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ABSTRACT

It is of a great impc.tance in the design of asphalt mixtures to know their modulus
of elasticity. The common laboratory tests used for measuring the resilient modulus are
very sophisticated and complicated. Radonesky (A Russian pavement material researcher)
suggested and prepared a simple device called "plastometer” to be used in measuring
modulus of elasticity of asphalt mixtures. This study aims at investigating the use of this
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device (plastometer) for measuring modulus of elasticity of asphalt mixes in Egypt. _T}le
study aims also to search the different factors affecting the values of modulus of elasticity
as well as finding the possible relationships between the different traditional methods used
1o determine this modulus and the plastometer test procedure. These methods include Van-
der Poel, dynamic stability, and Marshall stiffness. To achieve the study objectives a
comprehensive experimental program is carried out on limesione-asphalt mix under
different conditions inctuding mix gradation, mixing procedure, and testing temperature.
The experimental program passes through two main phases. The first phase is conducted
on one mix having the same material properties and mixing procedure at difterent testing
temperatures 1o check the validity of using plastometer in measuring modulus of elasticity
for asphalt mixes. While, the second phase is directed to find possible relations between
the results of the different methods used to determine the modulus of elasticity.

Based on the study results, it can be concluded that plastometer test results can de
used satisfactorily in determining modulus of elasticity of asphalt mixtures. Valuable
relationships are found between the different methods used in calculating rmodulus of
elasticity and the plastometer method.

INTRODUCTION

The existing trends of designing flexible pavements depend on numerical analysis
of layered systems which inciudes study of stresses, strains and deflections [1.2]. This
necessitates the use of resilient modulus, Resilient modulus is used by AASHTO 1o
characterize the roadbed soil as well as all pavement layers for design purposes. Resilient
modulus can be measured in laboratory using repeated load test or can be estimated from
deflection basins using back calculation procedures [3,4]. Resilient modulus in a simple
term is the modulus of elasticity when the theory of elasticity is applied. Radonesky {3,6]
suggested and prepared a simple device for measuring the modulus of elasticity of agphalt
concrete  mixtures. Radonesky device and procedure were approved by Russian
specifications. But this device is still under investigation in other countries.

The conventional laboratory tests used for measuring the resilicnt modulus are very
sophisticated and eomplicated. In addition, there is a considerable difference between their
results and those obtained using baek calculation procedures. Simple procedure was
suggested in Russia by Radonesky [5,6] to measure modulus of elasticity of asphalt
mixtures and still under investigation. So, it is of a great imponance to check Radonesky
procedure to find a simple method for calculating the modulus of elasticity.

This study aims at investigating the use of the simple device prepared by
Radonesky for measuring the modulus of elasticity of asphalt mixtures in Egypt. Another
objective is to evaluate the factors affecting the values of modulus of elasticity. A third
objective is to find the possible correlations between values of modulus of elasticity
calculated using this plastometer test and those obtained from other conventional methods.
These methods include, Van-der Poel, dynamic stability based on Wheel Tracking Test
{WTT) results, and Marshall stiffness calculated from the Marshall test procedure.

STUDY METHODOLOGY

To achieve the study objectives, the following steps are made: manufacturing
Radensky’s device including the testing tools and mould of test specimens, selecting and
collecting suitable types of different materials required for preparing the investigated
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asphalt mixtures, choosing the different variables for the investigated mixtures and testing
as well as designing the required testing program, preparing asphalt mixtures for testing.
measuring the modulus of elasticity using Radonesky device and other conventional
methods, comparing the results of both Radonesky test and the other selecied methods.
deducing possible correlations between modulus of elasticity determined by the
plastometer device test and those obtained from other methods.

EXPERIMENTAL PROGRAM
The experimental program is designed to include the following two phases.

1- Pilet Study: The pilot study represents the first stage of the experimental program. As a
starting point, a reference mix'is considered. This reference mix is composed of limestone
as coarse aggregate, sand as fine aggregate, and limestone dust as mineral filler. The
gradation of this reference mix similar to the standard gradation (4C) defined by the
Egyptian Specifications. The plastometer test is conducted on asphalt concrete mixes
representing the reference mix. These mixes are prepared at the optimum asphalt content
{OAC) and unit weight resulting from the Marshall mix design method. To invesiigate the
effect of testing temperature on the values of modulus of elasticity, three testing
temperatures (20°, 40°, and 60°C) are considered when conducting the plastometer test on
the reference mix to simulate the climatic conditions in Egypt.

2- Studing the Relations between Different Procedures used for Mcasuring Modulus
of Elasticity

The objective of the second stage of the experimental program is to study the
relations between different methods used for measuring modulus of elasticity. These
methods are the plastometer test, Van-der Poel, dynamic stability based on wheel tracking
test, and Marshall stiffness. This stage is achieved and checked using different mix
properties and characteristics such as gradation, mixing procedure. and testing temperature.
The selected gradations are in the range of the Standard Gradations (3B, 4C, 5B, and 6B).
These gradations are shown in Table (1). Mixing procedure is another factor that may
affect asphalt concrete mix behavior. To investigate the eftect of mixing procedure on the
values of the modulus of elasticity, three mixing procedures are used. These mixing
procedures are: traditional {TRP), two stage (TSP), and separate-successive {SSP) mixing
procedures. In the traditional method, the normal procedure of the Marshall mix design is
followed. In the TSP method, the coarse and fine aggregates are mixed together, asphalt is
mixed with mineral filler. and then the two mixtures are added together. In the SSP
method, small portion of the asphalt quantity say A; (about 13% of the OAC) is mixed
with coarse and fine aggregates, whereas the rest of the asphalt quantity A, (about 83% of
the QAC) is mixed with mineral filler and the two mixtures are then added together [7. §].
Three testing temperatures are used for the different mixtures {20°. 40° and 60°C).

TESTING: Two groups of tests are applied. The first group is the acceptance tests. They
are conducted to identify the different properties of materials used. While the second type
is the main tests used to measure the modulus of elasticity of different investigated mixes.
The Plastometer test is conducted for 36 asphalt mixtures with different properties. Mix
stiffness for the previcus asphalt mixtures is also calculated using Van-der Poel method.
Dynamic stability of asphalt mixtures at different conditions are determined through
applying wheel tracking tests on these mixiures. Marshall siiffness values of the 12 asphalt
mixtures are also calculated through applying Marshall test on these mixtures.
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PLASTOMETER TEST METHOD

This section presenis all needed information about Radonesky apparatus
(plastometer). Complete manufacturing of test device, test samples preparation procedure
and testing process are thoroughly explained. The procedure of determining the modulus of
elasticity using Plastometer test results is explained in the following sub-sections:

Manufacturing Process of the Plastometer Apparatus: Because the plastometer
apparatus is not known test, its device is not available for sale. Therefore using it in Egypt
required manufacturing of this device locally. The manufacturing is conducted by E. Abu
Elmagd workshop, Industrial City, Zagazig, Egypt under tight supervision of the
researcher. The manufactured parts include testing device, sample mould. and auxiliary
tools (see Figures (1, 2)).. The manufactured plastometer device is calibrated using asphalt
mixes similar to that tested in Russia. The calibration process showed a high degree of
reliability of the manufactured device.

Preparation of Test Specimen: About 620 gm of asphalt aggregate mixture is used 1o
produce each test specimen. The QAC determined using Marshall mix design methed is
used as a base to prepare Plastometer test specimens. The aggregate blend composed of
coarse and fine aggregates, and limestone dust. Weights of every part of the aggregate and
asphalt are determined according to the mix gradation and the specified sample weight
according to the mould volume. To prepare a test specimen, asphalt and aggregate are
heated to about 150°C, then mixed using mixing spoon in a pan. At the same time the
sample mould is heated to about 100°C before pouring the mixture to eliminate adverse
effects on mixing temperature. After putting the mixture in the sample mould. a solid steel
piece with dimensions 4 x 4 x 16 cm is then placed over the mix and all are compacted
using a static compression testing machine. The other solid steel part with dimensions 4 x 8
X 16 ¢m is used to pull the specimen out of the mould after supporting it on the two
supporting beams. The specimen is left for 24 hours before testing.

Testing Process: In the beginning of the testing process, the specimen is heated in an oven
to about 5°C lower than the test temperature 1o remove any humidity and to insure a
homogenous distribution of temperawre inside the specimen during the test. Then. the
specimen is placed for 30 minutes in a water bath at a temperature equals to the test
temperature, three testing temperatures are used {20°, 40°, and 60°C), to simulate different
climatic conditions.

The specimen is then placed on the Plastometer testing device. A suitable weight
specified by Radonesky is placed on the plastometer to compress the test sample. This
weight depends on the proposed test temperature. It is about 3 kg for a 60°C test
temperature. It should be increased by 1 kg for each decrease of 20°C decrease in test
temperature. Deflection of the specimen is recorded every one minute using a dial gauge.
The readings of the first five minutes are disregarded. The test is continued for 10 minutes.
After that, the sample is taken out from the plastometer apparatus. For a high lest
temperature, a waler bath is used to maintain the temperature of the specimen during the
whole time of the test.

Calculation Process; Based on data recorded during the test of the specimen using
Plastometer, Radonesky [5, 6] gives a formula to evaluate the rheological characteristics
{viscosity, plasticity and modulus of elasticity) for the asphalt concrete mix as follows:

N = Q® (Teoo — Ta00) (fs00 — f300) = QP AT/ (Af) (h
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Where: 1 = Viscosity, poise; Q = Applied load, kg; ® = A coefficient depends on
specimen dimensions; AT= Ditference in time for the time interval used in calculations
(interval is 5 minutes starting afier first 5 minutes from the start of the test); and Af=
Difference in dial gauge readings (deftlection in the specimen after 5, 10 minutes), cm.

Radonseky gives a simplified form for the above equation based on specimen
dimensions of 4 x 4 x 16cm. This formula is as follows [5, 6]:

n=(0.804 x 10°Q)/ Af )

The plasticity for asphalt concrete mix, P, is given by the following formula:

P=1-logn/l18 (3)

Finally, the dynamic modulus of elasticity (E) in kg/cm’ is given by the following
formula: Log E=22(1-P)+3 ()

This modulus represents a dynamie medulus of elasticity cormresponding 1o a
loading time of 0.02 second for the asphalt concrete mix.

MARSHALL TEST: Marshall test method, as described in ASTM and Egyptian
specifications is conduced to find the characteristics of asphalt mixture used for calculating
the modulus of elasticity.

Marshall Mix Stiffness: The stiffness of asphalt concreie mixtures are calculated by
Brown and Cooper [9} using the formula; S, =(5.d)/ (t.d.f) = (q/1) (5)
WHEEL TRACKING TEST: The wheel racking test (WTT) is a simulative rutting test.
developed by the British Road Research Laboratory {10].

The tracking rate (TR), is determined from the last third of the deformation/time
curve, (from 30-45 minutes) which is approximately linear. A stress level of 5.3 kwem’
(75 psi) and a test temperature of 60°C are considered as standard test conditions in Egypt.
as suggested by Rolt [11].

Wheel Tracking Test Results: The WTT results were represented by three different
parameters, as follows:

a- TR =10.16 x 107 (TD4s — TD30) (6)

Where: TR = Conventional tracking rate, mm/hour; TD;3o= Track depth afier 30 min..
0.001 in., and TDys= Track depth after 45 min., 0.001 in.

b-.  CTR=1.524b (7)

Where: CTR = Comprehensive tracking rate, mm/hour; and b = Slope of track depth/time
regression line, 0.001 in./min.

¢- Dynamic Stability D.S =Ng / (CTR) (8)

Where: D.§ = Number of wheel passes that produces a rut depth of | mm. Nge= Number of
passes per hour = 2520 (60 min, about 42 pass/min). This leads 1o the final formula:

D8 =2520/(CTR) (9)

More details concerning the WTT procedure and data treatment is can be found in
reference [12].
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RESULTS AND DISCUSSION

Firstly, plastometer test results of the reference mix were analyzed and discussed to
give a decision about the use of plastometer test in measuring the modulus of elasticity for
the asphalt concrete mixtures, The OAC and unit weight of the plastometer samples were
those resulting from the Marshall test of the reference mix. The analysis includes lime-
deflection analysis and the reliability of using the plastometer test in measuring the
modulus of elasticity of asphalt concrete mixes. Secondly, general plastometer test results
were discussed and analyzed. This includes deflection values versus time application of
plastometer test to evaluate the behavior of the asphalt mix specimens during test. The
OAC and unit weight of the plastometer specimens were those resulting from Marshall test
of the investigated mixtures. Table (2) illustrates Marshall characieristics of the
investigated mixes. The effect of different factors on the values of modulus of elasticity of
asphall concrete mixtures are discussed. These factors include mix gradation, mixing
procedure, and testing temperature. Finally, several correlations between the different
methods used to evaluate the modulus of elasticity of asphalt concrete mixtures were
deduced. These methods include the plastometer test procedure, Van-der Poel mix stiffness
method, dynamic stability based on wheel tracking test, and mix stiffness based on
Marshail test.

ANALYSIS OF PLASTOMETER TEST RESULTS VERSUS THE REFERENCE
MIX

Time Deflection Analysis of Tested Specimens: Deflection of the test specimens occurs
as,soon as loading of the specimen in the plastometer equipment begins. The value of
deflection increases as the time increases achieving the highest value at the end of the test
time (10 minutes). Figure (3) describes the relationship between deflection and time for
different test conditions. The figure shows that deflection of the specimen passes through
three stages. The time interval (1-3 minutes) describes the first stage. In this stage the
deflection increases with an increasing rate indicating high straining behavior of the test
specimen. The second stage describes the behavior of asphalt mixture in the time interval
(3-5 minutes). In this stage, the rate of deflection increase becomes with lower rate but it is
still high and unstable. The last stage lies between (5 and 10 minutes). [n this stage. it is
noticed that the rate of increase of deflection becomes stable and achieves the lowest
values.

Studying the effect of testing temperature on the deflection-time relation showed
that the deflection values increase as the test temperature increases and the maximum is
achieved at the highest temperature used (60°C). Furthermore, rates of different stages of
time-deflection relation increase with increasing test temperature. [n the first stage. this
rate increases from 0.006 to 0.0085 mm/min as testing temperature increases from 20° to
40°C and becomes 0.0105 mm/min at 60°C. However, this rate is 0.00285 mm/min in the
second stage at 20°C and reaches 0.0057 and 0.0066 mm/min at testing temperatures of
40°C and 60°C, respectively. The lowest rates are achieved in the last stage. This rate is
0.00086 mm/min for testing temperature of 20°C and it increases from 0.00166 10 0.0023
mm/min respectively for testing temperatures 40°C and 60°C.

Evaluation of Modulus of Elasticity: Modulus of elasticity of the reference mix a
different testing temperatures is calculated and its values are shown in Table (3). The
values of modulus of elasticity decrease as the testing temperature increases achieviny the
highest value at 20°C (12533 kg/cm?) and decreases to about 90% of its original value at
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4¢°C. The modulus of elasticity achieves its lowest value at 60°C (10466 kg/em®y which is
approximately 83% of that achieved at 20°C. Based on these results it is obvious thut the
testing temperature has a considerable eftect on the values ol the modulus of elasticity .

Validity of the Plastometer Test Results: To check the validity of the plastometer test
results. the stiffness of asphalt concrete mixes considered in the pilot study are caleulaled
using Van-der Poel method. The refationship between modulus of elasticitv measured using
plastometer test results and the stiffness of asphalt concrete mix using Van-der Pocl
method is also found. Good relation is found between the two methods. The following
equation is obtained for the available points:

E=0.0311%Squ + 10710 (R'=092)

Where: E = Modulus of elasticity calculated using plastometer test results. kg/em”. and:
Smi= Stiffness of asphalt concrete mix using Van-der Poel method. kg,fcnf.

It is of great consideration to notice that the previous relation will be investigated
for several asphalt concrete mix samples.

Reviewing the analysis of the reference mix results, it can be concluded that
plastometer test results can be considered satisfaclory and convenient and give the same
trend as other methods. Thus, it can be said that the use of the plastometer test in
measuring the modulus of elasticity is considered convenient. Other checking is made
during the study program.

ANALYSIS OF THE PLASTOMETER TEST RESULTS

Time-Defleetion Analyvsis of Tested Specimens: Tables (4) through (6) show the tme-
detlection relationship of different asphalt concrete mixtures. These tables show the same
trend obtained for the reference mix. The time-deflection relationship are still divided to
three stages according to the rate of deflection increase as previously explained. It is worth
mentioning, that the asphalt mixtures having different gradations, mixing procedures. and
testing temperatures, having a rate of deflection increase ranging between 0.08 and 0.12
mm/min. in the first stage. This rate ranges between 0.02 and 0.07 mni/min and 0.006 and
0.03 mnm/min respectively for the other stages.

The results of studying the effect of mix gradation on deflection behavior of
plastometer specimens. show that the coarser graded mixture G, achieves the lowest
deflection, while the finer graded mixture G; achieves the highest deflection values ar all
mixing procedures and testing temperatures. At 20°C temperature. it ts also noticed that the
minimum difference between the deflection values of both coarser and finer gruded
mixtures ranges between 0.06 and Q.10 mm at the beginning of the test. This dilference
becomes between 0.08 and 0.12 mm a1 the end of the test. The etfect of mix gradation on
the plastometer test results is clear at the Jowest test temperature {20°C). The coarser
gradation G, achieves deflection values lower by (.02 to 0.08 mm than that of the G-
mixture, While the mixtures of gradations from G: to Gi exhibit small difference in
deflection values ranging beiween 0.03 and 0.06 mm. This effect decreases as test
temperalure increases. This indicates that the coarser graded mixture has a higher
resistance 1o rutting than that of the finer graded mixture. Furthermore. the coarser graded
mixture achieves the highest modulus of elasticity values. This mayv be due to the increuse
of the sample unit weight and the decrease in its voids ratio, and the lower voids in mineral
aggregate, which lead to a better frictional and interlocking resistance.
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Also table (5) shows that the effect of mixing procedure on the detlection values
depends on testing temperature and mixture gradation. The separale successive mixing
procedure (SSP) achieves the lowest values of deflection at all mixture gradations and
testing temperatures. This effect is high at lower test temperature and decreases as
temperature increases. At the lower test temperature (20°C) SSP achieves lower deflection
values than those obtained from the traditional mixing procedure (TRP) by values ranging
between 0.04 and 0.07 mm and between 0.006 and 0.03 mm for the 1wo-stage mixing
procedure (TSP). This difference decreases with increasing test temperature and reaches a
range between 0.007 1o 0.027 mm and 0.003 to 0.021 mm for the TRP and TSP
respectively at 40°C. A continuous decrease of the effect of mixing procedure is noticed
with increasing testing temperature up to 60°C. TSP achieves approximately the same
effect as SSP while TRP gives a slightly higher deflection values ranges between O and
0.019 mm for all mixture gradations.

The effect of test temperature on the recorded deflection are presented in tables (4)
through (6). It is found that the higher the test temperature the higher the deflection values.
This in turn reduces the modulus of elasticity of the asphalt conerete mixrure. A testing
temperature of 20°C gives the lowest deflection values. while the highest values are
achieved at 60°C. The difference between deflection vafues for a testing temperature of
20°C is found in the range of 0.032 to 0.05] mm. These differences are in the range of
0.071 o 0.1 mm and 0.09 to 0.154 mm for testing temperatures of 40°C and 60°C
respectively.

Factors Affecting the Modulus of Elasticity of Asphalt Concrete Mixtures

The values of modulus of elasticity of the investicated mixtures are calculated
based on the determined values for the deflection differences (Af) using the | through 4.
The resulting values of the modulus of efasticity are presented in Tables (7) through (9).

The effects of mix gradation, mixing procedure, and testing temperature on the
calculated values of modulus of elasticity are studied.

Effect of Mix Gradation: The coarser graded mixture G, achieves maximum values of the
modulus of elasticity foilowed by those of gradation G;. The finer graded mixture achieves
minimum values of the modulus of elasticity. The difference between the modulus of
elasticity values of coarser and finer graded mixtures, at all testing temperatures and for al
mixing procedures is found in a small range 0of 413 to 670 kg/em’ (i.e. about 3% to 6%).
This difference may be due to the higher unit weight, lower asphalt content and/or air voids
of the coarse graded mixtures

Effect of Miving Procedure: The effect of mixing procedure on the values of modulus of
elasticity of the asphalt concrete mixes can be evaluated by analyzing the data shown in
tables (7) through (9). The tables show that the SSP achieves the highest values of the
modulus of elasticity followed by the TSP. The TRP achicves the lowest values. This is
occurred for all testing temperatures, discarding finer gradation at 60°C temperature. The
SSP achieves slightly lower values of modulus of elasticity. Table (6) shows the
difference between the values of modulus of elasticity for the coarser gradation G, and the
finer mix gradation Gy for all mixing procedures and at all testing temperatures. This table
shows that, at th= lowest test temperature of 20°C, the SSP achieves the highest difterence
in the values of modulus of elasticity than that of the TRP. This difference is 185 kg/em”
(1.44% of the modulus of elfasticity for Gy mixture) and 189 kg/em? (1.54% of the modulus
of elasticity for Gy mixture). On the other hand. the lowest difference in the modulus of



Mansoura Engineering Journal, (MEJ). Vol. 28. No. 3. September 2003, C.9

elasticity values is found between the SSP and TSP (33 kg/cm2 equivalent 1o §.27%0 of the
modulus of elasticity).

Effect of Test Temperature: The effect of testing temperature on medulus of elasticits
values can be detected from Figures {(4) through (6) and Table (10). The figures show tha
the values of modulus of elasticity decrease with increasing test lemperature. At the lower
test temperature (20°C), the modulus of elasticity for all mix gradations and mising
procedures achieves the maximum values. |2 can be coneluded that mixing procedure has a
great effect on modulus of elasticity values at small testing temperature. So. other methods
of mixing than the TRP is preferable to use in cold climale countries.

CORRELATION BETWEEN MODULUS OF ELASTICITY AND VAN-DER POEL
MIX STIFFNESS VALUES

The modulus of elasticity is calculated based on deflection values measured
during the plastometer test, and results are previously shown in Tables {7) through (9).
Stiffness values of asphalt concrete mixtures are obtained using Van-der Poel method. The
resulting values are presented in Table (11). One of the objectives of this research swdy is
to investigate the correlation between the values of modulus of elasticity (E) measured
using plastometer test and the mix stiffness (Sais} calculated by using van-der Poel method.
Figure (7) illustrates the obtained relations at different testing temperatures. The figure
shows that the mixes of higher values of E achieves a good correlation between E and S,
than that of the lower values. It is noticed that the relation improves with the increasing of
testing temperatures. These relations can be expressed using linear equations as tfollows:

- At testing temperature of 20°C: E=0.015 x S« + 11700 (R2 =0.86)
- At testing temperature 0f 40°C: E = 0.08 x Sy + 10600 (R*=0.97)
- Al testing temperature of 60°C: E =0.72 x S, + 9700 (R2 =099

CORRELATION BETWEEN MODULUS OF ELASTICITY AND DYNAMIC
STABILITY

The wheel tracking test parameters are calculated. These parameters include
Tracking Rate (TR), Comprehensive Tracking Rate (CTR), and Dynamic Stabilits (D.S).
The results of these calculations are shown in Table (12).

Based on the modulus of elasticity {E) values of the investipated asphalt concrete
mixes measured by the plastometer test, shown in Tables (7) through (9). and dynamic
stability (D.S) values based on wheel tracking test, shown in Table (12). the relationship
between E and D.S values is determined. The following relationship is obtained:

E=098 x D.S + 5760 (R?=0.84)

This relationship shown in Figure {8), is the best correlation in the covered range of tests.
The figure indicates that as the dynamic stability values increase. modulus of elasticity also
increases.

CORRELATION BETWEEN MODULUS OF ELASTCHTY AND MARSHALL
STIFFNESS

Based on Marshall test results, Marshall stiffness values are calculated. The
relationship between Marshall stiffness (S5) and modulus of efasticity measured using the
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plastometer test (E) is investigated. The resulting relationship is shown in Figure (9). The
following equation is deduced fron1 the correlation in the figure:

E=643xS,+6130 (R*=0.72)

This relationship is found to be signiticant (& = 0.00034). This indicates a
convenient correlation between the modulus of elasticity and Marshall stiftness. [t 15 also
obvious that as the Marshall stiffness increases the modulus of elasticity increases and vice
versea,

CONCLUSIONS AND RECOMENDATIONS

Analyzing the results of this study, the following conclusions and recommendations
may be obtained:

1- Reasonable values for the modulus of elasticity of asphalt concrete mixtures can be
achieved using the plastometer test.

2-  The values of the modulus of elasticity of asphalt concrete mixture depend on the nix
gradation, higher values are obtained for coarser gradations.

3-  The separate successive mixing procedure (5SP) achieves higher values of modulus of
elasticity of asphalt concrete mixtures.

4- The combined effect of testing temperature and mixing procedure on the modulii of
elasticity values is variable.

5- Good correlation is found between the values of the modulus of elasticiy (E)
. calculated using the plastometer test results and values of mix stiffness {Su.)
determined using the Van-der Poel method. This correlation is given by the following
equations:
- At testing temperature of 20°C: E = 0.015 x Sy + 11700 (R? = 0.86)
- At testing temperature of 40°C: E = 0.08 x Sq« + 10660 (R*= 0.97)
- At testing temperature of 60°C: E = 0.72 x Sp + 9700 (R?= 0.99)

6- Good correlation is found between the values of modulus of elasticity (E) measured by
the plastometer fest and dynamic stability (D.S) calculated from the wheel tracking
test results. This relation is as follows: E = 0.98 x D.S + 5760 (R =0.84)

7- Reasonable correlation is also found between the values of modulus of elasticiis

calculated from the plastometer test and mixture stitfness calculated based on Marshall
test results (S,,). This relation is given by the equation: E =6.43 x §,, + 6130

(R?=0.72)

8- the plastometer test is a simple and inexpensive test that can be used for measuring the
- modulus of elasticity of asphait mixtures in Egypt. This is recommended w be
considered as a standard test in the Egyptian specifications.

9-  Measuring the modulus of elasticity of sand mixes and similar tvpes of mixes using
the plastometer test need to be studied.

10- The use of the modulus of elasticity measured by the plastometer test in the structural
design of asphalt pavement is recommended.
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ABBREVIATION:

CTR : Corrected tracking rate.

DS  :Dynamic stability

TD . Tracking depth.

TR :Tracking rate.

TRP : Traditional mixing procedure.

TSP : Two-stage mixing procedure,

SSP  : Separate successive mixing procedure.
WTT : Wheel tracking test.
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Table (1): Selected Mix Gradations and Egyptian Specifications of Gradations.

Ahmed Mohamady, Badr El-Din A. Mousa & Mohamed R. El-Mitiny

Sieve size % passing by weight ]
: Gl 3By | G2 (40) G3 (3B) G4 (6B)
4 100 100 100 | 80-100 [ 100 100 100 100
12" 75.43 | 75-100 1 79.54 - 89.98 [ 85-1001 96.43 -
3/8" 61.17 | 60-85 | 67.95 | 60-80 | 80.66 - 89.1 | 85-i100
No. 4 42.07 | 35-55 | 52.66 | 48-65 | 65.63 | 65-80 | 75.01 -
No. 8 30.21 | 20-35 | 43.08 | 35-50 | 56.01 | 50-65 | 65.93 | 63-80
No. 30 19.75 | 10-22 | 2865 | 19-30 | 36.73 | 25-40 | 42.63 | 30-35
No. 50 1522 | 6-16 [ 22.30 | 13-23 | 2822 | 18-30 | 32.32 | 20-40
No. 100 7.57 4-12 1134 | 7-15 13.86 | 10-20 } 15.01 | 10-25
No. 200 435 | 2-8 6.92 3-8 7.33 3-10 7.89 3-8
G1: Designed gradation for gradation 3B G2: Designed gradatien for gradation 4C
G3: Designed gradation for gradation 5B G4: Designed gradation for gradation 6B
Table (2): Asphalt Contents Used and Corresponding Marshall Mix Properties.
Mix | AC% |y gm/cm’ Stability Flow AV% VMA%
No. Ib | kg 0.01" [0.0lcm N
25 5 2.407 | 1950 | 884.52 8 20.32 3 14
26 5.1 2406 | 2425 1 1099.98 | 10.6 | 26.92 3.5 14.8
27 53 | 2372 12580117023 11.7 [ 29.72 45 16.2
28 5.7 1 2368 | 2592117573 12.1 [30.734 4.8 16.3
29 48 | 2393 2235 10138 9 22.86 3.5 13.8
30 5 2395 [ 2631 {1193.42] 109 | 27.69 4 14.7
31 5.1 2364 | 2694 | 1222 11.8 | 29.97 4.5 16.1
32 5.5 2370 | 2699 | 1225 12 30.48 4.7 16.1
33 4,7 | 2.295 | 2353 | 106732 92 | 2337 31 13.3
34 4.6 | 2598 | 2775 11238.74) 11.2 | 2845 44 14.5
35 3 2353 | 2800 | 127008 119 | 3023 [ 3.7 152
36 56 | 2371 | 2815 [1276.88| 12.2 | 30.99 4.5 [ 16
Tahle (3): Rheclogical Characteristics of the Reference Mix,
Temp. Testing temperature, °C ——
Item 20 40 60
AT 43 83 115
n 9640352093 402581204 220645565
P L 0.500883305 L 0.521952583 0.536461377
L E 12533 11264 L 10466

Af = Deflection difference, 0.001 mm

P = Plasticity

n= Viscosity, poise
E = Modulus of elasticity, kg/em®

Table (4): Recorded Deflection Values for the Tested Specimens Using Plastometer

{Group L, Test Temperature = 20°C).
Deflection, TRP TSP SSp
0.0lmm] 1 F2 ] I 4173 61 7 FS 9T10{11 (12
Time, min
1 17120124 (26015 (1711920 ] 101519120
2 23027 |31 1321224024 1267261723727 |29
3 27 132 [ 35 )36 | 26|29 |30 (3022|2831 32
4 30135 | 38 | 38 )28 )32 (33342531 3435
5 32 |37.7] 40 [40.7)29.2| 34 135.5|36.8(26.3(33.5[35.1]36.3
6 33.2138.5(41.2/41.9[30.11352|369(383)274(34.4136.2(37.6
7 34113941423 142.8(31.0/36.1|37.6(39.4[282]352(37.2(384
8 34.7140.9143.5(43.7(31.7[37.2138.3]40.3(28.7!359|37.9(39.3
9 35.3(41.744.2144.5132.3137.7139.5141.0129.336.8138.6/39.9
L 10 3561420 44.845.8(32.5(382140.0/41.429.5/37.6/39.3/40.8
Af* 36143 48151133142 45]/46 (132414245

Af = Deflection at 10 min ~ deflection at 5 min.
Four mixtures in ¢ach mixing procedure indicate mix gradation (G| through G4).
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Table (5): Recorded Deflection Values for the Tested Specimens Using Plastometer
{Group il. Test Teny;_eralure = 40°C).

Table (6): Recorded Deflection
Group HI. Test Temperature = 60°C).

T

Deoﬂggtlon A 3TSP sSSP
O mm| 13 ]4 15 16 17 ! 19 1 20 | 21351 24
Time. mi F
l 20722712671 729 18 120 ) 23 1 2> [ 15 (20 347 24
2 20 129 1 36 | 38 | 28 ) 29 | 35 33026 ) 30 34| 33
3 36 | 36 ) 42 | a4 | 35 36 | 42 | 42 | 33 37 | 4 41
4 40 | 43 | 47 {48 {40 | 42 | 47 {48 ) 39 | 42 | 37 | 46
3 4521474 151.713235 ;3454673121321 |43.714691 51 [30.1
6 4771503549 56 | 4764925431556 [46.2(50.7(34.11353.2
7 49,1 1527574585491 {51.256.5|38.1{47.6(32.6[36.3]|35.6
8 50.3153.6159.1160.3(503(52.6!583]|602(48.9|54.1|5831!37.1
9 51.5154.91605|61.8)351.2153.9[59.5161.3150.2|34.7(59458.9
10 52,6557 61.2162.5|51.7154.9|604 6]1‘ 308155001601 39.8
Af* 74 183 195 [ 10 |72 182192 198 71 8191197

Values for the Tested Specimens Using Plastometer

Deflection, TRP TSP SSP
. _0.0lmm 257286 T2TT28 [ 29 T30 [ 3132337347357 36
Time. min
1 20130736 [ 3 260 1 30 [ 33137 (24130 [ 7347 36 ]
2 38 | 43 | 47 | 47 | 37 | 43 | 46 | 48 | 38 [ 42 | 43 | 43
3 44 | 51 | 55 ) 56 | 46 | 51 | 54 } 55 | 48 | 50 | 33 [ 53
4 53 | 39 1 60 | 61 | 53 | 58 ) 59 | 60 | 55 | 37 [ 38 | 58
5 61.5164.2]63.5164.5)61.3(64.1)1642(644[61.2|62.5]62.5]65.
6 65.5(68.1166.7169.1|64.3167.2]|67.7{686163.3(65366.8]66.6
7 67.3171.6169.517331666/70.11713[728(6359168.7(706(70.6
8 68.8|7321073.1(76.1|68472.5)74.6)75.5(62.5]|709(73.9173.3
9 69.6(74.3 (763783698 73.1|769177.7]69.2172.7|75.6|76%6
10 70.7 73‘7 781 79.7 TO.j 7557881795703 |73.8[77.0|784
Af* J92 11511461152 94 | 1141146151191 | 11311435154
Table (7): Rheological Characteristics of Tested Specimens,Group 1, (Test Temperature =
20°C. 57- 5.156 kg).
Mix No. Af 7 P E
T 3.6 11515066.67 0.496596308 12808 |
2 43 964052093 0.500883505 12533
3 4.8 863630000 0.503537348 12366
4 5.1 812828235 0.505000067 12274
5 33 1256185091 0.494496943 12945
6 4.2 987005714 0.500315574 12569
7 4.5 921205333 0.501980197 12463
8 9.6 901179130 0.502510493 12430
9 3.2 1295445000 0.493754301 12993
10 4.1 1011079024 0.499734161 12606
11 4.2 987005714 0.500315574 12569
12 4.5 921205333 0.501980197 12463
Af = Deflection difference, 0.001 mm n= Viscosity, poise

P = Plasticity E = Modulus of elasticity. kg/em®
Table (8): Rheological Characteristics of Tested Specimens. Group 1. (Test Temperature
=40°C. 0 =4.156 kg).
Mix. No Al 1 P E

13 ks 451543783 051918534 (1433
14 83 402581204 0.521952583 11264
15 9.5 351728842 0.525210667 11079
16 10 334142400 0.526448245 11010
17 72 464086666 0.518522272 11461
18 8.2 407490731 0.521660125 11281
19 9.2 363198260 0.524436457 11123
20 9.8 340961632 0.525960804 11037
21 7.1 470623098 0.51818482 11481
22 3.1 412521481 0.521364079 11297
23 9.1 367189450 0.524172766 11138
24 9.7 344476701 0.525713341 11051
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Table (9): Rheological Characteristics of Tested Specimens, Group III, (Test Temperature
= 60°C., Q =3.156 kg).

Mix. No. Af 1 p E
25 9.2 275806956 0.531077488 10753
26 11.5 220645565 0.536461377 10466
27 14.6 173796164 0.542219989 10165
28 152 166935789 0.543191696 10133
29 9.4 269938723 0.531596378 10727
30 14 222581052 0.536250656 10477
31 14.6 173796164 0.542219989 10165
32 15.1 168041324 0.543032439 10123
33 9.1 278837802 0.530813797 10769
34 1.3 224550796 0.536038077 10488
35 14.5 174994758 0.542054164 10173
16 15.4 164767792 0.543507093 10099

Table (10):Difference in Modulus of Elasticity Values of Different Mixing Procedures (as
Ratios of the TRP or TSP) for Coarser and Finer Gradations at Difterent
Testing Temperatures.

Mizing TSP-TRP SSP-TRP SSP-TSP
owedure]  CG. FG. €G. | __FG. C.G. FC._ |
Value, | Ratio, | Value, | Ratio, | Value, | Ratio, | Value, | Ratio, | Value, | Ratio. | Value, | Ratio.
Testing kg/em?| %t kg/cmZE%' kefom®) %* |kgem®| %% (kgfem'| %' |kedom®| oo
temperature ‘
20°C 157 | 107 ] 136 | 13 | 185 | 144 | 189 | 434 | 43 [ 034 | 33 J 027
40°C 28 10251 27 | 025 20 018 ] 14 o013 | 58 | o031 ] 4l | 037
60°C 28 | 026 Ls 008 | 14 | 013 -16 [ 016] 14 | 013 | -16 | -0.16

C.G = Coarser gradation.
* The ratio is based on the TRP values.

F.G = Finer gradation.
# The ratio is based on the TSP values.

Table (11): Stiffness Modulus for the Investigated Asphalt Concrete Mixtures using the
. Van Der Poel Method.
“Group I, Temp. 20°C" Group II. Temp.40°C Group Hi. Temp.60°C
Mix No. | Smiv, kKefem® | Mix No. miv, KE/CM Mix No. s Kg/em®
1 70323 13 10549 23 1406
2 59775 14 7736 26 1053
3 45710 15 5977 27 398
4 42194 16 5625 28 362
5 77333 17 10759 29 1448
6 61181 18 8438 30 1082
7 46061 19 6033 31 632
8 42405 20 5675 32 590
9 78059 21 10829 33 1462
10 61814 22 8579 34 1104
11 46132 23 6040 35 635
12 42545 24 5689 36 592
Table (12): WTT Parameters.
Mix No. TD3s-TD3g T TR 5 CIR D.S, pass/mm
. 0.005” mm/hr.(x10™) | mowvhe(x107)
25 0.6 30.48 50.94 3947
26 0.7 33.56 54.03 4664
27 0.75 38.1 55.74 4521
28 0.85 43.18 57.17 4408
29 0.55 27.94 5043 4997
30 0.6 30.48 51.86 4859
3l 0.7 35.56 55.42 4547
32 0.3 40.64 56.34 4473
33 0.5 254 48.91 5132
34 0.6 30.48 4997 3043
3 L 0,73 38.1 L 54.54 4620
3 0.8 40.64 55.05 4577
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Figure (4): Relationship  Between
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Figure (1): Radonesky Plastometer for the Traditional Mixing Procedure
(TRP).
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