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 The present work aims to assess the pressure-settlement behaviour of sand 
beds under a square footing reinforced with coir geotextile using the PLAXIS 
3D software. The angle of internal friction of sand was varied from 28° to 38°. 
The effect of length of coir geotextile (1B, 2B, 3B, 4B, and 5B; B is width of 
footing) and position of coir geotextile (0.2B, 0.4B, 0.6B, 0.8B, and 1B) to 
ultimate bearing capacity of sand were examined. A remarkable improvement 
in ultimate bearing capacity of sand beds was obtained with provision of coir 
geotextiles.  It was observed that the bearing capacity of sand increases by 
placing coir geotextiles up to a depth of 0.4B from base of footing, thereafter 
it starts decreasing. The optimum length of coir geotextile was found as 4B-
5B. An insignificant improvement in the bearing capacity ratio of sand 
reinforced with coir geotextile was observed at higher values of angle of 
internal friction. 
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1. Introduction 

Soil is an extremely complicated, 
heterogeneous, and erratic substance that has been 
exposed to the whims of weather with no control. 
It is usually considered as a mixture of four 
essential constituents: clay, silt, sand, and gravel. 
Usually, it has low shear and tensile strength [1]. 
The ultimate bearing capacity of the soil can be 
determined by various theories as suggested by 
Terzaghi (1943), Meyerhof (1951), Hansen’s 
(1961) and Vesic’s (1973) [2–5]. 

The Terzaghi bearing capacity equation for 
soils is given by: 

Qult = c′ Nc+ q Nq+ 0.5γBNγ (1) 

Where: 
Qult = Ultimate bearing capacity of soil (pressure at 
which the soil fails)  

c′ = Effective cohesion of the soil,  

q = Overburden pressure or effective vertical stress 
at foundation base,  

γ = Unit weight of soil,  

B = Width or diameter of the foundation in feet or 
meters, 

Nc, Nq, Nγ = Bearing capacity factors related to the 
soil type, calculated based on the angle of internal 
friction (ϕ) and the shape and depth of the 
foundation.  

Terzaghi (1943) [2] assumed the failure zones 
was not to extend above the base level of footing. 
Thus, the shearing resistance of soil surrounding it 
above its base level was neglected. The proposed 
method was valid only Df ≤ B only. These 
limitations were overcome by Meyerhof (1951) 
[3]. 

Qult = c′ Nc sc dc ic + q Nq sq dq iq + 0. 5γBNγ s γ d γ i γ (2) 

where: 
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sc, sq, s γ ; dc, dq, d γ; and ic, iq, i γ  stand for shape 
factor, depth factor, and inclination factor. For 
cohesive soil, Hansen’s bearing capacity theory 
(1961) [4] gave better correlation than the Terzaghi 
equation.  

The soil reinforcement is a method to enhance 
the engineering behavior of soil, viz. shear 
strength, hydraulic conductivity, density, and 
compressibility. The method of soil reinforcement 
has achieved admiration in the construction of 
geotechnical infrastructure such as embankments, 
retaining walls, foundation, and pavements, due to 
the flexibility, versatility, and eco-friendly nature 
[6–10]. Thus the main objective of reinforcing soil 
substance is to enhance its bearing capacity, 
stability, and reduce the settlement and lateral 
deformation. 

One of the main issues in foundation 
engineering is the proposing a cost-effective 
footing and secure transfer of load to the 
foundation soil [11–15]. There are numerous 
methods by means of which the bearing capacity of 
the foundation soil can be improved. Coir is a 
sustainable fiber that is extensively used to oppress 
the erosion trouble [16]. When knitted into 
geotextiles and positioned on areas which require 
erosion restriction, it advocates new vegetation by 
soaking up the moisture and averting topsoil from 
becoming dry. Coir geotextiles have a natural 
capability to hold moisture and shield the sun’s 
radiation similar to natural soil, and unlike 
geosynthetic materials, it delivers good soil 
reinforcement allowing natural vegetation to 
become established. One of the uses of geotextiles 
is under the foundation. The coir geotextile plays a 
vital role in conserving nature. Because of the long-
lasting characteristics, it delivers better functioning 
compared to other natural geotextiles [17–22]. 

Previously, numerous researchers have 
methodically tested the effectual application of 
several configurations of coir with the aim of soil 
reinforcement to enhance the engineering 
behaviour of soil [23–29]. Rao et al. [30] studied 
the influence of coir fibres and coir geotextile on 
the mechanical behaviour of sand and concluded 
that both fibres and geotextile enhanced the 
performance of sand specimen. The study further 
suggested the application of coir geotextile in rural 
roads and for ground improvement. Sayida et al. 
[31] observed less distress in coir geotextile 
reinforced paved road, after conducting cyclic load 
test on a lab model, compared to unreinforced road. 
Additionally, change in characteristic deflection, 
dynamic cone penetration indices, and about 50% 
improvement in field California bearing ratio 

values were achieved for the coir geotextile 
reinforced paved road. Lal et al. [32] detected 
significant increase in strength and improvement in 
settlement properties with the inclusion of coir 
geotextile reinforced sand bed. Improvement in 
bearing capacity by a factor of 2.57 and settlement 
reduction by 73% was achieved by introduction of 
even a single layer of coir geotextile. Lal et al. [33] 
observed better settlement properties of a sand bed 
reinforced with coir geocell compared to the planar 
forms. The maximum increment in bearing 
capacity for coir geocell was observed as 7.92 
compared to 5.83 in the case of planar forms for a 
settlement of 15% of foundation width. Lal et al. 
[34], in another study, examined behaviour of sand 
reinforced with coir geotextile in various forms 
through a series of triaxial compression tests. 
Strength enhancement and stiffness behaviour was 
observed for reinforcement sand. Vinod and 
Bhaskar [35] studied the behaviour of woven coir 
geotextile reinforced sand under a model square 
footing. The study suggested that the potential 
utilization of woven coir geotextile in subsoil had 
improved the strength by three times with the use 
of even a single layer of geotextile. Subaida et al. 
[36] investigated the tensile and interface 
characteristics of woven coir geotextile through an 
experimental programme. It was observed that the 
bond resistance of coir geotextile-sand interface is 
higher than shear strength of soil at low normal 
stress.  

From the studies reported so far, it would appear 
that despite the potential of coir products as a 
reinforcement material, they have been under-
utilized. A detailed study addressing the effect of 
length of coir geotextile, and position of coir 
geotextile on the ultimate bearing capacity of soil 
is required. This paper reports a detailed numerical 
study on the pressure-settlement behaviour of sand 
beds under a square footing reinforced with coir 
geotextile using the PLAXIS 3D software. The 
angle of internal friction of sand was varied from 
28° to 38°. The effect of length of coir geotextile 
(1B, 2B, 3B, 4B, and 5B; B is width of footing) and 
position of coir geotextile (0.2B, 0.4B, 0.6B, 0.8B, 
and 1B) to ultimate bearing capacity of sand were 
examined.   

2. Finite Element Modeling  
2.1 Problem definition and model parameters 

Numerical analysis is one of the tremendous 
mathematical implements which assist in resolving 
complex engineering glitches [37–46]. In this 
research work, a three-dimensional numerical 
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investigation was conducted to analyze the 
performance of sand reinforced with coir 
geotextile. The numerical analysis model used in 
the present study had dimensions of 2.4 m along 
the x-axis, 2.4 m along the y-axis, and 3.0 m along 
the z-axis. The water table was kept at 3.0 m. The 

dimensions of the square footing used were 2.0 m 
 2.0 m, and the thickness was kept at 0.5 m. A 
schematic illustration of the model and model 
developed in Plaxis 3D is shown in Figures1 (a) 
and (b), respectively. 

 
 

(a) (b) 

Figure 1. (a) Schematic diagram of the problem (b) Model developed in PLAXIS 3D. 

The modeling in PLAXIS 3D was conducted in 
basically five steps including soil, structure, mesh, 
flow conditions, and staged construction. In the 
first step, the dimension of the model and the type 
of soil have been defined using the materials 
options. Four types of sandy soils were used in the 
analysis, and their properties are shown in Table 1. 
The Mohr-Coulomb model was used for each of the 
soil. The footing surface was made of concrete with 
the aim to replicate the weaker flexible interface 
(default interface strength factor = 1), indicating 
that the interface is not strong enough regarding the 

adjacent soil (PLAXIS 3D foundation material 
models manual, version 1.5). The value of cohesion 
was kept at 0.3 kPa. The poison ratio of 0.3 was 
used for all the types of sand. The footing and coir 
parameters used are tabulated in Tables 2 and 3, 
respectively. The length of coir geotextile was 
varied from 1B to 5B in step of 1B. The position of 
coir geotextile was varied as 0.2B, 0.4B, 0.6B, 
0.8B, and 1B from the base of footing. The angles 
of internal friction of sand were taken as 28°, 30°, 
34°, and 38°. 

Table 1. Properties of soil sample. 
Angle of internal 

friction (ϕ) 
Unit weight of 
soil γ (kN/m3) Model Poisson’s ratio 

(assumed) 
Young’s modulus 
(E) of soil (MPa) 

Angle of dilatancy 
(ψ = ϕ - 30°) 

28° 13.0 Mohr-Coulomb 0.30 18 0 
30° 14.0 Mohr-Coulomb 0.30 24 0 
34° 16.0 Mohr-Coulomb 0.30 30 4 
38° 18.0 Mohr-Coulomb 0.30 48 8 

Table 2. Footing parameters. 
Dimension of footing  Unit weight (kN/m3) Model Young’s modulus (GPa) Poisson’s ratio  

2 x 2 m 24 Linear Elastic 20 0.15 

Table 3. Coir geotextile parameters.  
Identification Material Type Axial Stiffness (kNm) 
Coir Geotextile Elastic 1000 
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3. Results and Discussion 

The obtained pressure-settlement behaviours of 
sand beds under a square footing reinforced with 

coir geotextile are shown in Figures 2 to 5. The 
position and length of coir geotextile and type of 
soil on the bearing capacity are discussed in this 
section. 

  
(a) (b) 

  
(c) (d) 

 
(e) 

Figure 2. Pressure-Settlement Curves for soil at ϕ= 28° (a) L = 1B, (b) L = 2B, (c) L = 3B, (d) L = 4B, and (e) L = 
5B. 
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(a) (b) 

  
(c) (d) 

 
(e) 

Figure 3. Pressure-Settlement Curves for soil at ϕ= 30° (a) L = 1B, (b) L = 2B, (c) L = 3B, (d) L = 4B, and (e) L = 
5B. 
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(a) (b) 

  
(c) (d) 

 
(e) 

Figure 4. Pressure-Settlement Curves for soil at ϕ= 34° (a) L = 1B, (b) L = 2B, (c) L = 3B, (d) L = 4B, and (e) L = 
5B. 
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(a) (b) 

  
(c) (d) 

 
(e) 

Figure 5. Pressure-Settlement Curves for soil at ϕ= 38° (a) L = 1B, (b) L = 2B, (c) L = 3B, (d) L = 4B, and (e) L = 
5B. 

3.1. Effect of depth of geotextile 

Table 4 shows the ultimate bearing capacity of 
sand reinforced with coir geotextile for different 
values of ϕ = 28°, ϕ = 30°, ϕ = 34°, and ϕ = 38°, 
respectively. An increment in the ultimate bearing 
capacity of sand is observed after the application of 
the coir geotextile. The depth of geotextile 
placement plays a vital role in improvement in the 
bearing capacity of reinforced soil. For example, at 
length of the geotextile = 3B, the bearing capacity 
for soil at ϕ = 30° without geotextile was 619.78 

kPa, and the bearing capacity for geotextile at 
different depths were 696.28 kPa, 761.79 kPa, 
685.99 kPa, 715.16 kPa, 681.95 kPa for the depths 
at 0.2B, 0.4B, 0.6B, 0.8B, and 1B, respectively. 
The maximum improvement in bearing capacity 
was seen when coir geotextile was positioned at 
depth 0.4B from the base of footing.  The presence 
of reinforcement prevents the lateral spreading of 
soil, thereby increasing the bearing capacity of soil.  
At depth of 0.4B, the coir geotextile may be more 
effective in transferring shear stresses and 
mobilizing the soil adjacent to the foundation. This 
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facilitates better interaction between the geotextile 
and the soil, potentially enhancing the bearing 
capacity. For the depths of 0.8B and 1B, the impact 
of coir geotextile on the increment of bearing 

capacity was insignificant. It may be because when 
the coir geotextile is positioned deeper, its ability 
to distribute loads effectively may decrease, 
impacting the overall bearing capacity. 

Table 4. Result Variation of Bearing Capacity of soil with change in depth of coir geotextile.  
Angle of internal friction (φ) Length of the geotextile Depth of the geotextile  Bearing Capacity (KPa) 

28° No geotextile No geotextile 458.92 
 1B 0.2B 518.412 
 1B 0.4B 502.07 
 1B 0.6B 529.70 
 1B 0.8B 520.50 
 1B 1.0B 503.37 

28° 2B 0.2B 568.91 
 2B 0.4B 583.23 
 2B 0.6B 495.52 
 2B 0.8B 501.54 
 2B 1.0B 519.07 

28° 3B 0.2B 512.83 
 3B 0.4B 557.966 
 3B 0.6B 525.46 
 3B 0.8B 520.53 
 3B 1.0B 494.89 

28° 4B 0.2B 522.96 
 4B 0.4B 541.99 
 4B 0.6B 494.51 
 4B 0.8B 500.93 
 4B 1.0B 530.19 

28° 5B 0.2B 521.22 
 5B 0.4B 582.49 
 5B 0.6B 514.22 

 5B 0.8B 531.11 
 5B 1.0B 499.93 

30° No geotextile No geotextile 619.78 
 1B 0.2B 703.66 
 1B 0.4B 685.85 
 1B 0.6B 727.17 
 1B 0.8B 714.22 
 1B 1.0B 695.133 

30° 2B 0.2B 776.94 
 2B 0.4B 752.26 
 2B 0.6B 685.55 
 2B 0.8B 689.55 
 2B 1.0B 712.31 

30° 3B 0.2B 696.28 
 3B 0.4B 761.79 
 3B 0.6B 685.99 
 3B 0.8B 715.16 
 3B 1.0B 681.95 

30° 4B 0.2B 712.50 
 4B 0.4B 744.40 
 4B 0.6B 680.07 
 4B 0.8B 689.58 
 4B 1.0B 727.21 

30° 5B 0.2B 709.82 
 5B 0.4B 799.62 
 5B 0.6B 709.27 
 5B 0.8B 691.445 
 5B 1.0B 728.88 
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Continuous of Table 4. Result Variation of Bearing Capacity of soil with change in depth of coir geotextile.  
34° No geotextile No geotextile 809.88 

 1B 0.2B 839.06 
 1B 0.4B 847.90 
 1B 0.6B 846.13 
 1B 0.8B 855.07 
 1B 1.0B 842.27 

34° 2B 0.2B 873.98 
 2B 0.4B 863.06 
 2B 0.6B 846.16 
 2B 0.8B 854.18 
 2B 1.0B 853.13 

34° 3B 0.2B 826.84 
 3B 0.4B 857.62 
 3B 0.6B 860.44 
 3B 0.8B 855.35 
 3B 1.0B 844.14 

34° 4B 0.2B 855.12 
 4B 0.4B 845.61 
 4B 0.6B 855.00 
 4B 0.8B 863.10 
 4B 1.0B 916.79 

34° 5B 0.2B 824.35 
 5B 0.4B 860.46 
 5B 0.6B 845.82 
 5B 0.8B 868.72 
 5B 1.0B 873.92 

38° No geotextile No geotextile 2730.98 
 1B 0.2B 2853.82 
 1B 0.4B 2907.24 
 1B 0.6B 2901.38 
 1B 0.8B 2882.83 
 1B 1.0B 2798.05 

38° 2B 0.2B 2941.96 
 2B 0.4B 2989.25 
 2B 0.6B  2777.05  
 2B 0.8B 2876.29 
 2B 1.0B 2908.16 

38° 3B 0.2B 2805.98 
 3B 0.4B 2961.02 
 3B 0.6B 2906.70 
 3B 0.8B 2841.16 
 3B 1.0B 2852.51 

38° 4B 0.2B 2847.81 
 4B 0.4B 2988.25 
 4B 0.6B 2813.26 
 4B 0.8B 2824.86 
 4B 1.0B 2898.83 

38° 5B 0.2B 2825.54 
 5B 0.4B 2947.44 
 5B 0.6B 2812.68 
 5B 0.8B 2918.44 
 5B 1.0B 2934.07 

 
Figure 6 shows the total displacement of the soil 

sample with ϕ = 34°. It demonstrated that after 
applying coir geotextile, the total displacement of 
the sandy soil gets reduced. For example, the 

maximum value of the displacement at ϕ = 34° 
without geotextile was 0.5428 m which was 
reduced to 0.4110 m after the application of coir 
geotextile at a depth of 0.4B. Hence, due to the 
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reinforcement action of coir geotextile with sand, a 
reduction of 24.3% was observed in the total 

displacement when the geotextile layer was placed 
at 0.4B. 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 6. The displacement along the cross-section view for soil sample with ϕ = 34° (a) Soil sample without 
geotextile; (b) Geotextile is provided at 0.2B depth; (c) 0.4B depth; (d) 0.6B depth; (e) 0.8B depth;(f) 1.0B depth. 

3.2. Effect of length of geotextile 

From Figures 2 to 5, it can be concluded that by 
increasing the length of the geotextile from 1B to 
5B, the total settlement of sand decreases. With the 
increment in the length of the coir geotextile, the 
ultimate bearing capacity rises over the increasing 
depth of the geotextile. A longer geotextile has a 
more widespread reinforcing effect inside the soil 
mass. A more thorough distribution of tensile stress 

is made possible by this increased covering, which 
improves soil stability and decreases settlement. 
Additionally, a longer geotextile improves shear 
transfer mechanisms by providing a larger contact 
area between the geotextile and the soil. Better 
load-bearing capacity and less settlement are 
facilitated by this enhanced transmission of shear 
stresses into the soil matrix. The short anchorage 
length of coir geotextile layer is insufficient to 
mobilize lateral resistance created because of the 
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passive resistance, interlocking and friction 
compared to the transferred horizontal shear 
stresses.  

3.3. Effect of soil type on bearing capacity 

Bearing capacity ratio (BCR) is defined as the 
ratio of ultimate bearing capacity (Qult) of square 
footing rested on coir geotextile reinforced sand to 
Qult of square footing rested on unreinforced sand. 
The formula for BCR is given in Equation (3): 

BCR =
UBC of reinforced sand

UBC of unreinforced sand
 (3) 

Figures 7(a)–(d) illustrate the variation of BCR 
with d/B ratio for various values angles of internal 
friction ϕ = 28°, ϕ = 30°, ϕ = 34°, and ϕ = 38°, 
respectively. From Figures 7(a)-(d), it can be 
concluded that with the increase of the angle of 
internal friction of the sand at the certain level; the 

BCR first increases then decreases for the higher 
angles of internal friction. The BCR increases for 
sands with ϕ = 28° and ϕ = 30°, whereas it 
decreases for sand ϕ = 34° and ϕ = 38°. This 
decrease in the BCR of sand reinforced with coir 
geotextile observed at higher values of ϕ may be 
due the interlock between the individual particles 
of sand is more effective at higher angles of 
internal friction. Nevertheless, the interlocking 
process may be hampered by the presence of coir 
geotextile, lowering the direct particle-to-particle 
contact.  At lower values of angles of internal 
friction, the coir geotextile gives the reinforced 
sand more tensile strength. With larger angles of 
internal friction, the sand's cohesionless nature 
becomes more important, and the relative increase 
from the geotextile may decrease. Hence, the coir 
geotextile gives maximum improvement in the 
BCR for ϕ = 30°. 

  
(a) (b) 

  
(c) (d) 

Figure 7. Bearing capacity ratio (BCR) curves obtained for various angle of friction (a) ϕ=28°, (b) ϕ = 30°, (c) ϕ 
= 34°, and (d) ϕ = 38°. 

4. Regression Analysis 

Regression analysis is described as one of the 
statistical techniques used for determining a 
connection between the set of dependent and 
independent variables [47,48]. Furthermore, the 

regression analysis determines the coefficients, 
which cause the function to best fit with the 
detected data that is shown. With the aim of 
enumerating particular parameters, for example 
angle of internal friction, length, and depth of the 
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geotextile, each model test outcome was examined 
with the application of the SPSS program V.28. 
Also, the linear regression model is specified for 
explaining the foundation behaviors. 

In this analysis, the ultimate bearing capacity of 
coir geotextile-reinforced sandy soil was stated as 
a dependent variable regarding to regression 
analysis. Moreover, the influencing parameters, 
comprising the angle of internal friction, length of 
the geotextile, and depth of the geotextile specified 
as independent variables. Equation (4) showed the 
expression developed for the ultimate bearing 
capacity of coir geotextile-treated sand 
foundations: 

Qult = 6.159L + 2.108D + 219.785ϕ - 5921.805 (4) 

where Qult is the ultimate bearing capacity of the 
sandy soil, L is the length of the geotextile, D is the 

depth at which the geotextile is placed, and ϕ is the 
angle of internal friction. The coefficient of 
determination (R2) was found to be 0.77, which 
shows that data is closely fitted to the regression 
equation. 

Figure 8 shows the deviation of numerical and 
predicted ultimate bearing capacity for square 
footing rested on sand treated with coir geotextile. 
From the equation features, the correlation of 
inputs (the angle of internal friction, length of the 
geotextile, and depth of the geotextile) with the 
ultimate bearing capacity of the soil can be 
observed. It is noted that Qult of the sandy soil is 
highly correlated to the angle of internal friction, 
followed by the length and depth of the geotextile, 
where it affects the direct relationship.  

 
Figure 8. Variation of numerical and predicted ultimate bearing capacity for square footing rested on sand 

reinforced with coir geotextile. 

Basically, the regression analysis to generalize 
the results associated to the models was not 
tremendously justified; however, there is an ability 
for indicating the importance regarding each of the 
studied parameters. 

5. Conclusions 

The following conclusions can be drawn from 
this study:  

1. The bearing capacity of sand increases by 
placing coir geotextiles up to a depth of 0.4B. 
Hence, the optimal depth for placement of 
geotextile was obtained as at 0.4B. 

2. A total increase of 29% in bearing capacity of 
sand and a total reduction of 24.3% in total 

displacement was observed when the geotextile 
was placed at the optimum depth, compared to 
the unreinforced sand. 

3. It was observed that the bearing capacity of sand 
increases with the increase in length of 
geotextile. Hence, from the BCR curves, the 
optimum length of coir geotextile was found as 
4B-5B. 

4. An insignificant improvement in the bearing 
capacity ratio of sand reinforced with coir 
geotextile was observed at higher values of angle 
of internal friction.  

5. The maximum increase in the BCR was for ϕ= 
30°, L= 5B, and D = 0.4B. 
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  چکیده:

ر ارز ترها  ینیرفتار ته نش ـ  یابیهدف کار حاضـ ار بسـ ه در ز  يفشـ ن و ماسـ تا  تیمربع تقو  هیپا کی ریشـ ده با ژئوتکسـ تفاده از نرم افزار   ریکو لیشـ  PLAXIS 3Dبا اسـ
اســت) و   هیعرض پا B؛ 5B، و  1B ،2B  ،3B  ،4Bزغال ســنگ (  لیطول ژئوتکســتا  ریبود. تأث  ریدرجه متغ  38درجه تا   28ماســه از  یاصــطکاك داخل  هیاســت. زاو

ــتا  تیموقع  ــ یینها  يباربر  تی) بر ظرف1B، و 0.2B  ،0.4B  ،0.6B  ،0.8B(  یزغال  لیژئوتکس ــه مورد بررس ــن و ماس   تی در ظرف   یقرار گرفت. بهبود قابل توجه  یش
ترها یینها  يباربر ن  يبسـ تا هیبا ته یشـ اهده شـد که ظرف یزغال  يها لیژئوتکسـ د. مشـ ه با  يباربر  تیحاصـل شـ ن و ماسـ تا قرارشـ تا عمق  یزغال  يهالیدادن ژئوتکسـ

0.4B  4  ریکو لیژئوتکسـتا نهیکند. طول بهیو پس از آن شـروع به کاهش م ابدییم  شیافزا  هیپا هیاز پاB-5B  شـن  يباربر  تیدر نسـبت ظرف زیشـد. بهبود ناچ افتی
 .شد دهمشاه یاصطکاك داخل هیبالاتر زاو ریدر مقاد ریکو لیشده با ژئوتکستا تیو ماسه تقو

  ي.عدد يشن و ماسه، مدل ساز ،یینها يباربر تیظرف ر،یکو لیژئوتکستا کلمات کلیدي:

 

 

 

 


