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ABSTRACT

Flowable fly ash is fly ash mixed with large amount of water having the consistency of
liquid immediately after mixing and gradually harden into solid mass as age increase. The
purpose of this study is to investigate engineering properties of flowable fly ash having varying
amount of water and portland cement additive to establish its suitability for using as backfill. The
properties investigated include flowability and strength characteristics during the ages of 0-90
days. Deformation parameters were also established from results of the strength tests and used in
series of finite element analysis to investigate stress induced in buried pipes walls and retaining
walls by flowable fly ash backfill in comparison with sand backfill.

A series of slump test in accordance with ASTM : C 143-90a was conducted to
investigate the flowability characteristics. The test results show that the flowable fly ash mixes
with water content of 21, 24 and 28 percent have the slump values of 15-20, 20-25 and 25-30 cm.
respectively, indicating relatively good flowability, while the mix with 40 percent water content
were found to be too liquid for slump measurement.

Unconfined compression tests were conducted to establish strength characteristics of
harden samples having ages between 1-90 days while vane shear tests were used for samples still

in liquid or plastic states during the age of 0-3 days. Mixes with 0-5 percent cement content and



21-40 percent water content were investigated. Two types of stress strain relationships were found
for the test samples. Samples of low compressive strength values showed soft stress strain
characteristics with peak and residual strength while samples of high compressive strength
showed brittle characteristics inwhich bursting failure occured immediately at peak stress.
Samples with high water content of 40 percent were found to have compressive strength as high
as 19 kg/cm2 at age of 90 days without cement additive. Which is more than adequate for general
application as backfills. The rate of strength development during the age of 0-3 days was however
found to be relatively slow for this high water content mix and cement additive may be needed to
speed up the strength development rate in order to facilitate certain field applications.

A series of undrained triaxial compression tests were conduction to investigate stress
strain characteristics of the hardened flowable fly ash samples. Mixtures of 0-5 percent cement
content and 28-40 percent water content at age of 1-3 days were used in the investigation. Two
types of stress strain characteristics as in the unconfined compression tests were also prevailed in
these tests. The shear strength parameter cohesion, C and friction angle, (I) were both found to
increase with ages and cement contents. The values of cohesion, C was found to range between
10-1,800 kN/m’ and friction angle, (I) range between 1°-57°. Values of modulus of elasticity, E,,
were also found to increase with ages and cement contents ranging between 3.6x10™109.5x10"
kN/m’

Analysis of stress induced by backfill and traffic load on buried pipe were made to
compare the case of backfilling with flowable fly ash of various mixing proportion and ages with
a case of sand backfill. Effect of pipe installation conditions : trench width, height of backfill and
thickness of fly ash bedding were also investigated. Results of the analyses showed that, by using
flowable fly ash as backfill, stress induced in pipe wall can be reduced by as much as 22 percent
compare to sand backfill. Increasing in trench width and height of backfill results in marginal
reduction in induced stress while increasing in bedding thickness showed very little effect.

The retaining wall analyses compared bending moment induced in the wall by flowable
fly ash backfill and sand backfill. Using deformation properties of flowable fly ash of 40 percent
water content, no cement additive and 1 day age, the bending moment were found to be 14

percent lower than the case of sand backfill. For the case of fly ash of 5 percent cement content,



28 percent water content and ages of 3 days, the bending moment reduction was found to be as

much as 64 percent.



