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ABSTRACT

Future needs and challenges in the asphalt concrete industry should make use of
developed and new techniques to attain the best field performance. Spreading and compacting
fresh asphalt concrete mix is a very important job during pavement construction. The
compaction mechanism in the field greatly affects the pavement characteristics, performance,
and service life. Severa) stodies tried to use different compaction techniques to simulate the
actual field compaction in the laboratory. The purpose of this study aims at introducing an
innovative compaction technique that simulates the actual field compaction conditions to a
great extent as presented in the research results. The technique employs the traditional
Marshall-CBR testing machine in compacting the asphalt mixes. A steel disc is placed over
the sample, which is continuously compressed in the Marshall mould till reaching the required
sample dimensions. Results obtained from the traditional Marshall and the proposed
compaction techniques are compared with field results. Analysis of the results showed large
caincidence between the proposed compaction technigue and the field results. On the other
hand, specimens compacted using the traditional Marshall technique showed larger deviation
with the field results in almost all the tested properties.

KEW WQORDS: Asphalt concrete mix, Marshall test, Compaction technique, Mix unit
weight, Mix stability, and Air voids.
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1. INTRODUCTION AND
BACKGROUND

Compaction is the process of
maximizing the material unit weight
through reducing the volume of air in an
asphalt mix by the application of external
forces. Therefore, the compaction process is
an important factor in the design and
subsequent production of asphalt mixtures
[1]. Compaction is also the simplest and
most economical method of improving the
toad carrying capability of pavements to
sustain traffic loads, and different distresses
such as rutting and Raveling [2, 3, 4]. When
the compaction process is done during
construction, it costs very little, and thus
can significantly reduce future maintenance
costs. Compaction also gives the road
higher strength to support heavier loads,
reduces settlement over the pavement
lifetime, reduces its permeability to water
and air, and its susceptibility to rutting [3].
In addition, the compaction degree and
mechanism in the field greatly affects the
pavement performance [5]. Several studies
tries to use different compaction techniques
in the laboratory to simulate the actua) field
compaction process [4, 5, 6, 7]. Although,
superpave techniques for mix design use
advanced compaction equipments, Egyptian
laboratories still use the traditional Marshall
technique, which depend on hammering the
specimen to achieve the required mix
compaction. This compaction technique is
not simulating the actual field compaction.
In addition, compaction by hammering may
disintegrate the coarse aggregate particles
gradation, and consequently, the mix
gradation may change to the extent of
failing  achieve the specification
requirements. In the field, compaction is
done by rolling large weights over the
compacted pavement. This compaction
technique is a quasi-static compaction
effort. So, the main objective of this study
is concerned with the development of a
compaction technique simulating the actual
field compaction to be used in the Egyptian
laboratories. To achieve this objective, a
comprehensive experimental program was

designed and carried out. The next section
explain thoroughly this program.

2. PROPOSED LABORATORY
COMPACTION PROCEDURE

A new compaction procedure is
proposed in Lhis paper to simulate the actual
field compaction process. The traditional
faboratory compaction test is performed by
hammering the  Marshall  specimen
according to the required specification {10].
Actually, the compaction  through
hammering cannot ever be performed in the
field, where compaction by rolling large
weights over the compacted area is done.
The rolling weights are quasi-static
compaction effort and not a dynamic one as
in case of hammering. Therefore, the
proposed compaction technique is believed
to be more relevant and representative of
the actual compaction in the field.

The standard Marshall mould is
placed in the Marshall-CBR testing
machine. A steel disc having an outer
diameter equal to (or slightly less than) the
inner diameter of the Marshall mould is
placed over the specimen. The CBR
plunger is used to press that steel disc over
the compressed specimen at the same CBR
testing rate (I mm/min}, as shown in Figure
(1). instead of hammering the specimens, as
in the traditional procedure, a continuous
compaction technique is proposed in which
the specimen is subjected to continued
pressure at the CBR test rate. The relatively
slow compaction rate is very similar to the
actual field compaction procedure.

The compaction procedure is performed

as follows:

a- The asphalt mix specimen is prepared
through the traditional mix procedure
containing its common constituents.

b- The prepared specimens are placed in the
Marshal  mould with the normal
dimensions of 4" diameter and 2.5"
height.

c- The standard Marshall asphalt concrete
mix specimen weighing 1200 gm is then
pressed through the CBR-Marshall
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testing machine at the specific rate of the
CBR test.

d- The pressure application process is
continued till assuring that the prepared
specimen took the size of the standard
Marshall mould.

In this case, it is believed that the obtained

specimen would simulate the actual field

specimen regarding the compaction process
to a great extent.

3. EXPERIMENTAL TESTING
PROGRAM

The focus of the current research is
to develop a laboratory compaction
technique that actually simulates the field
compaction process. Knowing that the field
compaction is performed by rolling heavy
weight, thus compaction through steady
compression 1s thought as a closer
simulation technique than the traditional
hammering.

Ten mix designs were selected on
ten links representing both binder and
surface courses. These links were selected
from roads constructed by the Egyptian
Roads and Bridges Authority (East Delta
region). Table (1) presents the selected
links and their construction dates as well as
mix type (surface course or binder course).
The Gradations of the investigated mixes
and the Egyptian specifications are
presented in Table (2). The mixes numbers
1, 3,5, 7, 8 and 9 were designed 10 meei
Egyptian specifications of the standard
gradation 3D (binder course mixes). On the
other hand, mixes with numbers 2, 4, 6 and
10 were designed according standard
gradation 4C (surface course mixes).

The coarse aggregate used in all the
investigated mixes were accepted according
to Egyptian specifications. Results of
qualification tests conducted for the coarse
aggregates are presented in Table (3).
Qualification tests were also conducted for
asphalt cement 60/70 used in all mixes.
Table (4) shows that the asphalt materials
were accepted according to Egyptian
specifications.

C.3

The testing program were carried out

through three phrases:

a- The first phase is concerned with the
design of asphalt concrete mixes using
the traditional Marshall procedure. In
this phase routine mix properties were
determined and compared with Egyptian
specifications.

b- The second phase is similar to the first
one, but differing only in the compaction
technique. Compaction procedure used
in this phase is a closer simulation of the
field compaction, as  previously
explained.

c- Finally, the third phase is the field one in
which 60 field samples were extracted
using core cutter apparatus; six samples
from each mix compacted in the field
and the average value was taken for each
property. The core cutter samples were
extracted after about 24 hours of the mix
spreading and compaction. The
specimens are taken according to ASTM
D1587-00 [9], to minimize disturbance.

The main purpose of the last phase is
to serve as a reference by correlating its
results with that of the first two phases to
make a decision about the confidence level
in the proposed compaction technique.

4. RESULTS AND DISCUSSION
In this section, the results of
experimental program will be presented and
discussed. Tables (5) through (8) presents
the results obtained for different tested mix
properties. The tables show results of the

three distinct compaction techniques
presented as  traditional  Marshall
compaction by hammering, proposed

compaction simulation technique, and the
actual field compaction by rolling high
static weights. The tables also show
percentage of the mix property obtained by
the laboratory compaction technigues
related to the reference field property value.
The following subsections discuss the
analysis of different mix properties and
their relations with the applied compaction
techniques.
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4.1 Analysis of Unit Weight Resuits

The field collected samples are used
to obtain the asphalt mix unit weight
according to ASTM D2937-04 [11]. Table
(5) presented the results of unit weights
obtained from the two laboratory
techniques; traditional Marshall (yy), and
the compaction simulation (y;). as well as
that obtained from the ficld and denoted
by yr. Table (5) shows ratios of unit weights
obtained by the traditional Marshall
technique with the field unit weights
(ym/y). Somewhat large differences are
noticed in this case with the unit weights
ratio ranged from 101.53% up to 106.95%.
On the other hand, great coincidence is
noticed between the values obtained by the
proposed compaction technique and those
field values, ranging from 99.86% to
100.17%. 1t is also noted that the average
yw/ye was 103.80 and yo/yr was 100.02, (with
standard deviation of 2.22 and 0.11 for the
two ratios respectively). The statistical
results assured that the proposed
compaction technique matches to the
maximum  extent the actual field
compaction process.

Figure (2) represents the relation
between field density (yo) and Marshall unit
weight (ym). it is shown from the figure that
the correlation coefficient (R?) between the
two parameters is 0.667, compared with R’
= 0.999 which is the correlation coefficient
between field unit weight (y) and simulated
one (), as shown in Figure (3). These
results certify that the field unit weight has
higher correlation with the simulated unit
weight, and lower one with the Marshall
compaction technique,

4.2 Analysis of Stability Results

The effect of the compaction
technique on the asphalt mix stability is
shown in Table (6). Based on the tabulated
stability values, it can be noted that the
compaction technique greatly affects the
stability values. However, the mixes
compacted using traditional Marshall
compaction technique (hammering) has
higher  stability values than those

compacted by the simulated technique
(quasi-static) and field samples. This result
indicated that the stability values are
usually over-estimated when compacting by
hammering, but in reality the actual (field)
vatues are usually lower. The obtained
values ranged from 102.51% wup fto
122.84%. One more time, the proposed
compaction technique gave closer results of
the stabitity numbers giving values ranging
from 99.45% to 101.23% only. However,
the mean value for Staby/Staby was
113.84% and the mean value for Stab,/Staby
was only 100.27%. Moreover, the standard
deviation was 6.70 and 0.69 for the results
of the two techniques respectively.

Profound analysis of stability data
shows that, Marshall stability has higher
values than that of simulated and field
values by about 270 Ibs in the average. This
means that, the field stability values are
decreased by about 14% in the average than
that of Marshall values. This in turn means
that the design is performed on high
stability values, while in the field these
values are never reached leading to
premature failure of asphalt pavements. In
addition, two mixes namely 1 and 8, as
presented in Table (6), are in reality out of
specifications giving acceptable stability
values using traditional Marshall technique.
Therefore, the lower limit of the accepted
stability values as obtained from traditional
Marshall technique should be elevated fo
reach 2070 lbs instead of 1800 Ib [12] to
assure successful field stability values.

Figure (4) shows the relation
between ficld stability and Marshall
stability with correlation coefficient, R =
0.77. Figure (5) illustrates the relation of
field stability versus simulated stability was
R?=0.99.

4.3 Analysis of Air Voids Results

Table (7) shows the results of the air
voids for the different tested specimens
compacted using the different compaction
techniques for the binder and surface
courses. These mixes are classified into two
groups, the first group is concerned with
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binder course mixes (No. 1, 3, 5, 7, 8 and
9). The second group is related to surface
course mixes (No. 2, 4, 6 and 10). Based on
the data illustrated in the table it can be
noticed lhat, the traditional compaction
procedure involved in Marshall test achieve
lower air voids than that of obtained by
both the simulated compaction technique
and the actual field compaction. The voids
ratio in this case A.Vyu/A.V( ranged from
76.74% up to 92.11% indicating larger field
voids than that of the traditional Marshall
technique (with mean value of 8§2.98% and
standard deviation of 5.04). This is mainly
due to a simple fact, compaction by
hammering gave slightly higher unit
weight, but noticeably lower voids ratio.
However, the ratio of A VJ/A V¢ ranged
from 96.08% up to 105.26% indicating
closer representation of the proposed
compaction technique to the actual field
compaction technique. Moreover, the mean
value was 99.35% and the standard
deviation was 2.99,

Increasing the air voids content in
cither the binder or surface courses may
lead to aging or oxidation and consequently
decreasing tlexibility that result in raveling.
In addition, increasing the air voids may
cause penetration of water in the
underneath courses which may cause
swelling and in turn pavement cracking.
This situation can be obviously noticed in
mix number 2 in which the field air voids is
5.2%, exceeding the upper limit of 5% for
surface course layer [12], despite giving an
acceptable value of 4.2% from traditional
Marshall technique. Based on air voids
analysis it can be concluded that the
simulated compaction technique has higher
correlation with the field air voids than
Marshall  technique.  Therefore, the
simulated compaction technique can be
considered representative and realistic than
Marshall technique. It is worth mentioning

that the average value of field air voids are -

greater than that of common Marshall
method and simulated technique by 0.774
and 0.04 respectively. Based on this result,
it can be suggested that the specifications

must limit the acceptable air voids percent
up to 7.2% and 4.2% for binder and surface
course layers respectively, instead of the
currently used values of B.0% and 5.0%
[12] when using traditional Marshall
technique.

Figure (6) shows the relation
between air voids in the field and the
corresponding design values obtained by
Marshall test. The correlation coefficient
for this relation is R? = (.82 compared with
R’ = 097 which is the comelation
coefficient for the relation between field
and simulated air voids, as shown in Figure

(7).

4.4 Analysis of Flow Results

The flow values presented in Table
(8) shows that, both the simulated and field
techniques gave higher mix flow values
than those obtained using Marshall
technique. Although all the flow values are
within the acceptable range, the values
obtained by the simulated technique are
pronouncedly closer to the field values. The
ratio of M.Fy/M.Fy is ranging from 86.61%
up to 99.21% with an average value of
93.70% and standard deviation of 3.95. On
the other hand, the ratio of M.F/M.F; is
ranging from 98.15% up to 101.89% with
an average value of 100.17% and standard
deviation of 1.12. Observation of the results
showed very close representation of the
simulated  technique to the field
compaction.

The correlation coefficient R* =
(.87 for the relation between field and
Marshall flow values is shown in Figure
(8), whereas R® = 0.99 for field and
simulated flow values as illustrated ' in
Figure (9). The higher flow values decrease
the pavement capability to sustain traffic
loads and environmental conditions.

5. CONCLUSIONS
Referring to the analysis of the
study results, the following conclusions can
be obtained:
1- The unit weights of the specimens
compacted  using the  proposed
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compaction simulation technique are
almost identical with those values
obtained from the field, with almost
perfect comelation (R* = 0.999).
Although higher unit weights are
obtained when using the traditional
Marshall compaction technique but the
judgment in this case should be based
on the actual field values, with low
correlation coefficient equals 0.667.

2- Lower stability values are obtained using
the simulated technique compared to
those 10f the traditional Marshall
procedure. However, field stability
values are approximately the same as
those of the simulated compaction
technique  with  high  correlation
coefficient (R* = 0.99). On the other
hand, lower correlation was found
between field and Marshall stability
values (R* = 0.77).

3- Marshall stability has an average of
about 270 lbs higher than that of the
proposed  compaction  simulation
technique and field samples. This may
explain the premature failure of some
asphalt pavements,

4- Air voids obtained from both field and
proposed technique samples are higher
than that obtained with common
Marshall test. A strong correlation is
found between field and simulated air
voids values with (R2 = (.97) compared
by the correlation between field and
Marshall values with (R* = 0.83).

5- The average air void values in the field
are greater than that of the common
Marshall test procedure and simulated
procedure by about 0.8% and 0.04%
respectively.

6- The compaction simulation technique
has approximately the same flow values
obtained from field samples (R* = 0.99),
whereas the common Marshall test
achieved lower and different flow
values when compared with field values
(R?=0.87).

7- Despite giving better properties in all
cases, compaction using the traditional
Marshall technique could not ever be

achieved in the field. Therefore, the
proposed laboratory compaction
simulation technique is much more
relevant to the actual field compaction
process.

6. RECOMMENDATIONS
Based the study analysis and conclusion

the following can be presented:

I- 1t is recommended to use the proposed

compaction simulation technique for

asphalt concrete mix compaction instead
of common hammering technique when
designing asphalt mixes using Marshall

procedure .

If the traditional Marshall compaction

technique is used in the asphalt mix

compaction, the accepted values of mix

stability should not less than 2070 Ibs to

ensure best pavement performance in the
fieid.

3- When using the traditional Marshall
technique for asphalt mix compaction
the permifted air voids percent must not
be more than 7.2% for binder and 4.2%
for surface courses respectively.

4- A Comprehensive experimental testing
program is recommended to study the
effect of the proposed compaction
simulation technique on the asphalt mix
properties under several mix conditions,
testing procedures, and [arger number of
mixes.

5- Advanced testing equipments including
new compaction techniques must be
introduced in Egyptian laboratories to
increase the reliability of the testing and
consequently design procedures.

]
1
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Table (1): Links of the investipated Mixes.

l\rﬁg{ Mix type Link Name Construction Date
I | Binder course | Belbeis — 10” of Ramdan 4/2003
2 Surface course | El-Abassa — Ezbet Bata 3/2005
3 Binder course. glllgli(r;zelaween - Abu-Kapeer- Abu-El- 12006
4 | Surface course gll]-osklgtelaween ~ Abukpeer- Abu-El- 1/2006
5 Binder course | Zagazig Streets 3/2006
6 Surface course | Zagazig Streets 372006
7 Binder course | Domiate- Ras El-Barr 172007
8 Binder course | Zagazig — 10® of Ramadan 372007
9 Binder course | Ismailia — Port Said 7/2007
10 Surface course | Dekernes — Ei-Mansoura 12/2007

Table (2): Gradations of the Investigated Mixes.

Specification

Sieve Mix No limits
Sze T T T3 a4 s 6] 7] 8109 |[10] 30 | 4
1" | 100 [ 100 | 100 [ 100 | 100 | 100 | 100 | 100 | 100 [100| 100 100
314 97.62( 96.7 | 99.6 | 99.8 |96.72| 98 | 93.1 | 90.7 | 97.9 (93.9| 75-100 | 80-00
/2 |72.71|87.55|78.83|89.16|76.22| 85.5 |72.82|73.15|76.9280.3| - -
3/8° |47.53(73.78|59.84|77.88| 65.8 |78.12(63.25(60.85| 65.6 [71.4| 45-70 | 60-80
NO.4 [31.01(49.19|34.21| 49. [35.03|49.2 {36.16|32.72|31.05|48.4| 30-50 | 48-65
NO.8 [23.01(38.22/26.28| 39.9 [26.99(40.67| 23.8 | 25.8 [25.41|42.2| 20-35 | 35-50
N0.30 |18.97(26.14(18.24|29.33|17.97|28.89|17.35| 18.7 | 18.3 [30.1| 520 | 19-30
NO.50 | 7.67 [13.71] 9.46 [17.29| 8.91 |16.68| 9.74 [10.11| 7.89 [17.1| 3-12 | 13-23
N0.100| 2.72 | 7.55 [ 3.03 [ 8.38 | 3.07 | 9.59 | 3.15(3.21 [ 285 [ 89| 2-8 7-15
N0.200| 135 [ 6.81 | 1.15| 5.34 | 2.53 | 6.55|0.59 | 1.02 [1.946| 5.5 | 04 3-8
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Tabie (5): Results of Unit Weights Using the Different Traditional and Proposed
Compaction Technigues Compared with the Field Results.

Mix AC, Unit Weight (t/mn°) Yl v

No. (%) M Ys i (%) (%)
1 5.15 2.250 2.210 2.213 101.67 99.86
2 5.50 2.290 2.15] 2.149 106.56 100.09
3 5.00 2.247 2.100 2.101 106.95 99.95
4 5.40 2.334 2.300 2.298 101.57 100.09
5 5.00 2.275 2.151 2.150 105.81 100.05
6 5.35 2.307 2.178 2179 105.87 99.95
7 5.00 2.340 2.272 2.270 103.08 100.09
8 4.95 2.339 2.282 2.280 102.59 100.09
9 5.03 2.311 2.254 2.257 102.39 99.87
10 5.23 2.328 2.297 2.293 101.53 100.17

Notes: M: Marshall, s: Simulated, and f: Field compaction techniques.

Table (6): Results of Stability Using the Different Traditional and Proposed Compaction
Techniques Compared with the Field Results,

Mix Stability (Ib) Stabs/Staby Stab/Staby

No. Staby Stab, Staby (%) (%)
l 1840 1690 1680 109.52 100.60
2 2150 1940 1930 111.40 100.52
3 2200 1910 1920 114.58 99.48
4 2450 2380 2390 102.51 99.58
5 2320 2180 2160 107.41 100.93
6 2540 2320 2300 110.43 100.87
7 2190 810 1§20 120.33 99.45
8 1990 1640 1620 122.84 101.23
9 2560 2100 2110 121.33 99.53
10 2350 2000 1990 118.09 100.50

Table (7): Results of Air Voids Using the Different Traditional and Proposed
Compaction Techniques Compared with the Field Results.

Mix Air Voids (%} A VWAV, AVJA.V;
No. AVM AVS AV[ (%) (%)
[ 4.20 4.90 5.00 84.00 98.00
2 4.20 5.10 5.20 80.77 98.08
3 4.30 4.90 5.10 84.31 96.08
4 ERN 3.60 3.50 88.86 102.86
5 4.00 5.00 5.10 78.41 98.04
6 3.50 4.00 3.80 92.11 105.26
7 3.80 4.50 4.40 86.36 102.27
8 3.60 4.40 4.50 80.00 97.78
9 3.05 3.80 3.90 78.21 97.44
10 3.30 4.20 4.30 76.74 97.67
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Table (8): Results of Mix Flow Using the Different Traditional and Proposed
Compaction Techniques Compared with the Field Results.

Mix Mix Flow (0.01" M. Fu/M.F¢ M.F/M.F;
No. | M.Fu M.F, M.Fy (%) (%)
1 9.40 9.80 9.90 94.95 98.99
2 12.70 13.40 13.4 94.78 100.00
3 11.90 12.80 12.90 92.25 99.22
4 10.20 10.60 10.80 94.44 98.15
5 11.40 11.80 11.70 97.44 100.85
6 10.40 11.50 11,50 90.43 100.00
7 10.70 11.10 11.00 97.27 100.91
8 9.70 11.30 11.20 86.61 100.89
9 12.60 12.80 12.70 99.21 100.79
10 9.50 10.80 10.60 89.62 101.89
- +— Standard CBR Plunger
Steel Disc
Compacted Standard Marshall
Specimen Mould

Figure (1): Schematic Presentation of the Proposed Marshall

Compaction Technigue.
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