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ABSTRACT

There is no standard accepted by highway authorities on the compaction procedures of 100 mm
diameter gyratory compactor specimens. In previous studies on gyratory compaction, the utilisation
of either coring from 150 mm specimens or preparing taller specimens than the usual 63.5 mm
long Marshall specimens has been undertaken. The utilisation of 150 mm mould sizes introduces
an important amount of mechanical disturbance during the coring process of 100 mm diameter
specimens out of them. The novelty of the present study is that a new standard for preparing
gyratory compactor specimens with a diameter of 100 mm and length of approximately 63.5 mm
by utilising polypropylene fibers of 3 mm multifilament for the modification has been proposed
for the first time. To achieve optimal conditions, in addition to gyratory compaction, modified
bitumen samples’ physical properties, especially rotational viscosities, were also investigated
in a detailed manner. Physical and mechanical tests have been carried out using the specimens
prepared by changing the main testing parameter of gyration number from 30 to 70. The design
gyration number of 100 mm polypropylene fiber reinforced dense bituminous mixtures has been
determined as 33 under medium traffic conditions.

Keywords: polypropylene fibers; gyratory compaction; 100 mm diameter specimens; rotational
viscosity; design gyration number; medium traffic conditions.

INTRODUCTION

Polypropylene fiber (PPF) modification is a unique technique that has been intensively
introduced in the literature in the last decade by various researchers (Lee et al., 2005; Ghaly,
2008; Zhou et al., 2008; Zhou et al., 2009; Al-Hadidy & Tan, 2009; Zhang et al., 2010a; Zhang
et al., 2010b; Othman, 2010 & Abtahi et al., 2010). The definition of fiber-reinforced concrete is
proposed by ACI 116R-00, as concrete, which contains randomly dispersed fibers (ACI Committee
116, 2000). However, the utilisation of multifilament type PPFs, which were and is actually being
used in Portland cement concrete engineering applications for many years since PPFs improve
the performance of Portland cement concrete for compression, flexure, and tension, are also used
as a material reinforcing concrete, and are utilised for controlling cracks, which are not structural
such as meshes, has emerged and Tapkin and his colleagues utilised various types with different
lengths of multifilament fibers for the first time in asphalt concrete (Tapkin, 2008; Tapkin et al.,
2009a; Tapkin et al., 2009b; Tapkin et al., 2010; Tapkin et al., 2011; Tapkin & Ozcan, 2012). In the
present study, the wet basis modification technique was used to modify the bituminous mixtures.
From the standpoint of workability, 3 mm multifilament type (M-03) fibers were determined as
the best modifiers and, based on static creep, mechanical testing of specimens using the Marshall
compaction (MC) method and finally utilising stereo microscopes, with modification by M-03 type
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PPFs, the optimal addition amount has been determined as 5.5%o by aggregate weight (Tapkin &
Ozcan, 2012). With the proposed amount, PPFs completely melt in the sample of bitumen and the
continuous phase for PP becomes bitumen (Tapkin et al., 2009a).

The corresponding author of the aforementioned studies has carried out them with MC
technique, which is widely accepted by all of the research laboratories worldwide (Tapkin et al.,
2011). However, it has to be noticed that MC is not simulating the actual compaction practices on
site as close as gyratory compaction does. In particular, in the last three decades, the utilisation of
gyratory compactors (GCs) in the research laboratories gained increasing popularity. The study
by Roberts et al. gives an important and complete review with regard to the utilisation of GCs in
design of bituminous mixtures (Roberts et al., 2002).

There are many studies on GC practices (Khan et al., 1998; Wang et al., 2000; Parker et al., 2000;
Buchanan & Brown, 2001; Asi, 2007; Watson et al., 2008). These publications deal mainly with
GC practices but a reader has to be aware of the fact that the MC, which has 100 mm of specimen
diameter and 63.5 mm of specimen height and produced by various blows of the compaction
hammer, also is playing a primary role in the foundation of gyratory compaction technique.

In the aforementioned gyratory compaction studies, the utilisation of either coring from 150
mm specimens or preparing taller specimens than the usual 63.5 mm long Marshall specimens
has been investigated. The novelty of the present study is that a new standard for preparing GC
specimens with a diameter of 100 mm and length of approximately 63.5 mm by utilising PPFs of
3 mm multifilament for the modification has been carried out for the first time. To achieve optimal
conditions, in addition to gyratory compaction, modified bitumen samples’ physical properties,
especially rotational viscosities, were also investigated in a detailed manner.

There are two primary objectives of the present study. Firstly, it was aimed at proposing a
correspondence between the previous studies of the corresponding author, which were carried
out by utilising MC (Tapkin et al., 2011; Tapkin & Ozcan, 2012). The pursuit of the physical and
mechanical similarities between the Marshall and GC specimens plays a vital role. Secondly, the
analysis of properties of 150 mm specimens fabricated by utilising GCs constitutes nearly all of
the literature about the subject matter. There is only one special study dealing with GC specimens
of 100 mm diameter till date (Jackson & Czor, 2003). 100 mm specimens were used in place of
150 mm specimens by the Tennessee Department of Transportation for quality control and for
verifying the test results. This recommendation, according to the outcomes of the scientists, is valid
for specimens that have an aggregate size of 2.54 cm maximum or less, which is also considerably
reasonable and fits to the current standards in Turkey (General Directorate of Highways, 2006).
The possible advantages gained by the utilisation of the moulds with a diameter of 100 mm in order
to prepare specimens prepared via GC can be stated as follows:

1) Size of the sample is decreased by 400%; thus, preparation time, space for storage, and moving
the materials are abridged considerably.

i) Laboratory testing in a conventional manner with specimens of 100 mm has become possible.

iii) Maximum aggregate size of 2.54 cm or smaller makes up the bulk of the mix designs for
surface layer in Tennessee and countries including Turkey. As a consequence, 150 mm moulds
are frequently not complying with AASHTO and ASTM requirements.
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The introduction part is a review of the published literature on PPF modification and Superpave
gyratory compaction practices. Moreover, the outlet of the proposed study by using gyratory
compaction in preparing especially asphalt specimen diameters of 100 mm and length of 63.5 mm has
been investigated in the laboratory environment. Next, the experimental program for the preparation
of PPF reinforced bitumen samples by analysing the standard physical testing parameters such as
penetration, ductility, softening point, specific gravity, flash and fire points, and most importantly
rotational viscosity (RV) analyses at higher temperatures and modification levels than the standard
ones presented. Then, the optimal modification amount of 5.5%0 PPF modified GC specimens of 100
mm by aggregate weight is further analysed by changing the main testing parameter of gyration number
from 30 to 70 by 5 increment is described. Finally, the mechanisms leading to the determination of
the design gyration number for optimal PPF reinforced dense bituminous mixtures as 33 have been
explored in a detailed manner. This has been conducted for traffic conditions of medium, aggregate
sources of specific type and similar bitumen, similar gradation of aggregate, similar proportioning of
mix, and similar conditions of laboratory and technique of modification.

EXPERIMENTAL STUDIES
Physical properties of standard aggregate and bituminous binder

Bitumen, which has a penetration value of 50/ 70 from a resident refinery, was used for the
fabrication of GC specimens. Table 1 presents the reference bitumen’s physical properties. The
determination of the RV values will be analysed separately.

Table 1. Physical properties of the reference bitumen (Tapkin & Keskin, 2013).

Property Test Value Standard
Penetration at 25°C, 1/10 mm 68.35 ASTM D 5-97
Penetration Index -0.26 -
Ductility at 25°C, cm >150 ASTM D 113-99
Specific gravity at 25°C, kg/m’ 1028 ASTM D 70-76
Softening point, °C 50.67 ASTM D 36-95
Flash point, °C 312 ASTM D 92-02
Fire point, °C 344 ASTM D 92-02

M-03 type PPFs were utilised in order to alter standard 50/ 70 penetration bitumen on a wet
basis to prepare GC specimens. A low shear mixer at 500 rpm was used to premix the fibers with
bitumen for 2 hours. 500 rpm is one of the greatest benefits of PPF modification. When compared
to other polymer modifiers, 500 rpm of shear rate shows the main advantage of PPF modification
to reach the required degree of compatibleness. For other polymer modifiers, higher rates of shear
mixing are needed. Around 165 -170°C mixing temperature was utilised (as viscosity values are
higher, this can be expected and this temperature is increased when more PP is added) (Chen
& Lin, 2005). For testing, reference bitumen was also exposed to the 165 -170°C to match the
effects of ageing that is determined for the modification of PPFs. M-03 type fibers were used to
make comparison with the lead author’s earlier studies (Tapkin et al., 2009a; Tapkmn et al., 2011;
Tapkin & Ozcan, 2012). Optimal addition amount of 5.5%o fiber content by aggregate weight was
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used. PPFs completely melt in bitumen for 5.5%o fiber content by aggregate weight. In this way,
continuous phase of bitumen for PP particles does arise. Marshall design was utilised in the design
process. Mixtures’ bitumen contents, which correspond to maximum unit weight and stability, 4%
of air voids (Va) and 70% of voids filled with asphalt (Vf), were determined and averaged due to
the requirements of the current standards (General Directorate of Highways, 2006). To validate the
results, two Marshall designs were done. 5% of optimum bitumen content was found in the first
design. The result of the second one was 4.96%. Due to the proximity of these results, optimum
bitumen content has been utilised as 5.0%. The corresponding author’s previous studies have been
used in order to have check (Tapkin et al., 2009a; Tapkin et al., 2009b; Tapkin et al., 2010; Tapkin
et al., 2011; Tapkin & Ozcan, 2012). For the PP modified specimens with fiber amount of 5.5%o
by aggregate weight, optimum bitumen content of 5% has been utilised. In Table 2, for the PP
modified samples, physical properties can be found.

Table 2. Physical properties of the polypropylene modified bitumen samples
(5.5 %o by weight of aggregate)

Property Test Value Standard
Penetration at 25°C, 1/10 mm 20.72 ASTM D 5-97
Penetration Index 8.75 -
Ductility at 25°C, cm 9.26 ASTM D 113-99
Specific gravity at 25°C, kg/m? 1012 ASTM D 70-76
Softening point, °C 155.79 ASTM D 36-95
Flash point, °C 260 ASTM D 92-02
Fire point, °C 305 ASTM D 92-02

Penetration was dropped from 68.35 to 20.72 dmm. Temperature susceptibility has decreased
considerably by the increase in penetration index. Specific gravity values have decreased from
1028 to 1012 kg/m3 with PP modification. Ductility values have been reported as 9.26 cm. The
softening points have increased by 105.12°C (glycerine was the medium of the test). The presented
values indicate the effect of PP modification acting in a significantly positive manner to the physical
and chemical properties of reference bitumen (Tapkin & Ozcan, 2012).

Wearing course type 2 gradation limit was used, which follows the current Turkish standards
(General Directorate of Highways, 2006). Calcareous aggregate was utilised. Filler was also
obtained from this calcareous material. Technical data about aggregates are presented in Tables 3
and 4. 2739 kg/m?® is the apparent specific gravity of the filler. In addition, information on gradation
is listed in Table 5.

Table 3. Physical properties of coarse aggregates (Tapkin & Keskin, 2013)

Property Test Value Standard
Bulk specific gravity, kg/m? 2698 ASTM C 127-04
S.S.D. specific gravity, kg/m? 2703 ASTM C 127-04
Apparent specific gravity, kg/m? 2712 ASTM C 127-04
% ,Water absorption 0.191 ASTM C 127-04
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Table 4. Physical properties of fine aggregates (Tapkin & Keskin, 2013)

Property Test Value Standard
Bulk specific gravity, kg/m? 2684 ASTM C 128-04
S.S.D. specific gravity, kg/m? 2710 ASTM C 128-04
Apparent specific gravity, kg/m? 2756 ASTM C 128-04
% ,Water absorption 0.962 ASTM C 128-04

Table 5. Type 2 wearing course gradation according to General Directorate of Highways, 2006.

Sieve size, mm Gradation limits, % Passing, % Retained, %

12.7 100 100 0

9.52 80-100 90 10
4.76 55-72 63.5 26.5
2.00 36-53 445 19.0
0.42 16-28 22 22.5
0.177 8-16 12 10.0
0.074 4-10 7 5

Pan - - 7

RYV studies carried out under varying ambient temperatures

Accordingto ASTM D4402-06, some bituminous binders might show non-Newtonian behaviour
by the testing conditions of this method (which are either 135°C or 165°C accepted worldwide). It
is clear that viscosity values, which are non-Newtonian, do not have absolute values. Furthermore,
under the conditions of use, the field performance of the measurements cannot be predicted, but
the measurements carried out by this test method also might not mimic the behaviour of the fluid
within the specific measurement system (ASTM D4402- 06, 2006). Based on this rationale and
the experiences of the corresponding author through years, the testing temperature was increased
to 185°C in the temperature-controlled thermal chamber of the rotational viscometer. By utilising
the above mentioned software, the user can change the rotational speed either manually or by
programming the viscometer in order to visualise the effects of the speed change on the viscosity
values at a specified temperature.

The tests have been carried out at 135°C, 165°C, and 185°C as well as at bitumen modification
levels of 3%o and 5%o of M-03 type PPFs. In all of the tests, the rotational viscometer was used
in such a manner that, in addition to the standard procedure that is stated in ASTM D4402 -06,
Rheocalc software was used in the following manner:

a) the test was started with a rotational speed of 20 rpm for one minute;
b) the test results were recorded, and one minute of rest period was allowed to pass;

¢) then the rotational speed was changed to 30 rpm, and the above two steps were repeated until
the rotational speed reached 200 rpm.

The above procedure is substantially effective in the sense that the 5.5%o0 PP modified specimens are
experiencing problems in the determination of Brookfield viscosity values by the routine procedures
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at especially lower testing temperatures such as 135°C and 165°C. At these temperatures, the
modified bitumen samples are so viscous that there is also a chance of causing harm to the spindles
(Keskin, 2011). In Figures 1, 2, and 3, a reader may find the test results for reference, 3%o and 5.5%o
PP modified specimens, respectively, at 135°C according to the above procedure.
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Figure 1. Rotational viscometer test results obtained via Rheocalc software at 135°C for reference
bitumen samples. (Quadratic curve fit, R? = 0.909, Viscosity = 2.247*Speed — 0.07*Speed” + 181.351)
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Figure 2. Rotational viscometer test results obtained via Rheocalc software at 135°C for M-03 type
polypropylene modified bitumen samples with an addition amount of 3% by weight. (Quadratic
curve fit, R? = 0.740, Viscosity = 5.495*Speed — 0.021*Speed? + 427.853)
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Figure 3. Rotational viscometer test results obtained via Rheocalc software at 135°C for M-03 type
polypropylene modified bitumen samples with an addition amount of 5.5%0 by weight. (Quadratic
curve fit, R* = 0.825, Viscosity = 5.604*Speed — 0.020*Speed” + 618.446).

When Figure 1 is examined, it can be visualised that, for 20 rpm rotation speed, the Brookfield
viscosity can be obtained from the software as 187.50 cP. However, one has to be aware of the fact
that the torque value obtained by the same software should be at least equal or greater than 10%.
According to ASTM D4402- 06, measurements will be more accurate at higher torque readings
(ASTM D4402 -06, 2006). Therefore, if the data is analysed once more, it can be seen that,
between 100 and 200 rpm rotation speeds, the viscosity values show a little change and thus the
RV value can be accepted as 343.75 cP, which is valid for SC4-27 spindle (ASTM D4402-06,2006;
Keskin, 2011) (arithmetic average of the two values corresponding to 100 and 200 rpm as there is
a plateau between these two values).

Due to the storage stability problems of the PP modified specimens, the testing has immediately
started when the modified bitumen is placed into thermal chamber of the rotational viscometer.
For 20 rpm rotation speed, the Brookfield viscosity has been read from the software as 400.0 cP
as shown in Figure 2. But this value is valid for a torque value of 3.20%. According to the above
discussion, this value is well below 10%. Hence, if the data is analysed once more, it can be
seen that, between 100 and 200 rpm rotation speeds, the viscosity values show a little change and
therefore this value can be accepted as 743.75 cP.

In Figure 3, for 20 rpm rotation speed, the Brookfield viscosity has been read from the software
as 600.0 cP. But this value is valid for a torque value 0f'4.80%. According to the above discussion,
this value is well below 10%. Therefore, if the data is analysed once more, it can be seen that,
between 100 and 200 rpm rotation speeds, the viscosity values show a little change and the torque
values are well above 10% and thus this value can be accepted as 983.75 cP.

As can be seen in Figure 4, the Brookfield viscosity has been read from the software as 72.50 cP.
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Figure 4. Rotational viscometer test results obtained via Rheocalc software at 165°C for reference

bitumen samples. (Quadratic curve fit, R> = 0.976, Viscosity = 1.231*Speed — 0.004*Speed” — 29.792)

Similar arguments to the above discussion are valid for 3%, PP modified bitumen samples
at 165°C testing temperature. The acceptable torque level is attained between 120 and 200 rpm

rotation speeds of the spindle, and therefore the viscosity value can be accepted as 209.59 cP as
shown in Figure 5.
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Figure 5. Rotational viscometer test results obtained via Rheocalc software at 165°C for M-03
type polypropylene modified bitumen samples with an additional amount of 3% by weight.
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Figure 6. Rotational viscometer test results obtained via Rheocalc software at 165°C for M-03
type polypropylene modified bitumen samples with an addition amount of 5.5%o by weight.

Similar arguments are valid for 5.5%o0 PP modified bitumen samples at 165°C testing temperature.
The acceptable torque level is again attained between 100 and 200 rpm rotation speeds of the
spindle and therefore the RV value can be accepted as 381.88 cP as can be seen in Figure 6.

For 185°C testing temperature and 3%o PP modified bitumen samples, the viscosity value can
be well accepted as 112.50 cP as the torque value is very near to 10% (please refer to Figure 7).
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Figure 7. Rotational viscometer test results obtained via Rheocalc software at 185°C for M-03
type polypropylene modified bitumen samples with an addition amount of 3% by weight.
(Quadratic curve fit, R? = 0.453, Viscosity = 0.503*Speed — 0.002*Speed? + 86.998)
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Finally, for 185°C testing temperature and 5.5%o0 PP modified bitumen samples, the viscosity
value can be well accepted as 142.11 cP as the torque value is just above the acting limit of 10%
(please refer to Figure 8).
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Figure 8. Rotational viscometer test results obtained via Rheocalc software at 185°C for M-03
type polypropylene modified bitumen samples with an addition amount of 5.5%0 by weight.
(Quadratic curve fit, R? = 0.964, Viscosity = 1.606*Speed — 0.003*Speed? — 40.051.)

DETERMINATION OF THE DESIGN GYRATION NUMBER OF PP MODIFIED
DENSE BITUMINOUS MIXTURES

IPC Servopac GC was used to fabricate asphalt specimens (IPC, 2009). This was a research
type GC and therefore it was possible to change the ram pressure and the gyration angle through
the studies. However, in this study, only gyration number criterion was further investigated to
obtain the design gyration number. More than 300 specimens have been fabricated and tested. Test
results were validated with one of the previous studies of the corresponding author in which MC
was used (Tapkin & Ozcan, 2012). The mechanisms behind the compaction scheme of GCs are not
the same as Marshall procedure but for the aggregate sources of specific type and similar bitumen,
similar gradation of aggregate, similar proportioning of mix, similar conditions of laboratory and
technique of modification, previously obtained data is offering a considerably reliable basis for the
determination of design gyration number for PP modified GC specimens. This arises from the fact
that the physical properties show an important amount of similarity between these two compaction
techniques as these two sets of data have been obtained from the same bitumen source, from the
same aggregate source, and in the same laboratory conditions (Tapkin & Ozcan, 2012; Ozcan,
2008). To find the anticipated design gyration number, detailed tests have been carried out. The
followed procedure during the testing phase of these studies can be stated as follows:



Number of design gyrations for 100 mm compacted asphalt mixtures modified with polypropylene 74

a) For GC specimens which are 100 mm and modified with PPFs, the air void values should
lie between 3.0% and 5%. It needs to be noticed that again, the target Va concept that is valid for
surface courses has been utilised. This value might seem as if it is a bit higher than the standards
but due to the nature of the PPF modification, which is introducing more Va to the system and
according to the acting standards; this is quite acceptable (Tapkin et al., 2011; Tapkin & Ozcan,
2012; General Directorate of Highways, 2006).

b) The air void values obtained via MC were tried to be simulated by the utilisation of the IPC
Servopac GC’s embedded software and some more detailed analyses carried out on unit weight
measurement logs (Keskin, 2011; IPC, 2009). By the aid of this software, Va (which was the main
parameter explored in detail), gyration angle, unit weight, specimen height, ram pressure and shear
stress can be examined online.

¢) Some other analyses were also undertaken. Gyration numbers were changed, and the air
void values were observed. In addition, the ram pressure and gyration angle values were further
changed in order to reach more solid conclusions. However, in this study, having experience
from the studies that have been carried out by using reference specimens, only the pursuit of
design gyration number via changing the gyration numbers has been presented. All of the physical
and mechanical values have been checked with the properties of Marshall specimens previously
prepared (Ozcan, 2008).

Standard analyses with variations of gyration

number between 30 and 70 by 5 increments

In previous studies, 600 kPa ram pressure, 1.25° gyration angle, gyration speed of 30 rpm and at
least 185°C of compaction temperature have been utilised with varying gyration numbers between
30 and 70 with 5 increments for the fabrication of 100 mm PP modified GC specimens. Also the
gyration numbers have been increased up to values greater than 70s reaching sometimes 120s,
but these gyration numbers, as can be clearly expected, have ended up with substantially low air
void values, and therefore they are not presented in this study. In Table 6, a reader may find the
average test results that have been obtained, namely, for 30 gyration (6 specimens), 35 gyration
(7 specimens), 40 gyration (3 specimens), 45 gyration (3 specimens), 50 gyration (3 specimens),
55 gyration (3 specimens), 60 gyration (3 specimens), 65 gyration (2 specimens), and 70 gyration
(24 specimens).

The criteria for surface courses are listed in Table 7 (General Directorate of Highways, 2000).
A reader should be aware of the fact that, like many of the other agencies worldwide, with a few
exceptions, these values are valid for Marshall specimens.
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Table 6. The average physical and mechanical test values of M-03 type PPF modified GC specimens
prepared by standard analyses with varying gyration number.

Gyration Unit V.M.A. Vi Va Stability Flow MQ Specimen
number Weight(kg/ m3) (%) (%) (%) (kg) (mm) (kg/mm) Height
(mm)
30 2404 16.422  69.016 5.088 1794970 4.145 433.638 63.03
35 2424 15.718 72.652 4.288 1926.663 3.771 511.855 62.12
40 2409 16.226  70.185 4.865 1827.681 3.545 517.327 61.92
45 2417 15.942  71.679 4.543 1952.846 3.659 534.308 61.98
50 2430 15.522 73.860 4.066 1894.098 4.522 471.506 61.72
55 2445 14.967 76.970 3.436 2047.522 4.328 489.695 61.54
60 2453 14.714 78.521 3.149 2078.530 4.177 499.986 61.13
65 2452 14.753  78.284 3.193 2050.309 3.628 565.543 61.08
70 2465 14.291 81.343 2.668 2204.587 3.819 579.950 60.76
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Figure 9. Unit weight versus gyration number graph analyses.
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Table 7. Criteria for surface courses that have been stated in

highway technical specifications of General Directorate of Highways, 2006.

Minimum Maximum

Pulse count

Marshall stability, kg

Air voids, V,, %

Voids filled with asphalt, V¢, %

Voids in mineral aggregate,
V.M.A.,%

Flow, mm
Filler/bitumen ratio

Bitumen (by weight, %)

75
900

65

14

4.0

75

1.5
7.0

75
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When Figures 1 to 8 are analysed, the following conclusions can be drawn:

a) Apart from the fact that flow values are introducing a big amount of variability to the test results
and, therefore, also affect the Marshall quotient values, the coefficient of determination for all
of the parameters analysed is well above 0.89, except the stability value (which is 0.84). The
reason for the minor decrease in the coefficient of determination in stability values is due to the
nature of PPF modification which is introducing a small amount of variability in the test results
(it should be noted that 0.84 is itself showing a good correlation amount between stability
and gyration numbers). It is clear that 100 mm PPF modified specimens were prepared in a
dependable manner providing a very sound basis for future analyses.

b) The stability values are well above 900 kg (please refer to Figure 13). In fact, the stability values
obtained for 100 mm PP modified ones are approximately 45% greater than the reference
specimens on an average basis (Keskin, 2011). Moreover, these values show the effect of PPF
modified asphalt. Thus, there is no problem for the maximum amount of load the specimen will
carry before failure.

c¢) Between the gyration numbers of 35 and 65, all of the air void values are acceptable from the
standpoint of pavement engineering (please refer to Figure 12). Va might lie from 3% to 5%
for an acceptable surface course mix (General Directorate of Highways, 2006). The obtained
air void values meet the requirements of the current standards well for nearly all of the gyration
number levels as can be expected from the fact that PPF modification introduces more Va to
the asphalt mixtures.

d) The Vf values should be between 65 and 75% according to the current standards. In Figure 11,
for 30 to 52 gyration number, the Vf values fall into the limits of the standard quite perfectly.
The above Vf values in Figure 11 can be easily explained by the further amount of compaction
energy required to compact the fiber modified specimens.

e) The voids in mineral aggregate (V.M.A.) values are well above 14% for all of the gyration
numbers, and thus there is no problem from the current standards point of view (please refer
to Figure 10).

f) In order to be able to draw more solid conclusions, due to the nature of gyratory compaction,
some more specimens with 62.6 mm specimen height were prepared and tested mechanically.
It has to be mentioned that these specimen heights were both logged from the GC software
and once more measured with vernier to be 100% sure about the acuity of the readings. When
a reader refers to Figure 16, he/she can easily notice that 62.6 mm corresponds to a gyration
number of 33, which is designating to the design gyration number from the above discussions.
However, in order to study this in a more complete manner, another series of specimens having
62.6 mm specimen height was prepared and mechanically tested to ensure the design gyration
number. Therefore, in Table 8, the reader can see the test results of 24 more GC specimens
of 100 mm, 12 Marshall specimens’ average test results, and their comparisons in percentage.
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Table 8. Average physical and mechanical properties of the M-03 type polypropylene fiber
modified specimens prepared with two different compaction techniques (gyratory compactor
specimens were prepared by utilising 62.6 mm as the specimen height)

Unit V.M.A. Vi V. Stability  Flow MQ Blows &
Weight (%) (kg) (mm)  (kg/mm)  Gyration
(kg/m’) o) () number

Marshall 2394 17.360 64.261 6.214 1917.643  2.678  724.647 50
Gyratory 2392 16.862 66.922 5.548 1725486 3475  496.543 33

% -0.084 -2.869 +4.141 -10.718 -10.020 +29.761 -31.478 -
Difference

When Table 8 is analysed, it can be found that 33 gyration number can be accepted with no
doubt as the design gyration number for 100 mm PP modified GC specimens for the aggregate
sources of specific type and similar bitumen, similar gradation of aggregate, similar proportioning
of mix, and similar conditions of laboratory and technique of modification. The noticeable
difference in the flow and, therefore, the MQ values is self-explanatory as gyratory compaction
is a completely different and much better way of simulating the actual compaction processes on
site. Hence, it can be concluded that the flow values, by their selves, do not give an actual and
100% correct determination of the deformation amount of the asphalt specimen before failure
occurs. The rest of the specimen properties have fairly acceptable differences from the standpoint
of pavement engineering.

CONCLUSIONS AND FURTHER RECOMMENDATIONS

A new standard for a design gyration number of 33 for 100 mm M-03 type PPF specimens has
been herein proposed for the first time for the aggregate sources of specific type and similar bitumen,
similar gradation of aggregate, similar proportioning of mix, and similar conditions of laboratory
and technique of modification. The testing parameters for this design gyration number are 600 kPa
ram pressure, 1.25° gyration angle, gyration speed of 30 rpm, and at least 185°C of compaction
temperature, which is showing the expectable increase for the polymer modified bitumen asphalt
samples. In order to show this high temperature effect, various rotational viscometer tests were
carried out at temperatures 135°C, 165°C, and 185°C. From all of these experiments, it has been
clearly concluded that it was possible to prepare 100 mm PPF modified GC specimens in the
laboratory environment, which meets the requirements by the current standards and tackles the
problem a further step, showing superior mechanical properties to the Marshall specimens. These
GC specimens can be modified with various other polymer modifiers or various other gradation and
asphalt types in order to visualise the effect of modification and new designed gyration numbers
can be obtained. Moreover, the rutting susceptibility of these mixtures can be studied with universal
testing systems for both reference and polymer modified 100 mm GC specimens. Furthermore,
all of these vast amounts of data can be handled with various soft computing techniques in order
to offer closed form solutions for the usage of other study groups to validate their findings without
performing extra laboratory testing. By this manner, other research groups can easily change the
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polypropylene content, bitumen content, or other testing parameters and can readily obtain very
good estimates of design gyration number by utilising soft computing techniques for any mix.
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