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ABSTRACT

This paper explains the development of low heat concrete (LHC) using high
volume pozzolan replacement. Three pozzolans with different sources (Rayong fly ash
(FAR), Mae-Moh fly ash (FAM) and pumicite (PM) were selected as the cement
replacement material in this study. The replacement percentages of each type of fly ash
were 40%, 50% and 60% by weight, while pumicite replacement was 50% by weight.
Then a combination of fly ash and pumicite, each comprising 25% by weight of the total
cementitious material was also tested. The water to binder ratio (w/b) was kept constant
at 0.55 throughout the experimental program. Test results of other water to binder ratio
ie. 0.33, 0.45 and 0.50, were also adopted from other studies. The test properties are
semi-adiabatic temperature rise, compressive strength, flexural strength, modulus of
elasticity and drying shrinkage. From the test results, the tested pozzolans could reduce
the temperature rise of concrete effectively. Although compressive strength decreases
in concrete with high volume pozzolans for same water to binder ratio, it is possible
in practice to reduce the water to binder ratio in high volume pozzolan concrete and the
compressive strength of the pozzolan concrete can be quantitatively estimated in this
study. Flexural strength and modulus of elasticity can be conservatively evaluated using
ACI equations. For drying shrinkage, only PM mixture has higher drying shrinkage than
the plain cement mixture. Finally, models for predicting semi-adiabatic temperature rise
and compressive strength of LHC with high volume fly ash were proposed. The models
determine the effect of percentage of fly ash replacement and total cementitious content

on semi-adiabatic temperature rise and compressive strength of LHC. The effect of water
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to total binder ratio was considered as another parameter in the compressive
strength model. From the test results, the proposed models were found to be effective
in predicting peak temperature rise in the tested semi-adiabatic condition and 28-day

compressive strength of pumicite and high volume fly ash concrete.

INTRODUCTION

Due to the growth construction in
Thailand, there is a strong need for concrete
which is high in durability, sufficient strength
and easy for construction. Also, the tendency
of massive concrete construction is rising up
as far as high rise buildings and infrastructure
projects are increasing. To facilitate the
construction and avoid the temperature
cracking due to hydration, the need of low heat
concrete is obvious. This paper is a study of
the development of low heat concrete using
high volume pozzolan replacement by mainly
considering the effect of chemical composition

of the fly ash on the semi-adiabatic temperature

rise and compressive strength of concrete.
The models for prediction of the maximum
temperature rise in semi-adiabatic condition
and 28-day compressive strength of high volume

fly ash concrete was consequently proposed.

EXPERIMENTS
Materials and Mix Proportions

Table 1 and Table 2 show the chemical
composition and physical properties and
of Ordinary Portland Cement Type 1, Rayong
fly ash (FAR), Mae-Moh fly ash (FAM)
and Pumicite (PM). The detail of mix
proportions of concrete tested in this study

are shown in Table 3.

Table 1 Chemical composition of cementitious materials used in this study

Chemical Composition, % Cement Type 1 FAR FAM PM
Silicon dioxide, SiO, 21.45 33.88 43.22 71.88
Aluminum oxide, AlO, 5.35 20.38 23.36 14.58
Iron oxide, Fe,0, 3.01 435 8.87 1.96
Calcium oxide, CaO 67.33 31.47 10.29 1.83
Magnesium oxide, MgO 1.52 1.44 2.73 0.67
Potassium oxide, K,O 0.33 0.34 2.58 5.67
Sodium oxide, Na,O 0.11 - 0.18 -
Sulfur trioxide, SO, 231 1.24 1.21 0.02
Manganese oxide, MnO - - 0.089 -
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Table 2 Physical properties of cementitious materials used in this study

Physical Properties Cement Type 1 FAR FAM PM

Specific Gravity (g/cm?) 3‘15. 2.26 1.93 2.36

Bulk Density (g/cm?) 1.02 1.01 0.99 1.04

Blaine Fineness (cm%g) 3741 2999 2710 2032
Fineness (% Retaining on sieve No.325) 8.6 12.6 43.88 45.27
Loss on Ignition (%) 0.58 2,61 0.93 0.06

Moisture Content (%) 0.11 0.37 0.07 0.52

Test Method

The test methods specified in ASTM
standard were used for testing mechanical
properties such as compressive strength, third
point loading test for flexural strength and

Young’s modulus.

Quasi-Adiabatic Temperature Rise
Measurement: The tested concrete mixtures
were cast in a 15 mm. thick plywood form work
with a foam-insulated box inside which has
internal dimension of 470x470x350 mm. and
thickness of 30 mm. Thermocouple was
inserted in a slot which was initially provided
in the form work by a glass tube before
casting the concrete. The thermocouple was
then connected to the digital data logger to
record the temperature rise. The temperature
of the environment was controlled at 25 + 2'¢

throughout the test program.

Drying Shrinkage Measurement : The
100 x 100 x 500 mm. concrete prism specimens
were cast and consequently cured for 28 days

in water and after that cured a in drying room
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with temperature 25 + 2 ‘¢ and HR 60%.
Length change of the specimen at the age
of measurement was measured a mechanical

strain gauge.

TEST RESULTS AND DISCUSSIONS
Semi-Adiabatic Temperature Rise

The temperature rise recorded up to
peak temperature of LHC with different type
and percentages replacement of pozzolans are
shown in Fig. 1 to Fig. 3. It can be seen that
the use of pozzolan as a cement replacement
material can reduce temperature rise in concrete
due to heat of hydration. The higher percentage
of fly ash replacement gave the lower
temperature rise in concrete regardless of the
type of the tested pozzolans. Pumicite was the
most effective type of pozzolan for reducing
temperature in concrete followed by Mae-Moh
fly ash and Rayong fly ash, respectively. It is
worthily noted that pozzolan with lower CaO
content is more effective for reducing the

concrete temperature,



Table 3 Details of Mixture Proportions

Mix w/(c+f+p) | f/(c+f+p) |p/(c+f+p) Component (kg/m3)

Designation Cement |Fly Ash |Pumicite| Water Fine Coarse
Agg. Age.

ce 0 0 296.54 0 0 163.10 | 857.33 | 1068.00
FAR-40 0.40 0 168.24 | 112.14 0 154.19 | 857.33 | 1068.00
FAR-50 0.50 0 138.31 | 138.31 0 152.14 | 857.33 | 1068.00
FAR-60 0.60 0 109.18 | 163.77 0 150.12 | 857.33 | 1068.00
FAM-40 0.55 0.40 0 162.86 | 108.57 0 149.29 | 857.33 | 1068.00
FAM-50 0.50 0 132.90 | 132.90 0 146.19 | 857.33 | 1068.00
FAM-60 0.60 0 104,16 | 156.24 0 143.22 | 857.33 | 1068.00
PM-50 0 0.50 139.71 0 139.71 | 153.69 | 857.33 | 1068.00
PM-FAR 0.25 0.25 139.01 | 69.50 69.50 15291 | 857.33 | 1068.00
PM-FAM 0.25 0.25 136.22 | 68.11 68.61 149.84 | 857.33 | 1068.00

(Tl

Note : The unit content of water, cement, fly ash and pumicite are denoted as “w”, “c”, “f" and “p”, respectively.
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Fig. 1 Effect of types of pozzolan on semi-adiabatic temperature rise
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Fig. 2 Effect of Rayong fly ash content on semi-adiabatic temperature rise
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Fig.3 Effect of Mae-Moh fly ash content on semi-adiabatic temperature rise

Compressive Strength

Fig. 4 indicated that for the same water
to total binder ratio, The compressive strength
of all high volume pozzolan LHC mixtures are
lower than CC mixture. The compressive
strength of LHC reduces as the fly ash
replacement ratio increases at any age of
concrete. It can be observed that the LHC
mixtures with pozzolan replacement have
a high strength development rate than CC

mixture for concrete beyond 28 days age.

The higher strength development of LHC
is due to the pozzolanic reaction between the
Ca(OH), and SiO, to produce more C-S-H
gel. It is also worthily noted that pozzolan
which has higher CaO content results in higher
compressive strength (comparing mixtures
with 50% FAR, FAM and PM). The LHC
mixture proportioning is mainly designed on
the basis of controlled temperature rise as well

as adequate strength.
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Fig. 4 Effect of content of fly ash and pumicite on compressive strength
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Flexural Strength

Fig. 5 presents the relationship between
flexural strength and compressive strength of
the tested LHC mixtures. From this graph, it
can be seen that the points representing flexural

strength of LHC are in the range between the

boundary lines proposed by ACI 363 Committee
and ACI 318 committee. So it can be concluded
that the equation proposed by ACI 318
committee for structural concrete is
conservative for evaluating flexural strength

of LHC.
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Fig. 5 Relationship between flexural strength and compressive strength of LHC

Modulus of Elasticity

The relationship between modulus of
elasticity and compressive strength of LHC
mixture is shown in Fig. 6. The ACI equation

represents the relationship for conventional

Lh
(=]

structural concrete. It is shown that the
equation proposed by ACI 318 Committee is
conservative for evaluating modulus of

elasticity of LHC.
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Fig. 6 Relationship between modulus of elasticity and compressive strength of LHC
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Drying Shrinkage

The results of drying shrinkage for LHC
and the control concrete are shown in Fig. 7.
From the figure, the magnitude of drying
shrinkage of LHC mixtures with fly ashes is
lower than that of the CC mixture. However,

the pumicite mixture illustrates larger drying

shrinkage than the CC mixture. Therefore,
pumicite may not be appropriate for being
used in drying environment. However, since
most of the mass concrete are not subjected
to drying environment, i.e. mass foundation or
dam, the use of pumicite is considered proper

for such mass concrete.
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Fig. 7 Drying shrinkage of LHC containing different pozzolans compared with control concrete

EQUATIONS FOR ESTIMATING PEAK
SEMI-ADIABATIC TEMPERATURE
RISE AND COMPRESSIVE STRENGTH
OF LHC

Determination of the Unit CaQ Content in

Total Binder Content

The peak semi-adiabatic temperature rise
and compressive strength of LHC increases
with the increase of unit calcium oxide content
as mentioned earlier since CaO presents in all
four major reactive oxide compounds of
Portland cement that are C,S, C,S, C,A and
C,AF. The unit calcium oxide content is

then used as the parameter in designing LHC
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regarding peak semi-adiabatic temperature rise
and compressive strength. To determine the unit
CaO content in the combined mixtures of
cement and fly ash, the following equations

are used.

r. Cao + (l -r)Cachmmr ] ( I )

binder [ STy ash

C =0.01W

where C is the unit CaO content in the
combined cement-fly ash binder in kg/m® of
concrete, 7 is the ratio of fly ash in total binder

content by weight (f/c+f)), W, is the total

hinder

binder content in kg/m® of concrete, CaO,
g . My ash

is the CaO content of fly ash in % and

CaO is the CaO content of cement in %.

cemens



Prediction of Peak Semi-Adiabatic

Temperature Rise

Fig. 8 shows the relationship between
peak semi-adiabatic temperature rise (AT _ )
and the unit CaO content in the concrete (C)
of the tested LHC. From the figure, the
relationship between (AT_ ) and C can be

derived as follow:
ATM = 23.61nC - 100 (2)

Prediction of 28-day Compressive Strength

The relationship between the experimental
data of 28-day compressive strength (fc) and
unit CaO content (C) of LHC with w/b
varied from 0.33, 0.45, 0.50 and 0.55 is
shown in Fig. 9. The results of concrete with
w/b 0.33, 0.45 and 0.50 were obtained from
Srichod, A [4].

A linear function between f'c and C for
each value fo (w/b) was assumed and the

equation for deriving compressive strength

from the unit CaO content and w/b of the LHC

was obtained as :

fc=mC + k 3)
where : m = -0.65 (w/b)+0.54 (4)
k = 21.06 (wb)-12.78 (5

Verification of the Proposed Models

Equations (2) and (3) were verified with
the authors’ tested results and the results
obtained from others [3,4]. As shown in Fig.
10, Eq.(2) can be used to predict the peak
semi-adiabatic temperature rise of the tested
mixtures and also the mixtures from other
studies with satisfactory precision. Also, Eq.
(3) can be satisfactorily used to estimate the
28-day compressive strength of the tested
mixtures and the mixtures from some other
siudies as shown in Fig. 11. Therefore, Eq.(2)
and Eq.(3) can be used as guidelines especially
for mix proportioning of high volume fly
ash low heat concrete regarding the peak

temperature rise and compressive strength.
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Fig. 8 Relationship between peak semi-adiabatic temperature rise and unit CaO content of LHC



28-day Compressive Strength
(MPa)

45
40 -
35 1
30 4
25 A
20 -

15 +

10
5 1

T

ow/b=0.33 gw/b=045
AwWb=0.50 xw/b=0.55

40

60 80

100 120

140

200

Unit CaO Content (kg/m3)

Fig. 9 Relationship between 28-day compressive strength and unit CaO content of LHC
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Fig. 10 Comparison between tested and predicted peak semi-adiabatic temperature rise of LHC
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CONCLUSIONS
Based on the conducted test and analytical

results, the following conclusions can be made:

1. The developed low heat concrete (LHC)
using high volume pozzolan replacement
could reduce the temperature rise of
concrete effectively. The reduction of
temperature rise was found to be more
obvious when using the higher amount of
pozzolan replacement. Pumicite was the
most effective pozzolan for reducing

temperature.

2. The compressive strength of all tested
LHC mixtures are lower than the tested
CC mixture. The higher percentage of
fly ash replacement leads to lower
compressive strength at any age of

concrete.

3. The equations proposed by ACI Building
Code (ACI 318) were conservative for
evaluating flexural strength and modulus

of elasticity of LHC.

4. Drying shrinkage of LHC with two types
of fly ash (FAR and FAM) were lower,
while drying shrinkage of the pumicite
mixture was higher than the control
mixture.

5. The equations for predicting peak
semi-adiabatic temperature rise and 28-day
compressive strength of LHC taking into
account effect of type and amount of fly
ash replacement as well as the total binder
content based on the unit CaO content

were proposed. Apart from the unit CaO
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content, water to binder ratio was
considered as another parameter for the
28-day compressive strength. The proposed
equations were found to be effective in
predicting semi-adiabatic peak temperature
rise and 28-day compressive strength of

the high volume pozzolan concrete.
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