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Abstract. Fly ash is a by-product of the combustion of the coal-fired electric power stations, and disposal of fly ash
has been one of the environmental challenges. Much of the studies have been focused on the mechanical property of
fly ash concrete. It is no doubt that the use of high-volume fly ash as a partial replacement of cement is also one of the
effect way to utilize fly ash. It is known that the compressive strength of fly ash concrete is lower than that of
ordinary concrete at early age, especially for high-volume fly ash concrete. It is urgent for engineers to consider the
compressive strength of high-volume fly ash concrete at different curing age. In this review, the compressive strength
of high-volume fly ash concrete in various literature was reported and then analyzed. Furthermore, the proposal of the
utilization of high-volume fly ash concrete is provided.

1 Introduction
Concrete is the most common building material around
the world, and more than 10 billion tons of concrete are
made each year[1]. Portland cement is the necessary
component of the concrete. The manufacturing process
for Portland cement is a highly energy-intensive process
that emits a large amount of green-house gas[2]. The
green-house gas is definitely a contributor to the
greenhouse effect and global warming. Additionally, the
amount of fly ash, released by factories and thermal
power plants, has increased throughout the whole world,
and the disposal of this large amount of fly ash has
become a serious environmental challenge. The role of
fly ash(FA) in the blended cement and concrete has been
investigated widely in the recent years due to the benefit
of reducing emission of CO2 and improving the
performance of concrete as well as reducing the cost of
construction.
High-volume fly ash(HVFA) concrete with the properties
of high-performance concrete was first developed by the
Canadian Centre for Mineral and Energy Technology
(CANMET) in 1985[3]. High-volume fly ash concrete
has emerged as useful construction material as it can
consume much more fly ash than FA concrete, and
HVFA concrete is also defined as concrete which
contains 50% or more than 50% fly ash by weight of total
binder materials[4, 5]. The heat of hydration of HVFA
concrete is lower than that of ordinary concrete and
therefore the thermal cracking of HVFA concrete is less
than that of ordinary concrete. Thus, it can be used in
massive concrete structure.
As manufacturing concrete and building up the structure,
compressive strength of concrete is the property most
a

valued by structure designers and constructors. Although
HVFA concrete has positive effect on durability of
concrete[6-10], the compressive strength of HVFA
concrete is lower than that of ordinary concrete at early
age, the difference between the long-term compressive
strength of HVFA concrete and ordinary concrete is still
needed to be considered. In this review, the compressive
strength of HVFA concrete is analyzed with previous
literatures in order to utilize HVFA concrete better in the
practical engineering.

2 Fly ash
According to American Society for Testing and Materials
ASTM-C618[11], FA is classified into two sorts: Class F
and Class C, where Class F fly ash has pozzolanic
properties, Class C fly ash has pozzolanic properties and
also some cementitious properties. The CaO content of
Class F FA is nearly equal to 10% or less than 15%, in
the meantime, the CaO content of Class C FA ranges
from 15% to 40%[12]. Low-calcium FA (Class F) reacts
slowly compared with high-calcium FA (Class C).
Without description in this review, the default type of fly
ash is Class F.

3 Early age and long-term compressive
strength
Compressive strength development is one of the
important mechanical properties of hardening concrete. It
relates to the mold turnover and the construction quality
of the building.
HVFA concrete with 50% Class C FA replacement level
by mass showed lower compressive strength than fly ash
concrete with 25% Class C FA replacement level by mass

Corresponding author: limu26@126.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 207, 01004 (2018)
ICMMPM 2018

https://doi.org/10.1051/matecconf/201820701004

in early age, however, this trend reversed at the curing
age of 90 days[13].
Rafat Siddique et al[14] found that 53.4%, 39.8%, and
39.1% reduction in the compressive strength of concrete
at curing age of 7 days, 28 days and 56 days by partially
replacing cement with 50% FA, respectively, at
water/binder ratio of 0.44. The compressive strength of
HVFA concrete with 50% Class C FA replacement was
22.6%, 21.7% and 18.3% less than that of ordinary
concrete, respectively, for 3, 14 and 28 days curing[15].
When the curing period is 28 days, compressive strength
of HVFA concrete increased by nearly 20% as the FA
content increased from 50% to 70% by mass of total
cementitious materials[16]. Michelle R. Nokken et al[17]
found nearly 47.6% and 85.7% reduction of compressive
strength, respectively, for 60% and 80% FA replacement
level by mass at the curing age of 28 days. Min-Hong
Zhang and Jahidul Islam[18] found that the compressive
strength of HVFA concrete with 50% FA replacement
level and water-binder ratio of 0.45 was 19.5MPa,
28.1MPa, 43MPa and 50.2MPa, respectively, for 3 days,
7days, 28days and 91days.
As the replacement level of Class C FA by mass is 75%,
the difference of compressive strength between HVFA
concrete and ordinary concrete is the highest for 3 days,
and the lowest for 28 days at the water-binder ratio of
0.4[19]. Faiz U.A. Shaikh and Steve W.M. Supit[20]
found that the difference of compressive strength
between HVFA concrete with 60% FA replacement level
and ordinary concrete is the lowest for 7 days compared
with the experimental values of 3 days, 28 days, 56 days
and 90 days at the water-binder ratio of 0.4. For 50% FA
replacement level, this difference is the highest for 14
days at the water-binder ratio of 0.4[21].
W. Chalee et al[22] found that the difference of
compressive strength between HVFA concrete with 50%
FA replacement by mass and ordinary concrete is the
lowest for the water-binder ratio of 0.65 at the curing age
of 28 days among the water-binder ratio of 0.45, 0.55 and
0.65. A. Durán-Herrera et al[23] also found the same
trend that the difference of compressive strength between
HVFA concrete with 60% and 75% FA replacement by
mass and ordinary concrete is the lowest for the waterbinder ratio of 0.6 at the curing age of 7days, 21 days, 28
days and 56 days among the water-binder ratio of 0.5,
0.55 and 0.6.
C.D. Atiş[24] found a reduction in compressive strength
of HVFA concrete with 50% and 70% FA replacement
level by mass. The reduction in compressive strength was
53.3%, 17.1%, 22.9%, 6.2%, 7.4%, 2.6% and 4.8%,
respectively, at curing period of 1 day, 3 days, 7 days, 28
days, 3 months, 6 months and 1 year for HVFA concrete
with 50% FA replacement level, while corresponding
reduction was 85.4%, 57.4%, 51.3%, 45.3%, 37.3%,
38.6% and 36.6% for HVFA concrete with 70% FA
replacement level. It was also shown that the difference
of compressive strength between HVFA concrete with
50% FA replacement level and reference concrete is only
3.4MPa as the curing time is 1 year.
Guðmundur Hannesson et al[25] found that the
compressive strength of HVFA concrete with 60% Class
C FA replacement level was higher than that of reference

concrete at the curing age of 56 days, while the
corresponding curing age was 168 days for HVFA
concrete with 80% Class C FA replacement level. For
Class F FA, the compressive strength of HVFA concrete
with 60% Class F FA replacement level was higher than
that of reference concrete at the age of 84 days, while the
compressive strength of HVFA concrete with 80% Class
F FA replacement level was lower than that of reference
concrete at all curing ages.
Chung-Ho Huang et al[26] found that the compressive
strength of HVFA concrete with 60% FA replacement
level nearly approached that of reference concrete at the
curing age of 91 days, while the corresponding curing age
was 182 days for HVFA concrete with 80% FA
replacement level. Compared with the experimental
values at the curing age of 7 days, the compressive
strength gain of the control concrete was less than that of
HVFA concrete at the curing ages of 28 days, 56 days, 91
days, 182 days and 365 days.
Aliakbar Gholampour and Togay Ozbakkaloglu[27]
replaced the high early strength cement(HESC) with
ordinary Portland cement(OPC), and the main difference
between HESC and OPC is the value of specific surface
area(Specific surface area is 330 m2/kg for OPC, while
390 m2/kg for HESC.). Compared with compressive
strength of HVFA concrete with 50% FA replacement
level by mass with 3 days curing, the values of
compressive strength were increased by 36%, 156% and
203%, respectively, for 7 days, 28 days and 90 days. In
the same way, for HVFA concrete with 60% and 90% FA
replacement level, the values of compressive strength
were increased by 7% and 67%, 166% and 378%, 263%
and 1089%, respectively, for 7 days, 28 days and 90 days.
The higher the FA replacement level was, and
consequently the more compressive strength gain of
HVFA concrete. Katherine Kuder et al[28] got the same
trend of the compressive strength gain of HVFA concrete
compared with the experimental values of 7 days, and
additionally the fly ash type is Class C.
Xiao-Yong Wang and Ki-Bong Park[29] found that the
compressive strength of HVFA concrete with 55% FA
replacement level might not surpass that of control
concrete at later age when the ratio of water to binder is
higher, but the compressive strength of HVFA concrete
could be higher than that of control concrete as the water
to binder ratio was lower. It could be seen that a lower
water to binder ratio is more suitable for HVFA concrete.
Seyoon Yoon[30] found that when the curing period is
365 days and the amount of the binder is fixed in all of
the concrete mixtures(450kg/m3), the compressive
strength of HVFA concrete with 50% FA replacement
level is higher than that of ordinary concrete as the ratio
of water to binder is 0.3, while the trend reversed as
water to binder ratios were 0.35 and 0.4. The compressive
strength of HVFA concrete with 60% fly ash was lower
than that of ordinary concrete in all of the water to binder
ratios (0.3, 0.35 and 0.4), and the differences of
compressive strength between HVFA concrete with 60%
FA replacement level and ordinary concrete were 4.2MPa,
13.9MPa and 10.9MPa, respectively, for water to binder
ratio of 0.3, 0.35 and 0.4, in the meantime, for HVFA
concrete with 50% fly ash replacement, the
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corresponding differences were -7.2MPa, 14.5MPa and
8.5MPa. Thus, it can be seen that the lower the water to
binder ratio was, the lower the difference between HVFA
concrete and ordinary concrete.
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4 Conclusion
HVFA concrete has been used in the study of the
concrete component[31] and the field application[32].
The application of HVFA concrete in the real structure is
on the way. It is necessary for engineers to understand the
influence of time-dependent effect on the compressive
strength of HVFA concrete in relation to the analysis and
design of concrete structures. Utilizing the long-term
compressive strength of HVFA concrete is preferable for
construction reality if the early age compressive strength
of HVFA concrete is not emphasized in field construction.
The compressive strength gain of HVFA concrete is
higher than that of ordinary concrete at different curing
ages. The higher the ratio of water to binder is, the lower
the difference of compressive strength of HVFA concrete
and ordinary concrete.
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