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Numerical Analysis on the Effect of Increasing Stiffness of Geosynthetics on
Soil Displacement and Pile Efficiency in Piled Embankment on Soft Soil
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Abstract

A numerical analysis on the effect of increasing tensile stiffness of the geosynthetics on the soil displacement and
pile efficiency was conducted. Parametric studies by changing the stiffness of soft soil, internal friction and dilatancy
angles of the embankment material, and flexual stiffness of the composite layer including the geosynthetics were carried
out. In general, increasing stiffness of the geosynthetics improves the pile efficiency, whereas the amount of its
improvement depends on the condition of parameters. In case of the sufficiently low stiffness of the soft soil or high
flexual stiffness of the composite layer including the geosynthetics, a noticeable increase in the pile efficiency can be
observed. When the stiffness of the soft soil is very low, the increase in the stiffness of the geosynthetics can significantly
reduce the vertical displacement in the piled embankment. When the flexual stiffness of the composite layer is sufficiently

high, increasing stiffness of the geosynthetics can greatly improve the pile efficiency.
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Fig. 1. Schematic illustration of piled embankment system
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Table 1. Reference values of material properties
Properties Geosynthetics Soft soil Pile Embankment
Unit weight (kN/m®) - 17 27 20
Stiffness” J = 1,000 kN/m E =10 MPa E = 35 GPa E = 60 MPa
Poisson’s ratio 0.3 0.3 0.2 0.2
Cohesion (kN/m?) - - - 1
Internal friction angle (°) - - - 35
Dilatancy Angle (°) - - - 10
Constitutive model Linear elastic model Linear elastic model Linear elastic model Linear elastic gnd
Mohr—Coulomb plastic model

1) J = tensile stiffness of geosynthetic, E = Young’s modulus
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Fig. 6. Different cross-sections of geosynthetics to apply different bending stiffnesses

Table 2. Range of the values used in parametric study

Components

Varying parameter

Range of value
(Reference value is marked by *)

Geosynthetics

Tensile stiffness, J (kN/m)

500, 1000+, 2000, 4000, 8000, 16000

Soft soil

Young’s modulus, E (kPa)

1, 10, 100, 1000, 10000+, 100000

Internal friction angle, ¢ (°)

20, 27.5, 35%, 42.5, 50

Embankment

Dilatancy angle, y (°)

5, 10+, 20, 30
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Table 3. Sectional properties of geosynthetics

Case Sectional Bending stiffness, | b1 b hy ho
Area (m?) (m* (m) (m) (m) (m)
1 1.302%x107° 0 0.0025 0
2 0.0025 1.468%107° 1 0.999 0.05 0.0475
1.349x107* 0.999 0.5 0.4980
4 M o B
u, uz
+6.359¢e-03
Eoeaets
i 4.1 JEA LR ¥ 222} OFF A4
TEEsel
e
Fig. 7 ASHe] 2A1S 1kPa, 4150 A%
74732 1,000kN/m, AJEA| o] Y5 npakzk2 35°= 714
ob 7oA ATt A7 WY ExE HojEr) Fig
T AR of 22emo] o AARYT BEEAHF T
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| hvl [T T o}-X](minor principal stress arch ®= minor arch)z} 3}

Fig. 7. Contour of vertical displacement, U2, for the case of Es

=1 kN/m% J = 1,000 kN/m, and ¢ = 35°

5 £ G YA Yol S 1) 3
& 759 BIAE T4 op 12 (HHoE )

Field-2, Max. In-Plane Principal
(Avg: 75%)

+1.453e+02
+1.000e+02
+8.500e+01
+7.000e+01

+5.500e+01
+4.000e+01
-8.884e+01

rGeosynthetics

Soft soil

Pile

Soft soil Pile Soft soil Granular soils

(for LTP layer)

Fig. 8. Contour of minimum principal stress in the embankment for the case of Es = 1 kN/m?, J = 1,000 kN/m, and ¢ = 35°
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