carried out, the following
conclusions can be drawn:

When the pile length is more than 20 m the stress on the soil surface decrease with
increase pile length at the end of the embankment. It means that the soil arching
improved when the pile length more than 20 m.

It is preferable that the length of the pile should not be less than 60% of the depth of
the soft soil layer to improve soil arching and stress on soil reduced at the middle and
toe of the embankment.

With increasing of pile length stress tend to decrease on edge piles which mean poor
utilization of these piles.

As the soil consolidation takes place, the pressure on foundation soil decreases and the
loads transferred to the piles increases. This aspect is not considered in the design
codes as they are based on undrained response of the GRPES system. The
reinforcement forces also increase during the soil consolidation due to higher relative
settlements. These aspects are to be considered in the revision of the design codes for
piled embankments.

The floating pile walls system has a great impact on the budget of the project as in the
case of the high way route.
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