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ABSTRACT 
 
Unpaved roads cover a wide range of applications, from carrying mass transit between rural areas, to transporting 
bulk materials by mining dump trucks, to providing connectivity between paved collector roads, etc.  
Previous researchers have demonstrated that geogrids improve the performance of unbound layers by interlocking 
the aggregate particles inside the apertures, which restrains lateral deformation. The Giroud-Han design model has 
been widely used to calculate the required thickness of unbound aggregate layers over soft subgrades, which should 
be calibrated based on the applied reinforcement type. In this paper, the development of a modified design equation 
derived from the original Giroud & Han method will be described based on large-scale laboratory tests for laid and 
welded geogrids and geocomposites.  
The model was then further extended using a probabilistic function to account for the effect of wheel wandering. In 
addition, a detailed empirical analysis by means of the application of triaxial tests was performed to account for the 
effect of base course material on performance of unpaved roads.  
The methodology for the calibration and verification of the model is described herein. It was identified that, the most 
suitable geogrid parameter predicting the combined stabilization and reinforcement performance of the stabilised and 
reinforced section is the tensile stiffness corresponding to 1% strain (J1%), which is applied in model development as 
the primary property of the tested geosynthetic. Overall, the proposed design model could satisfactorily predict the 
rutting from the carried-out laboratory and field testing. 
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1 INTRODUCTION 

In unpaved roads, the response of the stabilized and 
reinforced aggregate layer and the resulting 
performance of the composite system are related to 
several contributory factors, including subgrade 
properties, thickness and properties of the aggregate 
layer, location, and material properties of the utilized 
geosynthetic as well as the load conditions on top of the 
road surface (Shukla, 2002). The truth is that the 
performance of geogrid-stabilized and reinforced base 
courses largely depends on the interaction of the 
geogrid with the aggregate (interlocking effect). The 
interfacial properties mobilized in the soil-geosynthetic 
interface is affected by the geogrid aperture size, rib 
thickness, junction strength, and geogrid tensile 
modulus (Webster, 1992; McDowell et al. 2006; Brown 
et al., 2007; Cuelho et al., 2014). Several researchers 
have investigated the effect of these key factors on the 
performance of geogrid-reinforced unpaved road 
overlying a weak subgrade (Giroud and Noiray, 1981; 
Leng and Gabr, 2002; Giroud and Han, 2004a, b; Leng 
and Gabr, 2006; Giroud and Han, 2012 a, b). Giroud 
and Han (2004a) developed a theoretically based design 
method, as shown in Eq. (1), to calculate the required 

thickness of the base course of geogrid-reinforced 
unpaved roads. 
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(1) 
In this equation: 

 
k= the rate of road deterioration due to cyclic loading;  
∝0= reference stress distribution angle when Ebc = Esg; 
h= required base course thickness (m);  
J= geogrid aperture stability modulus (mN/°);  
N= number of axle passes;  
P= wheel load (kN);  
r= radius of the equivalent tire contact area (m);  
RE= limited modulus ratio of base course to subgrade  
     soil (equal or smaller than 5);  
s= allowable rut depth (mm);  
fS= factor equal to 75mm;  
Nc= bearing capacity factor;  
fC= factor of 30 between undrained cohesion (kPa) and  
    CBR (%) of subgrade soil;  
CBRsg= CBR of subgrade soil (%) 



 

2 LABORATORY TESTS WITH GEOGRID AND 
GEOCOMPOSITE MATERIAL 

To investigate the performance of laid and welded 
geogrid & geocomposites under cyclic loading, a series 
of cyclic plate loading tests was carried out.  Various 
aspects of the performed tests are presented below. 

2.1 Materials 
The base course material was a graded aggregate 

base meeting the Georgia Department of Transportation 
specifications. Standard Proctor compaction test 
(ASTM D 698-12) and gradation tests were performed 
on the aggregate base course. The aggregate has a 
maximum dry unit weight of 22.8 kN/m3 at an optimum 
moisture content of 5.4%. The aggregate material had a 
friction angle of 43° based on large direct shear tests.  

The subgrade material was silty soil and classified 
as ML-MH in the Unified Soil Classification System 
(ASTM D2487-11). Mica is often contained in this soil 
and acts somewhat like a lubricant. These soils are 
typically found in and around the Piedmont geophysical 
region of southeastern United States as well as many 
other regions. The material was placed at a moisture 
content of approximately 31% to produce a CBR=1% 
(the common saturated CBR value for this material in 
the field) under the applied compaction effort. 
Laboratory tests indicated that a vane shear strength of 
30 kPa correlated directly to a CBR=1% for the silt 
type soil. Three types of a laid & welded geogrids with 
flat bars and welded junctions, and one geocomposite, 
all made of Polypropylene (PP), were installed as 
reinforcement at the base course layer-subgrade 
interface. The technical properties of the geogrids are 
presented in Table 1. The geotextile separator in the 
composite layer is welded within the geogrid structure. 
 
Table 1. Technical characteristics of testing geogrids. 

Product 
Type 

Mass/
unit 
area 

(g/m2) 

Tensile 
strength

* 
(kN/m) 

Tensile 
stiffness at 

1% 
elongation

* 
(kN/m) 

Aperture 
size 

(MD × 
CMD) ** 

(mm) 

LWG20 155 20 400 33 × 33 

LWG30 200 30 600 32 × 32 

LWG60 360 60 1200 31 × 31 

LWGC30 350 30 600 32 × 32 

*   Same value in machine and cross machine direction 
**  MD = machine direction, CMD = cross machine direction 

2.2 Test Setup 
The test box facility is designed to mimic pavement 

layer materials, geometry and loading conditions 
encountered in the field with an indoor 
laboratory-based facility. Pavement sections were 
constructed in a 2×2×1.5 m3 test box shown in Fig. 1. 

 
Fig. 1. Schematic diagram of the pavement test facility 

 
The side and back walls of the box consist of 150 

mm thick reinforced concrete. Three two-layer 
pavement sections were constructed, one each with the 
geosynthetics mentioned in section 2.1 and Table 1. 
Each pavement section was constructed with a nominal 
cross-section consisting of 300 mm of base course 
aggregate and 1100 mm of silt subgrade. The 
geosynthetic was placed between the base course and 
subgrade layers. 

The load plate consists of a 300-mm diameter steel 
plate with a thickness of 25 mm. A linear load was 
increased from zero to 40 kN (equivalent to a tire 
pressure of 550 kPa) over a 0.3 second rise time, 
followed by a 0.2 second period where the load was 
held constant, followed by a load decrease to zero over 
a 0.3 second period and finally followed by a 0.5 
second period of a small 1.4 kN seating load before the 
load cycle was repeated, resulting in a load pulse 
frequency of 0.67 Hz. 

Load cycles were applied until a permanent surface 
deflection of at least 76 mm (3 inch) was reached or a 
minimum of 10,000 cycles, whichever occurred first. 
Sensors were used to measure the applied load on top 
of the base course and the base course surface 
deformation. 

2.3 Test Results 
The results of the carried out cyclic plate load tests 

are illustrated in Fig. 2 as the variation of loading 
cycles versus permanent surface deflection. As was 
expected, the pavement section experienced 
incremental settlements with increasing load cycles, but 
the rate of this increment decreased as the load cycles 
increased. Moreover, in the geogrid-reinforced sections, 
it is evident that the performance of the section was 
improved when a geogrid with higher tensile strength 
was utilized. In fact, the higher the tensile strength of 
the geogrid, the longer the service life of the section 
could be assessed Furthermore, the results indicated 
that the test sections containing the composite 
reinforcement, performed the best amongst all tested 
products. 



 

 
Fig. 2. Cumulative rut depth versus load cycles 

 

Conceivably, this is because the geotextile could 
effectively play a separation role, which avoids the 
penetration of the base course aggregates into the weak 
subgrade and any pumping effects. As can be seen in 
Fig. 3, this outstanding performance resulted in a 
considerable reduction of around 30 to 40% in the 
established pore water pressure in the subgrade layer 
(150 mm beneath the geosynthetic layer), providing a 
stronger support for the base course layer, which in the 
end leads to a significant reduction of permanent 
surface deflection. 

 
Fig. 3. Residual pore water pressure beneath geosynthetic layer 

3 DESIGN MODEL FOR UNPAVED ROADS 

It is assumed that the geosynthetic is placed at the 
subgrade-base course interface, providing shear 
resistance towards both layers. The proposed model is 
derived from the Giroud & Han (2014) model which 
was presented in Eq. (1). Similarly, it attempts to 
capture the base course degradation under cyclic load 
and the improvement of vertical stress distribution on 
the top of the subgrade with the geogrid and 
geocomposite inclusion. The previously developed 
Giroud & Han models have several limitations e.g. 
limited range of aperture stability modulus (e.g. less 
than 0.8 mN/° in a particular study for a specific 
geogrid type).  

In this study the aperture stability modulus has been 
replaced with another similar factor so that the rigidity 
of the model is discarded. This disadvantage became 
insignificant when the stiffness modulus of the 
reinforcement was applied at a strain level of 1% (J1%).  

Due to the existence of a subgrade with low bearing 
capacity beneath the reinforcement, the range of 
mobilized strain through the service life of the road is 
commonly relatively low.  

Consequently, the stiffness modulus of the 
reinforcement at a strain level of 1% has been 
considered as the contributory factor in bearing 
capacity improvement and has been implemented for 
the model calibration. The laboratory and field tests 
have revealed the importance of this parameter in the 
stabilization behavior of laid and welded geogrids and 
geocomposites for unpaved roads.  

To produce a new model, a degradation factor (DF)P 
has been reorganized as a function of J1% according to 
the performed calibration based on the experimental 
tests. Moreover, to reflect the positive performance of 
the composite layer compared with the geogrid layers 
to control subgrade pore water pressures and rut depth 
reduction, an improvement factor (IF) was implemented. 
The final design model is presented in Eq. (2). 

 

h ൌ
ሺ𝐷𝐹ሻ𝑃

ሺ𝐼𝐹ሻ ൈ ሾ1 ൅ 0.204ሺ𝑅𝐸 െ 1ሻሿ
ൈ

⎣
⎢
⎢
⎢
⎡

ඩ
𝑃

𝜋𝑟2 ൬
𝑠
𝑓𝑠

൰ ሼ1 െ 0.9exp ሾെ ቀ
𝑟
hቁ

2
ሽ𝑁𝑐 𝑐𝑢

െ 1

⎦
⎥
⎥
⎥
⎤

𝑟 

(2) 
 
In this equation, cu is the soil cohesion in an 

undrained condition which is equal to cfC× CBRsg.  
Fig. 4 compares the results in the form of permanent 

surface settlement versus loading cycles for both 
geogrid and composite reinforcements. As it can be 
seen, the proposed model was able to satisfactorily 
simulate the response of the unpaved sections 
reinforced with different geosynthetics.  

The proposed model for the geocomposite 
reinforcement had a slightly higher deviation with the 
measured data (around 6%) due to the lack of training 
data. The prediction is however still on the safe side as 
it overestimates the permanent surface settlement. 

 

 
   (a) 



 

 
   (b) 

 
   (c) 

 
   (d) 

Fig. 4. Comparisons of the permanent surface settlement 
obtained from the experimental tests and developed model for 
a) LWG20, b) LWG30, c) LWG60 and d) LWGC30 
 
Fig. 5 compares the degradation factor (DF) versus the 
tensile stiffness J1% for geogrid reinforcements used in 
the experimental and proposed models. 

 

 
 
Fig. 5. Variation of degradation factor versus tensile stiffness J1%  

The sensitivity of the stress distribution angle “tan ()” 
versus the loading cycles is depicted in Fig. 6. The 
degradation factor as well as the stress distribution angle 
decrease with an increase of the reinforcement stiffness 
and loading cycles, respectively. 

 

 
Fig. 6. Stress distribution angle versus loading cycles for 
different geosynthetics. 
 

4 CONCLUSIONS 

Unpaved roads without geogrid stabilisation and 
reinforcement experience low shear stiffness at the base 
course–subgrade interface, because of the aggregate 
being pressed into the soft subgrade, aggregate 
contamination by fines migration and lack of shear 
resistance from the subgrade soil underneath. The 
Giroud & Han (2014) method is broadly used for 
designing geosynthetic stabilized unpaved roads; 
however, this model has several limitations, like e.g. the 
limited range of aperture stability modulus values for the 
used geosynthetic product.  

The presented study aimed to develop a new design 
model which not only discarded the limitation of the 
original design model, but it can be implemented for 
unpaved roads stabilized with both laid and welded 
geocomposite and geogrid materials. The tensile 
stiffness at 1% strain (J1%) was found as the primary 
performance indicator of the tested laid and welded 
geogrids and geocomposite in the road sections.  

The developed model was calibrated and validated 
based on systematically planed laboratory tests. Overall, 
the proposed design model could satisfactorily predict 
the surface deflection on the unbound pavement because 
of the applied cyclic loading. 
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