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ABSTRACT

Road embankments and other constructions on deposits of natural soft clay are still a
challenge in geotechnical engineering work. The used of various soil improvement
methods to stabilise the soft clay need to be carried out in order to increase the bearing
capacity and reduce the settlement. Most methods are costly while the time taken to
complete the improvement works takes a long period. The Soft Soil Research Group of
Universiti Teknologi Malaysia had proposed the combined used of bamboo as a green
technology and a layer of low strength geotextile to become a reinforcement system called
the “Bamboo-Geotextile Composite” (BGC). Full-scale embankments on BGC system
reinforced soft clay (BGC embankment) together with an embankment on unreinforced
soft clay (UR embankment) and also an embankment on high strength geotextile
reinforced on soft clay (HSG embankment) had been constructed. Each embankment
measured 10 m long, 16 m wide and about 3 m height. Semantan Bamboo of about 8 cm
outer diameter with 48-94 MPa tensile strength and 43-49 MPa bending strength, and TS
40 Geotextile of 13.5 kKN/m length tensile strength were selected as the materials for the
system. In BGC system, the bamboo poles arranged in 1 m x 1 m square pattern were laid
at the top of soft clay layer and the geotextile was then laid on top of bamboo. The
objectives of this research are to determine the performance of BGC embankment and to
develop a representative method of modelling the BGC embankment through the
evaluation of field data using finite element (FE) model from PLAXIS 2D computer
software. The embankments were monitored since the start of the construction until Day
418. Field monitoring data showed that the used of BGC system reduced more than 20% of
immediate settlement and 57% of lateral movement during construction compared to UR
embankment. The confinement of the soft clay in square pattern arrangement of bamboo
increased the bamboo stiffness while the tensile resistance of horizontal ribs and
compressive resistance of vertical ribs of bamboo prevented excessive settlement. The
BGC system retained the surcharge load and distributed only small load to the underlain
soft clay soil resulting in smaller consolidation settlement compared to UR and HSG
embankments. The BGC system was best modelled as a geogrid element using PLAXIS
2D software. Although the drainage capability as well as the buoyancy effect of the BGC
system could not be modelled, the settlement at the centre point of BGC embankment
showed that the result from FE model differs only 1% from the field settlement at the end
of construction while at Day 418, the model overestimated about 6%. For the lateral
movement, the model predicted about 100% higher than the field value while the location
of the maximum lateral movement was predicted to occur at a greater depth compared to
the field performance. Hence, it can be deduced that the BGC embankment can be
modelled using PLAXIS 2D software, in which the prediction for settlement can be better
represented.
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ABSTRAK

Tambakan jalan dan binaan lain di atas endapan tanah liat lembut semulajadi masih
lagi menjadi cabaran dalam kerja-kerja kejuruteraan geoteknik. Penggunaan pelbagai
kaedah pembaikan tanah untuk menstabilkan tanah liat lembut perlu dilakukan untuk
meningkatkan keupayaan galas dan mengurangkan enapan. Kebanyakan kaedah adalah
sangat mahal dan mengambil masa yang lama untuk selesai. Kumpulan Penyelidikan
Tanah Lembut Universiti Teknologi Malaysia telah mencadangkan pengunaan gabungan
buluh sebagai teknologi hijau dan selapis geotekstil yang berkekuatan rendah, untuk
menjadi sistem tetulang dikenali sebagai “Komposit Buluh-Geotekstil” (BGC).
Tambakan-tambakan berskala penuh di atas tanah liat lembut yang diperkukuh dengan
sistem BGC (tambakan BGC) bersama-sama dengan tambakan ke atas tanah liat lembut
tidak diperkukuh (tambakan UR) dan juga tambakan di atas tanah liat lembut diperkukuh
dengan geotekstil berkekuatan tinggi (tambakan HSG) telah dibina. Setiap tambakan
adalah berukuran 10 m panjang, 16 m lebar and lebih kurang 3 m tinggi. Buluh Semantan
yang bergaris pusat luaran lebih kurang 8 cm dengan kekuatan tegangan 48-94 MPa dan
kekuatan lenturan 43-49 MPa, dan Geotekstil TS40 dengan kekuatan tegangan 13.5 KN/m
panjang, telah dipilih sebagai bahan untuk sistem bertetulang tersebut. Bagi sistem BGC,
batang buluh diatur dalam bentuk segiempat sama 1m x 1m di atas lapisan tanah liat
lembut dan kemudian geotekstil dihampar di atasnya. Objektif peyelidikan ini adalah
untuk menentukan prestasi tambakan BGC dan untuk membangunkan suatu kaedah
perwakilan bagi memodelkan tambakan BGC melalui penilaian data lapangan
menggunakan model unsur terhingga (FE) dari perisian komputer PLAXIS 2D.
Tambakan-tambakan telah dipantau dari awal pembinaan sehingga Hari Ke-418. Data
pemantauan lapangan menunjukkan bahawa penggunaan sistem BGC telah mengurangkan
enapan serta merta lebih daripada 20% dan 57% pergerakan sisi semasa pembinaan
berbanding dengan tambakan UR. Pengurungan tanah liat lembut dalam bentuk segi empat
sama meningkat kekukuhan buluh manakala rintangan tegangan rusuk ufuk dan rintangan
mampatan rusuk tegak buluh boleh menghalang enapan berlebihan. Sistem BGC menahan
beban yang dikenakan dan hanya menyebarkan beban yang kecil kepada lapisan tanah liat
lembut menyebabkan enapan pengukuhan yang lebih kecil berlaku jika dibandingkan
dengan tambakan UR dan HSG. Sistem BGC terbaik dimodelkan sebagai elemen geogrid
dengan menggunakan perisian PLAXIS 2D. Walaupun keupayaan saliran dan kesan
apungan sistem BGC tidak dapat dimodelkan, enapan di titik tengah tambakan BGC di
akhir pembinaan menunjukkan keputusan dari model FE hanya berbeza 1% daripada data
lapangan manakala pada Hari Ke-418, model FE meramal lebih iaitu sekitar 6% enapan.
Bagi pergerakan sisi, model meramalkan 100% nilai yang lebih besar dari nilai lapangan
manakala kedudukan pergerakan sisi maksimum diramalkan berada pada kedalaman lebih
besar dibandingkan dengan prestasi lapangan. Oleh itu, dapat disimpulkan bahawa
tambakan BGC boleh dimodelkan menggunakan perisian PLAXIS 2D yang mana ramalan
terhadap enapan boleh dimodelkan dengan lebih baik.
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CHAPTER 1

INTRODUCTION

11 Background of Research

The coast of Malaysia is characterised by a coastal plain of soft clay which is
similar to the parts of central plains of Thailand and eastern side of the island of
Sumatera, Indonesia. Soft clay presents several challenges for the geotechnical
engineers whereby these problems being transformed to stability and settlement
within the soft soil. However, the frequency of embankments construction over soft
compressible natural deposits is increasing due to lack of suitable land for
infrastructures and other developments. These soft soils are characterised by high
compressibility and low bearing capacity; moreover, these soils frequently occur as
saturated soils with high moisture contents near or exceeding the liquid limit. The
choice of construction method in this formation is not only governed by direct costs

but also the cost benefits, duration of completion long term and maintenance costs.

Numerous methods are available to mitigate difficulties arising from
construction of built facilities over these soft soils. These include various methods of
soft ground improvement and foundation treatment as well as the use of reinforced

concrete slab supported on piles driven to set, known as “pile raft”. The use of pile



raft is known to be very costly. Previous studies (Abang Ali and Abang Ali, 1984,
and Ghavami et al., 2003) showed the potential use of bamboo in construction
industry and as geotechnical engineering materials. The stiffness and relatively high
tensile strength and bending resistance of bamboo, make it suitable to be used as soil-
reinforcing material. Bamboo has fast growing rate and occurs in abundance in most
part of tropical countries, including Peninsular Malaysia. This material is light,
strong, and has high strength in bending and tensile and easy to be processed.
According to Abang Ali and Abang Ali (1984), the ultimate tensile stress of bamboo
specimens ranged between 153 N/mm? and 440.6 N/mm?. For an average ultimate
tensile strength of 343.1 N/mm? surprisingly this strength for bamboo is high

compared with mild steel which normally recorded at 250 N/mm?,

Hence the use of bamboo as reinforcement of soft clay, in particular in road
or highway construction, has a big potential. However, before any method could be
adopted it has to be examined first for its performance. This could be carried out by
constructing full-scale, fully instrumented trial embankments to monitor the
settlement, lateral movement, pore water pressure, total pressure and other
parameters, within the embankment and the foundation soil. The performance of
these trial embankments monitored using respective soil instrumentations could be
used for modelling using numerical analysis method. Hence, the performance could

be predicted and the findings are useful for future work.

In Asia, bamboo is quite common for bridges, scaffolding and housing, but it
is usually a temporary exterior structural material. In many densely populated
regions of the tropics, bamboos supply suitable material that is sufficiently cheap and
plentiful to meet the extensive need for economical housing (Thammicha, 1989).
According to Ghavami et al. (2003), bamboo has a potential to be used as
construction materials because it strong, lightweight and low cost. From the
laboratory test results, Khatib (2009) found that Bamboo-Geotextile Composite
reinforcement method increased the bearing capacity of soft clay much better than
when using bamboo only or geotextile only. Marto et al. (2010) emphasized that this

BGC system is a sustainable, cost effective soft clay reinforcement method. Loke



(2000) tried this method in an embankment construction over a very soft clay, and
found that this method provides significant cost savings whereby savings up to 45-
65% can be achieved as compared to using high strength geotextile only with

conventional filling method.

However to date, there is no published research data on the use of bamboo-
geotextile composite as an improvement method of soft clay soil except for the work
by Khatib (2009) using Ministry of Science, Technology and Innovations (MOSTI)
IRPA grant (Project Number : 03-02-06-0118 EAQ01), entitled “The Performance of
Soft Clay Reinforced with Bamboo-Geotextile Composite overlaid by Granular
Soil”. The work was quite limited as it was based on laboratory physical model tests
only. Therefore, to further enhance the findings on bamboo-geotextile composite as a
new reinforcement method, this research had been continued, under an E-Science
research fund (Project Number 03-01-06-SF0236) from MOSTI, entitled “Full-Scale
Test of Trial Embankment on Bamboo-Geotextile Composite Reinforced Soft Clay”.
This research was the collaboration between Universiti Teknologi Malaysia (UTM),
Research Centre for Soft Soil (RECESS), Universiti Tun Hussein Onn Malysia
(UTHM), Forest Research Institute (FRIM) and TenCate Geosyntetics Asia Sdn.
Bhd. (formally known as Polyfelt Asia). In this research, full-scale instrumented trial
embankment on bamboo-geotextile composite reinforced soft clay, as well as an
embankment on unreinforced soft clay and embankment on soft clay reinforced with
high-strength geotextile, had been constructed so that the performance of the
embankments could be monitored and compared. The trial embankments had been
constructed at RECESS UTHM as this location is known to be deposited by soft
clay. The performance of the embankments had been monitored during construction
periods and continued for about 14 months starting from 31st May, 2009, from the

day of the completion of the embankment’s construction.



1.2 Statement of Problem

The application of bamboo to improve the bearing capacity and reduce the
settlement of soil has been proved to be an economical alternative approach for soil
improvement. With high tensile strength and good bending properties, bamboo is
suitable to be used as an earth reinforcing material. Together with low-strength
geotextile as a separator, this Bamboo-Geotextile Composite (BGC) system could be
used as cheap soft clay reinforcement for embankment construction. Engineering
problems are usually solved by using simplified analyses or theoretical approaches.
Nowadays, there are many different methods of calculations available for analyzing
engineering problems such as analytical analysis using limit analysis and limit
equilibrium, and numerical method. The finite element analysis is one of the
numerical methods, and has been applied in many applications of engineering
problems, including for analyzing geotechnical engineering. It is a numerical method
to determine approximate solutions of integral equations, based on eliminating the
differential equation into an approximation of differential equations (Cook et al.,
2001). With the monitoring results of full-scale trial embankments, together with the
used of PLAXIS finite element software, the performance of embankment could be
predicted. This research is aimed at predicting the performance of Bamboo-
Geotextile Composite reinforced soft clay through finite element modelling using
PLAXIS software, in particular the settlement, as important criteria in embankment
construction. Based on the results obtained, the used of BGC, as a new alternative for
a cost effective solution on bearing capacity problem of soft clay, could be used with

more confidence.

1.3  Aimand Objectives of Research

The aim of this research is to determine the representative modelling of

Bamboo-Geotextile Composite (BGC) reinforcement, installed at the interface



between embankment and soft clay, from the evaluation of field performance of
unreinforced embankment (UR embankment) and BGC reinforced embankment
(BGC embankment). In order to achieve the aim of research, the following objectives

had been formulated:

0] To compare the field performance of unreinforced (UR), Bamboo-Geotextile
Composite reinforced (BGC), and High-Strength Geotextile reinforced
(HSG) embankments constructed on soft clay.

(i) To determine the soil design parameters by back-analysing from the
prediction using finite element method (FEM) and the field settlement of UR
embankment.

(ilf)  To predict the settlement, pore water pressure and lateral movement of BGC
embankment through FEM using the soil design parameters obtained from
back analysis of UR embankment and the comparison with the field

performance of BGC embankment.

At the end of this research, some charts were developed to give a preliminary
guideline to the engineer for the construction of embankments on bamboo-geotextile

composite reinforced soft clay.

14  Significance of Research

The long term field performance of embankment on Bamboo-Geotextile
Composite reinforced soft clay had been analysed and prediction using finite element
software revealed some good results. The prediction on settlement with some charts
produced could benefit the authorities involved when BGC is chosen to be used as
reinforcement of soft clay. The findings of this research will give a new alternative of

a cost effective solution for bearing capacity problem of soft clay soils.



15 Scope of Research

The site for trial embankments is located at Universiti Tun Hussein Onn
Malaysia (UTHM), Batu Pahat, Johor, where the soft clay dominates. The full-scale
of trial embankment had been constructed at UTHM to monitor the settlement, lateral
movement, pore water pressure, total pressure and deformation of bamboo to
evaluate the performance of BGC reinforcement system. Three trial embankments
had been constructed each on natural foundation soil (soft clay) known as
unreinforced embankment, on BGC reinforced soft clay and on high strength
geotextile reinforced soft clay. These trial embankments had been monitored using
Hydrostatic Profiler, Inclinometer, RST Strain Gauge Piezometer, Total Earth
Pressure Cell, Strain Gauge Liquid Settlement System, Surface Settlement Marker
and Strain Gauge, to monitor the performance of trial embankment, over 14 months
period. The graphs obtained from these instrumentations had been evaluated to
determine the field performance of the embankments. However, field monitoring
results from UR and BGC embankments only had been used in the prediction of
BGC performance using finite element software. The field performance of HSG
embankment was still used for field performance comparisons between BGC and

other embankments.

The laboratory and the in-situ tests on the soils had been done by previous
researchers. PLAXIS 2D Version 8.2 software had been used for modelling work
using the finite element method (FEM) to compare and back analysed the monitoring
results from full-scale test on unreinforced embankment. Once the representative soil
properties are achieved, the BGC embankment is modelled and the best method of
modelling BGC embankment using PLAXIS software was explored by comparing

with field results.
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