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Abstract. The success of preplaced aggregate concrete technology depends on two main
factors which are potential grout and coarse aggregate. This research was conducted
experimentally to determine the effect of using two different fly ash sources as an alternative
for the partial replacement of cement and several size and shapes of coarse aggregate on the
compressive and tensile strength of PAC specimens. This involved the use of seven concrete
mixes with a low water-cement ratio of 04 and cement to sand ratio of 1:0.75 to produce
standard cylinder specimens of concrete containing rounded and crush aggregate. Moreover,
fly ash was added at a dosage of 5% and 109% of cement weight while three shapes and sizes of
a rounded and crushed aggregate at 20 mm, 30 mm, and a mixture of the two were also
applied. The results showed the compressive strength of specimens with different sizes or a
mix of rounded aggregate in PAC exhibited a similar performance with 30 mm of crushed
coarse aggregate. Furthermore, the specimen with a higher content of calcium fly ash
demonstrated a more rapid strength at an early age of seven days than those with lower content.
Therefore, the partial replacement of cement with industrial waste material in the form of fly
ash in preplaced aggregate concrete has the ability to save up to 10% of cement and also
produce certain environmental benefits.

1. Introduction

Preplaced Aggregate Concrete is a simple concept of concrete technology consisting of two-stage
casting. The first involves placing coarse aggregate into formworks while the second is injecting the
potential grout into the void [1]. This method provides several benefits compared to the conventional
concrete due to its flowability, absence of internal vibration, lower energy consumption, and cement
weight [2-4]. However, one of the essential factors affecting PAC Technology is the quality of coarse
aggregate and grout especially due to the influence of several factors such as the type of sand, cement-
sand ratio composition, water-cement ratio, and cement for conventional grout [5.6].

The success of PAC depends on two main factors which are grout workability and coarse aggregate
size void, especially due to the expectation of potential grouts to fulfill all coarse aggregate voids.
According to [7], the recommended size of coarse aggregates in PAC was 38 mm. Previous research
proposed using coarse aggregates of sizes smaller than 38 mm, with the aggregates being gap-graded
and of multiple sizes [8]. Single-graded aggregates of different sizes were also applied in another
study [9]. Meanwhile, the effects of using fly ash as a partial replacement of cement and sand in a 0.33
low water binder ratio grout and coarse aggregate gradation for PAC mixtures have been studied [10].
Fly ash, as a pozzolanic material, was also applied to improve the fresh properties of low water binder
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grouts due to its abilities [2,11.12]. Its abundance as an industrial waste has led to its common use as
concrete material.

This research was, therefore, conducted to determine the effect of size and shape of coarse
aggregates, and fly ash as partial replacement of cement on the mechanical properties of PAC through
the use of a series of laboratory experiments on grout workability, cylinder compressive strength, and
splitting tensile strength.

2. Materials and Method

2.1. Coarse and fine aggregates

Coarse aggregate is one of the important factors in achieving a successful preplaced aggregate
concrete. Therefore, the coarse aggregates used in this study were in two shapes including rounded
and crushed with three different sizes which were 20 mm, 30 mm, and a mixture of the two sizes
which were produced locally in South Kalimantan as shown in Figure 1. Meanwhile, the fine
aggregates used include natural river sand with zone 3 gradation from Barito river, South Kalimantan
Province.
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(a) Rounded aggregates (b) crushed aggregates

Figure 1. Coarse Aggregate: rounded and crushed stones.

2.2 Industrial waste- fly ash

Fly ash was locally sourced from two different locations in Kalimantan and added at 5% and 10% by
weight of cement to determine their use as pozzolanic materials in a preplaced aggregate concrete. The
FA-1 was obtained from PLTU Asam Asam while FA-2 was from Tamiyang Layang as indicated in
Figure 2.
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(a) FA-1 (b) FA-2

Figure 2. Locally-sourced Fly Ash

2.3. Chemical Admixture
Viscocrete 1003 type of superplasticizer imported by SIKA was used for all the mixes. This liquid
chemical admixture was added at 0.7% by weight of cement [5].
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3. Mix design and preparation of specimens

3.1. Mix design of specimens

A total of seven different mix proportions were designed to investigate the mechanical properties of
preplaced aggregate concrete due to the effect of coarse aggregate size, shape, and fly ash. Moreover,
0.4 watercement ratio, 1:0.75 sand cement ratio, and 0.7% weight cement of superplasticizer in
accordance with previous experiments. The mix designs of PAC specimens are, therefore, summarized
in Table 1.

Table 1. Mix design of PAC Specimens.

weight per cubic meter m® Superplasticizer

Type of mix cement sand ag(;:;hate ;;gurgg:e FA-1  FA-2  water % if;;?tem
R-20 47928 35946 1455 - - 191.71 07
R-30 45531  359.46 1455 - - 191.71 0.7
R20+30 409.78 35946 1455 - - 191.71 0.7
CFA-0% 45531 35946 1455 - - 191.71 0.7
CFAl1-5% 390.60 29295 - 1641 2396 156.24 0.7
CFA1-10% 390.60 29295 - 1641 47.93 156.24 0.7
CFA2-5% 390.60 29295 - 1641 - 2396 156.24 0.7

3.2. Preparation of Specimen

The PAC specimens used were prepared using two stages with the first involved placing of coarse
aggregates in 150 mm x 300 mm cylinder molds while the second was injecting the grout into the
molds to fill the voids as shown in Figures 3 and 4.
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Figure 4. PAC Specimens in the laboratory
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4. Results and Discussion

4.1. Fresh properties of the grouts

The physical properties and chemical of different types of fly ash are presented in Table 2 and FA-1
was found to have a higher specific gravity compared to FA-2. It was also discovered to have more
calcium oxide content which is classified between Class F and C according to the ASTM C618 [13].
Meanwhile, the instrument used to determine the flow time is shown in Figure 5.

Table 2. Physical and chemical properties of fly ash (Laboratory data)

Unit weight (%) Parameter FA-2
Parameter

FA-1 FA-2 unit value
Sio? 39.08 29.94 K-O 0.77 0.84
ALOs 11.96 15.44 MnO: 0.34 0.22
Fe:0s 2222 15.84 TiO2 0.65 0.81
CaO 14.33 23.68 P10s 0.16 0.51
MgO 7.26 9.93 SOs 1.89 1.14
Na,O 0.80 1.11

Figure 5. Flow cone test.

The fresh properties of Preplaced Aggregate Grout mixtures used in determining the grout
consistency are indicated in Table 3 with the flow times observed to be within the range of 26.12 to
33.38 seconds. Meanwhile, ASTM C939 [14] requires an efflux time of 8 seconds for pure water and
8-35 seconds for grout of PAC of tflow time to drain 1725 ml using a flow cone test. This means the
time reduced due to the partial replacement of cement with fly ash in the mixtures and all the
specimens were found to have fulfilled the criteria of flowability from the test.

Table 3. Fresh Properties of Grout
Superplasticizer ~ Flow time  Grout compressive  Type of coarse

Type of Grout

(%) (second) strength aggregate

R-20 0.7 32.64 - rounded

R-30 0.7 27.77 - rounded

R20+30 07 27.84 - rounded
CFA-0% 0.7 26.12 3473 crush
CFA1-5% 07 3338 32.83 crush
CFA1-10% 0.7 29.62 29.42 crush
CFA2-5% 07 29.23 20.80 crush
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4.2. Hardened concrete of PAC

The compressive strength of all specimens is shown in Figures 6 and 7 as well as Table 4 and they
were all observed to have increased with curing days. Moreover, C-FA1-5%, C-FA1-10%, and C-
FA2-5% were discovered to have lower values on the seventh day compared to the C-FA1-0% which

is the control specimen without any fly ash content. Meanwhile, the C-FA1-5% specimen had a
similar result with control at a later curing age of 28 days.

« gl

(a) Compressive strength test (b) splitting test

Figure 6. detailed of the test set up

Table 4. Compressive and splitting tensile strength of specimen PAC.

) Compressive strength on days Tensile strength

Spe(‘ig;em 7 14 28 28
MPa MPa MPa MPa
R-20 12.08 12.83 18.12 1.910
R-30 11.42 12.93 18.12 2087
R20+30 1491 17.74 19.82 1.839
CFA-0% 14.15 16.04 20.38 2310
CFA1-5% 8.68 12.64 20.00 1.930
CFA1-10% 8.12 11.32 17.74 1.840
CFA2-5% 10 8.00 11 1.840

87 days 014 days @28 days
25.0

=
=1
=]

15.0

Compressive Strength (MPa)

10.0
5.0
0.0 :
R-20 R-30 R-20+30 C-FAl-0% C-FAI-5% C-FA1-10% C-FA2-5%
Specimens

Figure 7. Compressive strength of the specimens
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Figures 8(a) and (b) showed the influence of the shape of coarse aggregate on PAC's compressive
strength and no significant difference was found with the increase in rounded aggregate sizes from 20
mm to 30 mm. Meanwhile, the round aggregate specimen with mixed sizes or R-20430 was found to
have increased the compressive strength by + 10%. Figure 8(b) further shows the uniformly rounded
aggregates tend to exhibit lower performance compared to the crushing aggregate [9] while round
mixed size (R-20+30) had similar values with C-FA1-0%. This was associated with the better
mechanical interlocking between the different sizes which produced an efficient stress transfer through
the aggregates [9, 15.16].

?22 —~-R-20  -@-R-30 —E-R-20430 ” -B-R-20+30 —A-C-FA-0% —e—R-30
-9 -2
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g 7
j=" H
g2 £12
“10 g1
7 days 14 days 28 days 7 days 14 days 28 days
Age (days) Age (days)
() (b)

Figure 8. Compressive strength of the specimens

Figure 9(a) shows the increment in the percentage of fly ash in a mixture from 5% to 10% reduced
the compressive strength of the PAC. This is similar to the findings of previous research which
showed an increase in the partial replacement of OPC by FA decreased the compressive strength
measured at the same date [12].

Figure 9(b) shows CFA2-5% had a lower performance compared to the CFA1-5% in terms of

compressive strength. This is due to the different chemical properties of fly ash presented in Table 2
where the total percentage of CaO for FA-2 was observed to be more than 20% and classified as a
cementitious material while FA-1 varied between 10 and 20% and categorized as a cementitious and
pozzolanic material [14]. Therefore, CFA2-5% has a more rapid strength at the early ages of seven
days than concrete with lower CaO such as CFA1-5% and this is in line with the findings of previous
experiments [17]. Table 4 also shows the tensile strength of the specimens had a similar trend with
compressive strength and analogous to the values obtained for the normal concrete. Moreover, the
splitting tensile strength was found to be reducing as the fly ash content in the mixture increased.
The splitting tensile strength is normally estimated using the compressive strength but it also several
equations such as ACI 318-05 [18], ACI 363 [19], Eurocode 2 [20], Neville [8], Sofi et al. [21], Lee
and Lee [22] formulated using Table 5 with fi used to represent the splitting tensile strength (MPa)
while fc is the average compressive strength (MPa).
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Figure 9. Compressive Strength of specimens

Table 5. Prediction models for splitting tensile strength

code Equation (SI Unit) Equations
ACI 318 fe= 0.56\/th Equation 1
ACI 363 fe= 0-59JE Equation 2
Eurocode £,=0.33 frg Equation 3

Sofi et al.

fl: =0.48Jf_,

Equation 4

Lec and Lee fe= 0_45‘/}?_“ Equation 5
Neville f.=0. ngg 67 Equation 6

Figure 10 shows the splitting tensile strength value obtained in this research is lower than all
prediction models with ACI 318, ACI 363, and Eurocode [18-20] significantly overestimated.
Meanwhile, the tensile strength for all the PAC specimens was observed to be slightly closer to the
value for both Equations 5 and 6. It is, however, important to note that the proposed prediction models
are strongly influenced by several factors such as the chemical and physical properties of raw

materials.

(= — [S~]
th  —  Lh b2 A

——ACI318
Eurocode
—=—Lee and Lee

——ACI 363
—=—Sofi et al.
+ Experimental Test

Splitting tensile strength (MPa)

=
=]

125 15 17.5

Compressive strength (MPa) B

20 225 25

Figure 10. Comparison of the experimental and
predictions model of splitting tensile strength
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5. Conclusion

The relationship between the compressive and splitting tensile strengths of preplaced aggregate
concrete produced using fly ash as a partial replacement of cement and coarse aggregate was
determined in this study. Specimens with rounded shape aggregates at different sizes exhibited a
similar performance with a 30 mm crushed aggregate. Moreover, specimens with higher calcium fly
ash had more rapid strength at an early age of seven days while the tensile strength for all samples was
slightly closer to the value for prediction models and previous experiments. Therefore, the partial
replacement of cement with industrial waste material in the form of fly ash in preplaced aggregate
concrete has the ability to save up to 10% of cement and also produce certain environmental benefits.
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