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Abstract. A significant number of transportation embankments fail before their design life due to poor 
quality of construction materials, inadequate compaction, embankment construction, and overloading. To 
overcome this issue, increasing the strength and rigidity of the embankment layers is necessary to lower 
the stresses on the sub-layers. This paper aims to advance the knowledge of using multilayer geosynthetic 
reinforcements to improve the performance of sandy embankments. Four laboratory model tests with 
reinforced and unreinforced embankment were conducted in a box of inner dimensions of 
2.40(L)×1.15(W)×1.20(H) m. Local poorly graded sand (A3 soil) was used as fill material to construct a 
450 mm high embankment with a 1:1 side slope resting on a 300 mm high of sandy subgrade soil. In the 
reinforced embankments, three layers with 150 mm vertical spacing of either geotextile, geogrid, or 
geocomposite (i.e., geotextile sheet over geogrid) were utilized in each model test. Several non-distractive 
tests, e.g., lightweight deflectometer, dynamic cone penetration, and field California bearing ratio tests, 
were performed during the embankment construction. In each test, two static plate loading tests were 
conducted to evaluate the embankment performance and the benefit of geosynthetic reinforcement. The 
study showed that geosynthetic reinforcement significantly decreased surface settlement and increased 
load-carrying capacity. The results indicate that the load-carrying capacity near the embankment side slope 
can be significantly increased by the inclusion of geosynthetic layers and that the magnitude of capacity 
increase depends greatly on the geosynthetic type. The results also demonstrate that geogrid lateral 
restrain and confinement were more effective alternatives to sublayer improvement than geotextile or 
geocomposite. 
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1. Introduction 
Since the highway transportation network has grown significantly in recent years, designers have 

begun to decrease route lengths and trip times. Geosynthetics have long been used to improve soft soil 
conditions for projects, such as highway embankments, seawalls, and building foundations, as well as to 
cover excavated and backfilled trenches. Geosynthetics, such as geotextiles (GTs) and geogrids (GGs), 
have been widely employed in geotechnical engineering for a variety of applications. Reinforcement, 
filtration, separation, drainage, protection, and fluid barriers are all common uses for geosynthetics [1]. 

Roadways were built to pass through locations with a variety of tough terrains, necessitating the 
development of constructions, such as steep embankments. Controlling the stability and settling of 
embankments under various loading circumstances has always been a difficult task for designers [2]. In 
general, ground improvement techniques, such as vibro stone columns, are utilized to reinforced 
embankment bases in soft soils. The use of geosynthetic reinforcements to improve the stability of 
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embankments has become popular recently. Improving the engineering qualities of soil by using 
reinforcement layers is a valuable option. The beneficial effect of geosynthetic material as reinforcement is 
largely determined by the form in which it is applied. When the same geosynthetic material is utilized in 
planar layers (e.g., geogrids or geotextiles), three dimensional (e.g., geocells), or discrete fibers, they would 
yield distinct strength gains in different forms. This disparity in strengthening the soil is mostly due to 
differences in failure mechanisms in soil reinforced with geosynthetic material in various forms. Friction and 
interlocking between soil and reinforcement improve the strength of horizontal geosynthetic layers, whereas 
friction and coiling around soil particles improve the strength of randomly oriented fibers [3]. 

Much research has been carried out to understand the beneficial effects of planar form of 
reinforcement in sand using geosynthetic layers, such as those discussed in [4–7]. Several studies are also 
available on the use of randomly oriented discrete geosynthetic fibers to reinforce sand, such as those 
discussed in [8–14]. Some studies are also available on sand reinforced with 3D inclusions made of 
galvanized iron sheet and hard plastic sheet [15]. In addition, the concept of cellular geosynthetic 
reinforcement is studied in several previous studies [16–19]. 

In the past two decades, some laboratory and field research projects have been conducted to 
investigate the performance of the geogrid-supported embankments on soft subgrades. Geocomposite 
(GC) reinforcements are now successfully utilized for different geotechnical structures like sloped 
embankment. A review on the literature suggests that geosynthetics have been abundantly used in road 
and railway projects during the recent years. Most of these projects are based on placing geosynthetic 
layers as reinforcement in superstructure layers of roads and railways [2]. An extensive range of studies 
have been carried out on geogrid inclusion under foundation to evaluate the bearing capacity of geogrid-
reinforced soil using laboratory model tests. On the other hand, geotextile provides separation and filtration 
functions, preventing the intermixing of granular layers and the ingress of fines. Their use ensures an 
improved performance and design life of the materials layers in several application [20]. 

The present study aims to find the effect of geotextile, geogrid, and geocomposite reinforcement in 
sandy soil embankment and evaluate their behavior in comparison with unreinforced (UR) case. In addition, 
evaluating the reinforcement benefits in sliding control of embankment slopes and decreasing the surface 
settlement under loading are of great interest.  

2. Methods and Materials 
2.1. Physical and Chemical Properties of Embankment Soil 

As illustrated in Fig. 1(a), the soil was  collected from the site of Karbala Airport. It was classified as 
(A-3) soil and poorly graded sand (SP) according to the American Association of State Highway and 
Transportation Officials (AASHTO M145-91, 2012) and the American Society for Testing and Materials 
(ASTM D 2487), respectively. Fig. 1(b) depicts the grain size distribution of this soil. The main tests were 
done to determine the basic characteristics of soil that will be utilized in the physical model tests. These 
tests are the modified Proctor test (ASTM D 1557) to obtain the maximum dry density of the soil and the 
optimum moisture content, particle size distribution (ASTM D2487) to classify the soil, specific gravity 
(ASTM D854), and California bearing ratio (CBR) test (ASTM D1883). The parameters of the sand utilized 
in the investigation are listed in Table 1. As a subgrade and embankment material, sand is employed. 

 
(a) 
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(b) 

Figure 1. (a) Soil of Kerbala Airport; (b) Grain Size Distribution of Soil. 
Table 1. Physical and Chemical Characteristics of Sandy Soil. 

Property Tests Result Specification 
AASHTO Classification A-3 AASHTO M145 

USCS Classification Poorly Graded Sand (SP) ASTM D 2487 
Max. Dry Unit Weight (g/cm3) 1.925 ASTM D 1557 

CBR at 95 % 22 %  
OMC 11 % ASTM D 1557 
D10 0.14 ASTM D 2487 
D30 0.3 ASTM D 2487 
D60 0.6 ASTM D 2487 

Specific Gravity 2.57 ASTM D 854 
Uniformity Coefficient (Cu) 4.28 ASTM D 2487 
Curvature Coefficient (Cc) 1.07 ASTM D 2487 

Chemical Characteristics 
SO3 9.9 B.S Part 3 

Gypsum 21.3 B.S Part 3 
PH 7.9 B.S Part 3 
CL 79.9 B.S Part 3 

2.2. Geosynthetic Reinforcement 
Biaxial geogrid of 30 mm aperture size is used in this study. The properties of the geogrid used are 

shown in Table 2. Polypropylene non-woven geotextile (A401) having mass per unit area of 300 g/m2 is 
used in the present study. Table 3 shows the various properties of geotextile. 

Table 2. Specification of Geogrid. 
Property Type or Value 

Standard Color Black 
Polymer Type Polypropylene 

Aperture Size (mm) 30 
Weight (g/m2) 370 

Peak Tensile Strength (MPa) 30 
Beak Extension (kN/m) L=15, W=11 
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Table 3. Properties of Non-Woven Polypropylene Geotextile. 
Particulars Test Method Value 

Tensile Strength (CD) (KN/m) EN ISO 10319 17 
Tensile Strength (MD) (KN/m) EN ISO 10319 11.2 

CBR Puncture (N) EN ISO 12236 2380 
Permeability (103ms–1) EN ISO 111058 55 
Tensile Elongation (%) EN ISO 10319 55/66 
Mass / Unit Area (g/m2) EN ISO 10319 300 

Thickness (mm) under 2Kpa EN ISO 9863-1 2.8 
Color  White 

 

 

For the application of load on the embankment, a loading chamber with specified dimensions must 
be modelled. After proper scaling, four series of embankments should also be modelled. 

2.3. Subgrade Preparation 
The embankment is built with a height of 0.45 m over a 0.30 m thick subgrade in the loading chamber, 

taking into account the height of the loading chamber. Subgrade material was poor graded (PW) sand with 
a uniformity coefficient (Cu) of 4.2857 and a curvature coefficient (Cc) of 1.0714. The dirt was compacted 
with optimum wetness in 15 cm layers using suitable roller weights up to a height of 0.30 m from the 
chamber's foundation to create the subgrade. 

2.4. Embankment Modelling 
In this study, a 0.45 m height embankment with a side slope of 1:1 is selected as the reference 

embankment. The scaling law was applied on the aforementioned embankment with a scale of 1:4 for the 
laboratory test programmer. A side slope of 1:1 is selected for laboratory model. The poor graded (PW) 
sand with uniformity coefficient (Cu) of 4.2857 and curvature coefficient (Cc) of 1.0714 was adopted as the 
embankment material. The maximum dry density of this soil has been obtained equal to 1.925 g/cm3 in the 
optimum moisture 11 %. The dimensions of the laboratory model are given in Table 4. Fig. 2 shows the 
schematic diagram of the model embankment. 

Table 4. The Dimensions of the Laboratory Model. 
Parameter Laboratory Embankment 

Embankment Length (m) 2.41 
Embankment Height (m) 0.45 

Subgrade Height (m) 0.30 
Width of Bed Side (m) 0.30 

 

 
Figure 2. The Schematic Diagram of the Model Embankment. 

2.5.  Model Preparation and Test Procedure 
A steel box with dimensions of length = 2.4 m, height = 1.2 m, width = 1.2 m was utilized to 

approximate in-situ subgrade conditions. The steel box's purpose was to represent the subgrade and 
embankment layers so that compaction and other tests could be performed. Four series of models were 
constructed one without reinforcement and three with reinforcement with geogrid, with geotextile and with 
a composite of them. Each model was built to represent a cross-section of a railway. The model contains 
two layers to represent the subgrade with a height of 15 cm for each layer and contains three layers to 
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represent the embankment with a height of 15 cm for each layer. Three layers of reinforcement were placed 
between the layers of the embankments and between the second layer of the subgrade and the first layer 
of the embankment. 

The preparation of the model involves several steps to improve the density of the subgrade and 
embankment samples, each layer was compacted. The compacted effort was achieved with 8 passes for 
subgrade and 10 passes for embankments on each layer using a compaction unit. During the creation of 
the model layers, Table 5 illustrated a number of field tests that were carried out for each of the model 
layers as plate loading test (PLT), CBR, lightweight deflectometer (LWD), sand replacement method (SRM), 
and dynamic cone penetration (DCP) tests as shown in Fig. 3. 

Table 5. Type of Layer Tests. 
No. of Layer Description Type and Number of Tests 

1 Subgrade  3 SRM    
2 Subgrade 3 SRM 3 LWD 3 DCP  
3 Embankment 3 SRM 3 LWD 3 DCP  
4 Embankment 3 SRM 3 LWD 3 DCP 3 CBR 
5 Embankment 3 SRM 3 LWD 3 DCP 2 PLT 

 

 
(a) 

 
(b) 

Figure 3. Location of Field Tests: (a) Layer 4 ;(b) Layer 5. 

3. Results and Discussion 
3.1. Results of SRM Test 

As a quality control test of the construction process for all model tests, SRM test was performed in 
this experimental work in accordance with ASTM D155. The compaction efforts were achieved by applying 
different number of passes using a vibratory compactor on the top of each layer of the subgrade and the 
embankment in all model tests. Three SRM test points were selected and performed on the top of each 
layer of subgrade and embankment, and then an average value is calculated and reported. Table 5 
summarizes the results of the moisture content, dry density, and relative compaction of the subgrade and 
the embankment layers. The results show that the average relative compaction results of subgrade soil are 
in the range from 88 to 92 %, and those of the embankment ranged from 91 to 92 %. This indicates an 
acceptable level of quality and consistency for all model tests. 



Magazine of Civil Engineering, 18(2), 2025 

Table 5. Summarizes the Results of SRM and the Relative Compaction. 

Model Types 

N
o.

 o
f 

Pa
ss

es
 

Unreinforced Test 
(URT) 

Geotextile-
Reinforced 

Test (RT-GT) 

Geogrid-
Reinforced Test 

(RT-GG) 

Geocomposite-
Reinforced 

Test (RT-GC) 
Average of Three Test Points 

Su
bg

ra
de

 

La
ye

r 1
 W.C% 

8 

11.33 10.31 10.42 8.35 
Dry 

Density 1.68 1.76 1.77 1.81 

R.C% 87 91 92 94 

La
ye

r 2
 W.C% 

8 

9.94 11.7 11.32 10.2 
Dry 

Density 1.71 1.79 1.77 1.74 

R.C% 89 93 92 90 

Avg. 
W.C% 10.64 10.87 10.87 10.1 

Dry Density 1.70 1.77 1.77 1.78 
R.C% 88 92 92 92 

Em
ba

nk
m

en
t 

La
ye

r 3
 W.C% 

10 

9.93 10.09 8.62 10.29 
Dry 

Density 1.77 1.76 1.79 1.72 

R.C% 92 91 93 89 

La
ye

r 4
 W.C% 

10 

10.26 12.11 10.29 10.15 
Dry 

Density 1.75 1.74 1.75 1.75 

R.C% 91 91 91 91 

La
ye

r 5
 W.C% 

10 

8.41 9.477 8.78 9.36 
Dry 

Density 1.72 1.81 1.76 1.78 

R.C% 90 94 92 93 

Avg. 
W.C% 9.53 9.23 9.23 9.93 

Dry Density 1.74 1.77 1.77 1.75 
R.C% 91 92 92 91 

3.2. Results of DCP Test 
Depending on the obtained data of the DCP test, the in-site CBR values for each subgrade layer 

(i.e., Layers 1 and 2) and embankment layer (i.e., Layers 3, 4, and 5) were estimated by using the empirical 
relation shown in Eq. 1 (21). 

1.12
292 .CBR

DCPI
=                                                                 (1) 

Table 6 presents the CBR results for the unreinforced and geosynthetic-reinforced (i.e., geotextile-, 
geogrid-, and geocomposite-reinforced) embankments Eq. 4-1. 

Furthermore, the elastic modulus ( )E  was determined based on the obtained data of the DCP test 
and the CBR value using Eq. 4-2 (22). 

0.6417.6 .E CBR= ∗                                                               (2) 

In summary, and even though there is some variation in the obtained results for the CBR values for 
all model test, the embankment layer constructed with geosynthetic reinforcement shows a higher value of 
CBR than the unreinforced model except for layer five. When comparing the geotextile-reinforced 
embankment to the geogrid-reinforced embankment, the CBR values have shown that the geotextile-
reinforced model has a higher value than the geogrid-reinforced one, which agrees with the results of 
M. M. Singh et al. [22]; and that the geocomposite-reinforced model has the most significant value as shown 
in Fig. 4. This is related to the type of reinforcement and the condition of the DCP test. The DCP cone 
needs higher energy to penetrate through the geotextilelayer within the soil mass in both RT-GT and RT-
GC, however, less energy is required in the RT-GG due to the existence of its aperture opening. 
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Table 6. Result of CBR Value and Value of E from DCP Test. 

No.  
of Layer 

No.  
of Point 

The Value of CBR (%) 
URT RT-GT RT-GG RT-GC 

1 

1 5.40 4.10 4.45 5.24 
2 3.84 4.406 4.26 4.71 
3 3.92 4.82 4.21 4.76 

Average 4.39 4.44 4.31 4.90 

2 

1 3.73 2.95 2.80 4.24 
2 2.70 3.30 2.76 3.28 
3 2.69 3.66 3.10 3.24 

Average 3.04 3.30 2.89 3.59 

3 

1 3.56 3.12 3.17 3.66 
2 3.50 3.50 2.52 3.88 
3 3.68 3.26 2.97 4.13 

Average 3.58 3.29 2.89 3.89 

4 

1 3.74 3.77 3.49 4.14 
2 2.68 3.67 3.45 3.19 
3 5.23 4.66 4.09 3.59 

Average 3.88 4.03 3.67 3.64 

5 

1 6.73 3.72 3.15 3.38 
2 4.98 3.47 3.30 4.87 
3 6.97 3.40 3.98 3.37 

Average 6.23 3.53 3.48 3.87 
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(b) 

Figure 4. (a) Value of CBR from DCP Test, (b) Value of E from DCP Test. 

3.3. Results of LWD Test 
Three LWD tests were performed on the top of the Layers 2, 3, 4, and 5 in all physical models; these 

tests were distributed at three different locations on the top of each layer in the unreinforced and 
geosynthetic-reinforced models. Table 7 shows the results of these LWD tests. The dynamic modulus 
values ( )vdE  ranged from 13.8 to 14.5 MPa for all subgrade soil in all model tests, which show a consistent 

construction. In addition, the vdE  values were from 14.3 to 15.0 MPa along embankment layers of the 
unreinforced model. Lower values were obtained in the geotextile-reinforced and geocomposite-reinforced 

model tests; the vdE  values ranged from 8.94 to 11.1 MPa, and from 9.8 to 12.6 MPa, respectively for RT-
GT and RT-GC. However, much higher dynamic modulus was obtained for the RT-GG (i.e., 15.5–
25.1 MPa). 

In addition, Fig. 5 shows the value of dynamic modulus graphically for each layer in all model tests. 

The results indicate that vdE  slightly increased for the unreinforced embankment layers due to the 
accumulative compaction efforts on each layer, while its gradually decreases for the geotextile and 
geocomposite models from the third to the fifth layer. This is due to the use of geotextile in these two cases, 
which allowed the soil to move easily over the geotextile layer and decreased the frictional resistance 
between the layers. On the other hand, it was observed, in the case of geogrid reinforcement, the dynamic 
modulus significantly increased as the embankment layer increased. This is due to a better interlocking 
action and confinement between the embankment layers provided by the geogrid reinforcement layers. 

Table 7. Result of Modules from LWD Test. 

No.of Layer No. of Point 
Tests 

URT RT-GT RT-GG RT-GC 

Evd (MPa) Evd (MPa) Evd (MPa) Evd (MPa) 

2 

1 14.00 14.20 14.20 13.50 
2 15.37 14.90 15.36 14.98 
3 13.68 13.80 13.79 12.90 

Average 14.35 14.30 14.45 13.79 

3 

1 12.90 11.56 17.25 13.26 
2 15.60 11.70 15.26 11.62 
3 14.30 10.20 14.04 12.84 

Average 14.27 11.15 15.52 12.57 

4 
1 14.90 11.34 14.27 10.73 
2 15.00 10.72 22.70 8.96 
3 14.30 10.23 29.11 8.97 
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No.of Layer No. of Point 
Tests 

URT RT-GT RT-GG RT-GC 

Evd (MPa) Evd (MPa) Evd (MPa) Evd (MPa) 
Average 14.73 10.76 22.03 9.55 

5 

1 15.13 8.33 18.50 11.14 
2 15.16 9.00 25.80 9.57 
3 14.70 9.50 31.08 8.85 

Average 15.00 8.94 25.13 9.85 
 

 
Figure 5. Value of Dynamic Modulus (Evd) from LWD Test. 

3.4. Results of CBR Test 
The CBR test was used to determine the field CBR value of the sandy soils. There were twelve CBR 

tests completed during the experimental study period (i.e., three for each model test) including the geogrid-
reinforced model test, but unfortunately, the data logger software did not function appropriately and the 
data was lost. The other nine tests were performed as follows; three tests were performed in the 
unreinforced model and the remaining six tests were conducted in the geotextile- and geocomposite-
reinforced models. Table 8 and Fig. 6 present the results for these models, which shows that the average 
CBR value varies from 6.78 % for the unreinforced embankment and from 13.56 % and 14.35 % for the 
geotextile- and geocomposite-reinforced embankments, respectively. The increase in the CBR values for 
the geotextile and geocomposite model tests can be related to bearing zone underneath the CBR piston, 
and the tension membrane effect of the geosynthetic reinforcement. 

Table 8. The Result of the CBR Field Test. 
Model Name No. of Point CBR % 

Unreinforced test (URT) 

1 8.41 
2 5.80 
3 6.09 

Average 6.76 

Reinforced with geotextile  
(RT-GT) 

1 17.25 
2 11.74 
3 11.67 

Average 13.56 

Reinforced with composite  
(RT-GG) 

1 14.50 
2 14.21 
3 13.92 

Average 14.35 
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Figure 6. Comparison the Results of CBR Value for Different Models. 

Point 1: it is the point near the wall of the box. 
Point 2: it is the point in the center of layer four. 
Point 3: it is the point near the edge of the slope. 

A significant difference was observed between field CBR values and CBR values acquired from DCP 
test data as shown in Fig. 7. This figure shows that the value of CBR is approximately various from 3.88 % 
to 6.76 % in the unreinforced model, while it was changed from 4.03 % to 13.56 % in the geotextile-
reinforced model and from 3.64 % to 14.35 % in the geocomposite-reinforced model. Keeping in mind that 
the CBR calculated from the DCP test are based on an empirical equation that have not adequately 
represented the CBR value, while those calculated from the field CBR test are much closer to the laboratory 
CBR value of the soil. 

 
Figure 7. Compares the Value of CBR in Field and the CBR Value from DCP Test. 

3.5. Results of PLT 
Static PLTs were performed in all model tests to assess the load carrying capacity and calculate the 

subgrade modulus for the unreinforced and geosynthetic-reinforced embankments, as well as evaluating 
the benefits of using different geosynthetic products. Two points were selected to perform the PLT in each 
model test, one at the center of the embankment width (i.e., this represents a point under the railway track 
for the embankment configuration/dimension chosen in this study) and the other point near the slope to 
assess the benefit of geosynthetic reinforcement in stabilizing the slope. 

 

3.5.1. Load-Settlement Results 
Fig. 8 presents the load (stress)-settlement curve for the PLTs at the mid-point of all model tests. As 

shown in this figure, the unreinforced embankment has the highest settlement as compared to the 
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geosynthetic-reinforced model tests. However, the RT-GG has the lowest settlement or the highest bearing 
capacity, followed by the RT-GT and the RT-GC, respectively. For comparisons, at an applied vertical stress 
of 1000 kPa, the soil surface settlements under the plate were 8.0, 6.5, 5.3, and 1.7 mm for the URT, RT-
GC, RT-GT, and RT-GG, respectively. This corresponding to a reduction in the surface settlement of 19, 
34, and 79 % for the geocomposite, geotextile, and geogrid reinforcement, respectively, as compared to 
the unreinforced condition. Similarly, for the PLTs at the edge-point, the RT-GG performed the best followed 
by the RT-GT and RT-GC as compared to the URT as shown in Fig. 9. This can be attributed to the shearing 
resistance and the tensioned membrane effects of the geosynthetic under the plate. 

 
Figure 8. Stress-Settlement Curves of the PLT in URT, RT-GT, RT-GG,  

and RT-GC at the Embankment Mid-Point. 

 
Figure 9. Stress-Settlement Curves of the PLT in URT, RT-GT, RT-GG,  

and RT-GC at the Embankment Edge-Point. 

The subgrade reaction modulus (Ks) and E for all model tests are listed in Table 9. It was noted that 
the value of Ks calculated from actual curve in the PLT at the mid-point equal to 53.08 kPa/mm for 
unreinforced model, which is in agreement with (24) finding, while the Ks valve was equal to 111.29, 115.00, 
and 173.33 kPa/mm for the models reinforced with geotextile, geogrid, and geocomposite, respectively. 
Whereas the Ks value obtained from the corrected curve varied from 38.25 kPa/mm for unreinforced model 
to 181.58, 575.00, and 73.33 kPa/mm for the models reinforced with geotextile, geogrid, and geocomposite, 
respectively. The value of E changed from 17.59 MPa in unreinforced model to 44.17, 38.58, and 
33.43 MPa in the models reinforced with geotextile, geogrid, and geocomposite, respectively. On the other 
hand, it was noted in Table 9 for the results of the PLTs at the edge-point that there is an apparent change 
in the test results when compared with the middle point test. Values changed significantly due to the 
proximity of the test point to the edge of the embankment slope. 
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Table 9. The Result of PLT. 

Model 
Type 

Test Location 
Mid-Point Edge-Point 

Ks (kPa/mm) 
of Actual 

Curve 

Ks (kPa/mm) 
of Corrected 

Curve 
E (MPa) 

Ks (kPa/mm) 
from Actual 

Curve 

Ks (kPa/mm) 
of Corrected 

Curve 
E (MPa) 

UR 53.08 115 17.59 46.31 98.57 19.52 
GT 111.29 181.58 44.16 71.88 115.00 25.04 
GG 102 575.00 84.56 191.67 191.67 41.43 
GC 173.33 173.33 33.43 75.00 75.00 24.10 

 

3.5.2.  Failure Mechanism of the Physical Models 
The sliding surface covers more than half of the embankment in the unreinforced model. The sliding 

surface gradually moves towards the higher part of the reinforced region and at the interface between 
reinforcing layers and soil as the geosynthetic layers are positioned in the embankment. Failure is identified 
as cracks only in the upper half when reinforced with layers of geosynthetic as clear in RT-GT, due to the 
presence of the geotextile reinforcement layers, which have the property of separating between the layers 
and it provides the process of sliding between the layers. While the lines of failure were clear along the 
layers in the URT. However, the line of failure slights appeared lowest in RT-GG, which may be the result 
of the skin friction and interlocking between geogrid and soil particles. Fig. 10 depicts the failure pattern of 
geosynthetics-reinforced laboratory embankments. 

 
Figure 10. Failure Mechanism in the Embankments:  

(a) URT, (b) RT-GT, (c) RT-GG, and (d) RT-GC. 

4. Conclusions 
Depending on the results of the experimental that were obtained, the following conclusions are 

summarized: 

1. The results of SRM show that the average relative compaction results of subgrade soil were in the 
range from 88 to 92 %, and those of the embankment ranged from 91 to 92 %, which led to an 
acceptable level of quality and consistency for all model tests. 

2. Even though there is some variation in the obtained results for the CBR values for all model test, 
the embankment layer constructed with geosynthetic reinforcement show a higher value of CBR 
than the unreinforced model except for layer five. The CBR values have shown that the RT-GT 
model has a higher value than the RT-GG one; and that the RT-GC model has the most significant 
value. 



Magazine of Civil Engineering, 18(2), 2025 

3. The vdE  ranged from 13.8 to 14.5 MPa for all subgrade soil in all model tests, which show a 

consistent construction. In addition, the vdE  were from 14.3 to 15.0 MPa along the embankment 
layers of the unreinforced model test. Lower values were obtained in the geotextile and geogrid 

model tests; the vdE  ranged from 8.94 to 11.1 MPa, and 9.8 to 12.6 MPa for RT-GT and RT-GC, 
respectively. However, a much higher dynamic modulus was obtained for RT-GG (i.e., 15.5–
25.1 MPa). 

4. In addition, the results indicate that vdE  slightly increased for the unreinforced embankment layers 
due to the accumulative compaction efforts on each layer, while it gradually decreases for the RT-
GT and RT-GC models from the third to the fifth layer. On the other hand, it was observed, in RT-
GG, the dynamic modulus significantly increased as the embankment layer increased. 

5. The results for the CBR of these models showed that the average CBR value varies from 6.78 % 
for URT and from 13.56 % and 14.35 % for the RT-GT and RT-GC, respectively. The increase in 
the CBR values for the geotextile and geocomposite model tests can be related to the bearing zone 
underneath the CBR piston and the tension membrane effect of the geosynthetic reinforcement.  

6. In the PLT, the results showed that RT-GG gave the best values for Ks and E as compared to other 
models. As well as there is less vertical settlement in it compared with the unreinforced model. 

7. The result showed that the unreinforced embankment has the highest settlement as compared to 
the geosynthetic reinforced model tests. However, RT-GG has the lowest settlement or the highest 
bearing capacity, followed by RT-GT and RT-GC, respectively. Similarly, for the PLTs at the edge 
point, RT-GG performed the best followed by RT-GT and RT-GC as compared to URT. This can 
be attributed to the shearing resistance and the tensioned membrane effects of the geosynthetic 
under the plate. 
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