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The Application of Incinerator Bottom Ash Flowable Fill for Municipal
Pipeline Trench Backfill

T E A
HEFPrT:194 787
A T

- ¢ é;}-ﬁ_ﬁ
d %?JF’K—;; ii".ﬂ\ﬁ L %;\1_7 LU :12: l.&;}f&
B P BRI HEREE TIEE R A o

WEE pE A Fw}f MR R PR A4S

M2 o A B EpEZ ARG TR
A g2 R FEL - KAWL
4i4*frﬂﬁnj ARGAR R R LS 3 o B

Tl E IR BT
Eﬁ-y( SR NP b S B SV R I S
’ri{;irr —1:}_-”5”‘7”775 TR A

24
7 (CLSM)‘}“" FI1iR2 wHET
LB B o B RIEHEE CLSM
Bt E A v HEIAREY T 70 L FAR
N AR REAL IR EER 0 2R

}3 7}9:;{

AR Bl T SERCE Rt e i S
j\,(:ﬁ Ly R R TR ,I%M*rsﬁ i’g,ﬁ_m«

Fa ﬁi}i@’* S ES —“wg"riﬂ MR e

Bt BB S SR E R R -

sk S % o - WA REREA Y kA
% 035~040 > %kt i 02~03 pF > &
Pﬁ'&ﬂt—tm}il? ,m&,‘ﬁﬁl% ’F?‘ﬁp;jé
}iigﬁ’ili ) -ﬁi‘-\lz'» ,{; é\.‘F,'K? ’% /‘%‘T}“iﬁ"——y* _%
TR P RoR A 5 S|~ i GRIOT
R RGRIRERL 2 & R 0 1k Rk
® 2B ARR L 28T S 1 F
B Y R S AR 2 PR L
F oL R R EE 1%

F‘—lﬁ:vj"f ,

DRSS R

NSC 94-2211-E-216-006
1p295#& 7% 31p
Y ER R

PEAE L AEI TN

AZIE T {5 0 reE B R MR U ARk
B2 AREEE o BRI RAINERE
EF L RITRZIR G e H 28 % 25
Bt p e ‘;(jx/};ﬂivﬁagua—:‘y.mr
EJ :\!’:%}@%? 11 o

MAaEs P m A RE S RS R
B~ GRE AL - CLSM ~ 1 5 34
Abstract

Because of the limited environment and
high density of population, most of the
household

processed by incineration. However, the

solid wastes in Taiwan are
large amounts of the incinerator bottom ash
(IBA) are difficult to disposal of. Therefore,
resource recovery for the IBA has become a
very important issue for the environment
protection. The varieties of pipeline
installations are necessary for the daily life
of civilians. However, due to poor
construction quality, the backfill of pipeline
trench always lead to severe road settlement
and pavement deterioration. The limited
installation schedule resulting from the
traffic

metropolitan area further make things worse.

congested conditions in a

Flowable fill also known as controlled

low strength material (CLSM) is capable of



self-hardening, self-compacting, and
self-leveling. In  comparison  with
conventional backfill material, CLSM

presents advantages such as flowable, free
of compaction, adjustable strength, and low
settlement. Therefore, it can be used as an
ideal alternative for the pipeline backfill.
Furthermore, it will present additional
environmental values if IBA can be used as
aggregate for the flowable fill.

This
experimental study by mixing IBA with

research conducted an
cementitious  ingredients to  produce
flowable IBA (FIBA) and use it for the
pipeline backfill in metropolitan area.
Experiments include specimen preparation,
physical properties, flowability, set time,
unconfined compression tests, direct shear
CBR

hydrocollapse. Because the mixtures of IBA

tests, values, permeability, and

and cement have shown slow setting
behavior, therefore, this research observed
the mechanism to cause the slow reaction
and developed solutions to reduce the setting
time. Based on the results of experiment, use
of early strength admixture produced the
best early setting of FIBA. The proposed
proportion will be 1%. Although use of such
mix design may result a reduction of
the 28-day strength

design value. The

long-term  strength,
satisfied the target
findings of this study should provide helpful
suggestions for the production of FIBA and
its application for the pipeline backfill in
metropolitan area. The results tend to reuse
IBA, save natural resource of granular fill
and ensure the quality of pipeline backfill

constructions in most cases.

Key Words: incinerator bottom ash, pipeline
backfill, flowable fill, CLSM
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Soil-Based Flowable Fill for Pipeline Construction
Jason Y. Wu', D.Eng.Sc., P.E.

Abstract

This research investigated the performance of a soil-based flowable fill as an
alternative backfill for pipeline construction. The excavated natural silty sand
from a trench was used as the major ingredient in the flowable fill. The study
consisted of two phases. In phase I, laboratory experiments were conducted to
develop optimum mix formula. Tests included physical properties, flowability,
and strength. In phase II, field trial construction was conducted to verify the
accuracy of laboratory results and evaluate the field performance of the material.
Based on the research, for strength values ranging from 300 to 1,000 kPa, the
cement-to-water and water-to-solid ratios were the two most important parameters
controlling the engineering performance of the material. Laboratory and field
observations provided strong evidence that the use of soil-based flowable fill can
be a practical solution and promote optimum quality for pipeline construction.
Introduction

The quality of the backfill around pipelines has great importance for pipeline
safety (Kaneshiro, et al., 2001). It is important regarding bearing safety,
settlement minimization, and service ability of the constructed facility. However,
the compaction criteria in many instances are difficult to achieve because site
restriction, soil conditions, equipment limitation, and workmanship. In addition,
backfill sometimes even with controlled compaction still exhibits a collapse
phenomenon or other adverse problems leading to difficult pipeline remedial
works (Lawton et al. 1989).

'Associate Professor, Department of Civil Engineering, Chung Hua University,
707 Sec. 2, Wufu Road, Hsinchu, Taiwan 30012, ROC
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Controlled low-strength material (CLSM) or flowable fill is a
self-compacting, flowable, durable strength, cementitious material used primarily
as backfill, void fill, and utility bedding in lieu of conventional compacted fill
(Kaneshiro et al. 2001; Du et al. 2002). It consists of water, cement, fly ash or
other similar by-products, and fine or coarse aggregates or both (Hitch 1998; ACI
1994). Its performance and criteria for pipeline construction are well documented
in the literature (Webb et al. 1998; Hook and Clem 1998; Kaneshiro et al. 2001).
In comparison with conventional granular backfill, it exhibits many advantages
such as easy construction, low cost, high strength, and low compressibility. In
many cases, it facilitates the backfill operation and ensures the construction
quality (Kaneshiro et al. 2001; Samadi and Herbert 2003). However, there are
also several disadvantages to the use of flowable fill such as industry
unfamiliarity, unclear specifications, possible corrosivity, potential material
variability, long-term removability, deeper frost penetration, and a delayed setting
time (Baker 1998; Kaneshiro et al. 2001; Samadi and Herbert 2003).

Another problem associates with conventional flowable fill is that the use
of specified aggregate has imposed natural resource deficiencies and ecological
problems in many areas. In many cases, it is also difficult to find a proper place to
disposal of the excavated soil for the pipelines (Kaneshiro et al. 2001; Du et al.
2002). Developing a better solution for pipeline backfill appears to be necessary
to optimize the pipeline construction.

This paper presents the results of an experimental study and field
observation using a soil-based flowable fill as an alternative for the conventional
granular backfill used in pipeline construction. Laboratory experiments
developing a suitable mix design are first described, followed by performance
observations during field installation.

The native silty sand excavated from the trench for a conduit bank was
mixed with cement and water to produce a modified version of conventional
flowable fill. Use of such material tended to: (1) ensure backfill quality; (2) lower
construction cost; (3) reduce consumption of natural quarry resource; and (4)
promote resource recovery for spoil soil and ecological benefit.

Experimental Program

The purpose of this study was to develop a practical scheme for pipeline
construction using a soil-based flowable fill with local site material. The ideal
properties of the material would be flowable, strong, and durable. Based on other
studies, flowability and strength are the two most important properties for
flowable fill (ACI 1994; Hitch 1998; Du et al. 2002). Therefore, the weight ratio
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of cement-to-water (C/W) and water-to-solid (W/S) were selected as control
parameters for the mix design.

To verify the engineering properties in detail, the experimental program
consisted of two series of laboratory studies. Series I conducted an initial
evaluation of the proper design mixes for flowable fill. Tests included physical
properties, flowability, and strength. An optimum design mix formula
corresponding to the most appropriate flowability and strength were selected for
the series II study. Representative samples were then examined for permeability,
compressibility, hydrocollapse, bearing capacity, and undrained shear strength
based on the aspects of geotechnical engineering. All tests were performed in
accordance with the procedures and corresponding standards outlined in the
ASTM. The laboratory mixtures were then used as the basis for the field trial
installation.

The materials used in this study consisted of silty sand, cement, and water.
The sand was taken at the proposed construction site. It was a yellowish brown
fine sand with some non-plastic silt. It was classified as SM for USCS system or
A-2-4 for AASHTO system. For regular samples, portland type I cement was used.
For early-strength studies, a special calcium aluminate cement (CAC) was used.
All samples were first blended in dry following the prescribed mix formula. Water
was then introduced and sample was mixed and tested accordingly.

Test Results and Discussion

Flowability. Flowability is the most promising feature for flowable fill in superior
to a conventional backfill. In general, flowability is controlled by the amount of
water contained in the composite. The larger amount of water it uses, the higher
the flowability it has. However, a greater water content may cause aggregate
segregation, bleeding increase, and strength reduction. Therefore, the selection of
a suitable water content making the material exhibit the best engineering
performance was the first priority for the mix design.

Procedures recommended by the ASTM D-6103 were used to measure
flowability. Measurements were conducted by filling a 75 mm¢x150 mmH
open-end plastic cylinder with flowable fill on a leveled non-absorptive surface
and then raising the cylinder quickly allowing the slurry to spread freely on the
surface. When the slurry stopped flowing, the diameter of the slurry was measured
in two orthogonal directions. The average diameter was recorded and defined as
flowability for that composite. For most applications, specification requires a
typical diameter to be 200 mm or greater with no visible segregation (Crouch et al.
1998).
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Figure 1 presents the effect of the C/W and W/S ratios on the flowability
of each sample tested. The results indicated that flowability increased with the
increase of the W/S ratio but the rate of increase became insignificant when the
W/S ratios were greater than 0.5. Increasing the amount of water tended to reduce
the shear resistance within the soil particles. Therefore, the flowability was
increased. When the shear resistance dropped to the minimum, further increasing
the amount of water showed only a minor effect on the flowability. A W/S ratio of

0.6 appeared to be the threshold value for the maximum flowability.
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Figure 1. Comparison of flowability for samples with different compositions.

The change of flowability with the C/W ratio was insignificant. This is
because the amount of solid was fixed for a specified mix proportion. Increasing
the amount of cement would cause the soil used to be reduced an equal amount.
Based on the above discussion, the W/S ratio is the predominant parameter that
controls flowability. Laboratory observations indicated that a flowability of 150 to
300 mm would satisty the requirements of flowability and self-leveling. Therefore,
W/S ratios of 0.4 to 0.6 can be used as a criterion for flowability design.

Strength. The flowable fill gradually hardened and achieved strength through the
hydration of the cement. The composites were examined for strength after curing
them for 1, 7, and 28 days. Figure 2 and Figure 3 present the effects of all
parameters on the unconfined compression strength (q,) for samples cured with
1-day and 28-day. The values of q, increased with the increase of the cement
content and curing time. However, higher W/S ratios tended to reduce q,. The
values of q, cured for one day ranged from 52 to 773 kPa and those for a 28-day
curing period were 312 to 6,549 kPa. The tendency to increase was more

significant for samples with higher C/W ratios and curing time. Such phenomenon
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can be attributed to the continuing cementation reactions. The C/W ratio can be

considered as an effective control parameter for strength.
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Figure 2. Typical variations of strength with C/W and W/S for 1-day samples.
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Figure 3. Typical variations of strength with C/W and W/S for 28-day samples.

The typical strengths recommended and required for pipeline installations
would be 340 to 690 kPa (Kaneshiro 2001). The ultimate strength for an
excavatable CLSM is about 1,000 kPa (Crouch et al.1998). In general, the
observed 28-day strength for any sample tested had more than enough strength to
meet such a requirement. Higher strength can be achieved with higher cement
content. However, the possibility of future backfill removal must be considered.
Based on the above findings, the recommended C/W and W/S ratios for a suitable
flowable fill should be 0.3 to 0.5 and 0.4 to 0.6, respectively
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Early Strength. For some projects, the backfill is required to be completed
immediately after the installation of the pipeline. Construction in areas with heavy
traffic is a typical example. For such conditions, flowable fill will not be
applicable unless it hardens and gains reasonable strength within a limited time.
Considering the requirement of traffic loading and the available practices of
flowable fill, the design early strength was set for 200 kPa within 2 to 4 hours.

For flowable fill, high early strength is difficult to achieve because it is in
conflict with the requirement of flowability. Previous studies with various
amounts of accelerators such as calcium chloride and sodium silicate were
conducted. However, they did not improve the set time and the early strength as
they do for concrete. For an acceptable strength, set time cannot be reduced within
2 hours. The unsuccessful results can be attributed to the fact of the higher water
content and lower cement used in the composite (Wu 1999).

In this study, calcium aluminate cement (CAC) was used to observe its
effect on the set time and the early strength. Compared to portland cement, CAC
possesses higher early strength and superior durability to sulfate attack (Mehta
and Monteiro 1993). The principal compound in CAC is monocalcium aluminate
(CA). Although CAC products have setting times comparable to ordinary cement,
the rate of strength gain at early ages is quite high mainly due to the high
reactivity of CA. Within 24 hours of hydration, the strength of normally cured
CAC concretes can achieve values equal to or exceeding the 7-day strength of
ordinary cement (Mehta and Monteiro 1993).

Tests with CAC were conducted with procedures similar to those with
ordinary cement. Representative test results for a W/S ratio of 0.3 are presented in
Figures 4. It can be seen that samples with C/W ratios of 0.3 to 0.4 were able to
meet the design strength within 2 to 4 hours. However, after 7 days of curing, it
was also found that their long-term strength decreased with time. This tendency
was not stable until 42 days (1,008 hours). The reductions were up to about 70%
in comparison with those of the 28-day samples.

The changes were mainly because the principal hydration product (CAH;y)
was thermodynamically unstable, especially in warm and humid storage
conditions. It gradually transformed into a more stable compound (C;AHg) with a
denser structure. The CAH;o—to-C3AHs conversion was associated with a large
increase in porosity and therefore a corresponding decrease in strength (Mehta
and Monteiro 1993).

The final strengths of the CAC mixtures ranged from 240 to 430 kPa. To
conform to the criteria of flowable fill as a backfill, the C/W ratio should be at
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least 0.4 based on the laboratory observations made to date. Further studies are

underway to observe the long-term behavior of soil-based flowable with CAC.
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Figure 4. Typical variations of CAC early strength with C/W and curing time
(W/S=0.3).

Geotechnical Properties

The proposed soil-based flowable fill was designed for pipeline backfill.
Therefore, its suitability was verified following aspects of geotechnical
engineering. Based on the above studies, a representative mix formula (C/W = 0.4,
W/S = 0.5) was selected to prepare samples for further tests on permeability,
compressibility, hydrocollapse, and bearing capacity. Because of the limitation of
the project schedule, the curing time for most of the samples was restrained to one
day.

Permeability. The permeability of the representative sample was tested by using
the falling-head technique. Test results were on the order of 10”cm/sec, which is
comparable to a clayey material. Backfill with such an impervious nature would
be favored for pipeline construction designed against the attack of groundwater
and frost penetration. However, for pipelines that require a pervious backfill,
exceptional ingredients such as air-entraining agents must be used to improve the
permeability.

Compressibility. The compressibility of cementitious material usually is minimal
due to the effect of cementation. To verify such an effect on flowable fill,
one-dimensional consolidation tests were conducted. As shown in Figure 5,
settlement increased with the increase of loadings for all samples tested. The
virgin compression ratios ranged from 0.07 to 0.13 and the recompression ratio
was 0.004. The preconsolidation pressure ranged from 1,500 to 1,800 kPa. It

10
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appears that the solidified flowable fill was heavily overconsolidated by the
cementation. The changes of settlement appeared to have minor scatter with the
curing time. This is probably due to different development of cementation with
time for the sample structures. However, in general the compressibility observed
for all samples tested were minimal. For such soil conditions, detrimental

settlement is unlikely to occur with commonly imposed traffic loads on pipelines.
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Figure 5. The consolidation behavior of the representative flowable fill
(C/W=0.4, W/S=0.5)

Hydrocollapse. Compacted fills are often influenced by post-construction wetting
due to rainfall or groundwater effect (Lawton et al. 1989). Therefore, the potential
of hydrocollapse (I;) for the fill material must be examined. The test was
conducted according to the procedures outlined in the ASTM D-5333 and the
results are presented in Figure 6. The observed hydrocollapse of the sample was
0.029% under a loading of 450 kPa. Based on Jennings and Knight (1975), fill
materials with I, over 1% will be vulnerable to hydrocollapse damage. Therefore,
the solidified flowable fill will probably not have hydrocollapse problems.

For comparison, a similar test was conducted using the same sandy soil
prepared for the flowable fill testing. The sample was compacted to 95% modified
Proctor density and with moisture content 4% less than the optimum. The
observed 1. was 1.04%, which showed about a 34-fold increase over the value of
flowable fill. The effect of cementation on the flowable fill drove out the

occurrence of hydrocollapse.
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Figure 6. The potential of hydrocollapse of the representative flowable fill
(C/W=0.4, W/S=0.5)

Bearing Capacity. The bearing capacity of the flowable fill was evaluated by its
California bearing ratio (CBR). The reported value was 77, which was equivalent
to that of a well-graded gravel material (Carter and Bentley 1991). Therefore,
flowable fill developed in this study is competent for pavement support.
Shear Strength. A triaxial shear strength test was conducted to examine the
undrained shear strength of the proposed flowable fill. It was found that the
deviator stress at failure increased with the increase of confining stress. The
observed cohesion (c) was 103 kPa and the angle of shearing resistance (¢) was
16.7°. This is equivalent to a value of undrained shear strength of about 120 kPa
for a depth of backfill 2 to 3m. The undrained shear strength was not high as the
sample was cured for only one day. The strength was predominantly supported by
the cohesion developing due to the cementation of the cement. Interlocking in the
particles was weak because of the greater amount of water within the soil pores at
that time. Further studies on shear strength for longer curing time are underway.
Field Observation
Batch Mix Design. Based on the laboratory test results, the optimum mix design
for regular soil-based flowable fill would be 0.3~0.5 for the C/W ratio and 0.4~0.6
for the W/S ratio. The observed 28-day strength ranged from 650 to 2,250 kPa.
The average unit weight of the mixture was about 17.0 kN/m’. Table 1 presents
the batch mix proportions (per cubic meter) based on the laboratory findings for
field application. Considering the traffic conditions at the test site, the final mix
design for the trial construction was 0.3 for C/W and 0.4 for W/S. Early-strength

flowable fill was not conducted in this trial due to its uncertainty.
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Table 1 Mix proportions for field application

Material Quantity (kg/m’)
cement 159~314
soil 1165~629
water 529~733

The project selected for the field observation was a telecommunication
conduit bank placed along the sidewalk of a major arterial street. There were four
layers of conduits in the bank and supported in line by a concrete rack. Their
proximity to each other caused compaction to be virtually impossible (Figure 7).
Use of a flowable fill with its behavior of self-leveling and self-compacting made
the placement for this type of construction fast and easy.
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Figure 7. Typical trench cross section for trial construction

Trial Construction. The preparation of the flowable fill in this field trial was
conducted by a Komatsu PC 200 backhoe only (Figure 8). The batched quantity of
soil and water was measured based on the volume of the backhoe bucket. The
purpose of that was to simulate situations where standard batching facility is not
available or is not affordable. Such conditions are likely present during the
construction of many pipeline projects. For example, when the ready-mix truck is
not accessible due to site constraints, the backfill quantity is small, the shipping
distance is long, or the night-time delivery charge is too costly etc.

The excavated soil from the trench was placed in a steel batch bin of 8 m’
in volume. Bags of cement were then loaded in and thoroughly mixed using a
backhoe. Water was then filled to the predetermined volume by a water truck. The

fill-in volume of the mixture was limited to 5 m’ to allow sufficient space for the
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backhoe operation. Mixing was continuous until the tested flowability values met
the specified requirement. The flowability of each batch was examined on site
using an open-end-cylinder flow test as per ASTM D-6103. The qualified mixed
materials were then delivered to the trench by backhoe. The turn-around time per
batch was 18 to 22 minutes. The operation was continuous, and a trial section of

30 m for such placement were completed in less than three hours.

Figure 8. Soil-based flowable fill mixed with a backhoe

Field Assessment. Test cylinders were prepared during the backfill installation.
After curing at the site for one day, the cylinders were placed in moistened sand
boxes and sent to the laboratory for further curing and testing. Upon placement of
the mixtures, surface bearing capacity values of the flowable fill in the trench
were examined using a Clegg Impact Tester following procedures specified in the
ASTM D-5874 (Figure 9). The measurement involved a free fall of a digital
hammer on the surface. The impact value (IV) was shown on the hammer’s direct
reading and can be correlated to the bearing capacity values by calibrations. In
conjunction with the bearing capacity observations, the variations of settlement
with time of the mixtures were monitored from a benchmark established near the
trench. All field measurements were performed at 1 day, 7 days and 28 days from
the placement of the flowable fills. The results of field measurements are
summarized in Table 2.

It can be seen that the flowable fill appears to be soft for the initial 24
hours, however, its strength increased with time. The tendency to increase is
similar to those found in the laboratory. The average 28-day strength observed for
these cylinders was 540 kPa, which was comparable with those found in the

laboratory. The equivalent bearing capacity ratio based on impact values was
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about 41, which will be more than enough as pavement subgrade. The settlement

values also increased with time, however, they all can be considered insignificant.

Based on the field trial, the use of soil-based flowable fill as an alternative backfill

can be a practical solution for pipeline construction.

iy

Figure 9. Examine the bearing capacity with Clegg Impact Tester

Table 2 Summary of field measurements

Unconfined Accumulated

Test Unit Comp.Strength | Impact Value Settlement

I CS Weight | Flow’ty (kPa) (mm)
lRNMYY | mm) | 1 | 7 |28 1 | 7 |28 1 | 7|28

day |days |days | day |days |days| day |days | days

*] 19.2 188 144 | 488 | 520 - - - - - -
*) 17.6 170 160 | 500 | 560 - - - - - -
" - - - - - P15 17 115 2 |11
) - - - - - 2225112 3 | 10
"3 - - - -] - I |18 201010 7
4 - - - - - I |17 |21 10| 1.0 12

*

Cylinder sample collected per batch.

Monitor location on the trench surface.

Unable detect resistance.
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Conclusions
The results of this study provide the following conclusions:

= The increase of the W/S ratio caused an increase in flowability. It also caused
a decrease in strength. The increase of cement-to-water ratio caused the
strength to increase significantly but it did not show definite relationship with
flowability.

» The strength increased with curing time. This tendency is attributed to the
continuing cementation reactions. Such effect is more prominent for higher
cement content.

=  The strength that required for common pipeline backfill ranges from 340 to
1,000 kPa. Considering such requirement as well as other engineering criteria,
soil-based flowable fill with cement-to-water ratios of 0.3 to 0.5 and
water-to-solid ratios of 0.4 to 0.6 are recommended.

= Use of calcium aluminate cement (CAC) for the preparation of flowable fill
showed an increase in early strength for the initial 7 days. It then decreased
with time and finally became stable after about 42 days. Despite the decrease,
the final strength meets the criteria for backfill. Further studies are necessary
to observe the long-term behavior of flowable fill materials with CAC.

=  Geotechnical test results proved that the proposed flowable fill appears to have
sound engineering properties based on geotechnical aspects.

= The trial construction demonstrated that batch mixing of a soil-based flowable
fill with a backhoe in the field is practical. The placement can be completed
within a reasonable time and makes it attractive from the standpoint of cost
reduction.

»  Field measurements of all engineering properties are similar to those found in
the laboratory. The results of field observations provide strong evidences that
the use of a soil-based flowable fill can be a practical solution for pipeline
construction.
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