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Abstract

Stabilization of soils is the most common way of improving soil engineering properties like permeability, compressibility,
durability, strength and plasticity. In this study, all the experiments were carried out to investigate the effects of Carbon-
Nanofiber and lime on the soil stability. Soil was collected from Kajang, Malaysia. According to the American Association of
State Highway and Transportation Officials (AASHTO), the soil is classified as Clayey soil which is considered as weak soil.
The percentage of the optimum water content was found for the native soil using the proctor test. Atterberg’s limit and soil
classification tests were conducted to characterise the native soil while Unconfined Compressive Strength test was
conducted to evaluate the soil-lime-nano mixture. Hydrated lime was added by 5% by weight of the soil and three different
percentages of Carbon-Nanofiber which are 0.05%, 0.075% and 0.1% were chosen to be mixed with soil-lime mixture. The
apparatus of Ultrasonic Homogenizer was used to mix the nano with water to become homogenous and to make sure that
the CNF is not agglomerated. Three different curing times were chosen to be 7, 14 and 28 days. It was found that the
optimum water content of the native soil is 17%. The UCS results show that adding lime to the native soil could not improve
the soil strength sufficiently. However, adding CNF improves the soil-lime mixture. Increasing the CNF percentage and
curing time improve the strength of the soil. The bridge-connecting effect of CNF shown by FSEM images served as a bridge
across voids and cracks, besides assuring load transfer in the case of tension. In conclusion, Carbon-Nanofiber has a
significant potential to improve the strength of weak soil which is stabilized with lime. © 2021, Construction Research
Institute of Malaysia. All rights reserved.

Author Keywords
Carbon; Curing; Fibres; Lime; Mechanical Properties; Nano; Strength of Materials

References

+ (2008) AASHTO M145: Practice for Classification of Soils and Soil-Aggregate Mixtures for
Highway Construction Purposes,
American Association of State and Highway Transportation Officials, Washington, D.C.,
United States

« Abbasi, N., Mahdieh, M.
Improvement of geotechnical properties of silty sand soils using natural pozzolan
and lime
(2018) International Journal of Geo-Engineering, 9 (1), p. 4.

« Alireza, S. G. S., Mohammad, M. S., Hasan, B. M.
(2013) Application of nanomaterial to stabilize a weak soil,

« Alsharef, J., Taha, M. R., Al-Mansob, R. A., Govindasamy, P.
Evaluation of the Dispersion Stability of Nanocarbons Using Zeta Potential in
Distilled Water
(2019) Nano Hybrids and Composites, 26, pp. 8-19.

1 of4 12/27/2021, 4:13 PM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Alsharef, J.M.A., Taha, M. R., Al-Mansob, R. A., Khan, T. A.
Influence of carbon nanofibers on the shear strength and comparing cohesion of
direct shear test and AFM
(2017) Journal of Nano Research, 49.

« Alsharef, Jamal M A, Taha, M. R., Govindasamy, P., Firoozi, A. A., Al-Mansob, R. A.
Effect of nanocarbons on physical and mechanical properties of soils
(2020) Carbon Nanomaterials for Agri-Food and Environmental Applications, pp. 459-485.
Elsevier

« Anday, M. C.
Curing lime-stabilized soils
(1963) Highway Research Record, 29.

+« ASTM D2166: Standard test method for unconfined compressive strength of
cohesive soil
(2003), 4.
ASTM Annual Book of ASTM Standards, American Society for Testing and Materials,
Philadelphia, (08)

« ASTM-D698: Standard test methods for laboratory compaction characteristics of
soil using standard effort
(2012) the Annual Book of ASTM Standards,
ASTM

+ (2005) ASTM-D4318, standard test method for liquid limit, plastic limit, and plasticity index
of soils,

« Behnood, A.
Soil and clay stabilization with calcium-and non-calcium-based additives: A state-of-
the-art review of challenges, approaches and techniques
(2018) Transportation Geotechnics, 17, pp. 14-32.
Elsevier Ltd

« Eades, J. L., Grim, R. E.
A Quick Test To Determine Lime Requirements For Lime Stabilization
(1966) Highway Research Record, p. 139.

« Ghavami, S., Farahani, B., Jahanbakhsh, H., Moghadas Nejad, F.
Effects of silica fume and nano-silica on the engineering properties of kaolinite clay
(2018) AUT Journal of Civil Engineering, 2 (2), pp. 135-142.

« Ghorbani, A., Hasanzadehshooiili, H., Mohammadi, M., Sianati, F., Salimi, M., Sadowski,
L., Szymanowski, J.
Effect of Selected Nanospheres on the Mechanical Strength of Lime-Stabilized High-
Plasticity Clay Soils
(2019) Advances in Civil Engineering,
2019

« Jawad, |. T,, Taha, M. R., Majeed, Z. H., Khan, T. A.
Soil stabilization using lime: Advantages, disadvantages and proposing a potential
alternative
(2014) Research Journal of Applied Sciences, Engineering and
Technology, 8 (4), pp. 510-520.

2 of 4 12/27/2021, 4:13 PM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Khalid, N., Arshad, M. F., Mukri, M., Mohamad, K., Kamarudin, F.
Influence of nano-soil particles in soft soil stabilization
(2015) Electronic Journal of Geotechnical Engineering, 20 (2015), pp. 731-738.

« Khodaparast, M., Rajabi, A. M., Mohammadi, M.
Mechanical properties of silty clay soil treated with a mixture of lime and zinc oxide
nanoparticles
(2021) Construction and Building Materials, 281, p. 122548.

« Loosli, F., Yi, Z., Wang, J., Baalousha, M.
Improved extraction efficiency of natural nanomaterials in soils to facilitate their
characterization using a multimethod approach
(2019) Science of the Total Environment, 677, pp. 34-46.

« Meysam, B., Asgari, M., Mousivand, M.
(2013) Effects of cement and lime treatment on geotechnical properties of a low plasticity
clay,
01)

« Neubauer, C. H., Thompson, M. R.
Stability Properties Of Uncured Lime-Treated Fine-Grained Soils
(1972) Highway Research Record, 381, p. 20.

« Nochaiya, T., Chaipanich, A.
Behavior of multi-walled carbon nanotubes on the porosity and microstructure of
cement-based materials
(2011) Applied Surface Science, 257 (6), pp. 1941-1945.

« Saleh, S., Yunus, N. Z. M., Ahmad, K., Ali, N.
Improving the strength of weak soil using polyurethane grouts: A review
(2019) Construction and Building Materials, 202, pp. 738-752.
Elsevier Ltd

« Shooshpasha, I., Shirvani, R. A.
Effect of cement stabilization on geotechnical properties of sandy soils
(2015) Geomechanics and Engineering, 8 (1), pp. 17-31.

« Taha, M.R., Alsharef, J. M. A., Al-Mansob, R. A., Khan, T. A.
Effects of nano-carbon reinforcement on the swelling and shrinkage behaviour of
soil
(2018) Sains Malaysiana, 47 (1).

« Taha, Mohd Raihan, Alsharef, J. M. A., Khan, T. A., Al-Mansob, R. A., Gaber, M.
Ultrasonic Dispersion of Nanocarbons in Soil-water Mixture
(2020) Materials Science, 26 (1), pp. 3-9.

Correspondence Address
Al-Mansob R.A.-E.A.; Department of Civil Engineering, Malaysia

Publisher: Construction Research Institute of Malaysia

ISSN: 19853807

Language of Original Document: English
Abbreviated Source Title: Malays. Constr. Res. J.
2-s2.0-85121242291

Document Type: Article

Publication Stage: Final

Source: Scopus

3 0of4 12/27/2021, 4:13 PM



Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...

ELSEVIER

4 of 4

Copyright © 2021 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. G_RELX Group™

12/27/2021, 4:13 PM



