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Abstract

In Japan, the Liguefied-Stabilized Soil (L55), which is one of premixing cement treated-soil,
has been popular as a recycling method for excavated soil. Meanwhile, in Vietnam, the soils
excavated from consiruction sites are considered a serious problem. It becomes more and more
difficuit fo find reclamation sites for disposing excavaled soil. Because of the lack of reclamation
sites, il causes the environmental pollution. Therefore, this serious problem can be solved if LSS
will be applied in Vietnam. In general, LSS is made based on standard design chart of mixture
proportion. Recenily, in order lo improve more advantages of LSS, there are some suggesiions that
LSS can be decreased a shirry density to reduced vertical earth pressure. However, there is a lack
of study on strength and deformation properties of the LSS decreased to slurry density. In this study,
influence of sfurry densily on sirength and deformation properiies of LSS reinforced with fiber
maierial was discussed. A series of Consolidated-Undrained triaxial compression tests (CUB tesis)
have been carried out for some samples of fiber-reinforced LSS (af 0,10 kg/m3) prepared by two
slurry densities at curing days of 28 days. It was found that the strength of LSS prepared by low
shirry density decreased, and an effect of reinforcement was seen on strength and deformation of
L5S prepared by low siurry density.
Keywords: Liguefied-Stabilized Soil, strength, Deformation, triaxial test, slirry density.

Nghién ciru cdc tinh chiit ki thujt ciia dit n dinh héa long dwge gia cb vit lidu sgi
Tom tit

J Nhit Ban, ddt én dinh héa long (L55), mot frong nhimg logi dat én dinh b.ri‘ng xi mdng,
la plicomg phdp tai ché ddt dao twomg doi phé bién. Trong khi d6, o Vigt Nam, ddt déao tir cde cong
trinh xdy ding dang tra thanh mat viin dé nghiém trong, Ngday edng kho tim diege ede bai di dé xir
Iy ddt dio. Do thiéu bai di nén xdy ra tinh trang 6 nhiém moi taeomg. Do dd, védn dé nghiém trong
nay cd thé digre gidi guyér néu LSS sé dige dp dung tai Viéi Nam. Noi chung, LSS dwoe thire hién
dira trén thiét ké tiéu chudn vé 1y 1¢ hin hop. Gdn ddy, dé khai thac wu diém ciia LSS, da c6 dé xudt
ning cao LSS bang cdch ha khéi heomg riéng bim dé giam dp lire ddt doc fruc. Tuy nhién, hién vin
con thiéu cde cang frinh nghién ciu vé curdng dg va hién dang cria LSS khi khai fegmg riéng ctia
bim. Nghién ciru nay thao ludn vé anh hiromg khoi heong riéng bim lén cde dée tinh cieomg dg va
bién dang ctia LSS dge gia o bc‘:irrg vl ligu sgri. Mot logt cac thi nghiém nén ba fryc b kéf - kling
thodt mede da dige thiee hign doi véi LSS dipe gia b vdi ham lrgmg sgi khde nhau (e I 0,10
kg/m3) véi hai khoi hieomg riéng bim tai thoi gian bdo duomg 28 ngay. Két qua thi nghi¢m cho thay
riing ciromg d¢ ciia LSS dirge tao ra béi khoi hegng riéng bim thdp giam xuong va dnh hirong ciia
dit digre gia c6 dén cirong dg va bién dang ciia LSS diege ché tao bai khoi hepng riéng bim thap.
Tir khéa: Dat on dinh héa long, cieemg dé, hién dang, nén ba fruc, mgi dg bim.
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1. Introduction

A huge and growing sinkhole had
appeared at dawn on November 8, 2016, in
downtown Fukuoka city in southern
Japan. According to some reports of
Japanese media, a ground was collapsed
extensively at the subway construction site
in front of JR Hakata station with the
sinkhole about 30 meters long, 27 meters
wide, and 15 meters deep. By analysis of
geotechnical engineers, this collapse was
considered as consequence of NATM
construction method leading to tunnel
accident. In order to return a normal life as
soon as possible, the restoration in short
period was required. A volume of 7000 m®
with soil has been filled up into the
sinkhole. If conventional backfilling
methods were used, sand of mountains or
river valleys are easily fill up and
compacted as required by standards.
However, the conventional backfilling
method takes a long construction duration
and the ground surface settlement after
backfilling also need to be supervised.
Therefore, the conventional backfilling
method could not be adopted. Meanwhile,
LSS is an effective approach for recycling
excavated soil for backfilling in
construction works [1], that should be
applied for backfilling construction and
restoration in Japan. The developed
recycling technique, called Liquefied
Stabilized Soil is a method that excavated
soil is thoroughly mixed with muddy
water and cementing material and then
placed in space where back filling is
necessary at site.

Al Vielnam, in recenl years, more
and more cave-ins appear at urban roads,
especially in Hanoi and Ho Chi Minh City
|2]. The main reasons of this appearance
are soil being loosening and washed away
by water leaking f[rom ruptured
underground pipelines or rainwater
seeping down into. And often it happens

and extend during underground
infrastructure construction, even though
the construction has been done the
phenomena is still to continue if it is not
found timely and treated fully.

The treatment of some problems
happened in the ground under municipal
roads is congested with public utility
networks consisting of water, waste,
electricity, gas, and telecommunication
systems, underpin the economic, social,
and environmental performance of
modern life. They are the basic spatial
infrastructure grids which, quite literally,
provide the fundamental conduits through
which modern cities operate. Large
underground projects such as subways,
commercial facilities, tunnels, etc., are
also conducting actively. The roads are
ofien re-excavated freely to install or
repair various utility networks, which are
managed by different utility providers. At
current, in Vietnam, most backfilling
material for construction is mined from
natural sources, such as sands from rivers
and gravel from mountains. Mining has a
significant damage impact on the natural
environment. Mining can pollute air and
water resources, harm wildlife and habitat,
and permanently scar natural landscapes.
And the demand for sand and gravel
continues to increase in day by day. Thus,
the application of LSS in Vietnam is an
urgent require as to solve the
afore-mentioned problems.

A Liquefied Stabilized Soil (LSS)
is one of a cement-stabilized soil, which is
improved the soil properties by the effect
of cementation arising in an excavated soil
mixed with cement and water by mixing
excavated soil with water (or muddy
waler) and cement acted as a stabilizer. the
LSS is different from the shury based
premixed stabilized soil [3]. Whereas the
slurry based premixed stabilized soil is
made by homogeneous soil material, the
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LSS is made by excavated soil from
construction site, which is inhomogeneous
soil material.

LSS is not necessarily good quality
called excavated soil. In the case of soft
soil with high water content, the density of
the slurry can be adjusted to appropriate
fluidity property. In addition, advantage of
LSS has been shown that it can be carried
out long distance transportation by pump
and pipe systems. However, strength
property indicates more brittle behavior
when the strength increases as increasing
an amount of cement stabilizer. A
reinforcement method to improve the
brittle property of LSS by mixing
newspaper as a fiber material into LSS and
a series of unconfined and triaxial
compression tests have been carried out
[4-7]. The test results showed that the
brittle property of LSS mixing fiber
material after the peak in stress-strain
relations was improved.

From the standard mix proportion
design figure published, comparisons of
strength and deformation properties of
LSS prepared at field and laboratory have
been reported [8]. The specimens in this
study were prepared under conditions as
following: the bleeding rate was less than
1 %, the content of cement stabilizer was
80 kg/m® and the target density of LSS was
1.280 g/em®. However, an investigation on
the LSS decreased slurry density in order
to be reduced vertical carth pressure has
been not perform and the study on strength
and deformation properties of the LSS
decreased a slurry density has not been
investigated.

A series of consolidated undrained
triaxial compression tests (CUB  tests)
were performed on both Dpr= 100 % LSS
and Dps= 95 % LSS at curing time of 28
days. From test results, the differences in
strength and deformation propertics of Dpy

= 100 % LSS and Dpy= 95 % LSS were
discussed.
2. Test procedure
2.1. Test material

In this study, NSF-CLAY was used
as a homogenecous base material, which
was commercially available cohesive soil
with very well defined the physical
propertics clearly. Table 1 shows main
physical properties of NSF-CLAY. The
Geoset 200 provided by Taiheiyo Cement
Co. was used as cement stabilizer. This is
special cement stabilizer for soft clay and
problematic soil. Newspaper crushed like
cotton by a food processor was used as
fiber material.

Table 1. Main physical Properties of
NSF-CLAY

Density of soil particle ps (g/em®) | 2.762
Liquid limit Wy, (%) 60.15
Plastic Limit We (%) 35.69
Plasticity Index Ir 24.46

2.2. Mixing method

There are two LSS mixing methods
to be suitable for excavated soil including
the slurry type and adjustment slurry type.
For the slurry type, water is added suitably
to excavated soil to adjust density of
slurry, and then cement stabilizer is added
and mixed. For adjustment slurry type,
water is added to excavated soil, then fine-
grained sand or cohesive soil is added in
order to adjust density of slurry and after
that cement stabilizer is added and mixed.
In this study, the LSS of slurry type was
sclected due to casier procedure.
2.3. Specimen preparation

In this study, slurry density of 1.280
g/cm3 (hereafter called Dpf= 100 % LSS)
was mixed fiber material amount of 0, 10
kg/m3. In parallel, slurry density of 1.280
glem3 reduced 5 %% (=1.2160 glem3,
hereafter called Dpf= 95 % LSS) and
mixed fiber material amount of 0.10
kg/m3 and curried out in Laboratory
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The purpose of this study is to
determine influence of slurry density on
strength and deformation properties of
liquefied stabilized soil reinforced with
fiber material. Therefore, density of slurry
decided based on the standard mix
proportions. In this study, two densities of
slurry were made including 1.280 g/em’
(Dpr= 100 %) and 1.216 g/cm’ (Dpr= 95
%). The content of cement stabilizer used
in this study was 80 kg/m* after densities
of slurry reaching 1.280 g/em® and 1.216
g/en?’, respectively.

LSS was produced by adding and
mixing cement stabilizer into liquefied
stabilized soil with hand mixer. In the
production process, the determination of
the density was performed by measuring
the mass of slurry filled into a stainless-
steel mold of 400 cm® called “AE mortar
container”. After achieving the desired
density, fiber material with amount of 0,
10 kg/m’* (Pc-0, 10) was added and mixed
by hand mixer. In order to determine
fluidity of LSS mixed fiber material, the
flow test was performed in accordance
with JHS A313- Japan Highway Public
Corporation Standard. Moreover, the fresh
LSS mixed with fiber material is made to
be removed the air inside specimen
applying vacuum.

In this study, the fresh LSS mixed
fiber material was placed into mold of 5
c¢m in diameter and 10 cm in height. The
top surfaces of specimens were covered
by a polymer film and were cured under
air humidity and temperature of 20 £ 3°
C. Afier curing 28 days, the specimens
were lesled.

3. Test method

In this study, a couple of Local
Deformation Transducer (LDT), which
can measure the axial deformation from
small strain level without the bedding
error due to the compression of loose
layers at the top and bottom ends of

specimen or filter paper, were set on the
diagonally opposite surface of specimen
diameter 9] as shown in Figure 1. The top
and bottom ends of LDT was set between
two pseudo-hinged attachments fixed on
the surface of rubber membrane at the
points which were glued to the specimen
to prevent slipping between the membrane
and the surface of specimen. When the
value of LDT exceeds a measurable range,
the axial displacement was used the value
of proximity transducer (Gap sensor) and
dial gauge by correcting the bedding error.
In this test, a digital servo motor was used
for the loading device. This device
enables lo control the axial displacements
with high precision, and can ignore
backlash when reversing the loading
direction. The whole operation of
apparatus during test was automatically
controlled by a PC software.

The CUB tests were performed for
both Dps = 95 % LSS and Dps = 100 %
LSS specimens at curing time of 28 days.
Specimens were saturated by the double
suction method which vacuum pressure
was applied and the de-aired water was
flowed through specimen under a back
pressure of 196 kPa. And then, undrained
triaxial compression test with pore water
measurement was performed afier
isotropic consolidation for 12 hours under
the effective confined pressure of 98 kPa.
In order to unify with previous studies,
small unloading/reloading loops during
monotonic loading was applied and axial
strain rate was 0.054%/min.
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Figure 1. Schematic figure of test
apparatus

4, Tesr results and discussion
4.1. Relationship between deviator stress
and axial strain

Figure 2 (a) and (b) show the
relationship between the deviator stress q
(=0, — 03) and the axial strain £, in range
of 0~3.0 % from the CUB tests under the
confining pressure o.=98 kPa of both Dp¢
= 100 % LSS and 95% LSS mixed with
fiber material amount of 0, 10 kg/m® (Pe-
0, 10) at 28 curing days. Although there is
not noticeable difference of the maximum
deviator stress between Pc-0) and Pc-10 in
the case of Dpr = 100 % LSS shown in
Figure 2 (a), and the deviator stress of Pe-
10 is not suddenly decreased afier the peak
stress  stale  compared  with  Pe-0.
Therefore, the brittle property observed in
case of specimen without fiber material
has been improved by the reinforcement
elfect of added fber material as similar to
the previous results reporied by Kohata et
al. 2] [4] [5] |6]. On the other hand, the
peak stresses are not clearly in both cases
of Pe-0 and Pc-10 of Dpy = 95 % LSS
shown in Figure 2 (b). And, the maximum
deviator stress, Qmax of Pc-10 specimens
tend to be larger than that of Pc-0 ones.
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As shown in Figure 3 (a) and (b), quax of Dpr
=95 % is smaller than Quex of Dpr= 100 %
for both of Pc-0 and Pc-10. It can be seen
that qmax of Dps=95 % is

decreased about 30 to 35 % although density
of slurry is only decreased 5 %. In general,
it is known that the strength of sandy soil
and cohesive soil is influenced by dry
density and water content. On the other hand,
based on test resulls, the strength of
liquefied stabilized soil and liquefied
stabilized soil mixed fiber material is
considered to be greatly influenced by the
slurry density.
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Figure 3, (b) g~&, relations of Pe-10 at 28 days
Figure 4 (a) and (b) show the relationship
between the deviator stress q (=g, — 03)
and the axial strain €, in range of 0~0.5 %
for the cases of Dpf = 100 % and Dpf =
95 % mixed with fiber material of 0, 10
kg/m3 (Pc-00, Pe=10), respectively. In
Figure 4 (a), the relationships between q
and g, before the peak stress are nearly
equal and the reinforcement effect of fiber
malerial 15 not remarkable in the case of
Dpf= 100 %. However, Figure 4 (b) show
distinet difference between Pe-0 and Pe-10
in the case of Dpf = 95 %, The dewviator
stress generated during shearing tends to
difference from about pa = 0.02 % due to
the reinforcement effect of fiber material,
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Figure 4. (b) q~£, relations of Dps = 95 %% at 28 days
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The relationship between q and &, in
range of 0~0.5 % in the cases of Dpy= 100
% and the cases of Dpy= 95 % mixed with
fiber material of 0, 10 kg/m* (Pc-0, Pe=10)
are shown in Figure 5 (a) and (b),
respectively.  From these figures, as
comparing q~g;, relation, although slurry
density decreased 5 % from Dpr= 100 %
to Dpf = 95 %, the reduction of g,y at
axial strain £,= 0.5 % was about 30-35 %.
However, it is considered that liquefied
stabilized soil reinforced with fiber
material is more advantageous than
application of liquefied stabilized soil in
order to be constructed aseismic ground
with all things considered from Figures 4

(b), Figures 5.
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Figure 5. (a) q~&, relations of Pe-0 at 28 days
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Figure 5. (b) q~¢, relations of Pe-10 at 28 days
4.2. Deformation property
4.2.1. Definition of wvarious Young's
maoduli in this sfudy
Figure 6 shows the definitions of
various Young's moduli. The initial
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Young’s modulus Eo is defined as initial
stiffness at €, =0.002 % or less. The
tangent Young's modulus Eu, is defined
as tangential gradient in g~g, curve, it
indicates the non-linearity of deformation
property in q~g, relation. The equivalent
Young's modulus Eeq is obtained from
small unloading/reloading loop during
monotonic loading. Morcover, the E¢q in
creep correction is calculated from slope
of the lower limit point and the midpoint
in line connecting the unloading point and
the intersection of g~¢, curve in reloading.
The E indicates a changing of damage
degree under the shearing [4] [5].

! Es: Initial Young'smodulus
Eua: Tan Young's modulas
Eu: Equivalent Young's modulus

Deviator stress, q
r

Axaal stram,  £5(%)
Figure 6. Definition of various Young's moduli

4.2.2. Tangent Young's Modulus Etan

Figure 7 (a) and (b) show the
relationships between Ewn/Eo and q/ Qs of
both Dpr= 100 % and Dpe= 95 % for Pc-
0 and Pc-10 at 28 days. The values of Ey,
were obtained from the g~&, curve of the
CUB tests under the confining pressure of
98 kPa. The reduction rate of Ew/Eoof Dpr
= 100 % and Dpe= 95 % shows a similar
tendency in both Pe-0 and Pe-10.

In Figure 8 (a) and (b), the
reduction rate of Dps= 95 % is larger than
Dpr= 100 % as comparing reduction rate
of Ew/Eo of Dpe= 100 % and Dpr= 95 %.
It is considered that nonlinearity of Dps =
95 % is larger than Dps = 100 %.

Therefore, it seems that the nonlinearity
increase as decreasing slurry density.
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Figure 7 (b). Ee/Eorq/ Qe of Dpy= 95 %0 at 28 days

4.2.3. Equivalent Young's modulus, Fe,
Figure 9 (a) and (b) show
relationship between Ee/Eq and q/Qmax
both Dpr= 100 % and Dpr= 95 % for Pc-
0 and Pc-10 at 28 days. The values of Eeq
were obtained from the g~¢, curve of the
CUB tests under the confining pressure of
98 kPa at small loading/unloading loop
during monotonic loading. In general, it
has been reported that initial Young’s
modulus Eo of cement-treated soil at small
strain is independent of the confining
pressure, thus, the E«/Eo is considered to
be indicative of the change in degree
damage during shear. At the initial portion
of shear, the soil specimen shows local
failure, and finally, the soil specimen is
collapsed as the shear band is formed by
the strain. This behavior can be explained
considering that cementation is broken
therefore soil fabric changes and in
consequence clastic propertics change.
There is no significant difference in
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reduction rate of E</Eo of Pc-0 and Pc-10
in Dpr= 100 % and Dpy= 95 %. However,
it is seen from these figures that the
reduction rate of Eey/Eo of Pc-10 tends to
be slightly smaller than that of Pc-0. Thus,
LSS reinforced with paper will create the
reduction of the local damage caused by
shearing.

From Figure 10 (a) and (b), it is
seen that the reduction rate of E./Eq of
Dps= 95 % tends to be larger than Dps=
100 % as comparing reduction rate E.,/Ep
between Dpy = 100 % and Dpr = 95 %.
Therefore, the reduction of slurry density
is suggested to be increased the local
damage during shear. In other words, the
influence of slurry density on the damage
degree caused by shearing is large and it
seems that the damage degree tends to be
reduced by the addition of fiber matenial.
5. Conclusions

In order to investigate influence of
slurry density on strength and deformation
properties of liquefied stabilized soil
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