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ABSTRACT

Constant rate of strain (CRS) consolidation test is a new method of
consolidation testing in Malaysia. Although it had been widely used as an alternative
for standard consolidation test in other countries such as Sweden and the USA, there
is still no standard equipment for it. The selection of the suitable strain rate for the
CRS test is still a major hurdle for the geotechnical engineers. The CRS
consolidation test has some advantages over the standard consolidation test where
the time needed for the test is reduced from two weeks to few hours and the ability
to apply high effective pressure at larger sample size. Various guidelines and criteria
of acceptance for the CRS consolidation test had been introduced by many
researchers. The aim of this research is to establish new criteria of acceptance for the
CRS consolidation test. A new developed CRS equipment has been designed and
named Rapid Consolidation Equipment (RACE). The equipment was developed
using the concept of continuous consolidation test procedure. The criteria of
acceptance for the CRS test were based on the normalized strain rate, £ introduced
by Lee (1981) and the ratio of excess pore pressure to applied pressure, (u,/c;). It
was also established that the maximum S to achieve acceptable data is 0.1. The
research showed that the minimum value for the f and u,/o;, are 0.005 and 0.01
respectively. Another criterion of acceptance for the CRS test which takes into
account the clay fraction (CF) effects was also introduced. The clay fraction is used
to modify the normalized strain rate f, into 5/CF. Results show that for soil with
clay fraction more than 50%, the maximum £ / CF is 0.001. The maximum £ / CF
for soil with CF lower than 50% is 0.008.
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ABSTRAK

Ujian pengukuhan berketerikan malar (CRS) merupakan salah satu ujian
pengukuhan yang baru di Malaysia. Walaupun ujian pengukuhan ini telah biasa
digunakan sebagai ujian pengukuhan utama di luar negara seperti USA dan Sweden,
namun masih tiada peralatan yang piawai. Pemilihan kadar terikan yang sesuai
untuk ujian pengukuhan berterikan malar (CRS) merupakan salah satu masalah
kepada jurutera geoteknik. Ujian CRS mempunyai beberapa kelebihan berbanding
dengan ujian oedometer kerana dapat mengurangkan masa ujian pengukuhan
daripada dua minggu kepada beberapa jam dan juga boleh dijalankan sehingga
tegasan berkesan yang tinggi pada sampel tanah yang lebih besar. Terdapat beberapa
kriteria penerimaan dan panduan untuk ujian CRS telah dikemukakan oleh para
penyelidik. Tujuan utama bagi penyelidikan ini adalah mencadangkan kriteria
penerimaam yang baru untuk ujian pengukuhan berketerikan malar. Satu alat ujikaji
CRS yang baru telah direkabentuk dengan menggunakan konsep ujian pengukuhan
berterusan yang dikenali sebagai Rapid Consolidation Equipment (RACE). Kriteria
penerimaan bagi ujian pengukuhan CRS adalah merupakan kadar keterikan
ternormal, S yang diperkenalkan oleh Lee (1981) dan nisbah tekanan air liang
lebihan terhadap tekanan yang dikenakan, (u,/0,). Maksimum /£ yang memberikan
data yang baik daripada ujian pengukuhan berterusan ialah 0.1. Penyelidikan ini
menunjukan bahawa nilai minimum bagi kadar keterikan ternormal, f dan nisbah
tekanan air liang lebihan dan tekanan yang dikenankan, (u./o;) adalah 0.005 and
0.01. Satu lagi kriteria penerimaan untuk ujian CRS telah dicadangkan dimana
peratus melepasi lingkungan tanah liat (CF) telah diambil kira. Peratus lepasan
lingkungan telah digunakan untuk menukarkan kadar keterikan ternormal kepada f /
CF. Keputusan menunjukkan bahawa f / CF maksimum bagi tanah dengan peratus
tanah liat melebihi 50% adalah 0.001. Tanah dengan peratus tanah liat kurang
daripada 50% memberikan nilai # / CF maksimum sebanyak 0.008.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Since Terzaghi formulated his consolidation theory in 1923, many extensions
had been made continuously to solve many of the unrealistic assumptions made in
original theory. Today, consolidation theory had reached an advanced development
that solutions are available for most practical problems. Some researcher refines
Terzaghi’s theory by solving a more generalized form of the differential equation of
consolidation (Sheahan and Watters, 1997). Others established new governing
consolidation equations based on realistic stress-strain-time models to yield
compression-time and pore pressure-time relationships (Znidarcic and Schiffman,
1981). Numerous techniques to measure the compressibility of the soil were
introduced after the conventional oedometer test is standardized. These new
techniques include constant rate of strain consolidation test, constant rate of load
consolidation test, constant pore pressure gradient, constant pressure ratio, restricted

flow consolidation and back pressure control.

Constant rate of strain consolidation test is one of the new developments
suggested by many researchers to suit the market nowadays. Constant rate of strain
consolidation test can reduce the time needed for consolidation test using standard

oedometer test from almost two weeks time to few hours. The constant rate of strain



consolidation test also has been used as the standard consolidation test in Sweden,

Norway, The United States and France.

The Criteria acceptance for the constant rate of strain consolidation test is the
objective of the research because the CRS is not a standard consolidation test in
Malaysia. The results of the constant rate of strain consolidation test (CRS) depends
on the strain rate used in CRS test, so it is important to compare the results for the
different strain rate of CRS test with the conventional oedometer test. The criteria of
acceptance for the CRS test were developed for future improvements on

consolidation test.

Previous researcher suggested few criteria to accept the CRS test result upon
comparing the CRS test results with the conventional oedometer. These criteria of
the acceptance for the CRS test were based on the comparison of void ratio curve (e
against effective stress), coefficient of consolidation (¢,), normalized strain rate (f)

and ratio of excess pore pressure to applied total stress (u/c).

1.2 Statement of the Problem

Since 1950’s, the standard compressibility test has been used to measure the
soil compression characteristic is the one-dimensional Compression Test
(Oedometer Test) based on Terzaghi theory. This one-dimensional oedometer test is
one of the simplest forms of soil loading test which the soil sample is placed in a
stiff metal cylinder so that radial strains equal to zero. Porous discs at the top and

bottom to provide drainage of excess pore water (Figure 1.1).
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Figure 1.1: Conventional Oedometer.

Conventional oedometer test based on Terzaghi’s theory is a step loading
tests which took around two weeks for one complete test with loading and unloading
stages. The test is also limited to low to medium loading for a sample size of 75 mm
diameter. Beside that, pore pressure at the bottom of the soil sample is not usually

measured.

Many researchers have introduced other methods to measure the
compressibility characteristics of the soil. One of the new developments is the CRS
test. Through the CRS test, the testing time for a completed test can be reduced from
around two weeks to few hours. The compression test can be conducted until a very

high pressure.

The main problem of the CRS test is to determine the proper strain rate used
in the test. The selection of the test rate is still a major hurdle in CRS test although
many researchers had done various studies on this. Many recommendations had
been offered by researchers (Lee, Choa, Lee and Quek, 1993) for the selection of

test rate but these recommendations are empirical and vary with clay type.

This research is aimed at finding a criterion on the strain rate used in CRS
test for various types of clay obtained in Johor. Modifications on the available strain

rate selection method for CRS test is recommended.



1.3

Objectives

The following objectives are set forth to achieve the aim of the research:

L.

ii.

1.

1.4

To develop consolidation equipment that could be used to run rapid

consolidation using constant rate of strain consolidation method.

To compare the result of the compression characteristic of the soil,
coefficient of consolidation (c¢,) and compression index (c.) obtained

from CRS test to the results of conventional oedometer test.

To establish the new criteria of acceptance for Constant Rate of Strain

consolidation test.

Scope of the Study

The soil samples for the study are remoulded from disturbed samples

obtained from different sites in Malaysia. The interpretation of the research of the

study is limited to:

L.

1l

il

Disturbed samples are collected from Kluang, Gemas and Air Papan,
Johor (Figure 1.2). Kaolin soil was used as the control sample for the

study.

The specimens used for the study is remoulded sample. In the case all the
disturbed soil samples were dried and grinded into powder and
remoulded from slurry under 100, 200 and 300 kPa pre-consolidation

pressure using self made remoulded sampler equipment.

Conventional oedometer test and the Constant Rate of Strain
consolidation test will be conducted to a maximum of 8.5 kN and 1100

kPa vertical pressure respectively.



AIR PAPAN

Straits of Melaka

Figure 1.2: Study Area of the Research

1.5 Significant of Research

The main purpose of this study is to give recommendations on the testing rate
selection which is still a major hurdle in CRS test as well as to establish new criteria
of acceptance. Comparisons on the compression characteristics of soil based on
oedometer and CRS test were made to establish the criteria of acceptance. With the
recommended new criteria on the strain rate selection, geotechnical engineers can
easily run the consolidation test for all cohesive soil in a short time. It can reduce the
time for construction to wait the results on the soil compressibility characteristics.
Beside that, CRS test can achieve higher effective pressure which is the
disadvantage of the standard oedometer test. Geotechnical engineers can use this test

as the alternative of the on site load test.





