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Abstract 

 

Despite many efforts by industry and environmental organizations to reduce industrial waste 

production and improve productivity over the past few decades, reducing industrial waste is 

still complex and costly. One of the appropriate methods with the aim of reducing costs and 

replacing this type of waste is to use different types of it as additives in the construction industry 

in construction projects. In this paper, the maximum dry density, Optimum moisture content 

and CBR value of stabilized soil specimens mixed with crushed stone obtained from rock 

factory waste have been investigated. The effects of the crushed stone waste, cement or lime 

contents, curing time and number of freeze-thaw cycles have been investigated. The results of 

standard Proctor compaction tests show that the maximum dry density has an increasing trend 

due to the increase in crushed stone, cement or lime content, and also the optimum moisture 

decreased significantly with the increase of the crushed stone content. The results of the CBR 

test show that the increase in processing time caused a significant increase in CBR values. 

Increasing the crushed stone waste in lime or cement-stabilized specimens results in an increase 

of CBR value. Increasing the cement or lime content increases the strength of the specimens 

for a given crushed stone content and curing time. Comparing the results between cement and 

lime-stabilized specimens shows that cement-stabilized specimens have more resistant than 

lime-stabilized specimens under the same condition. The results of freezing-thawing tests show 

that increasing the number of freeze-thaw cycles decreases the CBR value of lime or cement-

stabilized specimens. The effect of the number of freeze-thaw cycles on reducing the resistance 

of the specimens is more significant with increasing the crushed stone content. 
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Extended Abstract 

1. Introduction 

 
In situ soil stabilization using stabilizer materials such as cement and lime to stabilize a construction 

site is a method of meeting land shortages. Many studies have been done on the geotechnical 

characteristics of cement or lime-stabilized soil (Yoon and Abu-Farsakh 2009, Bayat et al. 2013, Saeed 
et al. 2015, Saadat and Bayat 2019, Wang et al. 2019, Yin et al. 2019). The addition of cement or lime 

will enhance the geotechnical behaviour of the soil over the curing period by occupying the intra-

aggregate pore spaces and development of cementation bonding (Horpibulsuk et al. 2010). Natural 
pozzolan, fly ash, and rice husk ash have been added to conventional stabilizer as environmentally 

friendly approaches (Vakili et al. 2013, Cheng et al. 2018). On the other hand, researchers have 

attempted to convert industrial waste to alternative materials for the civil engineering projects which 

are cost-effective and environmental-friendly which includes soil stabilization (Al-Bared et al. 2018, 
Panfilova et al. 2020), concrete additives (Al-Bared et al. 2018, Kim et al. 2020), construction blocks 

(Carvalho et al. 2014) and road pavement (Fırat et al. 2012, Jafar 2016, Li et al. 2019).  

 

2. Materials and methods 

 
In the current study, the effects of crushed stone waste content, cement content, soaked and unsoaked 
soil conditions and freeze-thaw cycles on the mechanical characteristics of silty sand have been studied. 

Tests for pH measurement, modified Proctor compaction, California bearing ratio (CBR) and 

unconfined compression (UCS) were conducted. Scanning Electron Microscopy (SEM) was also used 
to investigate interactions between the materials to obtain an insight into the reaction mechanisms. 

 

3. Results and Discussion 

 
The results of modified Proctor compaction tests indicate that an increase in MDD and a decrease in 

OMC with an increase in the crushed stone waste content. Increasing the cement content from 0% to 
7% increased the OMC, but had a negligible effect on the MDD at a given stone waste content. 

The increase of OMC with increasing cement content may be due to the more added fine materials 

and/or to the hydration of the cement. The pH measurement results indicate that the natural soil had a 
pH of 8.80 and the pH of the stabilized soil was 9.10–10.40, which was primarily independent of the 

crushed stone waste content. 

The CBR test results indicated that the CBR value increased gradually with an increase in the crushed 
stone waste or cement content. However, the CBR values of the stabilized specimens with a crushed 

stone waste content of 10% decreased as the cement content increased from 3% to 5% and continued 

to increase up to a cement content of 7%. The UCS results show that an increase in the cement content 

resulted in an increase in the UCS. An increase in the stone waste content from 0% to 10% increased 
the UCS and after it the UCS decreased slightly with crushed stone waste contents above 10%.  The 

freeze-thaw test results show that the CBR and UCS value decreased with an increase in the number of 

freeze-thaw cycles. The effect of the freeze-thaw cycles on the CBR and UCS values of the stabilized 
specimens was greater for the cement-stabilized specimens with high cement contents. The SEM results 

show that during the freezing process, ice crystals, ice lenses and ice layers of various sizes and shapes 

tended to segregate the soil, resulting in an increase in volume and creation of cracks and fissures.  
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4. Conclusion 

 
Based on the tests results the following conclusions were reached: 
The addition of crushed stone waste to soil specimens increased the MDD and decreased the OMC. 

However, as the cement content in the soil specimens increased, the OMC increased, but the MDD did 

not change significantly. The pH values of the specimens increased due to increasing cement content. 

An increase in the crushed stone waste or cement content result in an increase in the CBR values. The 
crushed stone waste content results in a significant increase in the CBR value. Generally, the UCS 

increased with an increase in the crushed stone waste content from 0% to 10% and then decreased with 

a further increase in the crushed stone waste content. Comparison of the results of tests under soaked 
and unsoaked conditions indicated that the unsoaked UCS and CBR values were greater than those for 

the corresponding soaked values. The results of freeze-thaw tests showed a decrease in the UCS and 

CBR values with an increase in the number of freeze-thaw cycles.  
 

References: 

 
Al-Bared, M.A.M., Marto, A., and Latifi, N. 2018. Utilization of Recycled Tiles and Tyres in 

Stabilization of Soils and Production of Construction Materials – A State-of-the-Art Review. 

Springer Verlag. 
Bayat, M., Asgari, M.R., and Mousivand, M. 2013. Effects of cement and lime treatment on 

geotechnical properties of a low plasticity clay. In International Conference on Civil Engineering 

Architecture & Urban Sustainable Development 27&28 November 2013, Tabriz, Iran Effects. 

Carvalho, A., de Castro Xavier, G., Alexandre, J., Pedroti, L.G., de Azevedo, A.R.G., Vieira, C.M.F., 
and Monteiro, S.N. 2014. Environmental durability of soil-cement block incorporated with 

ornamental stone waste. Materials Science Forum, 798–799(June): 548–553. 

doi:10.4028/www.scientific.net/MSF.798-799.548. 
Cheng, Y., Wang, S., Li, J., Huang, X., Li, C., and Wu, J. 2018. Engineering and mineralogical 

properties of stabilized expansive soil compositing lime and natural pozzolans. Construction and 

Building Materials, 187: 1031–1038. Elsevier Ltd. doi:10.1016/j.conbuildmat.2018.08.061. 

Fırat, S., Yılmaz, G., Cömert, A.T., and Sümer, M. 2012. Utilization of marble dust, fly ash and waste 
sand (Silt-Quartz) in road subbase filling materials. KSCE Journal of Civil Engineering, 16(7): 

1143–1151. Springer Verlag. doi:10.1007/s12205-012-1526-4. 

Horpibulsuk, S., Rachan, R., Chinkulkijniwat, A., Raksachon, Y., and Suddeepong, A. 2010. Analysis 
of strength development in cement-stabilized silty clay from microstructural considerations. 

Construction and Building Materials, 24(10): 2011–2021. Elsevier. 

doi:10.1016/j.conbuildmat.2010.03.011. 
Jafar, J.J. 2016. Utilisation of waste plastic in bituminous mix for improved performance of roads. 

KSCE Journal of Civil Engineering, 20(1): 243–249. Springer Verlag. doi:10.1007/s12205-015-

0511-0. 

Kim, S.K., Jang, I.Y., and Yang, H.J. 2020. Strength Development Characteristics of Concrete Replaced 
with Different Waste Glasses from Display Industry as a Cementitious Material. KSCE Journal of 

Civil Engineering,: 1–10. Springer Science and Business Media LLC. doi:10.1007/s12205-020-

0223-y. 
Li, J., Xiao, F., Zhang, L., and Amirkhanian, S.N. 2019. Life cycle assessment and life cycle cost 

analysis of recycled solid waste materials in highway pavement: A review. Elsevier Ltd. 

Panfilova, M.I., Zubrev, N.I., Efremova, S.Y., Yakhkind, M.I., and Gorbachevskii, V.P. 2020. 
Strengthening of water-saturated soils of the bases of underground structures with composite 

solutions modified by industrial waste, boehmite. Case Studies in Construction Materials, 12. 

doi:10.1016/j.cscm.2019.e00323. 

Saadat, M., and Bayat, M. 2019. Prediction of the unconfined compressive strength of stabilised soil by 



 

 

Iranian Journal of Engineering Geology 

Winter 2022, Vol.14, No.4 

 

96 

 

Adaptive Neuro Fuzzy Inference System (ANFIS) and Non-Linear Regression (NLR). 
Geomechanics and Geoengineering,. Taylor and Francis Ltd. doi:10.1080/17486025.2019.1699668. 

Saeed, K.A., Kassim, K.A., Nur, H., and Yunus, N.Z.M. 2015. Strength of lime-cement stabilized 

tropical lateritic clay contaminated by heavy metals. KSCE Journal of Civil Engineering, 19(4): 
887–892. Springer Verlag. doi:10.1007/s12205-013-0086-6. 

Vakili, A.H., Selamat, M.R., Moayedi, H., and Amani, H. 2013. Stabilization of dispersive soils by 

pozzolan. Forensic Engineering 2012: Gateway to a Better Tomorrow - Proceedings of the 6th 

Congress on Forensic Engineering,: 726–735. doi:10.1061/9780784412640.077. 
Wang, T. liang, Song, H. fang, Yue, Z. run, Hu, T. fei, Sun, T. cheng, and Zhang, H. bing. 2019. Freeze–

thaw durability of cement-stabilized macadam subgrade and its compaction quality index. Cold 

Regions Science and Technology, 160(August 2018): 13–20. Elsevier. 
doi:10.1016/j.coldregions.2019.01.005. 

Yin, J., Han, W. xia, Xu, G. zhong, Hu, M. ming, and Miao, Y. hong. 2019. Effect of Salinity on 

Strength Behavior of Cement-treated Dredged Clay at High Initial Water Contents. KSCE Journal 
of Civil Engineering, 23(10): 4288–4296. Springer Verlag. doi:10.1007/s12205-019-0695-9. 

Yoon, S., and Abu-Farsakh, M. 2009. Laboratory investigation on the strength characteristics of 

cement-sand as base material. KSCE Journal of Civil Engineering, 13(1): 15–22. Springer. 

doi:10.1007/s12205-009-0015-x. 

 


