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Abstract. The construction of asphalt roads has been commonly used as
for infrastructure development since ancient times. The production of
asphalt using drum mix plants has created powder waste in the premix
batching plant industry. It consists of very fine powders and
causesproblems to the environment today. However, powder waste can be
successfully and economically utilized in the development of selfcompacting concrete (SCC). The aim of this study is to evaluate the fresh
properties and the compressive strength of SCC containing asphalt dust
waste (ADW). For this purpose, a simple modified volumetric mix design
approach based on the Okumura Method was adapted to produce SCC
mixes. In order to obtain this SCC, a series of SCC mixes with a specific
water/binder ratio (0.3), superplasticizer ratio (2%) as well as different
amounts of aggregate, sand and ADW were prepared. Fresh properties of
the SCC mix were tested using tests such as slump-flow, J-Ring, L-box and
V-funnel which showed satisfactory results for MD840 and MD850. The
compressive strength for MD840 and MD850 after 28 days was 40.8 MPa
and 34.7 MPa respectively. In conclusion, the simple modified volumetric
mix design method by utilizing ADW in SCC can be suggested for the
development of SCC.

1 Introduction
Concrete is a common material that has been used for housing, tunnel, foundation, precast
elements, high rise buildings and many other types of construction all over the world [1]. In
1986, Self Compacting Concrete (SCC) was introduced by Okamura as a solution for
producing durable self-leveling concrete, which can flow and be compacted by its own
weight into every corner of the formwork during placing and without requiring the
vibrating process for normal vibrated concrete [2].
Through this development, it has become a great opportunity for researchers and the
concrete industry to produce more economical and durable SCC by utilizing waste material
either for granular or powder replacement in the development of SCC [3-7]. The
performance of waste material incorporated in SCC varies and it depends on the physical
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and chemical properties of the materials used [4, 8, 9]. However, there are no specific
methods that can be claimed as a standard to produce SCC. It depends on actual situations
to obtain high quality SCC with satisfactory properties such as filling ability, passing ability
and stability [10-11].
In short, this paper presents a preliminary study based on a modified volumetric mix
design method by utilizing ADW to improve the rheological properties in SCC. The results
show good performance for fresh state SCC without segregation and bleeding effects. A
compressive strength of more than 30 MPa in the hardened state for MD840 and MD850 was
also achieved.

2 Modified volumetric mix design for SCC
Generally, there are many methods to produce SCC and it is not restricted to any standard
at this moment [12-14]. Researchers from academic institutions, concrete batching plants,
precast plants and developers have developed their own mix proportioning methods [13].
In this experimental research, a total of 6 types SCC mixtures were produced. It was a
modified method based on recommendations from Okamura’s method as well as a
EFNARC specifications. This simplified mix design method is based on a volumetric ratio
to allocate amounts of cement, aggregate, sand and ADW by percentage from total volume
required. Each mix was prepared by fixing 25% of cement content from the total volume,
varying amounts of granular (aggregate and sand) and ADW, a water/binder ratio of 0.3
and 2% super plasticiser. The details of the volumetric mix design flow and mix proportion
in volumetric ratio are shown in Fig. 1 and Table 1.

Fig. 1. Modified volumetric mix design procedure.
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After several trials, this simplified mix design method obtained satisfactory fresh test
criteria. Finally, the detailed actual mix design ratio was calculated as preliminary data for
the production of SCC by utilizing ADW as shown in Table 3 and 4.
Table 1. Mix proportion in volumetric ratio.

MD810
MD820
MD830
MD840
MD850

Cement

Aggregate
60% TV

25% Total Volume

Mix
types
MD80

Main Materials
Sand
15%TV

(60% TV) – (10% x
60%TV)
(60% TV) – (20% x
60%TV)
(60% TV) – (30% x
60%TV)
(60% TV) – (40% x
60%TV)
(60% TV) – (50% x
60%TV)

(15% TV) – (10% x
15%TV)
(15% TV) – (20% x
15%TV)
(15% TV) – (30% x
15%TV)
(15% TV) – (40% x
15%TV)
(15% TV) – (50% x
15%TV)

ADW
0% x (vol. agg. +
vol. sand)
10% x (vol. agg. +
vol. sand)
20% x (vol. agg. +
vol. sand)
30% x (vol. agg. +
vol. sand)
40% x (vol. agg. +
vol. sand)
50% x (vol. agg. +
vol. sand)

w/b

SP

0.3

2%

3 Experimental studies
There are many types of mix design methods and alternative materials for the development
of SCC [10-11]. The main principles of developed SCC are to achieve the fresh properties,
which are filling ability, passing ability and stability without compromising the strength of
the hardened SCC. Therefore, this research mainly focuses on developing a simple
volumetric mix design method by utilizing ADW for SCC.
ADW is a powder waste generated from the production of asphalt premix for road
construction pavements using drum mix plants. Based on previous studies, it is a potential
material to improve the rheological properties of fresh SCC such as Fly Ash, Silica Fume,
Granulated Blast Furnace Slag, Ground Glass Filler, Ceramic Powder Waste and Marble
Powder Waste [4]],[7-8],[15]. SEM photographs for ADW are shown in Fig. 2. ADW has
angular shapes with a rough surface texture. Hence, this is an opportunity to use waste
material in the development of sustainable concrete products in order to create a better
environment for the local community.

Fig. 2. Angular shape and rough surface texture of ADW from SEM analysis.

However, the performance of ADW in terms of rheological properties is still
questionable. Therefore, this preliminary research has used ADW as an alternative powder
waste material to produce paste materials and at the same time explore a new approach to
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develop SCC in a lab by using a modified volumetric mix design ratio. The mixtures were
established and evaluated through observation and tests on the fresh properties (slump flow,
J Ring, L Box and V Funnel). The performance of hardened concrete strength was
measured through a cube test after 7 and 28 days respectively.
3.1 Materials
The production of SCC in this research was done using modified volumetric mix design
ratio. The amount of cement, aggregate, sand and ADW will be calculated as mentioned in
Table 1 with a suitable water binder ratio (0.3) and superplasticizer content (2%). The
chemical properties of cement, sand, aggregate and ADW are shown in Table 2.
Table 2. The chemical properties of cement, sand, aggregate and ADW.
Properties
Calcium Oxide, (CaO)
Silicon Dioxide, (SiO2)
Aluminum Oxide, (Al2O3)
Iron (III) Oxide, (Fe2O3)
Sulfur Trioxide, (SO3)
Magnesium Oxide, (MgO)
Carbon, (C)
Potassium Oxide, (K2O)
Zirconium Dioxide, (ZrO2)
Titanium Dioxide, (TiO2)
Sodium Oxide, (Na2O)
Titanium, (Ti)
Calcium, (Ca)
Phosphorus, (P)
(S)
Zirconium, (Zr)

Cement OPC
55.60 %
14.20 %
3.68 %
3.49 %
3.20 %
1.48 %
1.00 %
0.48 %
0 < LLD
-

Chipping
1.85 %
43.70 %
8.50 %
3.38 %
0.49 %
1.00 %
0.39 %
0 < LLD
-

Sand
30.10 %
2.13 %
0.30 %
1.00 %
0.19 %
0.47 %
0.32 %
0 < LLD
-

ADW
2.98 %
44.00 %
9.22 %
4.24 %
0.62 %
1.00 %
4.69 %
0.46 %
1.00 %
0 < LLD
0 < LLD
0 < LLD

Local Ordinary Portland Cement according to MS EN 197-1, CEM I 42.5 N was used in
all mixes. The maximum aggregate size and sand grain size was 12 mm and 4 mm
respectively. The gradation curves of the granular materials are shown in Fig. 3. The
aggregates, sand and ADW were air dried prior to mixing. 2% of superplasticizer Darex
Super 20 was used in order to increase the workability of SCC for all mixes. Meanwhile,
the water binder ratio used was set to 0.3.

(b)

(a)

Fig. 3. Particle distribution of the granular materials (a) sand (b) aggregate.
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3.2 Test equipment
Self-compacting concrete is also known as self-consolidating concrete. It is a highly
workable concrete that can flow inside the formwork system and spread through
reinforcement under its own weight during the fresh state [2],11]. Therefore, these fresh
properties should be tested and evaluated for filling ability (V-Funnel test), passing ability
(L-Box) and stability (slump flow and J Ring test). Filling ability is the capability of the
concrete to flow and fill all spaces or shapes created in the formwork system without using
vibration tools. Passing ability is the ability of concrete to flow through and bond to
reinforcement bars without any blocking under its own weight. Stability is the performance
of internal resistance from the concrete mixture to flow without segregation [16].
3.3 Calculation of modified volumetric mix design method
The aim of developing a procedure using modified volumetric mix design method is to
produce a simple understanding on the distribution of cement, aggregate, sand and ADW
using locally available materials. This design procedure may require interpolation
distribution of materials to achieve target compressive strength after a series of trial mixes
[12].
Calculation of Modified Volumetric Ratio (MVR) is based on Volumetric Ratio (VR)
and controlled by Weight Ratio (WR) as shown in Table 3 and 4. Conversion of VR to WR
is based on the estimation of packing factor in 1 liter of each material. The estimated
packing factor for cement is 1.15, 1.33 for aggregates, 1.6 for sand and 1.05 for ADW.
Table 3. Volumetric ratio (VR) for 1000 litre mixture.
1000 L
volume
Cement
Agg.
Sand
ADW

MD80
VR
250
600
15
0

%
25
60
15
0

MD810
VR
%
250
25
540
54
135
13.5
75
7.5

MD820
VR
%
250
25
480
48
120
12
150
15

MD830
VR
%
250
25
420
42
105
10.5
225
22.5

MD840
VR
%
250
25
360
36
90
9
300
30

MD850
VR
%
250
25
300
30
75
7.5
375
37.5

Table 4. Weight ratio (WR) for 1000 litre mixture base on volumetric ratio (VR).
1000 L
volume
Cement
Agg.
Sand
ADW

MD80
WR
%

MD810
WR
%

MD820
WR
%

MD830
WR
%

MD840
WR
%

MD850
WR
%

287.5
801
239.7
0

287.5
720.9
215.7
78.9

287.5
640.8
191.7
158.0

287.5
560.7
167.8
236.9

287.5
480.6
143.8
315.9

287.5
400.5
119.8
394.9

21.65
60.31
18.05
0

22.1
55.3
16.6
6.1

22.5
50.1
15.0
12.4

23.0
44.8
13.4
19.0

23.4
39.1
11.7
25.7

23.9
33.3
10.0
32.8

4 Experimental results
The fresh properties and compressive strength of developed ADW-SCC were measured as
shown in Table 5 and illustrated in Fig. 4 and Fig. 5. Each mixture has a good workability
as shown by slump flow values of more than 390 mm. However, only MD840 and MD850
exceeded the minimum slump flow requirement of 500 mm and showed excellent
performance during the fresh state in terms of stability, filling ability and passing ability
and also compressive strength.
The compressive strength of the developed ADW-SCC against the various amounts of
granular materials achieved the minimum target strength (30 MPa) except for MD80. All of
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these performances were influenced by a significant amount of paste volume (cement and
ADW) present in each mixture as shown in Fig. 6.
Table 5. Fresh properties of ADW-SCC.
Fresh State
J Ring (mm)
L box

Slump Flow
MD80
MD810
MD820
MD830

390
445
405
440
812mm,
T500 = 2 s

MD840
830mm,
T500 = 3 s
MD850

760mm,
T500 = 2 s,
H1 = 15 mm
H2 = 9 mm
H1/H2 = 1.67
785mm,
T500 = 3 s,
H1 = 20 mm
H2 = 20 mm,
H1/H2 = 1.0

V funnel

T20 = 1 s,
T40 = 2 s,
H1 = 90 mm
H2 = 88 mm
H1/H2 = 1.0
T20 = 2 s,
T40 = 3 s,
H1 = 90 mm
H2 = 90 mm
H1/H2 = 1.0

(a)

(b)

(c)

(d)

T10s = 12 s
T5m = 15 s

Compressive
strength
(MPa)
25.7
34.7
38.3
46

40.8

T10s = 11 s
T5m = 18 s
34.7

Fig. 4. Fresh state test using (a) slump flow test, (b) J Ring test, (c) L Box test and (d) V Funnel test.

Fig. 5. Compressive strength measured on day 7 and day 28.
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Fig. 6. Distribution of materials in ADW-SCC base on VR (%) and WR (%).

5 Conclusions
From the findings of this experimental modified volumetric mix design for self-compacting
concrete by utilizing ADW, the following conclusions can be drawn:
i) The disposal of ADW materials from the premix batching industry is one of the major
problems for the environment today. However, this study opens a new field for utilizing
ADW in SCC and successfully proven and economically utilized ADW as a paste
mixture to improve rheological properties in SCC technology. Furthermore, the physical
properties of ADW showed that it is also suitable to be used as additional filler material
to improve hardened strength in terms of packing factor.
ii) The distribution of materials is highly useful to produce ADW-SCC with reference to
design slump flow (SF), compressive strength (CS) and material distribution. Moreover,
w/b ratio and amount of SP can be adjusted to achieve minimum slump flow. Higher
w/b ratio and SP (%) will improve the rheological effect. However, lower w/b ratio and
SP content is good for fracture toughness.
iii) Further studies on mortar paste volume should be carried out in order to evaluate the
hardened performance of ADW-SCC. The amount of paste materials and w/b ratio
should be minimized to obtain high performance SCC.
In general, the development of modified volumetric mix design for SCC by utilizing
ADW showed the possibility of producing high performance ADW-SCC. It can be
concluded that ADW contributes to better stability, filling ability and passing ability of the
ADW-SCC. However, further work needs to be done on the effect of ADW in terms of
other aspects such as shrinkage, crack pattern, creep and other durability performances.
The authors gratefully acknowledge the Ministry of Higher Education Malaysia (MOHE) for
providing financial support for authors and to Universiti Tun Hussein Onn Malaysia (UTHM) for
providing the resources needed to complete this paper.
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