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The Development of Workability Measurement for Asphalt Mixture Using
Transducer by Torque
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Abstract: Continuous increase in the volume of traffic in recent times has resulted in demands for research advancement relating to the
properties of material, in a way of measuring the workability value of Hot Mix Asphalt (HMA). While the literature presents a trend in
the laboratory asphaltic mixer research, this research seeks to use a transducer and heat regulator to evaluate mixing temperature as a
measure for the value of mixture workability at different temperatures. This paper shows that a transducer could measure the workability
value through the value of torque. In addition, the study has enabled the selection of a suitable paddle that has offered a wide range of

torque values at a specified speed for all mixes investigated.
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Introduction

The increasing nature of Traffic volumes, tyre pressure, and loading
in recent times has placed more pressure on engineered roads. A
well-designed and constructed road will not only support regional
and national development of a country, but also assist in sustaining
the infrastructure for the lifespan it is designed for. In order to
achieve this, an adequate mix design is essential. The pavement
industry has been stressing the need to achieve reliability in
measuring the value of workability in a rational and convenient
manner. While the property development of late, has resulted in the
need for improvement in the research relating to the workability of
Hot Mix. Literature has shown that little efforts have been directed
at the influence of the mixing temperature on measuring the
workability value of (HMA) [1, 2]. In relation to previous
researches which have placed focus on measuring the workability of
HMA, a number of scholars have evaluated the workability of
asphalt concrete by torque or a number of indicators obtained from
the gyration compactor and porosity. While some scholars measure
workability by torque [3-5], others evaluate workability by some
indicators from the gyration compactor and porosity [1, 6-9].
Measuring workability by a number of indicators from the gyration
compactor and porosity to produce the desirable pavement could be
achieved by developing asphalt concrete mixer which uses electric
transducer, at the same time measures the workability value by
means of torque within a period of time. Since the research can be
underpinned by the theory of mixing, it is considered as the
theoretical basis for the proposed device. The reason is that this
research aims at developing a prototype mixer for measuring asphalt
concrete workability.
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The research objective is to develop a workability measuring device
for evaluating mixing temperatures and the workability value of Hot
Mix Asphalt (HMA) using a transducer and heat regulator.

The Scope of Research

The initial stage is to develop the machine components, followed by
the verification of the machine to ensure that it is accurate, efficient,
valid and reliable to use. To add, this research also involves
selecting one out of the three types of paddles which provides the
best wide range of torques throughout the seven different mix
designs. The mixtures were further mixed with bitumen 60/70 &
80/100 penetration grades because these are the ones commonly
used in Malaysia. The developed mixer was used to blend the
mixtures at six different temperatures of 120°C, 130°C, 140°C,
150°C, 160°C, and 170°C. With regards to workability assessment
using the gyratory compactor, Gudimettla et al. [4] note that
gyratory compactors are not sensitive to viscosity. Additionally,
bitumen viscosity is beyond the scope of this paper. Hence this
paper does not focus on comparing workability assessment done by
gyratory compactors.

Workability Devices
The Need for Improved Workability Device

The HMA industry is constantly exploring technological
improvements that will enhance the material’s performance,
increase construction efficiency, conserve resources, and advance
environmental stewardship. It is plausible that one approach to
achieve these goals would involve the development of improved
prototype machines, as well as initiating innovative methods and
materials. Previous researches have highlighted the need for
improvement on the device to measure workability [5, 7, 10]. One
of the empirical studies that support the necessity of this present
research is Marvillet & Bougault [3], in which the authors have
contributed to the development of device for measuring and
comparing the workability and compactibility of various asphalt
mixes. Additionally, Gudimettla et al. [4] contribute to the
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development of device to measure workability of asphalt mix, other
than evaluate a device to measure the workability of mix asphalt
mix, due to changes in asphalt concrete’s characteristics.

Marvillet and Bougault were the first to develop a workability
meter in which the five interchangeable springs were used to
determine the torque. The electrical signal was converted to
numerical values and subsequently expressed in the unit of torque.
Using a similar device, Gudimettla et al. [5] evaluated a prototype
device used to identify the influence of change in mix
characteristics on the workability of HMA. Their study suggests that
the workability of HMA is affected by the aggregate type, nominal
maximum aggregate size, binder type, and temperature. However,
their findings show that the gradation shape does not have any
significant impact on the workability of the HMA. The authors have
converted the amperage to torque. Recently, Mogawa [11] have
presented a workability measurement device which does not have a
temperature control system for maintaining temperature during
mixing (it could be used to measure the temperature but not to
maintain it). Following Marvillet and Bougault [3]; Gudimettla et al.
[4] and Gudimettla et al. [5], the paddle of the present machine
rotates while the bowl is fixed. On the contrary, the bowl in
Mogawe’s [11] machine rotates while the paddle fixed. The area for
future research suggested by most authors is a clear testimony of the
need for further research, in terms of workability device that can be
used to measure workability on road construction sites, the
relationship between workability and compaction, and the effect of
temperature on workability. Gudimmetla et al. [5] call for a
refinement of the prototype as it relates to the designs of paddle and
bowl. As the European Asphalt Pavement Association [12] notes, it
is often difficult to establish the conformity between registered
process input parameters and laboratory tested output. It is therefore
important to measure the workability of the mix design to verify this
claim. Another improvement in the device is to include an additional
temperature sensor to provide a better measure of temperature
during the mix process. The authors call for the development of the
device that would yield better results and which would be
user-friendly. Their work indicates that workability is an important
element in obtaining the desired HMA’s smoothness and density
within a compacted pavement, along with the fact that temperature,
as well as the constituents in the mix influence the workability of
Asphalt mix and that the compactibility of HMA is related to
workability. Literature has shown that the workability test is
currently conductible in the laboratory; hence the need to develop a
suitable device for conducting workability tests on site and to
investigate the relationship between workability and compactibility
of HMA on site.

The purpose of numerous researches conducted on the asphalt
mix is to achieve the production of improved mix design of road
pavement structure with increased bearing capacity [13] alongside
the changing climatic conditions experienced in many parts of the
world. Research into asphalt mix is crucial because every now and
then new roads are being built and the old ones are being
reconstructed, leading to the increasing demands for bituminous mix
and the requirements for its quality. Bearing this in mind, this
research is in serious attempt to present the production of an
improved mixer for the measurement of workability via torque,
using a Rotary torque transducer. According to Datum Electronics
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company [14], torque transducer is suitable for general applications.
In addition, it is compatible with common drive traits or test beds.
Its transmission system provides a digital output directly
proportional to torque. More importantly, it has a high acuracy of
0.1 percent.

Developing Workability Device

While the major objective of this paper is to present a newly
developed workability measurement device, this research also
focuses on selecting the best rate of revolution of paddles and types
of configurations. It is interesting to note that the transducer in the
present device transmits digital data, providing the end-users with
clean and definite data transmission. The temperature control
system on the present device does not only allow for the
temperature of asphalt mix to be measured, but it also enables the
mixing temperature to be maintained.

Research Materials

This research study used locally available granite aggregates
provided by the Kajang Rock Quarry in the state of Selangor,
Malaysia. Three gradations of granite aggregate are selected based
on Malaysian Public Works Department (PWD) [15] and Malaysian
Specification AC14, namely the highest point, midpoint and lowest
point of percentage by passing, used to produce hot asphalt concrete
with specific gravity of 2.606, 2.607 and 2.608 gm/cm?® respectively.
There are several reasons for the closeness of the values for specific
gravity. First of all, the total percentage of combined aggregates
(coarse and fine) is 100%. Secondly, the proportion of coarse and
fine aggregated between upper, center and lower limit is the same,
which is shown in Table 1.

The combined aggregates include coarse aggregates, fine
aggregates and mineral filler according to the PWD requirements.
This study complies with sectionn4.3.3.2 (b) of PWD Malaysia, [15]
standard specification for road works on flexible pavement and a
mineral filler used for the purpose of asphalt pavement. For the
fact that that hydrated lime has been used extensively as mineral
filler in HMA mixtures for many years in Malaysia because of its
property of maintaining a good adhesion between the aggregate and
the asphalt cement. Portland cement was used as a filler to test its
effectiveness in this study.

All samples produced are the combination of the aggregates
proportioned with bitumen of 60/70 and 80/100 penetrations, having
specific gravity of 1.02 and 1.03 gm/cm?® respectively. It should also
be added that the Reclaimed Asphalt Pavement (RAP) material was
obtained from Public Works Institute Malaysia (Institut Kerja Raya
Malaysia: IKRAM) along the Kajang road in Kuala Lumpur, of
which 100% of the materials was used for the research. The basic
properties of the aggregates and bitumen are within specification in

Table 1. Proportion of Coarse and Fine Aggregate.

Aggregate Highest Midpoint % Lowest Point
Combination Point % %
Coarse 46 53 60
Fine 53 47 40
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Table 2. Basic Properties of Aggregate.

Property Test PWD Designation
Result  Requirements
Aggregate Abrasion 0 ASTM: C
Value AIV % 226 <% 131-96
Aggregate Impact 0 BS 812: PART
Value, AIV % 2164 <25% 112:1990
Aggregate Crushing 0 BS 812: PART
Value, ACV % 22:5 <25% 110
. (BS812:
0, 0,
Water Absorption % 0.65 <2% PART107:1995)
- . 2.606
Specific Gravity each 2 607 (BS 812: PART
. s . )
Grading gm/cm 2 608 107:1995)
. (BS 812: PART
0, 0,
Flakiness Index % 13 <25% 105: 1990)
Polish Stone Value , (BS 812: PART
0,
PSV 48 >40% 114: 1989)

Source: BS [16], ASTM [17]

Table 3. Basic Properties of Bitumen, RAP and Viscosity.

Test Test

Type of test Result Result 1%'3; Designation
80/100  60/70 ’
Penetration at
25°C, 100g 91 68 215 ASTM D5
Softening 475 53 - ASTMD36
point (°C)
Ductility at ASTM D
25°C (cm) 100 100 i 113
Viscosity at ASTM D
135 °C (cP) 425 537 2875 4402-02

accordance with PWD requirements, as shown in Tables 2 and 3.
Experiment

Table 4. Job Formula for Blended Mix.
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The initial asphalt mixtures were prepared in accordance with
ASTM D 1559 using 75 blows/face compaction standard which is
also consistent with the Malaysian standard. The preparation was
performed, according to the following procedure. Seven types of
mix were designed using the AC14 gradation of three different
aggregate fractions. The first three mix designs were the typical
dense-graded asphalt concrete using bitumen of 80/100 penetration,
The other three mix were similarly graded, using bitumen of 60/70
penetration and the last mix was RAP. The mixtures were identified
as mixtures 1 to 7 as shown in Table 3. In this research, 60-70 and
80-100 penetration grades had been used because these are
specifically provided in section 4.11 of the Malaysian standard. In
addition, RAP was used to ensure that the device could be used in
testing hard asphalt concrete. The selected new aggregate
proportions and RAP aggregate fraction which were investigated
and their specification limits are presented in Table 4.

The asphalt demand of the combined aggregates for mix number
7 (RAP) was determined using a formula [18]. The samples were
labelled as mix 1 to mix 7. In stage one, Paddle A was fixed to the
device and the motor set at 5 RPM, then the paddle was immersed
into mix 1 at 120 °C, and the torque was recorded during the paddle
revolution at the same temperature, where the RPM was adjusted to
10 then 15, 20, 25 RPM and the torque recorded to each speed using
the same paddle A, with the temperature increased to 130 °C using
the heater attached to the device at RPM 5. The same procedure was
repeated at 10, 15, 20 and 25 RPM. Another round of procedures
was repeated for temperatures 140 °C, 150 °C, 160 °C and 170 °C
respectively for mix 1.

The entire procedures were repeated using paddle B and C on mix
1 to complete the tests in stage one. These processes consist of
seven stages, and each stage yielded 18 samples, totaling 126
samples and the total weight of each sample was 3600 grams. The
data recorded for each sample lasted 60 seconds.

This procedure aims at obtaining the best paddle and rates of
revolution suitable for mixing the materials. In addition, the

Wearing Course AC 14 RAP
Mix Power 80/100 60/70 Specification Passing Specification Limits
Designation 0.45 Penetration Penetration Passing Limits Mix7 PWD (Type 1)
B.S Test Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 PWD
Sieve Pass Pass Pass Pass Pass Pass
20.0 mm 3.85 100 100 100 100 100 100 100 100 100
14.0 mm 3.28 100 95 90 100 95 90 90 - 100 95 80-95
10.0 mm 2.82 86 81 76 86 81 76 76— 86 86 68 —-90
5.0 mm 2.06 62 56 50 62 56 50 50 -62 67 52-72
3.35mm 1.72 54 47 40 54 47 40 40 - 54 56 45 - 62
1.18 mm 1.08 34 26 18 34 26 18 18- 34 33 30-45
425 um 0.68 24 18 12 24 18 12 12-24 20 17-30
150 pm 0.43 14 10 6 14 10 6 6-14 11 7- 16
75 pm 0.31 8 6 4 8 6 4 4-8 6 4-10
Filler OPC ) ) ) ) ’ ) ) i i
%
Bitumen 492 471 462 508 482 474 4-6 5.6 5.7

Content %
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Table 5. Calibration Parameter for Workability Device.
Torque Shaft Calibration Calculator

Parameter Symbol Value Units
Shaft OD D 0.2 m
Shaft ID d 0 m
Young's Modulus E 2.07E+11 pa
Poisson's Ratio c 0.285
Gauge Factor 2.08
Max Torque T 100000 Nm
T*16000*GF*(1+0)*D 8.55E+08
T*16000*GF*(1+0)*d 0.00E+00
((DM4)-(d™4))*n*E 1.04E+09
Calibration Value 0.822 mV/V

Torque(Nm) = 16000 * Gauge _Factor * (1 + o)

D4— — d4—
( D ) * 1 * Young's _Modulus(pa)

mV/V =

procedure was able to ascertain that the transducer was working
accurately.

To ensure the accuracy of the research, we calibrated the
workability device using the parameter provided by Datum
Electronics as shown in Table 5 and the calibration formula is
provided below.
Consideration  for Machine
Components

Selecting  the

Table 6 presents the summary of literature and sources used in the
selection of the Components for the workability device.

Fig. 1 presents the workability device connected to a laptop
installed with a software. Fig. 2 presents paddle A, B and C used to
conduct the research. Fig. 3 presents the range of torque to each mix,
derived from the relationships between the rates of revolution and
specific speed. The revolution for each type of paddle is on the
horizontal axis and the torque is on the vertical axis (KNm unit).
From visual observations of all the mix, the wide range of torque
can be clearly determined, where the wide range as shown in mix 1
was at speed 5 and 15 RPM, mix 2 displayed the wide range for
paddle B at 15 RPM, while in mix 3, paddle B was at 10 RPM and
paddle A at 25 RPM. Similarly, for mixes 4 to 7, paddle B was at the
speed of 20 RPM, paddle B at the speed of 15 RPM, paddle B at 20
RPM and paddle A at 25 RPM, respectively. The following explains
how the values of torque yielded by paddle A, B and C were
obtained. In Mix 1 at the temperature of 120°C and RPMS5, paddle
A=5.80, B=19.71 and C=3.89. At the same temperature but RPM10,
A=5.98, B=19.47 and C=3.92. At RPM15, A=6.04, B=20.37 and

Table 6. Bases for Selecting the Components of Workability Device.

Motor lnverter

Hebical Gear Central

% emperanre
orque

Software L paddle

Speed Control sample of mix

asphalt

Transchacer

Bowl Thermometer
Heater

Photograph of Miver

Fig. 1. Photograph of Workability Device Connected to Computer
Installed with Software.

Paddle A

Fig. 2. Photograph of Three Types of Paddle Used in Research.

Paddle B

Paddle C

C=3.65. At RPM 20, A=6.47, B=22.22 and C=3.42. Finally, at
RPM25, A=6.6, B=20.65 and C=4.09. Other values of torque for the
remaining six mixtures at various temperature and RMP 5-25 were
obtained.

Fig. 3 also shows the graphs for mixes 1 -7, and outputs of the
data in Table 6 produced using the Excel software. It was found that
paddle B produced the highest value for range 1 to 7 at RPM 5, 10,
15, 20 & 25. The second highest values were produced by paddle A
and the least values had been produced by paddle C. For this reason,
paddle B was selected for use as a component of the workability
device.

Conclusions

In this paper, we present the workability measuring device for
evaluating mixing temperatures and the workability value of Hot
Mix Asphalt (HMA) using a transducer and heat regulator. We also
present the procedure for the selection of the paddle, from three
types of paddle for use as a component of workability machine. The
workability measurement is based on a transducer attached to the

SIN Components Reference

Remarks

1 Paddle Gudimettla et al. [5]; Mogawa [11]; FHWA [19]

2 Motor Marvillet & Bougault [3]; Gudimettla et al. [5]

2 Transducer Datum Electronic Company [14]

3 Bowl AST Standards [17]; AASHTO [20]; Kett [21]

4 Heater AASHTO [20]; Kett [21]; Sanchez-Leal [22]; Cominsky
5 Thermometer ~ AST Standards [17]; AASHTO [20]; Kett [21]

Three different types

Rotational speed of 22 RPM , 15 RPM
Company Recommendation

Based on quantity of sample (5 liter)
Suitable for HMA

10°Ct0 232 °C

et al. [23]
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Fig. 3. Range of Torque to each Mix.

machine and from this, several conclusions have been made. The
developed laboratory workability mixer by utilizing the transducer
has proven to be effective and has provided accuracy in the
measurement of the value of workability (torque value) in a direct
manner, without having to proceed with any conversion to collect
the workability values from all asphalt concretes tested in this study.

With regards to the selection of paddle which offers a wide range
of torque, it is obviously clear from the results that paddle B at
speed 10 RPM is suitable for all mixes examined in this study. It is

Vol.5 No.3 May 2012

interesting to note that the quality of the developed mixer to
measure the workability is seen in the joint-utilization of a
transducer as a tool to predict the workability value in a reliable
manner. Being equipped with a heater and temperature regulator, it
is portable to be carried to the site, making it more mobile and easy
to handle. Underpinned by the theory of mixing, the developed
mixer reduces the time spent in measuring torque using a transducer.

A well-designed and developed mixer could determine the values
of torque for the AC14 gradation which was used in this study. This
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can be achieved because the value of torque is influenced by any
change of the mixture components. The efficiency of a paddle
applied in today’s 3D laboratory mixers such as Infratest or
Freundle as compared with the output of a mixing plant is subject to
considerable further research.

Acknowledgments

The authors acknowledge the technical and financial supports
provided by the Faculty of Civil Engineering Universiti Teknologi
MARA UiTM , Shah Alam, Malaysia, Acknowledgement is also
due to the MITRANS Laboratory committee and technicians for
their assistance in materializing this work and to the Public Works
Institute Malaysia (Institut Kerja Raya Malaysia: IKRAM) for
providing the RAP materials.

References

208

Celik, O.N., and Atis, C. D. (2008). Compactibility of hot

bituminous mixtures made with crumb rubber-modified binders.

Construction and Building Materials, Vol. 22, pp. 1143-1147.
Khweir, K.A.J. (1991). The Influence of Material Ingredients
on Asphalt Workability, Unpublished Ph.D Thesis. Heriot-Watt
University, Edinburgh, UK.

Marvillet, J. and Bougault, P. (1979). Workability of
bituminous mixes: Development of a workability meter.
Proceedings of the Association of Asphalt Paving
Technologists, 48, pp. 91-110.

Gudimettla, J.M., Cooley, L.A. Jr., and Brown, E.R. (2003).
Workability of Hot Mix Asphalt. National Center for Asphalts
Technology, NCAT Report 03-03, Auburn University, AL,
USA.

Gudimettla, J.M., Cooley, L.A. Jr., and Brown, E.R. (2004).
Workability of Hot-Mix Asphalt. Transportation Research
Record, N0.1891, pp. 229-237.

Cabrera J.G. (1992). Hot bituminous mixtures: Design for
performance. Proceedings of the 1st National Conference on
Bituminous Mixtures and Flexible Pavements. University of
Thessaloniki, Greece, pp. 1-12.

Cabrera, J.G. (1991). Assessment of the Workability of
Bituminous Mixtures, Journal of Highways and Transportation,
University of Leeds,Vol. 11, pp. 17-23.

Cabrera, J. G. (1996). Hot Bituminious Mixture Design for
Performance, In J. G. Cabrera & J. R. Dixon (Eds.),
Performance and Durability of Bituminious Materials (1st ed.,
pp- 101-113). London: E & FN SPON.

Mohamed., A.A., Hamzah, M.O. and Omar, H. (2008).

Performance related mix design evaluationof asphaltic concrete.

International Journal of Pavement Research and Technology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

EASTS International Symposium on Sustainable Transportation
incorporating Malaysian Universities Transport Research
Forum Conference (MUTRFCO08). Universiti Teknologi
Malaysia. 12-13 August, pp. 1-9.

Oliver, J., and Alderson, A. (2006). A Development of an
Asphalt workablity index: Pilot study, Austroads Incorporated,
Sydney: Australia.

Mogawa, W.S. (2010). Patent No. US2010/0011841 Al. United
States.

European  Asphalt  Pavement  Association  (2008).
http://www.eapa.org/index.php accessed online on 26 June
2009

Ziari, H.; Khabiri, M.M. (2007). Interface condition influence
on prediction for flexible pavementliv, Journal of Civil
Engineering and Management, X111(1), pp. 71-76.

Datum Electronics Company (2009). Torque Transducers,
Torque Sensors, and other torque measurement solutions.
http://www.datum-electronics.co.uk (Accessed June 15, 2009).
PWD Malaysia (2008). Standard Specification For Road
Works. Section 4 Flexible Pavement. Jabatan. Kerja Raya
Malaysia, Kuala Lumpur.

BS 812 Part 105, 107, 112. (1990, 1995). Standard Method of
Aggregate Testing. British Standard Institute (BSI) London.
ASTM. Standard (2004). Test Designation C 131, ASTM D 5;
ASTM D 36; ASTM D 113. ASTM D 1559. Annual Book of
ASTM  Standards (Section 04). West Conshohocken,
Philadelphia, USA. .

Kandhal, P.S. and Mallick, R.B. (1997). Pavement Recycling
Guidelines for State and Local Governments:Participant’s
Reference Book. National Centre for Asphalt Technology and
Federal Highway  Administration:  Publication  No.
FHWA-SA-98-042.

The Federal Highway Administration (FHWA) (2009). US
Department of Transportation. http://www.fhwa.dot.gov/index.html
(Accessed June 15, 2009).

AASHTO (1997). Standard Specification for transportation
material and method of sampling and testing, (Part II, T
245-94). American Association of State Highway and
Transportation Officials.

Kett, 1. (1998). Asphalt material and mix design manual, Noyes
Publisher, New Jersey, USA.

Sénchez-Leal, F.J. (2007). Gradation Chart for Asphalt Mixes:
Development. Materials in Civil Engineering, 19(2), pp. 185-
197.

Cominsky, R.J., Huber, G.A., Kennedy, T.W., and Anderson, M.
(1994). The superpave mix design manual for new Construction
and overlays (No. 1012), National Reseach Council,
Washington, D.C., USA.

Vol.5 No.3 May 2012


http://www.eapa.org/index.php

