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ABSTRACT 
Although the effect of geogrids in strengthening the ballast and capping layer has been recognised, the 
interface behaviour between the geogrid and the ballast layer has not been examined in detail or 
incorporated into Australian ballasted rail track designs. This paper shows the test results on the 
load-deformation responses and the associated degradation behaviour of ballast under dynamic train 
loading when geosynthetics are placed in the track substructure. In this study, the Process Simulation 
Prismoidal Triaxial Apparatus was used to investigate the performance of geogrids in mitigating the ballast 
deformation and degradation under cyclic loading representative of fast-moving heavy-haul trains. 
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1 INTRODUCTION  

During train operations, impact forces caused 
by wheel and rail irregularities, or at transition 
zones, can accelerate track deterioration, leading 
to more frequent maintenance cycles. This results 
in the degradation and fouling of the ballast 
assembly, compromising its grain angularity, 
overall strength, and drainage ability. Such 
deterioration can cause costly and frequent 
maintenance, especially as heavy haul tracks are 
exposed to higher speeds and heavier axle loads. 
When used to reinforce the ballast layer, geogrids 
provide additional confining pressure and enhance 
ballast strength by interlocking surrounding ballast 
aggregates with the geogrid apertures. This 
effectively reduces lateral spreading, a key cause 
of ballast deformation, and extends maintenance 
intervals. 

2 IMPACT TEST 
The performance of geogrid stabilized ballast layer 
under impact loading was assessed using a 
high-capacity drop-weight impact testing device 
developed at UOW (Kaewunruen and Remennikov, 
2010). This apparatus includes a 5.81 kN free-fall 
hammer released from a maximum height of 6 
meters, achieving a peak drop velocity of 10 m/s 
(Figure 1). The details of the testing apparatus and 
procedure is published by Indraratna et al. (2020). 
Two test sections, one without geogrid and one 
with geogrid at the ballast-subballast interface 
were considered (Figure 2). 

 

 
Fig.1. Impact test setup 

3 LARGE SCALE LABORATORY CYCLIC LOAD 
TEST 

A series of cyclic tests was conducted on 
ballast, both with and without the inclusion of a 
geogrid, using a novel track process simulation 
apparatus (TPSA) as illustrated in Figure 2. The 
apparatus is sufficiently large (800 mm long, 600 
mm wide, and 600 mm high) to accommodate a 
unit cell that simulates the length of a typical 
sleeper (L = 800 mm) and the spacing between 
adjacent sleepers (B = 600 mm). A 150 mm thick 
layer of dry gravel and sand was used as 
subballast, compacted to a typical field unit weight 
of approximately 19.5 kN/m³. A geogrid sample 
was placed on top of the subballast layer, which 
was then covered with 300mm ballast compacted 
to a field unit weight of 15.5 kN/m³. A principal 
stress of 15 kPa was applied to the vertical walls of 
to simulate the lateral confinement in the field. 
Cyclic load was applied with two axle loads (25 



             
 

 

and 35 t) and a frequency of 15 Hz (to simulate an 
Australian train travelling at approximately 90 
km/h). More details about the testing apparatus 
and procedure is presented at Ngo et al. (2018). 

 

 
Fig. 2. Track process simulation apparatus (TPSA) 

4 Ballast and subballast material 
The ballast gradation recommended by 

Indraratna et al. (2011), with a mean particle size 
of d50 = 35 mm, was used in the study (Figure 3). 
This ballast grading aligns with the gradation limits 
outlined in the Australian Standard AS 2758.7 (SA, 
1996). To simulate the subballast layer, a 
well-graded sand with silt and gravel (Figure 4) 
was levelled and compacted below the ballast 
mass. 

5 Geosynthetics 
A laid and welded biaxial geogrid with textured 

bars and standard aperture size (A) of about 31 
mm (A/d50 ~ 0.9) has been used in this experiment. 
The properties of the geogrid are shown in table 1. 

 

 
Fig. 3. Ballast and subballast particle size 

 
Table 1. Properties of geosynthetic used in this study. 

Aperture size (mm), (md/cmd) 31 / 31 mm 
Ultimate Tensile Strength, (md/cmd) 
(EN ISO 10319) ≥ 40 / ≥ 40 kN/m 

Tensile modulus at 1 % strain, 
(md/cmd) (EN ISO 10319) 800 / 800 kN/m 

Tensile stiffness at 2 % strain, 
(md/cmd) (EN ISO 10319) 16 / 16 kN/m 

Cyclic Tensile Modulus at 0.5% Strain, 
(md/cmd) (ASTM D7556, Method A) 1,300 / 1,300 kN/m 

Radial Stiffness at 0.5% elongation, 
(EN ISO 10319) ≥ 440 kN/m 

Geogrid surface friction 
characteristic, (EN ISO 12957-1) 
at 20 kPa normal stress 
at 40 kPa normal stress 
at 60 kPa normal stress 

 
 

≥ 11.4 kPa 
≥ 19.7 kPa 
≥ 26.2 kPa 

6 TEST RESULTS 
6.1 Impact test: Deformation 

Figure 4 shows the results of the impact forces 
P1 and P2 and Figure 6 shows the axial and radial 
(lateral) strains measured after each hammer drop 
(N). The results indicate that the geogrid effectively 
reduces radial (lateral) deformation. This is due to 
the ballast interlocking within the geogrid, 
preventing the particles from spreading laterally. As 
a result, the axial strain of the geogrid stabilized 
ballast will be also reduced as shown in Figure 5. 

Test results showed that although the 
placement of geogrid at the ballast-subballast 
interface (i.e., 300 mm downward the top surface 
did not seem to provide any pronounced reduction 
in the Impact forces P1 and P2, the vertical and 
lateral deformation has been reduced for the 
geogrid stabilized ballast. This is because the 
impact force is being applied from the top, and 
geogrid’s function is not to reduce the impact 
forces, but to provide lateral confinement to the 
ballast layer and so reduce the ballast deformation. 
This verifies the effectiveness of geogrid 
stabilization and the effective interlocking of the 
tested geogrid with ballast material. 

 

 

 
Fig. 4. Impact loads results 



             
 

 

 

 

 
Fig. 5. Axial and lateral deformation results 

6.2. Impact test: Ballast degradation 
To assess the degree of particle degradation 

(breakage) under impact loading, the three ballast 
layers were separately sieved, and the resulting 
change in gradation was recorded. The extent of 
particle breakage was quantified using the Ballast 
Breakage Index (BBI) parameter, first introduced 
by Indraratna et al. (2005). Details of calculating 
BBI is explained by Indraratna et al. (2005) and 
shown in Figure 6.  

 
Fig. 6. Simple concept of BBI (Indraratna et al., 

2005) 
 
Test results are presented in table 2. Results 

show a reduction in BBI because of geogrid 

stabilization, which can lead to less ballast 
breakage and less maintenance. 

 
Table 2. BBI results 

Test 
section 

BBI - 
bottom 

BBI - 
middle 

BBI - 
top 

BBI - 
average 

Without 
geogrid 0.155 0.109 0.187 0.150 

With 
geogrid 0.111 0.122 0.190 0.141 

 
6.3 Large scale cyclic load test: Deformation 

Figure 7 shows the results of the vertical plastic 
deformation and lateral deformation of ballast. The 
results show that the laid and welded geogrid with 
aperture size of 31mm could successfully interlock 
with ballast and provide lateral confinement to the 
ballast layers and reduce the vertical deformation 
of ballast. 

The test results also showed that ballast 
aggregates went under considerable particle 
rearrangement and densification during the initial 
cycles, but after reaching a threshold compression, 
resisted further deformation during any 
subsequent load cycles.  
 

 

 
Fig. 7. Vertical plastic deformation and lateral 
deformation of ballast 



             
 

 

5.4 Large scale cyclic load test: Effect of axle 
load 

The test was repeated with 25 tons load to 
investigate the effect of train weight. Results are 
presented in Figure 8. As it shows, when the 
weight of the train increases, the effectiveness of 
geogrid in reducing ballast deformation is more 
pronounced. For the 15Hz loading frequency 
tested in this study, the vertical deformation 
decreased in the range of 19% for a 25-t axle load 
and about 29% for a 35-t axle load when geogrids 
were laid and welded biaxial geogrid was used 
under the ballast. 

 

 
Fig. 8. Vertical plastic deformation for different axle 
loads 

4 CONCLUSIONS 
The study investigated the effect of geogrid on 

the deformation of the ballast and rail track. 
Results show that the inclusion of geogrid could 
provide lateral confinement to the ballast and as a 
result, reduce the vertical deformation of the 
ballast layer. It should be noted that one of the 
important parameters for geogrid to perform in this 
application is the geogrid-ballast interaction, which 
depends on several parameters, and some 
requirements may vary from one geogrid type to 
another. Test results in this study showed that the 
tested laid and welded geogrid with textured 
surface and aperture size of 31 mm (A/d50 ~ 0.9) 
could successfully provide a good interlocking and 
interaction with the ballast layer.  

The results presented in this paper demonstrate 
that in a practical perspective, the role of geogrid 
placed at an appropriate interface of a granular 
assembly is crucial in controlling both deformation 
and degradation of the track substructure. 
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