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ABSTRACT

Controlled low-strength material (CLSM), is a self-compacting material usually consisted of binder (cement and/or fly
ash), fine aggregates (sand), water and admixture. This paper aims to investigate the engineering properties of CLSM
utilising fly ash from electricity power plant as fill materials. The CLSM specimens were mixed by varying the
proportion of Portland cement type 1, silica sand, fly ash, water and air-entraining agent. The laboratory tests including
flow, setting time, air content, and breeding were performed to characterise the properties of fresh CLSM. The
engineering properties of hardened CLSM were investigated by means of California bearing ratio, unconfined
compressive strength and resilient modulus tests. In addition, the dynamic moduli from shear wave velocity
measurement were carried out by a free—free resonant method. The result shows that the unconfined compressive
strength at 28 days curing of CLSM can be controlled in the range of 1-10 MPa to serve for the requirement of
different activities of fill material. Additionally, the result also suggests the resilient modulus and shear wave velocity
of CLSM for pavement and geotechnical applications.
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1 INTRODUCTION

Controlled low-strength material (CLSM) is defined
by the ACI Committee 229 (ACI, 1999) as a
self-compacting cementitious material that is in a
flowable state at the time of placement and has a
specified compressive strength of 8.3 MPa or less at 28
days. CLSM mixture usually contains cement, sand, fly
ash and chemical additive. Recently, CLSM can be used
to replace crush rock base materials (Chompoorat,
2018). Since CLSM may be more cost-effective as its
high workability and self-leveling lead to reduce labor
cost (Ramme, 1997) especially in some areas where the
proper crush rock base materials (i.e., California bearing
ratio (CBR) > 80%) are rare to find. In addition, CLSM
containing low cement content can possibly be
excavated after use.

Lately, several researches have been conducted
regarding the use of various industrial by-products in the
production of CLSM. Large amounts of by-product
materials such as fly ash, recycled concrete aggregate,
recycled fine aggregates, and blast furnace slag were
utilised to lower the cost and to ensure the required
maximum compressive strength (Naik et al., 2006;
Achtemichuk et al.,, 2009; Miren et al., 2013;
Chompoorat, 2018). It is known that the application of

fly ash in CLSM provides many advantages, such as
good flowability, reduced segregation and bleeding, and
in  numerous cases, a reduced material cost
(Chompoorat, 2018). Additionally, fly ash base may
continue to increase its strength for a long time due to
pozzolanic reactivity. In Thailand, the fly ash is regarded
as the waste material. The main supplier of fly ash is an
electricity generating plant from lignite known as the
Mae Moh Power Plant owned by Electricity Generating
Authority of Thailand (EGAT).

This study presents the engineering properties of
CLSM mixtures produced on Mae Moh fly ash. The
results were obtained from the highway standard
laboratory tests such as the CBR test, the unconfined
compression (UC) test, the resilient modulus (Mg) test,
and the determination of dynamic modulus from
free—free resonant (FFR) method.

2 MATERIALS AND METHODS

2.1 Materials

In this study, CLSM mixtures consist of Portland
cement type I, class C fly ash, sand, water, and
air-entraining admixture. The class C fly ash obtained
from EGAT. Physical and engineering properties of
cement, fly ash, and sand were tested and reported in
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Chompoorat et al. (2018). The air-entraining admixture
was applied to improve flowability and control low
strength of mixture.

2.2 Specimen Preparation

The CLSM mixtures were produced according to the
specification of ASTM D 4832 (2010). The specimen of
155.5 mm diameter and 113.5 mm height was prepared
for CBR test by filling in the mixture to the PVC
cylindrical mould. For the UC test, Mg test, and FFR
test, the specimens were prepared using a PVC mould of
56 mm diameter and 112 mm height. The samples were
forced out from the moulds after 24 hours curing. All the
samples were wrapped using plastic wrap until it
reached the specified different curing times as planned.
The mixture proportions used in this research are listed
in Table 1.

Table 1 Mixture proportions

Mix  Binder Water  Sand gxé;?)r(\ttl::nmg
no. (kg/m® (L/md (kg/m®) (% by Vo)

1 300 200 1,400 0.004

2 450 190 1,365 0.004

3 600 200 1,330 0.004

4 280 240 1,500 0.004

5 265 240 1,500 0.004

6 240 240 1,500 0.004

7 265 240 1,500 0.002

2.3 Experimental Programme

The flowability of the CLSM mixtures were
determined by slump flow and marsh cone tests
according to ASTM C1611 (2014) and ASTM C939
(2016), respectively. Additionally, the setting time, air
content and breeding of CLSM mixtures were also
measured following ASTM C403 (2016), ASTM C231
(2017) and ASTM C232 (2014), respectively. For
hardened CLSM mixtures, the laboratory tests including
CBR test (ASTM D1883, 2016), UC test (ASTM
D2166, 2016), Mr (AASHTO T307, 2007), and FFR test
were carried out through this research, as summarised in
Table 2.

Table 2 Experimental programme

in contact with one end of the specimen to measure
vibrations, while the other end is impacted with a light
hammer. The interpretation of Eo and Go is calculated
based on the following formulas.

E, = PV?; = 9(2 LfL)2 ()

G, =pv; = p(2 Lf; )2 @)

where p is the bulk density, L is the length of the
specimen, f_ is the longitudinal resonant frequency, fr is
the torsional resonant frequency, v, is the longitudinal
(compressive) wave velocity and vs is the torsional
(shear) wave velocity.

Fig. 1 FFR test set up

3 RESULTS AND DISCUSSIONS

3.1 Properties of fresh CLSM

The properties of fresh CLSM were conducted to
determine the flow properties including the slump and
flow tests, the setting time and bleeding tests as well as
unit weight and air-content measurements. The results of
fresh CLSM properties are summaried in Table 3.

Table 3 Properties of fresh CLSM

Test Curing time (days) Condition
1,4,7 Unsoaked

CBR 4 Soaked

uc 7,28, 60 Dry

MR 7 Dry

FFR 1,4,7 Dry

Flow Setting time (hr) Breeding
Mix Slump  Flow
no. flow time
(mm) (sec)

Unit Air
weight content

Stiffening Initial hr % (kg/m?) (%)

For the UC test, all samples were set up at the
universal testing machine (UTM) and compressed under
static condition at a strain rate of 1.0 %/min. For the Mg
test the dynamic UTM was carried out following
AASHTO T307. To find the dynamic modulus for
estimating the response under small strain, FFR method
were carried out. In this study, a CLSM specimen is
hang on a frame in the direction of horizontal and
suspending it with tendon to approach free boundary
conditions as shown in Fig.1. An accelerometer is placed

1 655 114 4.30 735 24 6.77 1,785 17.0
2 650 117 5.45 925 24 8.16 1,870 14.0
3 655 71 6.35 11.05 4.1 8.42 1912 12.0
4 640 Block 5.25 1055 2.1 11.51 1,847 14.5
5 650 Block 5.40 10.45 2.4 11.51 1,843 14.0
6 660 Block 4,55 1050 2.4 1421 1,844 14.0
7 680 Block 5.25 9.10 3.1 14.20 1,892 12.0
3.2 CBR Test

Fig. 2 illustrates the CBR values obtained from all
CLSM mixtures. The results show that the CBR
increases with time and increases when W/B decreases.
For soaked samples, the CBR values is significantly
lower than the unsoaked samples at the same curing day.
Based on the Thailand’s Department of Highways
(DOH) standard, the CBR value of crush rock base
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material must be greater than 80%; therefore, the
unsoaked CBR value of CLSM mixture at 7 days curing
can meet the standard.
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Fig. 2 Result of CBR tests (Bamrungpong et al., 2017)

3.3 UC Test

The results from the UC test of the CLSM mixture
are shown in Fig. 3. In general, the unconfined
compressive strength (UCS) significantly increased with
curing time, especially within the first 7 days due to
cementation. However, the required UCS for
re-excavation recommended by ACI 229 (2013) is 8.31
MPa. All mixes at 28 days and solely the mix no. 4to 7
at 60 days satisfy this requirement. Based on the
standard of Thailand Department of Highways (DH-S
206/2532, 1989; DH-S 204/2556, 2013), the
cement-treated soil should pass the requirement of UCS
at 7 days curing of 1.72 MPa. In this study, the CLSM
mixes no. 1, 2, and 3 shall satisfy the strength
requirement.
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Fig. 4 Results of Mr test (Bamrungpong et al., 2017)

3.5 FFR Test

The FFR method helps to monitor the hydration and
pozzolanic process that causes the strength increase as a
result of a microstructure formation. The velocity
increasing over time can imply an increase in material
stiffness due to hydration and pozzolanic reactions.

The Eo and Go can be calculated from the
longitudinal velocity and torsional velocity in Egs. 1 and
2, respectively. Figs. 5 and 6 show the values of Eq and
Go for each CLSM mixtures at different curing time. The
result show that the increase of dynamic modulus, which
corresponds to the increase in the resonance wave
velocity, indicated that cement and fly ash is initially set
(7 days curing). Initial setting is important in pavement
projects because the road is usually expected to be open
for service as soon as possible.
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Fig. 3 Result of UC tests (Bamrungpong et al., 2017)

3.4 Mg Test

Fig. 4 shows the Mg test results at different confining
stress and deviator stress at 7 days curing. In general, the
Mg values decrease with an increase in deviator stress.
Since the Mg is stress dependent parameter, which is
more influenced by deviator stress rather than confining
stress (Puppala et al., 2011; Chompoorat, 2012;
Bamrungpong et al., 2017; Chompoorat et al., 2018).
Comparing among all mixes, the average Mg value of
the mix no. 3 is the highest one (850 MPa) while the mix
no. 6 is lowest one (554 MPa). It is because that the mix
no. 3 and the mix no. 6 contain the lowest W/B ratio and
the highest W/B ratio, respectively.

Fig.
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Comparing among all mixtures at 7 days curing, the
Eo and Go values of mix no. 3 is the highest ones (9.44
GPa and 6.32 GPa) while the mix no. 6 shows the lowest
values (6.05 GPa and 2.73 GPa) as expected from the
W/B ratios.

4 CONCLUSION

This research studies engineering properties of
controlled low-strength material (CLSM) aiming to use
as pavement base material. The results found that the
CLSM base yielded significantly higher in mechanical
properties even than the conventional crush rock base.
Some key concluding from the study can be drawn as
follows.

1. The CBR results after 4 days are over 80% and
the UCS value at 7 days curing of mixes no. 1 to 3 are
greater than 1.72 MPa, which pass the requirement of
cement-treated base material.

2. The Mg tests at various confining and deviator
stresses exposed a consistent agreement with the UCS
results. The average of Mg values for CLSM mixtures
are in the range of 554 — 850 MPa. This value is
significantly higher than the MR of crush rock base.

3. In this paper, the FFR method was adopted to
determine the small-strain stiffness moduli of CLSM. As
the natural frequency of a specimen is mostly dependent
on the fundamental properties of the material, the FFR
test is able to the determination of those properties
without damaging the sample.
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