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ABSTRACT 

This paper presents a quantitative comparison of the effect of geosynthetic stabilization of 
aggregate layers over soft subgrade, using laboratory rutting tests. The progressive rutting of the 
aggregate layer induced by a loaded-wheel as well as changes in stress distribution in the 
subgrade is presented. Test specimens are prepared with and without geosynthetics, which include 
two biaxial geogrids and a geotextile. Results show that geogrids significantly reduced both, 
rutting deformations of the aggregate layer as well as stresses in the subgrade below the geogrid 
layer compared to the unstabilized specimens. Meanwhile, geotextile stabilization resulted in 
smaller improvement in rutting compared to the geogrid stabilization but achieved a similar 
reduction in subgrade stresses. These observations highlight the effectiveness of aggregate-
interlocking with geogrids as well as the ability of both types of geosynthetics to effectively 
distribute traffic loads in lateral directions, thereby enhancing pavement performance in soft 
subgrades. 

INTRODUCTION 

Incorporation of geosynthetics in flexible pavements has been shown to be a reliable and cost-
effective alternative to stabilizing pavements over soft soils. In such problematic regions, it is 
imperative that the base layer of the pavement be designed so that the transmitted stress to the 
subgrade is lower than the subgrade bearing capacity. It follows that preserving the integrity of the 
base layer is critical in ensuring operability of the pavement structure during its design life. Giroud 
(1985) identified several reasons for potential base course deterioration, namely, lateral 
displacement of aggregate particles under traffic loads, contamination of base layer from fine 
particles from the subgrade or sinking of base layer into the subgrade resulting in a reduced 
effective base-layer thickness. Over the years, geosynthetics have been proven to help addressing 
these concerns in a cost-effective and reliable manner. The broad objective of incorporating 
geosynthetics in pavements is to stabilize the base layer and reduce the magnitude of stresses 
transmitted to the subgrade to avoid structural failures of the pavement. This paper uses the two 
most popular geosynthetics employed in pavements, namely, geogrids and geotextiles, to enable a 
quantitative assessment of their effect on pavement performance. 

While both, geogrids and geotextiles can be used to achieve the required load distribution 
from the base layer to subgrade, they differ in the primary modes of interaction with the base layer 
aggregates. Previous studies have shown that geogrids increase base layer stiffness primarily by 
offering lateral confinement to the aggregate particles via interlocking within the geogrid apertures 
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(Giroud, 1985; Milligan and Love, 1985; Barksdale et al., 1989; Webster, 1993; Giroud and Han, 
2004; Zornberg, 2011; Archer, 2012). Meanwhile, geotextiles rely on mobilization of shear 
resistance through interface friction with the aggregate particles, which leads to an increase in base 
layer stiffness (Giroud and Noiray, 1981; Zornberg, 2011). On the other hand, geotextiles have an 
added benefit of being excellent at preventing contamination of the base layer by effectively 
separating it from the subgrade. Geogrids also enable this, albeit to a lesser degree, by developing 
a stiff interlocked layer which prevents the intermixing of materials. 

Geosynthetics are also directly beneficial to the subgrade by providing confinement at its 
surface, which limits deformations in the subgrade soil. Previous studies have quantified the 
allowable stresses on subgrade soil, depending on the type of geosynthetic present in the interlayer 
(Giroud and Noiray, 1981; Giroud and Han, 2004). An unstabilized pavement can withstand a 
stress of 3.14cu, where cu is the undrained shear strength of the soil, while inclusion of geogrids 
and geotextiles increase this capacity to 5.71cu and 5.14cu, respectively. This difference between 
the cases with geotextiles and geogrids is attributed to the difference in stress orientation at the 
base/subgrade interface, which in turn results from the difference between geotextile/granular 
material interface friction and geogrid/ granular material interlocking. The benefits attained by 
geosynthetics has been observed to be greatest with very soft subgrades, with CBR values below 
3.0 (Barksdale et al., 1989). In this condition, the subgrades are most susceptible to rutting, caused 
by the high moisture in the soil which creates a lubricating effect among the particles thereby 
lowering their bearing capacity. Further, studies conducted to identify the optimal location of the 
geosynthetic recommend placement at or near the bottom of the base layer, especially if the base 
layer is well compacted and the subgrade is prone to rutting (Barksdale et al., 1989; Webster, 1993; 
Al-Qadi et al, 2008). 

While the effect of geosynthetic stabilization on pavement performance is best assessed 
using full-scale sections to fully replicate the operational conditions, these procedures are time and 
cost-intensive to implement. On the other hand, laboratory tests like cyclic triaxial tests and 
repeated-load plate tests are ideal for measuring design parameters of individual materials like 
resilient modulus but are not ideal for studying composite aggregate-geosynthetic-subgrade 
systems. In addition, multiple researchers have observed that the performance of aggregate 
materials in the field cannot be predicted solely using resilient modulus tests (Thompson 1998; 
Xiao et al., 2012; Mishra and Tutumluer, 2012; Kwon et al., 2014). In this regard, laboratory 
permanent deformation tests can be greatly beneficial to predict field performance of previously 
untested geogrid-aggregate combinations. 

The current study uses a novel recently developed bench-scale pavement simulation 
apparatus to measure permanent deformation induced by a cyclic rolling-wheel load on scaled-
down pavement specimens. This test procedure facilitates rapid testing rates to assess the relative 
rutting behavior under various operational and design conditions, requires low quantities of 
materials and allows a high degree of control over specimen properties. Additionally, the system 
closely simulates field conditions like lateral restraint of geogrids and rotating wheel loads. This 
paper presents the performance of pavement specimens under cyclic wheel-loading from two 
performance criteria, namely, surface rutting and stress changes in the subgrade. In the testing 
program, three geosynthetics are used to study their effect on specimens comprised of a soft silty 
subgrade soil and a well-graded aggregate base material. 
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MATERIALS 

Base Layer and Subgrade Materials. The properties of the subgrade and aggregate materials are 
summarized in Table 1. The subgrade (SG) soil was procured from Gordon County, Georgia, upon 
being identified as problematic by the state transportation agency. The SG material was classified 
as high-plasticity silt while the graded aggregate base (GAB) material was classified as well-
graded gravel, as per the USCS classification system. Further, aggregate particles in the GAB 
larger than 9.5 mm were scalped from the mixture and compensated with additional particles of 
size between 4.76 and 9.5 mm. This ensures minimal boundary effects with lateral walls of the 
chamber, which measures 203 mm in width. The grain size distribution curves for the two materials 
are presented in Figure 1. In addition, CBR tests were conducted for both materials at optimum 
and soaked conditions. A CBR of 26.3 was obtained for the GAB at 6% water content, while CBR 
values of 14.4 and 1.3 were obtained for the SG at water contents of 17% and 30% respectively. 
This which gives an idea of the stiffness of the material at different water contents at which the 
rutting tests were conducted.   
Table 1: Subgrade and aggregate properties  

 SG GAB 
USCS Classification MH GW 
Percentage fines 53.1 5.5 
Plastic Limit 41.7 - 
Liquid Limit 63.4 - 
Plasticity Index 21.7 - 
Max Dry Density (pcf) 107.0 133.5 
Optimum Water Content 17.5 7.2 

 

 
 
Figure 1:  Grain size distribution curves for SG and GAB materials 

Geosynthetics. Two geogrids (GG1000, GG500) and one geotextile (GT), shown in Figure 2, 
were used in this study. The terminology GG1000 is used for the Tensar BX1200 geogrid. The 
second geogrid, referred to as GG500, is similar in geometry to the BX1200 but with half the 
opening size dimensions. This was chosen to study the effect of opening size on pavement 
performance, considering the apparatus and GAB materials were scaled down for the experimental 
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program. The third product used in the study was the Tencate Mirafi HP270 geotextile, referred to 
as GT in subsequent sections. The properties of these materials are summarized in Table 2. The 
tensile properties for the GG1000 and GT was obtained from the manufacturer, while multi-rib 
tensile tests as per ASTM D6637 was conducted for GG500. 
 

   
Figure 2: Geosynthetic materials used in the study including a) GT, b) GG1000 and c) 
GG500 

Table 2: Geosynthetic properties 
 

  GG1000* GG500 GT* 

Opening size (mm) 
 25.0 x 

33.0 
12.7 x 
12.7 

0.6 

Minimum rib thickness(mm)  1.27 1.95 - 
Tensile Strength @ 2% strain MD 6.0 4.26 - 

(kN/m) XMD 9.0 5.06 - 
Tensile Strength @ 5% strain MD 11.8 5.87 18.6 

(kN/m) XMD 19.6 7.18 21.0 
Ultimate Tensile Strength MD 19.2 5.99 38.5 

(kN/m) XMD 28.8 7.36 35.9 
*Supplied by manufacturer 

RUTTING APPARATUS AND PROCEDURE 

The bench-scale rutting apparatus, shown in Figure 3, is designed to replicate a full-scale pavement 
in geometry and function as follows. The assembly comprises of a specimen chamber measuring 
914 mm (length) × 203 mm (width) × 152 mm (height), which can be tested using a loading-wheel 
measuring 76.2 mm diameter and 25.4 mm in width. The specimens were prepared to comprise of 
a subgrade layer and base layer of thicknesses 127 mm and 25.4 mm, respectively. This was based 
on the following reasoning. Typically, field pavement sections are constructed with a 203-305 
mm-thick base layer and the width of a full-size truck wheel ranges between 254-305 mm. This 
proportion was approximated to be 1:1 and replicated in the experimental specimen. A constant 
compaction energy was used to prepare the subgrade at various water contents to simulate CBR 
values ranging from 1.0 to 14.0, while the GAB was compacted at optimum water content to 95% 
of its maximum dry density achieving a CBR greater than 20. The geosynthetic material was placed 
at the interface between the two layers. 

The wheel is controlled by a track actuator system and loaded using a dead-load suspension 
system (refer Figure 3) to simulate a moving truck-wheel. A constant load of 190 kPa was applied 

a) b) c) 
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over a contact area of 523 mm2, corresponding to a circular diameter 25.4 mm. The wheel assembly 
is then programmed to cycle at a constant velocity typically set to 33 mm/second between two 
user-defined points along the length of the box, and its position is continuously recorded. The 
vertical deformation at the surface of the specimen is continuously recorded during the test using 
two linear variable differential transformers (LVDT) mounted on the wheel-axle. A custom-
algorithm is used during post-processing to segment the dataset into cycles and identify the greatest 
rut-depth along the length of the specimen. Since, the specimens were carefully prepared in the 
laboratory, uniform rut depths were observed along the test-section, although the end-points where 
the wheel stops before changing direction typically showed marginally greater rut depths. 
Therefore, the extreme 25 mm sections of the specimen were not used in further analysis. In 
addition to vertical deformation, flexible pressure sensors, with a sensing diameter of 15 mm, were 
placed under the wheel path at two locations, at the base layer-subgrade interface and at a depth of 
25-mm below the top of subgrade. Typically, tests were carried out for 250 loading cycles, at 
which point the rutting curves showed little change in vertical deformations, indicating 
stabilization. 

 
Figure 3: Schematic showing the rutting apparatus  

RESULTS 

Repeatability of test results 

Rutting tests were initially conducted to establish repeatability of the test results, for both 
unstabilized and stabilized cases. Figure 4a shows results for the unstabilized base layer scenario 
with subgrade prepared at a CBR of 14.0 (15% water content). Figure 4b shows results for 
stabilized cases using geogrid GG500 and the subgrade prepared at CBR of 1.5 (30% water 
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content). Both these cases showed a very good match between the successive test observations, 
indicating satisfactory repeatability of the testing procedure. 

   
Figure 4: Repeatability of rutting performance for tests with a) unstabilized specimens using 
Gordon co. soil at 15% water content and b) stabilized with geogrid GG500 over subgrade soil at 
30% water content 

Effect of subgrade stiffness 

Figure 5 presents the rutting tests for a range of scenarios at a subgrade CBR of 1.5. Comparing 
the rutting behavior of the unstabilized specimens with firm subgrade (Figure 4a) and soft subgrade 
(Figure 5), a significant increase in rutting is observed. The rut depth after 250 loading cycles 
increased from 1.8 mm to 9 mm, owing to the decrease in subgrade CBR from 14 to CBR 1.5. 
Therefore, as expected, the subgrade stiffness has a significant effect on the surface rutting 
behavior. 

 
Figure 5: Rutting performance of the unstabilized and geosynthetic-stabilized specimens at a 
subgrade CBR of 1.5  

Effect of geosynthetic stabilization 

The three geosynthetics were individually incorporated into specimens to assess their stabilizing 
potential in soft subgrade conditions. Figure 5 also presents the rutting curves for specimens with 

GG500 
GG1000 

GT 

Unstabilized 

(a) (b) 
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all three geosynthetics, namely, GT, GG1000 and GG500. The effect of geogrid stabilization is 
clear from these tests with a minimum reduction in rut depths of 30% being attained for both 
geogrids compared to the unstabilized case. This observation clearly establishes the benefits of 
interlocking of aggregate particles in geogrid openings, which reduces lateral spreading of the 
particles. Among the two geogrids, the GG500 showed marginally lower rutting depths than 
GG1000, probably owing to its larger thickness as well as potentially greater interlocking 
capability with the GAB material used in the study. The curve for the geotextile-stabilized 
specimen showed a smaller degree of improvement in rutting compared to geogrids, but 
nonetheless, achieved a 17% reduction in rutting after 250 loading cycles compared to the 
unstabilized specimen. This is probably caused in part by the lack of overburden pressure on the 
geotextile in the scaled down specimen, which fails to mobilize the necessary lateral friction 
necessary for the geotextile to be fully effective.  

In addition to the surface rutting behavior, which is most commonly used to evaluate the 
performance of pavements, the pattern of stresses in the subgrade can also be crucial in gaining 
useful insights into the influence of the geosynthetics within the layers. The following section 
presents the evolution of stresses transmitted into the subgrade as recorded by the sensors 
embedded in the specimens under the wheel path.  

Figure 6 shows stress measurements made in the subgrade layer for various scenarios, 
including a) unstabilized and stabilized specimens with b) geotextile, c) GG1000 and d) GG500. 
Each subplot presents stress measurements made at the surface of subgrade and at a depth of 25 
mm below the surface of the subgrade. The latter set of measurements inside the subgrade should 
clearly reflect the influence of the overlying geosynthetic, if any.  

   

      
Figure 6: Stress variation in top 25 mm of subgrade for a) unstabilized case and the stabilized 

cases with b) GT, c) GG1000 and d) GG500 

(a) (b) 

(c) (d) 



745 
 

In Figure 6, the top-of-subgrade stresses vary initially and stabilize between 25-35 kPa in 
all cases. However, the stress measured 25 mm below the surface of subgrade, shows different 
behavior for the unstabilized and stabilized cases. As seen in Figure 6a, the stresses measured 25-
mm below the top of subgrade increases from 20 kPa at the start of the test to 30 kPa at the end of 
250 cycles of loading. This indicates deterioration of the base layer, leading to higher stresses 
being transmitted to the subgrade as the test progresses. Meanwhile, all other subplots (Figures 6b 
to 6d) show significantly lower magnitudes of stresses, around 10 kPa being experienced in the 
subgrade. This observation clearly demonstrates that the geosynthetics are able to distribute the 
traffic loads laterally, which is crucial in maintaining the structural integrity of the pavement. 

Among the stabilized cases, the geotextile-stabilized case (Figure 6b) shows stress values 
of 10 kPa, while both the geogrids show lower stresses of 7 to 8 kPa, which matches the trend 
observed with the rutting curves in Figure 5 where geogrids performed better than the geotextile.  
Interestingly, the top of subgrade measurements in Figures 6c and 6d, corresponding to the 
geogrids, show an initial decrease before stabilizing after about 50 loading cycles. This is probably 
the phase where aggregate particles are interlocking in against each other and the geogrid 
apertures, after which strong particle contacts are better able to distribute lateral forces, 
consequently reducing the vertical stress. 
 

CONCLUSIONS 

This paper investigated the effects of geosynthetic stabilization of aggregate base layers using a 
bench-scale rutting system. The test procedure provides a quick and repeatable alternative to 
assessing behavior of pavement systems, with or without geosynthetics. The results presented in 
the paper confirm the effectiveness of geosynthetics using two performance metrics, namely, 
surface rutting as well as subgrade stresses below the geosynthetic layer. The following 
conclusions can be made: 

• Decreasing the subgrade CBR from 14 to 1.5 significantly increased the rutting 
deformations from 1.8 mm to 9 mm after 250 loading cycles. 

• Including geosynthetic stabilization showed clear reductions in rutting depths. Both the 
geogrids used in the study, with aperture openings of 25 mm and 12.7 mm, showed about 
33% reduction in the rut depth, while the geotextile achieved a 17% reduction. 

• Stresses measured on top of the subgrade were similar across all tested cases. However, 
the effects of geosynthetic was clearly observed in the measurements recorded 25 mm 
below the top of the subgrade layer. While the stresses in the unstabilized case increased 
from 15 kPa to 30 kPa, the stresses in the same location was about 10 kPa and stayed 
constant for the three stabilized cases. The geogrids showed stress values ranging around 
7 to 8 kPa, while the geotextile showed values of 10 kPa. 

• Among the two geogrids used in the study, no significant differences were observed in 
rutting deformation and subgrade stress measurements. This indicates that both geogrids 
are mobilizing equivalent confining effects even though the opening sizes are very 
different (25 mm and 12.5 mm). It is also important to state that other geogrid properties 
like thickness and stiffness could be playing a crucial role in these tests, and the 
observations cannot be attributed to opening size alone. Further testing and numerical 
modelling techniques could help answer questions pertaining to interlocking behavior of 
aggregates within the geogrid apertures.  
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• By combining the observations from the rutting behavior as well as the stress patterns over 
250 loading cycles, the geogrids performed better than the geotextile, indicating the 
effectiveness of interlocking towards enhancing the properties of the base layer.  

 

Ultimately, the experimental study presented in this paper, presents compelling evidence 
establishing the usefulness of geogrids and geotextiles over soft subgrades. By combining insights 
from the evolution of rutting and stresses in the specimens, the understanding of the complex 
response of aggregate-geosynthetic-subgrade systems can be improved.  
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