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Abstract. Fly ash is known as a waste from burning coal which has answered the issue of global
warming to be an alternative constituent material for concrete. Casting on mass concrete has a major
problem like the thermal cracking caused by the hydration process in the cement chemical
component. The prevention solution is using fly ash for a mixed design. Moreover, the casting
method using the preplacedd aggregate method could be able to control the heat of hydration which
lowers the temperature of the concrete by minimalizing the friction between the coarse aggregate
particles during the mixing operation. This study aims to analyze the behaviour of surface and core
temperatures in mass concrete using the preplacedd aggregate concrete method and substituting part
of the cement with fly ash. The result from the study showed that the temperature behaviour of
preplacedd aggregate concrete for mass concrete decreased and slowed the temperature rise if
compared to the conventional methods. Moreover, the partial substitution of class C fly ash in the
concrete mixture leads to reduce the temperature of the mass concrete.

1. Introduction

1.1. Research Context

Concrete is a rock-like material obtained by making a mixture that has certain constituent materials
that consist of cement, fine and coarse aggregates, and water [1]. Mass concrete is normally concrete
with a large volume of construction and associated with in situ concreting. Mass concrete is usually
considered if its dimensions are more than 60 cm, often used in dam construction, bridge construction
as pillars and high-rise buildings construction as raft foundations which are commonly referred to as
raft foundations. [2]-[3].

The main consideration in large casting is heat control [4]-[8]. After pouring the concrete into the mould, it
releases the heat of hydration that arises as a reaction of water and cement. Cement hydration is an
exothermic process that leads to an increase in the temperature of the concrete core. The increase in
temperature at the core can cause a temperature difference to the base and surface of the mass concrete as
well as the ambient (room temperature) so it can cause changes in volume. If there is a large volume it will
cause a temperature deviation, then thermal cracking occurs in the mass concrete. The heat on the surface
of the mass concrete is more easily released to the surrounding air, while in the concrete core the
temperature remains high. This causes a temperature difference in the mass concrete and then causes
internal stresses in the concrete which then cause thermal cracking. Cement is a binder in concrete mixtures
because it has adhesion and cohesion properties that can bind other materials into a single unit.
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The cement reaction is an exothermic reaction, which is a reaction that releases heat. The heat of
hydration depends on the chemical composition of the cement and the amount of heat of hydration
produced by the constituent materials. The time required for cement to change from liquid to hard is
called setting time. The setting time is accompanied by changes in the temperature of the cement
paste. The initial setting is characterized by a rapid rise in temperature and the final setting
corresponds to the peak temperature. Additives are used to modify concrete properties and
characteristics, which are usually given in relatively small quantities. One of the added materials used
is fly ash, which is an alternative waste to replace cement, which is obtained from coal combustion.
Furthermore, SNI ASTM C618 [9] defines the meaning of fly ash as waste from burning coal in a
steam power plant furnace that is smooth, round and pozzolanic. Fly ash as a pozzolanic material is a
material containing silica or silica and alumina compounds; Independently no binding ability (non-
cementitious); In a very fine form it can react with calcium hydroxide with sufficient moisture and at
room temperature to form a material that has cementitious properties.

Fly ash mainly consists of silicate glass compounds containing silica (Si), alumina (Al), Ferrum (Fe),
and calcium (Ca). Fly ash classification is generally done by taking into account the levels of chemical
compounds (SiO2 + Al203 + Fe203), levels of CaO (high calcium and low calcium), and carbon
content (high carbon and low carbon). The carbon content that affects the Loss on Ignition is set not to
be more than 6 per cent (class F and C) or 10 per cent (class N). Fly ash which can be used as a partial
replacement of cement in concrete is regulated in the ACI Manual of Concrete Practice 1993 Part
1226.3R and ASTM C 618 (Standard Specification for Coal and Raw or Calcined Natural Pozzolan
for Use as a Mineral Admixture in Portland Cement concrete). Class C fly ash is also called high-
calcium fly ash because of its high CaO content. Type C fly ash has cementitious properties as well as
pozzolanic propertics. Because Fly ash type C contains a fairly high level of CaO and has
cementitious properties, when exposed to water or moisture, it will hydrate and harden in about 45
minutes. In the use of added materials. the content of fly ash that is loaded must also take into account
the content of pozzolan that has been mixed in the cement.

The previous research from Bayer [10] describes that the addition of mineral additives in the
manufacture of mass concrete can reduce temperature much more effectively than controlling
hydration. Moreover, other previous researchs conclude the similar result [11]-[12].

1.2. Research Aims

Cracks caused by this thermal effect in mass concrete can be overcome with several solutions, one of
which is the use of fly ash as a partial replacement of cement. This substitution can reduce heat
because the hydration process of cement is reduced due to the reduction of cement material. Fly ash is
a popular additive today to be used as a partial replacement for cement in concrete mixtures. Based on
this description, the research was conducted to determine the temperature behaviour of the surface and
core of mass concrete using the preplaced method and the conventional method as temperature control
with a thermocouple device, and partial replacement of cement with fly ash.

2. Method and Material

The research started by collecting materials, namely: cement, fine aggregate, coarse aggregate, fly ash,
superplasticizer and water. The materials used in this study were a fine aggregate of Barito sand, PCC
cement and Fly ash. Physical characteristics of fine, coarse aggregates and cementitious materials are
determined first in table 1 and table 2 also figure 1 and 2.

Table 1. Physical characteristics of fine ag gregates and cementitious materials

o Material 1 Material 2 Material 3
Characteristic  Ohserved value Code Observed value Code Observed value Code
N N “3460-
Name Barito sand - PCC Cement SNI 5301064 Fly ash SNI ?9391460
Type Mild sand - C -
Grade Zone 1L - - - -
Specific gravity 2,65 griem®  SNI1970:2016  3.077 gr/em’ - 19 -2.55 grfem’
Water content 5% SNI 1970:2016 - - 105
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Fo 1

(a) Barito Sand (b) PCC Cement (c) Fly ash

Figure 1. Fine Aggregates and Cementitous Material of Mass Concrete

Table 2. Physical characteristics of coarse aggregates

Data and value
Characteristic Observed value Code
Name Katunun
Water content 025% SNI 1969:2016
Spesific gravity 2.86 gl’f’cn']:'f SNI 1969:2016
Volume weight 1.56 gricm
Abrasion value 11.90% SNI 2417:2018

Figure 2. Coarse Aggregate of Mass Concrete

The fly ash used comes from the waste of the Steam Power Plant of Rimau Electric Ltd in Tamiang
Layang City, Central Kalimantan Province; Based on the results from the examination of the Fly ash
chemical properties, it is categorized into class C with a CaO value of 23.68 percent and
Si02+A103+Fe0? of 61.22 per cent, following Indonesia National Standard Number 2460-2014[13]
and ACI Manual of Concrete Practice 1994 parts. 1 226.3R-3 where there is a calcium (CaO) content
of more than 10 per cent and the combined value of SiO2+A1203+FeO2 is 61.22 < 70. The mixtures
used in this study were: fas 0.4 — s/p 1:075 — viscocrete 1003 of 0.7 percent [ 14] with dosage of fly ash
are 5% and 15% of cement weight

2.1. Initial Research

Furthermore, a specific test was carried out to determine the initial description of the core temperature
of the concrete and the mix design in this study for the casting of the 5 per cent based on previous
experimental [15] and 15 per cent variation of fly ash preplaced method as comparison specimens,
then cylinder conventional method with a mixed design based on SNI 03 2834 2000 [16] as
conventional concrete. The cylinder size for the three test objects is 150 x 300 mm, with temperature
monitoring starting from the completion of casting with technical checks for the first 24 hours every 2
hours. The detail of the preliminary test can be depicted in figure 3.
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, (a) Cylinder for 3 test objects

(b) Temperature Monitoring
Figure 3. Preliminary Test on Temperature
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2.2. Main Research

The main research of this experimental test is the utilizing partial fly ash and the concreting method
for producing mass concrete specimens. There are two-stage for preparing the specimen of mass
concrete. At the first, lay down the coarse aggregate in cube moulds (600mm x 600mm x 600mm) and
then inject the grout with the variation of fly ash into moulds for fulfilling the void. Moreover, figure 4

show the specimens.

(a) Mass concrete

(b) Temperature Monitoring

! Figure 4. Mass Concrete Specimen

3. Result and Discussion
3.1, Initial test result

Before conducting research using large cube specimens, preliminary temperature testing was carried
out on a 150 x 300 mm cylinder with a composition according to the mix design. The results of

temperature in the initial test are shown in table 3.

Table 3. Temperature in the initial test

Preplacedd Aggregate Concrete
Fly ash 5 %

Time/Hour

2 28.8
3 30.8
4 29.8
5 255
6 26.5
7 26.7
8 28.6
9 29.3
10 31

11 311
12 317

Fly ash 15 %
29.6
273
287
28.1
26.8
26.2
259
258
274
278
314

Conventional

28.9
315
29.1
29
275
27.2
26.2
26.3
28.8
30.2
31.9
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3.2. Conventional Method

The process of making mass concrete specimens with the conventional method is done by mixing all
the ingredients according to the concrete-forming mix design at the same time in a mechanical mixing
machine then inserting the concrete mixture into the mould.

Table 4. The temperature of Conventional Method

Time/Hour Temperature Difference between

The surface of The core of Mass . surface and core
Mass Concrete Concrete Ambient

0 43.50 46.35 31 2.850

2 43.25 479 29 4.600

4 45.25 55.6 28 10.30

6 47.60 65.2 28 17.60

8 56.35 730 27 16.65

10 56.60 76.2 26 19.55

12 55.35 76.2 25 20.80

14 58.45 76.8 29 18.30

16 57.35 73.7 30 16.35

18 56.90 71.7 32 14.80

20 58.70 70.1 33 11.40

22 59.40 69.8 32 10.35

24 58.90 68.0 30 9.000

Monitoring the temperature that occurs during the first 24 hours after casting is very visible the difference
between the surface and the concrete core is 58.9 C and 68 C while room temperature is 30 C. Comparison
of Surface and Core Temperatures for 24 hours that the temperature that occurs within 12 hours of the
completion of the mass concrete casting activity. there is a maximum temperature difference of 20.8 C
between the surface and the concrete core. Based on ACI 207.1R-05 [3] the maximum temperature
difference to avoid thermal cracking between the concrete core and the surface and core is

+ 20°C. This shows that from the research there is a temperature difference that can cause thermal
cracking, which can be shown in table 4.

3.3. Preplacedd Aggregate Method

Preplacedd aggregate concrete (PAC) is defined as concrete produced by placing coarse aggregate in
the form and then injecting portland cement-sand. usually with an admixture. to fill voids by ACI
Committee 116R. The implementation of preplaced aggregated concrete casting in these specimens
can be shown in figure 5 and figure 6.

AT
Figure 5. Preparation of PAC Specimens
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Figure 6. PAC Specimens in Laboratory

3.3.0. Mix Design 5% of Fly ash

Monitoring the temperature that occurred within 24 hours. it was seen that there was an increase in
surface and core temperatures after casting. namely 67.1 C for the core and 54.75 C for the concrete
surface and the room temperature as control was 32°C. The temperature that occurred within 24 hours
of the completion of the new mass concrete casting activity was seen an increase in temperature and a
value ratio of 12.4°C between the surface and the concrete core. In the variation of Fly ash 5% to the
total cement weight as a substitute for cement. the temperature is reduced from + 20°C. The
temperature of Preplaced Method for 5% Fly ash can be depicted in table 5

Table 5. The temperature of Preplaced Method for 5% Fly ash

Temperature
Time/Hour The surface of The core of Mass . The surface
Ambient
Mass Concrete Concrete
0 44.60 45.35 32 0.75
2 45.15 45.90 32 0.70
4 45.20 46.80 31 1.60
6 46.45 48.90 30 2.40
8 49.45 52.50 29 3.10
10 52.05 58.50 28 6.40
12 56.45 64.60 27 8.10
14 58.65 67.30 26 8.60
16 57.70 69.00 29 113
18 57.15 68.70 31 116
20 56.20 67.60 33 114
22 54.35 66.40 33 120
24 54.75 67.10 32 124

3.3.2. Mix Design 15% of Fly ash

Monitoring the temperature that occurred within 24 hours. it was seen that there was an increase in
surface and core temperatures after casting. namely 67.6 C for the core and 56 C for the concrete
surface and the room temperature as control was 32 C. The temperature that occurred within 24 hours
of the completion of the new mass concrete casting activity was seen an increase in temperature and a
value ratio of 11.6 C between the surface and the concrete core. In the variation of Fly ash 15% to the
total weight of cement as a substitute for cement. the temperature is reduced from + 20°C. For more
details on the difference in surface temperature and concrete core. The temperature of Preplaced
Method for 15% fly ash can be shown in table 6 and figure 7.
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Table 6. The temperature of Preplaced Method for 15% Fly ash

Temperature
Time/Hour The surface of The core of Mass . The surface
Mass Concrete Concrete Ambient
0 46.2 45.1 31 -1.1
2 449 459 31 09
4 44.2 46.7 30 25
6 439 46 .8 29 29
8 428 458 28 30
10 43 .8 469 27 31
12 46.0 503 27 43
14 479 542 30 6.3
16 51.8 603 32 85
18 55.7 64 33 83
20 56.6 658 33 92
22 56.9 66.1 32 92
24 56 67 .6 32 116
The Surface and Core Temperature for
Mix Design with 15% Fly Ash

v —

" J

E i

B

&

K, —

Surface
—— Cors
Ambuent
TIME / HOUR

Figure 7. Temperature Graphic of Preplaced Method for 15% Fly ash

3.4. Surface Temperature

For monitoring the surface temperature of all test specimens in the first 24 hours. it is seen that there
are differences that occur from the Conventional Method. Preplacing fly ash 5% and 15% of weight
cement into mix composition of concrete can decrease temperature by 59.0 C, 54.8 C and 56.0 C
respectively. The comparison for surface temperature for the specimens can be described in table 7.
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Table 7. Comparison for Surface Temperature
Surface Temperature

Time/Hour Conventional Fly ash 5% Fly ash 15%
0 435 446 46.2
2 433 452 449
4 453 452 442
6 476 46.5 439
8 564 495 4238
10 56.6 521 438
12 554 565 46.0
14 585 587 479
16 574 577 518
18 569 572 55.7
20 587 562 56.6
22 594 544 569
24 590 548 56.0

3.5. Core Temperature

In monitoring the core temperature of all test specimens in the first 24 hours of the first day. it is seen
that there are very differences that occur from the conventional Method. Preplacing fly ash 5% and
15% of weight cement into mix composition of concrete can decrease temperature of 68.0 C. 67.1 C
and 67. 6 C respectively. This result is inversely proportional to the use of an increased percentage of
fly ash. Moreover, the core temperature of the conventional method with normal concrete mixtures
undergoes the hydration process more quickly at 12 hours after casting with a value of 76.2 C
compared to the preplaced method and the addition of the percentage of fly ash. Core temperature at
12 hours after casting is 64.6°C for 5% fly ash and 50.3°C for 15% fly ash. However, the temperature
of the preplaced method only increased in the first 24 hours after the casting was completed. This
shows that increasing the percentage of fly ash to the total weight of cement used as a partial
replacement of cement can delay the hydration time and reduce the differences temperature between
surface and core temperatures so that there is no thermal cracking in the mass concrete. The
comparison for core temperature for the specimens can be described in table 8.

Table 8. Comparison For Core Temperature

. . Core Temperature
Time/Hour Conventional pe

Fly ash 5% Fly ash 15%
0 464 454 451
2 479 459 459
4 556 46.8 467
6 65.2 48.9 468
8 73 52.5 458
10 76.2 58.5 469
12 76.2 64.6 503
14 76.8 67.3 542
16 73.7 69.0 60.3
18 71.7 68.7 640
20 70.1 67.6 658
22 69.8 66.4 66.1
24 68.0 67.1 676

3.6. Comparison of All Test Objects

From the results of testing the temperature of all mass concrete specimens between the conventional
method and the pre-laid concrete method using 5% fly ash as a partial replacement of cement. the
percentage value of the temperature decreased by 40% against the mass concrete temperature of the
conventional method. and the use of 15% fly ash as a partial cement replacement percentage the
temperature is 449% of the mass concrete temperature of the conventional method. Furthermore,
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increasing the percentage of fly ash, the temperature of the mass concrete decreases. The comparison
of all specimens can be described in table 9.

Table 9. The Comparison of Test Objects
Surface T c-n'lpa:reltura: Difference Percentage of Temperature

The object of Mass Concrete Core Reduction
Conventional 55.35 76.2 208 0%
Fly ash 5% 5475 67.1 124 40%
Fly ash 15% 56 67.6 116 44%

4, Conclusion

1. The temperature behaviour analysis of the preplaced mass concrete method can decrease and
delay the increasing temperature of specimens compared to the conventional method.

2. Reduction temperature percentage for preplaced method with the use of fly ash 5% and 15%
in the grout mixture are 40% and 44% compared to the conventional method.

3. The mass concrete temperature of three specimens arel2.4°C. 11.6°C and 20.8°C
respectively. The maximum temperature increase with the use of fly ash 5% and 15% occurs
in the first 24 hours, while the maximum temperature without fly ash within the first 12 hours.

4. The process of changing temperature of the conventional method tends to increase drastically
which inversely with the preplaced method which the changes tend to be slow and gradual. It
can affect the occurrence of thermal cracking processes where a gradual increase in
temperature is considered to reduce the risk of cracking in the mass concrete due to
differences in surface and core temperatures

5. Future Work

Research and development can be done to develop the idea of different timescales in the cooling
process of mass concrete to find out more deeply the effect of mixing fly ash on temperature changes
and prevention of thermal cracking.
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