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Abstract: Utilizing construction and demolition (C&D) waste as a base or subbase material in road 

construction offers a viable solution for managing construction waste and reducing dependence on quarry 

aggregates. In this study, large-scale model pavement experiments were conducted on triaxial geogrid 

stabilized C&D waste aggregates as a base layer. The performance was compared to that of quarry 

aggregates, with analogous experiments performed on quarry aggregates using the same triaxial geogrid. 

The tests were executed in a tank with dimensions of 1.5 m × 1.5 m × 1.0 m. The geogrid was strategically 

placed at the interface between the base and subbase layers overlying a subgrade with California Bearing 

Ratio (CBR) of 12%. The improvements in performance from geogrid stabilization were measured in terms 

of the modulus improvement factor (MIF), which was found to be 1.81 for quarry aggregates and 1.57 for 

C&D waste. This study highlights the effectiveness of C&D waste as a sustainable alternative to quarry 

aggregates for flexible pavement base and subbase layers. It also examines surface deformation, subgrade 

contact pressure, and rut depth profiles under various applied pressures with and without triaxial geogrid. 
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Introduction: 

Major regions such as Europe, the USA, the UK, 

Australia, and India face challenges in managing 

C&D waste, which is often dumped in open lands 

due to overproduction and the decreasing 

availability of disposal sites. These materials 

could become valuable resources if properly 

processed and reused in engineering 

infrastructures (Abedin Khan et al., 2024). 

However, factors such as demolition methods, 

material age, and source of extraction 

significantly influence their field performance. 

The construction of pavements consisting of base 

and subbase layers consume substantial quantity 

of aggregate materials. At the same time, quarry 

aggregate resources are rapidly depleting due to 

excessive utilization in engineering infrastructure, 

creating an urgent need to conserve these 

resources and find alternative materials. 

Numerous studies on pavements have explored 

conserving these materials through chemical or 

mechanical stabilization to address the limited 

availability of quarry aggregates. However, this 

approach has not significantly reduced the 

quantity of quarry aggregates used. To address 

this issue, the replacement of these materials with 

alternatives like C&D waste has been adopted. 

C&D waste offers several advantages, with 

characteristics such as size, shape, texture, and 

engineering properties comparable to quarry 

aggregates, as reported in various studies 

(Mehrjardi et al., 2020). However, its 

heterogeneous nature, resulting from the mixture 

of materials of different ages (both fresh and used) 

collected from various sources, leads to lower 

performance compared to quarry aggregates. For 

this reason, material stabilization is necessary for 

C&D waste, and numerous studies have 

demonstrated the effectiveness of chemical 

stabilization using lime, fly ash, Portland cement, 

and slag in enhancing its performance 

(Mohammadinia et al.,2016). However, chemical 

stabilization of C&D waste may cause 

environmental contamination, increase the carbon 

footprint, and pose health risks due to chemical 

leaching and emissions. Durability issues can also 

arise under adverse conditions, reducing long-

term performance. Recently, biaxial geogrid 

materials have emerged in pavement engineering 

to stabilize base and subbase materials (Giroud & 

Han, 2004). Many previous studies have 

examined the use of planar biaxial geogrids for 

stabilizing granular materials, and the benefits 

have been quantified in terms of extended 

pavement life, reduced thickness, or increased 

traffic capacity for the same pavement thickness 

compared to conventional designs (Goud et al., 

2022). However, there is a lack of research on 

triaxial geogrid stabilization of different granular 

materials (quarry aggregates and C&D waste) and 

a comprehensive comparison of results between 

stabilized and unstabilized granular materials for 

use in pavement base layers. Triaxial geogrids 

offer significant advantages over biaxial geogrids 

due to their advanced design and structural 

characteristics, which provide uniform stiffness in 

multiple directions and enhance the confinement 



of granular materials. The triaxial geogrid is 

positioned at the interface between the base and 

subbase layers to prevent local shear failures at 

the interface and enhance load distribution (Abu-

Farsakh et al., 2016). The base layer material was 

placed on top of a subgrade of CBR of 12%, 

simulating real field conditions commonly found 

at pavement construction sites. This study 

conducts large-scale model pavement 

experiments using triaxial geogrids for quarry 

aggregates and C&D waste. The load-settlement 

response was analyzed for unstabilized and 

stabilized sections, with improvements reported 

in terms of modulus improvement factor (MIF). 

The performance of stabilized C&D waste is 

compared with both control and stabilized quarry 

aggregate sections. Additionally, surface 

deformation, subgrade contact pressure, and rut 

depth profiles are examined for both materials 

with and without stabilization. 

Materials: 

Subgrade soil: 

Red soil was collected from a site in the IIT 

Hyderabad campus and classified as clayey sand 

(SC) based on the Unified Soil Classification 

System (USCS). It has a specific gravity of 2.36, 

a maximum dry unit weight of 19.9 kN/m³, and an 

optimum water content of 10.8%. The soil 

comprises 64% coarse and 36% fine fractions, 

with a liquid limit of 37%, a plastic limit of 20%, 

and a plasticity index of 17%. For large-scale 

model pavement experiments, the water content 

and compacted density are calibrated to a soaked 

CBR of 12%. The corresponding moisture content 

and compacted dry density are found to be 10.3% 

and 20.8 kN/m³. 

Quarry aggregate and C&D waste 

Locally sourced quarry-crushed aggregates were 

collected and verified for compliance with 

Ministry of Road Transport and Highways 

(MoRTH) gradation limits for base and subbase 

layers. Their maximum dry unit weight and 

optimum water content were found to be 22.7 

kN/m³ and 5.5%, respectively. C&D waste was 

collected from a recycling plant in Jeedimetla, 

Telangana, India. The gradation of the C&D waste 

was adjusted to comply with the MoRTH 

(MoRTH, 2013) specifications for base layers. 

This was achieved by blending different sizes of 

crushed recycled aggregates as shown in Figure 1. 

It has a maximum dry unit weight of 19.7 kN/m³ 

and optimum water content of 9.24%. The CBR is 

found to be 143%, while the Los Angeles abrasion 

and aggregate impact values are equal to 40% and 

32%, respectively, meeting the minimum criteria 

for use in base layers as per Indian Road Congress 

(IRC) (IRC, 1997) guidelines. 

 

Figure 1. Particle size distributions of the pavement 

materials. 

Geogrid: 

Triaxial polypropylene geogrid, used in this study, 

features equilateral triangular apertures with 40 

mm sides as shown in Figure 2. Table 1 gives the 

physical and mechanical properties of the 

geogrid. 

 

Figure 2. Image of the triaxial geogrid used in the study. 

Table 1: Physical and mechanical properties of geogrid 

used in the study. 

Test particulars Triaxial160 

Geogrid type Triaxial 

Aperture opening, mm (MD×CMD) Each side 40 mm 

Mid rib width, mm (MD × XMD)  1.7 

Mid rib thickness, mm (MD ×XMD) 1.3 

Junction thickness, mm 2.6 

Triaxial grid each rib pitch, mm 40 ×40 ×40  

Radial stiffness at 0.5% strain, (kN/m) 300 

Junction efficiency, (%) 95 

Note: MD refers to the machine direction along the roll, 

while XMD denotes the cross-machine direction across 

the roll. 

Experimental program and test bed 

preparation with instrumentation: 

Five large-scale model pavement experiments 

were conducted in a 1.5 m × 1.5 m × 1.0 m steel 



test chamber. One test was on the subgrade alone, 

while two unstabilized and two stabilized tests 

were performed on granular layers (quarry 

aggregate, C&D waste) overlying the subgrade. 

Pavement sections followed IRC-2019 

guidelines, with the base and subbase layers 

combined into a single 350 mm WMM layer for 

easy analysis of the test results. A 500 mm thick 

subgrade ensured continuous plunger contact 

during loading. Layers were prepared in 100 mm 

lifts using calibrated compaction energy, with a 

4.32 kg manual rammer for the subgrade and a 27 

kg plate vibrator for the granular layer. A triaxial 

polypropylene geogrid (160 kN/m tensile 

strength) was placed 150 mm below the top of the 

granular layer as shown in Figure 3, with a 100 

mm anchorage length. Four linear variable 

displacement transducers measured surface 

deformation, while three earth pressure sensors at 

the subgrade-granular layer interface recorded 

subgrade contact pressure. Loading was applied 

via a double-acting actuator (100 kN load cell, 

100 mm displacement transducer) connected to a 

reaction frame, with data acquisition managed 

using the MTS station manager and data 

acquisition software. 

 

Figure. 3. Installation of the triaxial geogrid and the 

experimental setup. 

Results and discussion: 

Comparison of bearing pressure-settlement 

response for quarry aggregate, C&D waste, 

and stabilized C&D waste: 

The response of the triaxial geogrid in stabilizing 

granular materials was analyzed systematically. 

The subgrade simulation involved filling soil in a 

testing tank and calculating its elastic modulus 

(26.4 MPa) using elasticity theory, behaving as a 

semi-infinite elastic medium due to negligible 

pressure at the tank bottom. A granular layer was 

then overlaid, and Ueshita and Meyerhof's theory 

was applied to determine its modulus: 96 MPa for 

quarry aggregate and 62 MPa for C&D waste. 

Quarry aggregates outperformed C&D waste due 

to their homogeneous composition and superior 

angularity, while C&D waste, being 

heterogeneous, exhibited lower quality. 

Stabilization with a triaxial geogrid improved 

stiffness by restraining material within its 

triangular apertures. Stabilized quarry aggregates 

performed best, while stabilized C&D waste, 

though inferior to stabilized quarry aggregates, 

performed equivalently to the unstabilized quarry 

aggregate section as shown in Figure 4. The 

improvement was quantified using the Modulus 

Improvement Factor (MIF), defined as the ratio of 

the modulus of the stabilized granular layer to that 

of the unstabilized layer. The MIF values were 

1.81 for quarry aggregates and 1.52 for C&D 

waste, with C&D waste achieving 65% of quarry 

aggregate stiffness. However, with stabilization, 

C&D waste became a viable alternative to natural 

aggregates in pavement applications. 

 

Figure 4. Pressure vs. Settlement response of granular 

materials with and without stabilization. 

Comparison of surface deformation profiles of 

quarry aggregate, C&D waste, and stabilized 

C&D waste  

Surface deformation of model pavement sections 

was measured under applied pressures of 300, 

550, and 1000 kPa for both stabilized and 

unstabilized sections. Control sections exhibited 

greater deformation than stabilized sections. 

Quarry aggregate control section deformations 

were 1.6 mm, 3 mm, and 6.4 mm, while C&D 

waste were 2.1 mm, 3.5 mm, and 8 mm. Triaxial 

geogrid reinforcement significantly reduced these 

values, with stabilized quarry aggregates showing 

deformations of 1.3 mm, 2.1 mm, and 4.8 mm, 

and stabilized C&D waste showing 1.7 mm, 2.9 

mm, and 7.4 mm. Reduction in surface 

deformation was calculated relative to control 

sections. At 300 kPa, the reduction was similar for 

both materials, but at 550 kPa and 1000 kPa, it 

increased for quarry aggregates and decreased for 

C&D waste (refer to Figure 5). The reductions 

were 19.8%, 28%, and 25.5% for quarry 

aggregates, and 22%, 14.7%, and 6.3% for C&D 

waste, respectively. 



 

Figure 5. Surface deformation profiles for granular 

materials with and without stabilization. 

Comparison of subgrade contact pressure 

profiles for quarry aggregate, C&D waste, and 

stabilized C&D waste  

Figure 6 shows the applied pressure transferred to 

the subgrade for both control and stabilized 

sections. The earth pressure cell, placed below the 

loaded plate center, recorded pressures of 16.7 

kPa, 30.2 kPa, and 124 kPa for quarry aggregate 

under applied pressures of 300, 550, and 1000 

kPa, respectively, which reduced to 10 kPa, 22.6 

kPa, and 81.7 kPa in the stabilized section. For 

C&D waste, recorded pressures were 17.7 kPa, 

41.9 kPa, and 126 kPa, reduced to 14 kPa, 34.6 

kPa, and 101.7 kPa with stabilization. 

Reinforcement altered the contact pressure profile 

from a bell shape to a wider distribution, with 

quarry aggregates more effectively reducing 

subgrade pressure than C&D waste. The profiles 

were constructed assuming symmetry. 

 

Figure 6. Subgrade contact pressure profiles for the 

granular materials with and without stabilization. 

Comparison of surface and rut depth 

deformations for unstabilized and stabilized 

sections: 

Due to subgrade contact pressures, a depression 

footprint was formed at the surface. A 1 m rut rod 

with square plates on both sides measured rut 

depth at the subgrade level. For applied pressures 

of 300, 550, and 1000 kPa, quarry aggregates had 

rut depths of 0.15 mm, 0.34 mm, and 1.07 mm, 

reducing to 0.1 mm, 0.19 mm, and 0.79 mm with 

reinforcement (refer to Figure 7). C&D waste 

showed rut depths of 0.2 mm, 0.47 mm, and 1.39 

mm, reducing to 0.19 mm, 0.41 mm, and 1.29 mm 

with stabilization.  

 

Figure 7. Rut depth at the surface, and subgrade level for 

the granular materials with and without stabilization. 

Conclusions: 

The triaxial geogrid effectively stabilized granular 

materials, leading to the following conclusions: 

• The MIF of stabilized quarry aggregates and 

C&D waste was found to be 1.81 and 1.57 for, 

with C&D waste underperforming by 35%. 

However, stabilized C&D waste performed 

equivalently to the quarry aggregate control 

section. 

• Triaxial geogrid stabilized sections reduced 

surface deformation, with a maximum reduction 

of 28% for quarry aggregates and 22% for C&D 

waste. 

• Triaxial geogrid stabilized sections distributed 

loads over larger areas, reducing subgrade contact 

pressures by 40% for natural aggregates and 21% 

for C&D waste. 

• Rut depths for all sections met IRC 37-2019 

guidelines, staying within the 20 mm limit. 

References:  

Abedin Khan, Z., Balunaini, U., Costa, S., & Nguyen, N. 

H. T. (2024). A review on sustainable use of 

recycled construction and demolition waste 

aggregates in pavement base and subbase layers. 

Cleaner Materials, 13(August). 

https://doi.org/10.1016/j.clema.2024.100266 

Abu-Farsakh, M. Y., Akond, I., & Chen, Q. (2016). 

Evaluating the performance of geosynthetic-

reinforced unpaved roads using plate load tests. 

International Journal of Pavement Engineering, 

17(10), 901–912. 

https://doi.org/10.1080/10298436.2015.1031131 

Giroud, J. P., & Han, J. (2004). Design Method for 

Geogrid-Reinforced Unpaved Roads. II. 

Calibration and Applications. Journal of 

Geotechnical and Geoenvironmental Engineering, 

130(8), 787–797. 

https://doi.org/10.1061/(asce)1090-

0241(2004)130:8(787) 

Goud, G. N., Ramu, B., Umashankar, B., Sireesh, S., & 

Madhav, M. R. (2022). Evaluation of layer 

coefficient ratios for geogrid-reinforced bases of 

flexible pavements. Road Materials and Pavement 

Design, 23(1), 199–210. 

https://doi.org/10.1080/14680629.2020.1812424 

Indian Road Congress. (1997). 

Mohammadinia, A., Arulrajah, A., Sanjayan, J., Disfani, 



M. M., Win Bo, M., & Darmawan, S. (2016). 

Stabilization of Demolition Materials for Pavement 

Base/Subbase Applications Using Fly Ash and Slag 

Geopolymers: Laboratory Investigation. Journal of 

Materials in Civil Engineering, 28(7). 

https://doi.org/10.1061/(asce)mt.1943-

5533.0001526 

MoRTH. (n.d.). Ministry of Road Transport & Highways 

Specifications for Road and Bridge Works ( Fifth 

Revision ). 

Tavakoli Mehrjardi, G., Azizi, A., Haji-Azizi, A., & 

Asdollafardi, G. (2020). Evaluating and improving 

the construction and demolition waste technical 

properties to use in road construction. 

Transportation Geotechnics, 23(February), 

100349. 

https://doi.org/10.1016/j.trgeo.2020.100349 

 


