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ABSTRACT: Flexible pavement constructed over a weak subgrade is subject to premature failure, such as severe 

rutting, cracking, and a high level of tensile strain at the bottom of the asphalt layer, which affects pavement service 

life. To overcome such issues, geogrid material is used to reinforce pavement layers. Most laboratory studies are 

limited to single load or static load conditions that provide insufficient explanation for pavement response under 

repeated dynamic loads. In this study, the responses of flexible pavement reinforced with biaxial and triaxial 

geogrid were evaluated using a laboratory 1/3 scale accelerated testing device at three loading scenarios (5, 6.5, 

and 7.5 KN). Five pavement sections were tested: control (unreinforced), triaxial and biaxial geogrid reinforcement 

at the middle of the subbase course layer, and at the subbase-subgrade interface. The surface rutting and tensile 

strain at the bottom of the asphalt layer were measured to evaluate the effect of reinforcement type and location. 

Results revealed that geogrid reinforcement, especially triaxial geogrid when placed at the subbase-subgrade 

interface, can significantly minimize rutting depth and tensile strain at the bottom of the asphalt layer. Triaxial 

geogrid at the interface reduced rutting by an average percent of 45%, tensile strain at the bottom of the asphalt 

layer by 84% relative to the control section, and a Traffic Benefit Ratio (TBR) of 4.0-4.3 corresponding to 303-

326% improvement of load repetition. 
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1. INTRODUCTION 

 

A low bearing capacity of weak subgrade in 

flexible pavements often causes excessive 

deformation and premature failure, resulting in a 

reduction in the service life of the pavement [1]. In 

most cases, flexible pavements are constructed on 

weak subgrade soils. Their performance is 

significantly affected by the quality of the supporting 

subgrade. This issue is exacerbated by the limited 

natural resources of high-quality natural raw 

materials consumed by growing infrastructure and the 

gradual degradation of pavement material caused by 

overloading conditions that usually occur in 

developing countries [2-3]. As traffic volume and 

over axle loads imposed on pavements continuously 

increase, the need to improve pavement structural 

integrity has arisen [4].  

In pavement construction, geogrid material is 

adopted as reinforcement for weak subgrade to 

overcome these issues [5-7]. Generally, geogrid 

materials improve bearing capacity and the efficiency 

of load distribution through the confinement 

mechanism. various studies have shown that 

incorporating geogrid within pavement layers at the 

base-subgrade interface can significantly improve 

structural capacity for subgrade soil, particularly 

when the subgrade is classified as weak soil [5-12]. It 

has been documented that reinforced pavement could 

reduce stress and strain on the subgrade layer, which 

minimizes the failure potential [13].  However, the 

performance of the geogrid materials depends highly 

on their properties, loading conditions, reinforcement 

location, and the interaction between geogrid ribs and 

aggregate particles surrounding them [14]. Several 

studies confirm that using geogrid in subgrade 

reinforcement for the flexible pavement system could 

effectively minimize granular base thickness, 

increase pavement service life, and reduce costs [15-

18]. According to Kwon and Tutumlure (2011), the 

type and strength-stiffness characteristics of the 

geosynthetic reinforcement, as well as the strength of 

the aggregate and subgrade material, determine the 

necessary thickness of the aggregate layer [19]. Kim 

and Lee (2013) investigated flexible pavement 

systems and found that geogrid reinforcement led to 

a decrease of 68 % in tensile strain at the bottom of 

the asphalt layer and an 18 % decrease in the vertical 

strain at the top of the subgrade, indicating its effect 

in controlling both structural and functional behavior 

of the material [20]. In addition, large-scale 

laboratory testing has demonstrated that geogrid 

reinforcement may redistribute loads, and the 

reduction in vertical strains may be significant in 

weak subgrades [21]. Biaxial polypropylene or 

polyester geogrids are usually used in granular base 

reinforcement, showing an increase in the modulus 

and confinement effect [22]. Additionally, triaxial 
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geogrids exhibit multi-directional tensile stiffness 

when compared to biaxial geogrids, due to their 

triangular aperture geometry, which provides more 

uniform stress distribution and improves interlock 

with aggregate particles in pavement layers. This 

study extends the application of triaxial geogrids to 

scaled dynamic repeated load tests. Field tests and 

full-scale accelerated load tests (ALT) have shown 

that geogrids can enhance the performance of 

reinforcement flexible pavement, even though they 

are costly and time-consuming. Al-Qadi et al. (2011) 

presented results from ALT sections instrumented 

with more than 170 sensors and showed that while 

geogrid reinforcement resulted in reduced lateral 

deformation in the base layer, overall structural 

performance was enhanced [23]. Nevertheless, the 

availability of full-scale accelerated load test facilities 

is limited, particularly in developing countries. 

Scaled ALT tests under laboratory conditions are a 

useful alternative for simulating traffic loads and 

observing the mechanical response, and for verifying 

the benefits derived from the presence of geogrid 

reinforcement [23]. Although the reinforced benefits 

of geosynthetic materials have been widely reported, 

few studies have evaluated their performance under 

locally manufactured, scaled ALT conditions that 

simulate overload effects. This study conducted ALT 

tests to evaluate rutting and tensile strain responses 

under different load levels. Laboratory testing 

generally employs a single load magnitude, single 

axle pressure, or a single frequency (e.g., 550 kPa at 

1 Hz or a 0.77 Hz cyclic plate load). Therefore, the 

objective of this research is to investigate the effect of 

geogrid (biaxial and triaxial) as subbase 

reinforcement on the response of flexible pavement 

placed over weak subgrade, under three load 

scenarios: one normal loading condition and two 

overloading conditions applied via a laboratory 

accelerated load test. This study introduces a 

manufactured accelerated load test with a 1/3 scale at 

the University of Technology in Iraq, due to the 

unavailability of full-scale accelerated load test 

equipment. Generally, small-scale models offer size 

reduction, simplicity, repeatability, test condition 

control, and cost-effectiveness [24] and provide 

realistic stress distribution and cumulative damage by 

load applied by a wheel that a plat load cannot 

accurately simulate. Additionally, when compared to 

numerical FEM analysis, it provides direct 

measurements for model responses that can be used 

in validation [4; 25;26]. The 1/3-scale Accelerated 

Loading Test (ALT) in this study incorporates triaxial 

geogrid with controlled weak subgrade and variable 

overload conditions a combination not previously 

examined in laboratory or field conditions according 

to Iraqi standards. Its hypothesis that triaxial geogrid 

could perform better than biaxial geogrid in terms of 

rutting and tensile strain at the bottom of the asphalt 

layer. 

2. RESEARCH SIGNIFICANCE 

 

This study presents a novel experimental evaluation 

of the performance of flexible pavement reinforced 

with biaxial and triaxial geogrid under different load 

conditions using a (1/3) scale Accelerated Load Test 

system developed locally in Iraq, by simulating 

realistic traffic conditions into scaled dynamic 

loading. This work evaluates rutting and tensile strain 

that support the development of cost-effective, locally 

applicable pavement reinforcement for developing 

countries. 

 

3. MATERIALS AND METHODS 

 

3.1 Subgrade Soil 

 

      The subgrade was clay soil collected from a local 

construction site near Baghdad, Iraq. It is classified as 

an A-7 soil by the AASHTO, with a group index of 

88.2, and as a lean clay soil (CL) with low plasticity  

by the Unified Soil Classification System (USCS), 

with a low plasticity index of 23.36% and a liquid 

limit of 42.86%. Figure 1 shows the grain size 

distribution curve of the subgrade material. The 

specific gravity (Gs) was 2.690, with an optimum 

moisture content of 16.8%. A CBR (ASTM D1833-

87) was conducted to investigate the subgrade soil 

strength, the test result of35.1% CBR ratio. To set the 

lifted subgrade soil at a low CBR, the unsoaked CBR 

was examined at various water contents to select the 

worst conditions that resulted in a low CBR. To 

achieve this, an unsoaked California bearing ratio 

(CBR) testing procedure was developed and 

implemented. It is crucial to note that the moisture 

content was increased to generate weak subgrade soil; 

hence, soil was compacted at a level more than the 

ideal water content of 26%, resulting in a CBR value 

of 2.1%. 

Fig. 1 Particle Size Distribution for pavement layers 
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3.2 Subbase Material 

 

   The subbase material used in this study was 

acquired from the Al-Ubaidei asphalt plant in 

Baghdad. Sieve analysis revealed a type B subbase 

gradation in accordance with the State Organization 

of Roads and Bridges' Standard Specification for 

Roads and Bridges in Iraq (SCRB, 2003), with a 

coefficient of uniformity (Cu) equal 83.3 and 

coefficient of curvature (Cc) equal 1.01, and D50 

equal to 7 mm. This type is usually used in Iraq due 

to its availability and excellent drainage properties 

and bearing capacity suitable for the subbase layer. 

Standard laboratory tests were performed on the 

subbase materials to check their properties. The 

standard compaction test resulted in a maximum dry 

unit weight of 2.5 g/cm3 in an optimum moisture 

content of 6%. The subbase material had a liquid limit 

of 22% and a specific gravity of 2.57. The CBR ratio 

with compaction to 95% of the maximum dry density 

was 35.1%. Table 1 lists the mechanical and physical 

characteristics of the material along with the relevant 

requirements. 

 

3.3 Wearing Course and Bituminous Base 

Material 

 

     Al-Dura Refinery  in Baghdad supplied the asphalt 

binder, which was utilized to construct the asphalt 

concrete mixture for the bituminous base and wearing 

surface course. The tests for physical properties of the 

binder result in a (40-50) grade asphalt, 113 cm 

ductility, 55 °C softening point, loss on heating 0.27, 

flash and fire point were (294 and 307 °C), rotational 

viscosity of 0.481 Pa.s at 135 °C and 0.122 Pa·s at 

165 °C. this binder used to prepare wearing course 

layer and bituminous base course layer for the test 

models.  

Marshall Mix Design procedure had been used to 

produce a hot bituminous stabilized base mixture and 

wearing course mixture in compliance with the SCRB 

Iraqi standards specification. The range of 3.0-5.5 

percent for the base material was met by the asphalt 

mixture's 3.7% asphalt composition. Table 2 shows 

that the Marshall mixes had an appropriate flow of 3.1 

mm and stability of 9.4 kN. The volumetric 

characteristics included 71.5% VFB, 14.4% VMA, 

and 4.1% air voids. To determine whether the 

aggregate used in this layer is suitable for pavement 

construction, it is subjected to a deleterious test and a 

soundness test using MgSO4. The results were 1.29% 

and 0.0705% for the former and latter, respectively, 

both of which met the standards listed in Table 2. In 

contrast, the hot-wearing course mixture was used as 

a surface layer for the test models, which were 

prepared using the Marshall mix design approach. 

The asphalt content of the design mixture was 

4.8%, which satisfies the 4.0–6.0% range for wearing 

coarse. As shown in Table 2, the Marshall mixes 

exhibited a stability of 10.1 kN and an acceptable 

flow of 3.3 mm. The voids in mineral aggregate were 

15.5 %, the voids filled with binder were 73.5%, and 

the air voids were 4.1%. soundness test for aggregate 

used in wearing course mixture using MgSO4 

revealed a value of 0.121%, and deleterious material 

was 1.314%; all the tests were within the required 

standards.  

 

3.4 Geogrid Material 

 

     Geogrid material was supplied by Shandong 

XiuHe Engineering Materials Co., Ltd. in China. This 

study used two types of geosynthetic materials: PP 

biaxial geogrid BX3030 and PP triaxial geogrid 

TX150. Polyester biaxial geogrid is manufactured 

from high-tenacity multifilament polyester yarns and 

coated with a durable polymer. In contrast, PP triaxial 

geogrid TX150 is manufactured from select grades of 

High-Density Polyethylene through extruding and 

longitudinal stretching processes. It was made with a 

hexagonal shape and three-directionally arranged ribs. 

Consequently, ribs with rectangular cross-sections 

created the triangular apertures. Figure 2 shows the 

geogrid types used, and Table 3 illustrates 

specifications of the geogrids used in this study, 

provided by the manufacturing company. The 

geogrids were installed at two locations within the 

pavement model: In the middle depth of the subbase 

layer and at the subbase – subgrade interface. 

According to Han et al (2018) the interaction between 

the geogrid and aggregate could be increased if the 

ratio of A/Dis suitable, where A is the geogrid 

opening size, and D is the effective aggregate size 

[27]. The reference specified the optimum range for 

biaxial geogrid by (1.30-1.71) and for triaxial geogrid 

by (1.08-1.43) [27]. For this study, the opening size 

of the geogrid is compatible with the aggregate size, 

where the ratio of A/D is equal to 1.42 for the biaxial 

geogrid and equal to 1.57 for the triaxial geogrid. 

 

4. PAVEMENT MODEL DESIGN AND 

CONSTRUCTION 
 

4.1 Experimental Setup 

 

     In this study, the experimental setup and scaled 

models utilized a 1/3 physical scale model to simulate 

the structural responses of a flexible pavement under 

repetitive axle loads. The full-scale pavement 

prototype chosen from the structural design for Iraqi 

Express No. 1 has a wearing surface of 4 cm, a binder 

course of 8 cm, a bituminous base of 20 cm, a subbase 

of 25 cm, and a subgrade thickness of 150 cm. Layers 

of 5.0 cm asphalt, 6.0 cm bituminous base, 9.0 cm 

subbase, and 50.0 cm subgrade were used to make the 

equivalent scaled model, which had a total thickness 

of 70 cm. A rubber tire with an exterior diameter of 

30.5 cm was used to represent the load applied for the 
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Table 1. Iraqi Standards for wearing, Base, and Subbase coarse aggregate gradation (SCRB, 1983-R6) 

Sieve 

Size 

“mm” 

Sieve 

No. 

“inch” 

Aggregate Material Gradation 

Wearing Course Base course Subbase Course 

Iraqi 

Standards 

Passing % 

Blending 

% 

Iraqi 

Standards 

Passing % 

Blending 

% 

Iraqi 

Standards 

Type B 

Passing 

% 

50.8 2 ---- ---- ---- ---- 100 100 

37.5 1.5   100 100 75-95 90.6 

25 1   90-100 95 ---- ---- 

19 ¾   76-90 83 ---- ---- 

12.5 ½ 100 100 56-80 68 ---- ---- 

9.5 3/8 80-100 88 48-74 61 40-75 57.5 

4.75 No. 4 46-76 60 29-59 44 30-60 41.5 

2.36 No. 8 28-58 41 19-45 32 21-47 30.5 

0.3 No. 50 8-24 17 (5-17) 11 14-28 17.2 

0.075 No. 200 4-12 9 (2-8) 5 5-15 2.3 

 

Table 2. Stabilized Base Course and Surface Wearing Coarse Properties 

 

 

 

 

 

 

 

 

 

 

 

tests. The prototype of a half single axle load with 

dual tire 40 KN was reduced to an equivalent load of 

5 KN according to (1/3) scale to preserve similar 

pavement response across the laboratory model and 

the full-scale pavementDimensional analysis based 

on Buckingham Pi Theorem applied to a scaled 

pavement model to ensure that the 1/3 scale 

accelerated loading test (ALT) maintained geometric, 

material, and dynamic similarity with the full-scale 

pavement [28;29], where all linear dimensions were 

reduced by a factor of three. Stress and strain were 

preserved to replicate the mechanical response of the 

pavement model. Consequently, the applied load was 

scaled according to the square of the geometric scale 

as illustrated in Table 4.  

 

 

 

 

 

 

 

 

Fig. 2 (a) Biaxial Geogrid, (b) Triaxial Geogrid 

 

 

 

A 3.0 kW hydraulic actuator was used to apply the 

load with a frequency of 0.21 Hz. This frequency is 

suitable for pavement response investigation since 

high-speed results in a reduction in critical pavement 

response, as the asphalt mixture becomes stiffer at 

higher frequencies [23-30]. 

Table 3. Specifications of PP Biaxial Geogrid 

(BX3030) and PP Triaxial Geogrid (TX150) 

 

Item 
PPX3030 TX150 

MD TD  

Polymer PP PP PP 

Minimum Carbon Black % 2 2 

Aperture Size mm 36 36 40*40*35 

Rip Mid Distance mm - - 40 

Tensile Strength kN/m 30 30 - 

Tensile Strength @ 2% Strain 

kN/m 
10.5 10.5 

- 

Tensile Strength @ 5% Strain 

kN/m 
21 21 

- 

Radial Secant Stiffness at 2% 

Strain kN/m 
- - 

185 

Elongation % 13 13 13 

Junction Efficiency % 93 93 96 

Flexural Rigidity mg-cm 2,000,000 - 

Aperture Stability m-N/deg 0.75 - 

 

To examine other scenarios representing 

moderate pressure and high pressure, the load of 5 

Properties 
Base Wearing course 

Result Specification Result Specification 

Asphalt (%) (40-50) Penetration 3.7 3.0 - 5.5 4.8 4.0-6.0 

Stability (kN) 9.4 Min. 5 10.10 Min. 8 

Flow (mm) 3.1 2 – 4 3.3 2 – 4 

VTM (%) 4.1 3 – 6 4.1 3 – 5 

VMA (%) 14.4 ----- 15.5 ----- 

VFB (%) 71.5 ----- 73.5 70-85 

Density (g/cm3) 2.311 ----- 2.307 ----- 

Deleterious Material (%) 1.29 Max. 3 1.314 Max. 3 

Soundness MgSo4 (%) 0.0705 Max. 18 0.121 Max. 18 

a b 
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KN (480 KPa) was altered to achieve different loads 

and pressures. The additional load tested was 6.5 KN 

and 7.5 KN, corresponding to 560 KPa and 690 KPa 

pressure, respectively. 

 

Table 4. Dimensional Scaling and Similitude 

Criteria 
Parameter Scaling 

Ratio  

Justification 

Length 1:3 Geometric Similarity 

Contact Area 1:9 Derived from length scaling 

Load 1:9 Stress preservation 

Stress  1:1 Governing response 

Strain  1:1 Directly measured 

Temperature  1:1 Surface Pavement 

Temperature (35, 45)°C 

 

4.2 Applied Load Simulation Setup 

 

      An accelerated load test assembly with pneumatic 

actuators and a rigid tire traveling in a unidirectional 

path that applied different contact pressures 

depending on the applied load from 400 kPa to 800 

kPa was used to simulate tire pressure using a 

mechanical load frame, as depicted in Figure 3. This 

range represents the pressures found in typical 

commercial vehicles. The color-spray approach was 

used to experimentally estimate the actual tire–

pavement contact area under the scaled load. To 

replicate actual tire-pavement interaction, the load 

contact area was computed as an equivalent rectangle 

in accordance with Huang Y. H. (2004); the 

dimensions were 8.5*12.3 cm, 8.9*13 cm, and 

8.7*12.6 cm for 480 KPa, 560 KPa, and 690 KPa, 

respectively [1]. The loading configuration was 

created to replicate traffic-induced stress cycles by 

allowing for repeated loading at a regulated pressure. 

 

Fig. 3 Loading Setup 

 

4.3 Load Sequence and Duration 

Each pavement test section was tested by applying 

three sequential load levels of (5 KN, 6.5 KN, and 7.5 

KN) using the same sample of pavement section. At 

the first and second stages, pavement test sections 

received 25,000 load cycles, while the final stage, 

with a load of 7.5 KN, continued until the rutting 

depth accumulated to 19.1 mm, which was adopted as 

the failure criterion. This sequential loading approach 

simulates the accumulation of field damage by 

subjecting the same pavement to successive 

overloading, thus capturing the deformation with the 

load magnitude increase. The total test duration for 

each section was approximately one month, 

depending on the section stiffness and reinforcement 

configuration. 

4.4 Construction of the Scaled Model of Flexible 

Pavement 

      The scaled pavement test sections were built in 

layers within a rigid steel test box that measured 2.0 

meters in length, 1.0 meters in width, and 0.70 meters 

in depth. To prevent the desired moisture content loss, 

a layer of plastic sheet was placed inside the container, 

and silicone was applied to the metal box's joint 

before placement of pavement layers. Based on the 

laboratory compaction test results, each layer was 

prepared and compacted to the desired density and 

moisture content. The water content for each 

subgrade lift was investigated before and after each 

accelerated test to ensure that the subgrade water 

content does not decrease or is minimized during the 

tests. The results show the water moisture content 

range between before the test was 26.130% and 

26.245% within the different lifts and depths, and the 

moisture content after the test ranged between 

26.141% and 26.259%, which varies within an 

acceptable range for a 26% moisture content value. 

The subgrade soil was compacted in successive lifts 

to achieve a target CBR value of 2.1%, thereby 

replicating weak subgrade conditions. The first lift 

was compacted manually by a hand tamper to a 10 cm 

thickness. The subsequent second and third lifts, each 

20 cm thick, were compacted with a Robin Plate 

Compactor EY20, featuring a net weight of 100 kg 

and a 5.0 HP engine. A 3 cm-thick cork layer was 

mounted at the sides and on the bottom of the box 

under the subgrade to attenuate wave reflection from 

the lower base of the rigid metal box and to create a 

realistic boundary condition. The subbase, 

bituminous base courses, and bituminous wearing 

course were constructed and compacted to the 

specified density in a single layer, with thicknesses of 

9.0 cm, 6.0 cm, and 5.0 cm, respectively, using the 

same plate vibratory compactor. The compaction 

process achieves a good representative for field 

compaction and interlocking between subbase 

aggregate and geogrids. For the reinforced sections, 

biaxial and triaxial geogrids were placed at the middle 

depth of the subbase layer and at the subbase-

subgrade interface during construction with 

orientation control using laser alignment and 150 mm 

overlap to be anchored by nails at the corners of the 

test box. The pavement models of test sections are 

listed in Table 5. 
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Table 5. Pavement Test Sections 

 

4.5 Instrumentation and Data Collection System 

 

     A Foil-type strain gauge sensor of 50 mm length 

and a sensitivity range of ± 5000 με, a Linear 

Variable Differential Transformer (LVDT) from 

SONSEIK model TR50 series typically offers a 

length range of 50 mm, with micrometer-level 

resolution, and pancake-type load cell were used to 

measure the pavement's response under repeated 

wheel loads applied by device with a frequency of 

0.21 Hz and a speed of 4.75 km/h (1.320 m/s), the 

device can handle about 750 load cycle applications 

per hour. The strain gauges were embedded above the 

base surface at the interface between the wearing 

surface and the base. Strain gauges typically produce 

a change in electrical resistance, which is converted 

into a voltage signal through a Wheatstone bridge 

circuit. This signal is then translated into strain. 

During each test sequence, real-strain, load, and 

displacement data were acquired with a sample rate 

of 50 readings per second, every 750 cycles or 

roughly every hour, and synced with the loading 

actuator using the data acquisition system and 

LabVIEW program.  

     The sensors were calibrated before every test 

using reference displacement and strain standards, 

and the calibration curves show a linear relation with 

a coefficient of correlation (R2) of more than 0.999. 

Measurement of uncertainty was performed using a 

statistical approach by combining calibration and 

accuracy of the sensors using the root-sum-of-squares 

method, that is, by taking the square root of the sum 

of the individual errors [31].  The results revealed that 

the combined uncertainties at 95 % confidence level 

were ±0.08 mm for LVDT measurements, ±0.01 KN 

for the load cell, and ±3.3 µs for the strain gauges, 

confirming high repeatability in recording data.  

    All sensor data were processed using DIAdem 

2022 software, as it was used to capture the 

measurement records during tests due to its capacity 

for handling large data, channel organization, and 

accurate statistical analysis and visualization. After 

importing the acceleration test data recorded from the 

LLES system, signal quality was first verified by 

examining the time series and identifying unstable 

readings resulting from wheel repositioning or the 

start or end of operation. After that, a low-pass 

smoothing filter was applied to remove noise, which 

is a common practice in pavement response 

measurement [32]. Neighbor-based averaging was 

used to correct abnormal spikes caused by cable 

motion or transient electrical interference, which 

were identified as statistical outliers exceeding ±2 

standard deviations from the local mean [33]. The 

processed data were divided into individual loading 

cycles after cleaning, and the peak value for each 

measured variable in each cycle was extracted. This 

process guaranteed that the final data reflected the 

pavement structural response. Figure 4 represents the 

wave load form for 5 KN applied load.  

 

5. RESULTS AND DISCUSSIONS 

 

5.1 Measurement Repeatability 

     

      One replicate test was conducted for a trial test 

section for each load level to evaluate the consistency 

of measurements. Each section replicates the rutting 

depth and strain, which were measured cumulatively 

with load cycles. Repeatability for measurement was 

evaluated by the measurements for each section with 

the replication test for each section and load level by 

pointwise coefficient of variance and standard error 

[34]. The analysis results are shown in Table 6. 

Results show COV% less than 8 % in terms of rutting 

measurement and 0.645 in terms of strain, with 

standard error of 0.416 and 0.96, respectively, which 

indicates that the sections have consistent and 

repeatable application for rutting and strain 

measurements at multiple cycles. 

Fig. 4 Load Wave Form 

 

Table 6. Reportability Statistics for Rutting and Strain 

Measurements 

 
Variable  Mean Sta. 

Dev. 

C.V. 

(%) 

Standard Error 

Rutting 12.352 0.588 6.759 0.416 

Strain  193.336 1.360 0.645 0.96 

 

5.2 Permanent Deformation (Surface Rutting) 

 

     Five test sections have been tested under an 

accelerated load test application. The first load was 5 

kN (480 kPa pressure), followed by 6.5 KN (560 kPa 

Sec. 

No. 

Type of 

Geosynthetics 

Location of Geosynthetics 

Sec.1 Non Control 

Sec. 2 Triaxial Geogrid Middle of Subbase Thickness 

Sec. 3 Triaxial Geogrid Subbase- Subgrade Interface 

Sec. 4 Biaxial Geogrid Middle of Subbase Thickness 

Sec. 5 Biaxial Geogrid Subbase- Subgrade Interface 
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pressure), and 7.5 KN (690 kPa pressure). Loading 

cycles were applied, 25000 cycles for the first and 

second load, and the third load was applied until the 

rutting depth reached 19.1 mm, following AASHTO 

criteria [35]. The geogrid reinforcement was used in 

two different locations, at the middle depth of the 

subbase layer and at the subbase and subgrade 

interface. Figure 5 compares the rutting depth for 

reinforced and unreinforced test sections. Generally, 

rutting depth increases with the increase in load 

cycles. All sections represent typical progress for 

rutting. In the initial cycles, there was a rapid increase, 

then a gradual, steady accumulation of plastic 

deformation. Similar behavior had been documented 

by several researchers [15-23]. In Figure 5, the rutting 

depth accumulation is characterized by two different 

deformation stages separated by a transition zone [36]. 

The initial densification phase, where the aggregate 

particles rearranged and air voids in the unbound 

layer decreased after 6000 to 10500 cycles. After 

approximately 18000 cycles for the control section 

and 125000 to 150000 cycles for the reinforced 

sections, the slope of the curve increases, indicating 

the beginning of the second phase of plastic 

deformation, where shear strain accumulates at the 

underlying pavement layers. The transition zone 

corresponds to the inflection point of each curve, 

representing the change from densification due to 

compaction to plastic deformation. In comparison to 

the control section, the reinforced sections showed a 

delayed transition, demonstrating that geogrid 

reinforcement minimized shear movement and 

improved the pavement sections' performance. 

Section 1, the control displayed the highest rutting 

rate, while sections 2, 3, 4, and 5 demonstrated better 

resistance to permanent deformation.  

    In terms of rutting depth reduction, using geogrid 

reduced rutting depth by 45% and 34 % for Triaxial 

and Biaxial geogrid at the subbase-subgrade interface, 

while reducing it by 30% and 23% for triaxial and 

biaxial geogrid at the middle depth of the subbase 

course. The utilization of triaxial geogrid was more 

effective than that of biaxial geogrid. This could be 

attributed to the highest radial secant stiffness at 2% 

strain for the triaxial geogrid, which enables it to 

distribute load effectively in three directions under 

different loading scenarios. Despite the superior 

performance of triaxial geogrid, the biaxial geogrid 

achieves good performance in rutting reduction. 

Rutting depth in flexible pavement is generally 

associated with lateral movement and shear 

deformation of base, subbase, and subgrade. The 

observed reduction in permeant deformation under 

the same loading conditions that are clearly shown in 

Figure 5 confirms that the geogrid restrained the 

lateral aggregate movement and limited shear 

deformation accumulation. 

    The Traffic Benefit Ratio (TBR) was computed 

based on the outcomes of the experimental work to 

evaluate the benefit of the geogrid reinforcement. 

TBR can be defined as the ratio between the specific 

cycle for reinforced sections (Nr) to reach a definite 

rutting depth the specific cycle for unreinforced 

sections (Nu) to achieve the same definite rutting 

depth, usually taken as 12.1mm, 19.1 mm, or 25.4 

mm [37]. Increases in rutting depth result in higher 

TBR, suggesting that using a geosynthetic 

reinforcement within the pavement layer will likely 

improve performance [35]. TBR can be calculated 

from Equation (1): 

 

𝑇𝐵𝑅 =
𝑁𝑟

𝑁𝑢
                                                                   (1) 

 

Where:  

Nr = Cycle for Reinforced Section 

Nu = Cycle for Unreinforced Section  

 

Table 6 displays the TBR for two different rutting 

depth criteria, 12.1 mm and 19.1 mm. The test 

findings show that employing the using the triaxial  

geogrid-reinforced at the middle depth of subbase 

course result in an estimated TBR of 3.3 at 12.1 mm 

rutting, corresponding to 231% improvement in load 

repetition and 3.5 at 19.1mm rutting for Section 2, 

corresponding to 251% while using the biaxial 

geogrid in the middle depth of subbase result in a 

TBR of 2.7 at 12.1 mm rutting, corresponding to 

175 % and 3.0 at 19.1mm rutting for Section 4, 

corresponding to 198% improvement.  

 

 
Fig. 5 Load Cycle relation with Permanent 

Deformation 

 

In the same way, using the triaxial geogrid at the 

subbase-subgrade interface in section 3 results in 

TBR of 4.0 at 12.1 mm rutting, corresponding to 

303 % improvement in load repetition, and 4.3 at 

19.1mm rutting, corresponding to 326% 

improvement in load repetition. In contrast, using the 

biaxial geogrid at the subbase-subgrade interface 

results in a TBR of 3.7 at 12.1 mm rutting, 

corresponding to 273 % and 4.1 at 19.1 mm rutting 

for Section 5, corresponding to a 310 % improvement. 

These findings are illustrated in Table 7, which 

reveals the rising TBR at 19.1 mm rutting depth 

compared to 12.1 mm rutting depth, where the TBR 
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value increases when the rutting depth increases, 

resulting in the benefit of geogrids, which is 

confirmed by [38]. 

These results indicate that placing reinforcement 

within the subbase-subgrade interface is more 

effective in delaying rutting compared to locating it at 

the middle depth of the subbase layer because it 

contributes to reinforcing the weakest layer in the 

pavement section, which is the weak subgrade. 

Furthermore, the use of triaxial geogrid gives higher 

TRB values due to providing three-dimensional 

stiffness that enhances load distribution and a better 

confinement mechanism for the subbase. This implies 

the benefit of geogrid utilization to improve load 

distribution.  

     Nevertheless, TBR value for the scaled pavement 

model cannot be directly used to predict field 

pavement life, as they differ significantly according 

to subgrade strength, base or subbase thickness, 

geosynthetic type, loading condition, and rutting 

criteria. Conversely, TBR should be used in the 

Mechanistic-Empirical (M-E) design method through 

back calculation to an equivalent base or subbase 

modulus, structural number, or traffic capacity 

(ESAL) within a design method like AASHTO. It 

should be calibrated against full-scale field data [22; 

37; 39;40]. 

 

Table 7. Traffic Benefit Ratio for Test Sections 

Sec. 

No. 

Rutting Depth 

= 12.1 mm 

% Load 

Repetition 

Improvement 

  

Rutting Depth = 

19.1 mm 

% Load 

Repetition 

Improvement 

  Cycles TBR Cycles TBR 

1 14,000 -----   75,600 -----   

2 46,300 3.3 231 265,000 3.5 251 

3 56,500 4.0 303 322,150 4.3 326 

4 38455 2.7 175 225,000 3.0 198 

5 52150 3.7 273 310000 4.1 310 

 

5.3 Tensile Strain at the Bottom of the Asphalt 

Surface Layer 

      

     All sections showed a rapid increase in tensile 

strain during the early loading stage, followed by a 

gradual accumulation at the second stage, after 

approximately 5000 cycles of loading, where the 

strain rate decreased significantly, as presented in 

Figure 6. From the figure, it can be seen that the 

control section exhibits the largest tensile strain 

during the load cycles, meaning a decrease in 

structural capacity. In contrast, geogrid reinforced 

sections for both triaxial and biaxial geogrid showed 

a significant reduction in tensile strain as presented in 

Figure 7. Where section 3 (TGI) presents the highest 

average reduction value 84% followed by section 5  

 

(BGI) with a reduction percent of 78%, both sections 

reinforced at the subbase-subgrade interface. On the 

other hand, section 2 (TGM) exhibits 62%, and 

section 4 (BGM) shows the lowest percent reduction 

of 49%. This could be due to the geogrid 

reinforcement location. When placed at the mid-depth 

of the subbase, mainly mobilizes interlock and lateral 

confinement and improves the stiffness of the layer 

itself [41], while placement of geogrid at the subbase-

subgrade interface acts where vertical compressive 

and shear strain in the weak subgrade are maximum 

result in direct restraint of shear deformation and 

strain accumulation that provides better performance 

[42]. 

    These reductions indicate an increase in the haul 

pavement structural stiffness due to geogrid 

confinement of subbase aggregate, resulting in a 

reduction in deformation of the wearing surface layer, 

which is consistent with previous studies, which 

stated that geogrid reinforcement could improve 

pavement performance [6-23]. The simultaneous 

reduction in rutting depth and tensile strain implied 

that the geogrid reinforcement improved load transfer 

mechanisms by redistributing the wheel load on a 

larger area and increasing subbase aggregate 

confinement that minimizes and delays structural 

failure. 

 

5.4 Load Sensitivity Analysis 

       

      A load sensitivity analysis was conducted to 

evaluate which reinforcement configuration exhibits 

the lowest sensitivity to load change. The analysis 

includes determining the values of the increase in 

strain at the last 25000 cycles for each load level of 

the test sections and averaging them. Secondly, find 

the sensitivity for every KN increase in load by 

dividing the average increase value by the increment 

of load raised from 5 KN to 7.5 KN, which is a 2.5 

increment. The last step calculates the sensitivity 

index relative to the control (unreinforced section) by 

dividing the sensitivity for each section in (µs/KN) by 

the sensitivity in (µs/KN) for the control section.  

    The results are shown in Table 8 and Figure 7. The 

lower sensitivity index reflects a better load 

distribution and a more stable performance indicator. 

Section 3 (TGI) and Section 5 (BGI) present the 

lowest sensitivity index of 0.30 and 0.35, respectively, 

while Sections 2 and 4 show higher indices of 0.74 

and 0.7 relative to the control section. These results 

further confirm that triaxial geogrid sections offer 

superior structural reinforcement, while the interface 

between subbase and subgrade is the optimal 

reinforcement location. There is a nonlinear relation 

between load and tensile strain (a power relation) as 

shown in Figure 7, with R2 ranging from 0.808 to 

0.999. 
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Fig. 6 Tensile Strain at the Bottom of the Asphalt 

Layer 

 

Fig. 7 Tensile Strain Reduction Percent 

 

 

Fig. 8 Load Sensitivity Analysis for Tensile Strain at 

the Bottom of the Asphalt layer at 25000 cycles 

 

Table 8. Load Sensitivity Analysis Results 

 

 

6. CONCLUSION 

 

The Key finding from the current study can be 

summarized in the following points: 

  

Sect. 

No. 

Reinforcement 

Configuration 

Strain 

Increase 

µs 

Sensitivity 

(µs/KN) 

Sensitivity 

Index 

Relative 

to Control 

Section 

1 control 135 54 1.00 

2 TGM 99 40 0.74 

3 TGI 41 16 0.30 

4 BGM 95 38 0.70 

5 BGI 48 19 0.35 
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1- Load increase results in a significant increase 

in tensile strain at the bottom of the asphalt layer. 

2- Geogrid reinforcement significantly improved 

pavement performance by reducing surface rutting 

and tensile strain at the bottom of the asphalt layer.  

3- Triaxial geogrid demonstrates superior 

performance in both rutting resistance and tensile 

strain reduction compared to biaxial geogrid, with 

more benefit achieved by placing it at the interface of 

subbase-subgrade. 

4- Triaxial geogrid reduced rutting depth by an 

average of 45% when placed at the subbase subgrade 

interface and 30 % when placed at the middle depth 

of the subbase course. 

5- Flexible pavement reinforced with geogrid 

significantly reduces tensile strain at the bottom of the 

asphalt layer, with percentages of 49% to 84% 

depending on reinforcement configuration. 

6- Biaxial geogrid still provides good 

reinforcement relative to unreinforced sections, 

especially when placed at the subbase-subgrade 

interface. 

7- Reinforcement by triaxial geogrid placement at 

the subbase subgrade interface achieves TBR of 4.0 

to 4.3, corresponding to 303-326% improvement in 

load repetition at 12.1 mm and 19.1 mm rutting depth. 

8- Load sensitivity analysis revealed that the 

triaxial geogrid at the subbase-subgrade interface had 

the lowest sensitivity index of 0.30, compared to 1.00 

for the control (unreinforced section). This indicates 

a 70% reduction in sensitivity to load increase and 

superior load distribution.  
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