Mansoura Engineering Journal, (MEJ), Vo). 33, No. 1, March 2008. C. 1

PROPOSED TECHNIQUE THAT SIMULATES THE ACTUAL
ASPHALT MIX FIELD COMPACTION
(sl dlaalt il Aty Clalald) dledd s yika 43y kb

AHMED MOHAMADY
Lecturer, Consiruction Engineering and Utilities Department,
Faculty of Engineering, Zagazig University, Egypt,
E-mail dr_a_mohamadyl@yahoo.com

Lol paddall

il ehol Juadl el 3y et Cliol gab gy phaly Zyiad I ALY Dl A delis pliad
OY L) oLl Lag Sae Ll Clialad sl g 558 Ulee aiad g vJlaall 1aa o8 AghiToaalt Clpaatlh 440 )
ot el fiyg Mo yan ) RLYY il elafy Gailoas o U gale (05 55 08 galf 6 sl 20
weiaed y sloy il G M5 JUG L 8 sk pacath i Sanall 25 31l e 3850 Y O s (8 5all
Bt o (o aaal) i gla a8y Bl haadl a8 5w 1550 Y 8 QL3 e JUERY 5 gl Alin Y ALY
o o ALY Al o ghudly i o S Al 3 oy e 3lSae U gl Aikise Al Sled il Jastl
Ay sy

Lagblh 8 2l Adaladl oy ol Crany Lo Sad a03m Adana lad 88 o s A Al 038 ingdy
vasd pua y da AR I AB 605y oaladl (L) 5008 Jead Aus) CBR — JWa e jlea Jleatiady Sl
s 250w iy e 5 douldh Auedl Al e peandt Cnd AL il & JL e 8 3 Al e gapa
Libaa by o 2530 aaaiad 155 e sl y (3 bl dolal) Ragd) Tad 5y Wi a3 ke (30 Adliss cildada e
praad Al L e 45y phasiaat s 5 Jg¥1 o le ) BB e ATl cblall Gallod s
opbal phast) o5 o Risall than o ghal 8 D iR e Tl U e Bl i g (AN gty Al
bt pladioly ad sl 3 LgSan o3 0 e Adal) Gatlnin Wb Zaglalf (3 Consy L lStaad o Bl oot
ol )y Shgas bl (3 Guas A8 posall LAY e Clige 331 05 358 (a8 pall b Apatadf laall 4Gy ylay U
Aloalh o gboal @35 A s 6 e sl o dagdall 3 GBI A Galiad e a3 G Ul Clagasail)
oo

aibaaddl ps Lidhis 3 S5 A Haliad 35a3 da jRall Lol dlasll 435 5k of polil Qi kil
Cha yasd pma ju galleod el b Ayl JUS e 35yl Wl sl 5 Al GUII O 0 palt b ddal
A0 8 Akl paliliaeall e 35 lite

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. Several studies 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 mouid 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
coincidence between the proposed compaction technique 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 WORDS: Asphalt concrete mix, Marshall test, Compaction technigue, Mix unit
weight, Mix stability, and Air voids.
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4.1 Analysis of Unit Weight Results

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 (yv), and
the compaction simulation (y;). as well as
that obtained from the field and denoted
by y¢. Table (5) shows ratios of unil weights
obtained by the traditional Marshall
technique with the field unit weights
{ymyr). 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
Yu/ye was 103.80 and y/ye was 100.02, (with
standard deviation of 2.22 and 0.11 for the
two ratios respectively). The statistical
resuits assured that the proposed
compaction technique matches to the
maximum  extent the actual field
compaction process.

Figure (2) represents the relation
between field density (y,) 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 (yp) and simulated
one (ys), 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 Tabie (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)
values are usually lower. The obtained
values ranged from 102.51% up to
122.84%. One more time, the proposed
compaction technique gave closer results of
the stability numbers giving values ranging
from 99.45% to 101.23% only. However,
the mean value for Staby/Stab; was
113.84% and the mean value for Stab,/Stab¢
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 to
reach 2070 Ibs instead of 1800 b [12] to
assure successful field stability values.

Figure (4) shows the relation
between field stability and Marshal)
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 that, 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.Vm/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 82.98% 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.Vr 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
either 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 8.0% 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* = 0.82 compared with
R® = 097 which is the correlation
coefficient for the relation between field
and simulated air voids, as shown in Figure

.

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 ali 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.Fu/M.F; 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? =
0.87 for the relation between field and
Marshatl flow values is shown in Figure
(8), whereas R? = 099 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 shouid 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 :of 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 Marshail stability
values (R = 0.77).

3- Marshall stability has an average of
about 270 Ibs 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 (R? = 0.97) 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
vatues 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- It is recommended to use the proposed
compaction simulation technique for
asphalt concrete mix compaction instead
of common hammering technique when
designing asphalt mixes using Marshali
procedure .

2- If the traditional Marshall compaction
technique ts used in the asphalt mix
compactlion, the accepted values of mix
stability should not less than 2070 Ibs to
ensure best pavement performance in the
field.

3- When using the traditional Marshail
technique for asphalt mix compaction
the permitted 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 larger 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.
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