STUDY ON SHEAR STRENGTH OF ROOT-SOIL
COMPOSITE FOR SLOPE STABILIZATION USING
GRASS VEGETATION

Nambukara Palliya Guruge Amali

198321G

Degree of Master of Engineering

Department of Civil Engineering

Faculty of Engineering

University of Moratuwa
Sri Lanka

May 2024



STUDY ON SHEAR STRENGTH OF ROOT-SOIL
COMPOSITE FOR SLOPE STABILIZATION USING
GRASS VEGETATION

Nambukara Palliya Guruge Amali

198321G

Thesis/Dissertation submitted in partial fulfillment of the requirements for the degree

Degree of Master of Engineering

Department of Civil Engineering

Faculty of Engineering

University of Moratuwa
Sri Lanka

May 2024



DECLARATION

I declare that this is my own work and this thesis/dissertation does not incorporate
without acknowledgement any material previously submitted for a degree or diploma
in any other University or Institute of higher learning and to the best of my knowledge
and belief it does not contain any material previously published or written by another
person except where the acknowledgement is made in the text. | retain the right to use
this content in whole or part in future works (such as articles or books).

Signature: Date: 13" May 2024

The above candidate has carried out research for the PhD/MPhil/Masters
thesis/dissertation under my supervision. I confirm that the declaration made above by
the student is true and correct.

Name of Supervisor:

Prof. U.P. Nawagamuwa

BSc. Eng. Hons (Moratuwa), MEng (AIT), DrEng (YNU), CEng, FIE(SL)
Professor

Department of Civil Engineering, University of Moratuwa,

Sri Lanka

Signature of the Supervisor: Date: 13" May 2024



ACKNOWLEDGEMENT

I am deeply grateful to University of Moratuwa and Department of Civil Engineering
for affording me opportunity to conduct this research. | extend my heartfelt
appreciation to my esteemed supervisors Prof. U.P. Nawagamuwa, Dr. M.A.
Pallewatta for their invaluable guidance and support extended for the success of the
research.

| extend my sincere thanks to Prof. S.A.S. Kulathilaka, Prof. Nalin de Silve, all the
lectures of M.Eng program, and staff of the geotechnical engineering division of
University of Moratuwa, for their generous assistance and collaboration.

Special gratitude is extended to Dr. Asiri Karunawardena, Director General, National
Building Research Organisation (NBRO), Mr. K.N. Bandara, Director, Geotechnical
Engineering Division, NBRO, Dr. Sanchitha Jayakody, all the staff members and lab
assistants for their invaluable support and insightful advice.

Furthermore, | express my gratitude to my colleagues for their collaboration during
the experimental work. Lastly, | am deeply thankful to my beloved husband, my
parents and my sisters for their encouragement and continuous support throughout this
journey.



ABSTRACT

Bio-engineering or utilizing plants to reinforce slopes and prevent erosion, for
stabilization of both natural and man-made slopes is a cost-effective and sustainable
alternative, especially in developing countries like Sri Lanka. Several factors influence
the plant roots' ability to increase shear strength. This study investigates influence of
Chrysopogon zizanioides (Vetiver grass) roots on soil’s shear strength, focusing on its
application in slope stabilization. Shear strength characteristics of soil and soil
reinforced with various concentrations of Vetiver grass roots were investigated using
large direct shear tests conducted utilizing reconstituted test specimens, to assess their
impact on soil shear strength. Stress-strain curves show that, root-reinforced soil
exhibit higher shear strength compared to soil-only specimens. Results indicate a
proportional increase in shear strength with higher RAR values, with root-permeated
soil specimens demonstrating an average shear strength enhancement of
approximately 2.5-4 kPa compared to unreinforced specimens, with the increase in
RAR up to 1%. The findings suggest that presence of Vetiver roots in soil significantly
enhances its shear strength parameters, leading to higher cohesion in root-reinforced
soil specimens compared to soil-only specimens. As the RAR increases, indicating a
higher density of roots in soil, cohesion of root-reinforced soil specimens also
increases proportionally. For the applied normal stress range, observed increase in
cohesion of 2 kPa with the increase in RAR up to 1%. Specifically, with a 1% RAR,
the study indicates a potential 6% increase in factor of safety, which is a significant
improvement of slope stability.

Keywords: Bio-engineering, Chrysopogon zizanioides, Large direct shear test, Slope
stabilization
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