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Using an in-correct compaction temperature of hot-mix asphalt has caused
significant problems not only in practice but also in the determination of
optimum asphalt content in the design of mix. Asphalt mixture usually
looses their temperature during transportation and when laying down.
The main objective of this research is to determine the most suitable value
of compaction temperature of asphalt pavement that would be use in both
laboratory investigations and in field technique

Laboratory measurements has been done to find out the effect of various
compaction temperatures on the values of the optimum bitumen content
and the volumetric properties and Marshal properties of asphalt mixtures.
Field measurements were also done to determine the effect of different
temperatures of asphalt pavement during laying-down and compaction
process on the relative compaction of asphalt mixtures and on the
pavement macriotexture. In addition the rate of heat loss of asphalt mixture
during transporting it from mixing plant to was determined in both summer
and winter seasons.

The main conclusion of this investigation is that pavement compaction
temperature has a significant effect on the optimum bitumen content (OBC)
of asphalt mixtures. Also it has remarkable effect on the values of
volumetric properties of hot mix asphalt and Marshall indicators. Field
investigations reveal that the Relative Compaction (RC) of the asphalt
pavement layer is significantly affected by the temperature of asphalt
mixture during compaction and is acceptable up to 110°C. Also, asphalt
pavement macrotexture is deeply affected by the value of compacted
temperature. A model was developed to relate compaction temperature to
the depth of surface texture of asphalt pavement surface. The field results
confirmed to a large extent the Laboratory results.

KEYWORDS: Hot-Mix Asphalt, Volumetric Properties, Compaction
Temperature, Relative Compaction.

1 -INTRODUCTION

Hot-mix asphalt (HMA) mixing and compaction temperature are important to the
performance of HMA pavements. Appropriate mixing and compaction temperature are
an aid in achieving complete aggregate coating and adequate field density [1].
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Compaction is an essential factor in the design and subsequent production of
asphalt mixtures. The available compaction temperature for Asphalt is one of the major
controlling elements in this process. The compaction temperature influences
workability of the asphalt mixtures.

Compaction below the standard compaction temperature may bring reverse
effect on HMA properties. Moisture damage of HMA with low temperature referred as
striping and this problem become prevalent in recent years [2]. This weakens the
subgrade, causing the pavement to settle and the surface to crack. Air entering the
surfacing mix oxidizes the asphalt cement causing the surface to weaken and crack
extensively.

Compaction temperature of asphalt mix is very important. One must be aware of
how long it takes to cool from lay down to preserve a minimum compaction
temperature. However, further attempts to compact the asphalt mixture normally in low
temperature will not be effective. Further compaction may fracture the aggregate in the
mix, decreases pavement density and frustrating the purpose of compacting. It’s
recommended that a compaction temperature between 135 and 150°C. Use of a 150°C
compaction temperature can result in design binder contents that are as much as 0.5%
lower than if compacted at 135°C [3].

If asphalt mixtures cooler than desirable temperature, a variation in mix
temperature (temperature differentials) can cause poor mix compaction leads to non-
uniform densities [4]. This decrease in density leads to a loss of fatigue life and
serviceability of the pavement.

The decrease in achievable density has been directly linked to compaction
temperatures. Laboratory study showed that an increase in air void content and a
decrease in stability with lower compaction temperatures. Compared to a sample
compacted at (135 °C), a sample compacted at a temperature of (93 °C) contained more
than double the percent air voids and at (65 °C), the air void content quadrupled.
Stabilities performed on these samples typically show a decrease in stability with
decreasing compaction temperature and the resulting increase in air voids [5-9].

Large numbers of asphalt concrete paving projects have experienced a cyclic
occurrence of low-density pavement areas [10]. The “cyclic segregation”, is prematurely
failed by fatigue cracking, raveling, or both. The “cyclic segregation” phenomenon in
asphalt pavements has been studied [11, 12]. They related the problem to a differential in
temperature of the hot mix asphalt (HMA) mass in the trucks developed in transport
from the HMA manufacturing facility to the job site.

One of the major problems of insufficient compaction temperature is the non-
uniformity of the existing pavement surface texture. This cause transverse variation in
the surface texture of asphalt pavement through wheel paths and outside/between the
wheel paths. Longitudinal variation occurs as the surface condition varies along the
road from areas where the underlying surface is oxidized to other areas where the
surface may be raveling and non uniform in surface texture [13]. Pavement
macrotexture, or more specifically changes in macrotexture has been used to identify
pavement segregation [14, 15]. Segregation refers to separation of the coarse and fine
fractions of aggregate in the paving mixture. Coarse areas tend to have lower asphalt
content, lower density and higher permeability. These areas tend to fail prematurely.

In this study the effect of different compaction temperature on the value of
optimum bitumen content were investigated. Also the effect of eight-compaction
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different temperature on the mechanical and volumetric properties of asphalt mixture is
studied. Valuables recommendation for the acceptable pavement compaction
temperature has been deduced. Field measurements for deduce the optimum time that be
allowed for transporting the asphalt mixture from the mixing plant to the paving site has
been found in both hot and cold weather. The Relative Compaction (RC) of asphalt
pavement layer and asphalt surface texture depth (STD) were found as a function of
compaction temperature.

This study was performed to assist asphalt mixture technologists in choosing an
appropriate compaction temperature for asphalt pavement. This temperature is very
important because it has significant effect on the value of optimum bitumen content,
Marshall Properties, volumetric properties, Relative compaction of asphalt pavement
layer, and on the depth of surface texture of asphalt pavement.

2- STUDY OBJECTIVES

The aim of this research is to determine the suitable compaction temperature for HMA.
More specifically, the work is intended to achieve the following objectives:

1. To determine the Effect of Laboratory Compaction Temperature (LCT) on the
Optimum Bitumen Content. This is the supposed to lead to a better control
during the laboratory the compaction process.

2. To determine the field acceptable compaction temperature (ACT) to achieve
allowable Relative Compaction (RC) of asphalt pavement layer. This is
supposed to lead to a better control during compaction process.

3. To investigate the rate of heat losses related to the transportation time from the
mixing plant to the asphalt lay-dawn location. This is supposed to lead to
determine a better knowledge about the acceptable distance between the
mixing plant and the paving site.

4. To investigate s the effect of compaction temperature value on the value of
surface texture depth (STD) of asphalt pavement to prevent raveling.

5. To propose recommendation to be used in the local industry of asphalt
pavement related directly to the asphalt compaction procedures.

3- EXPERMENTAL PROGRAM

3.1 Material Characterization

The asphalt mixes investigated in this study, consisted of crushed lime stone with
angular particles and rough surface texture (Bulk Specific Gravity of 2.75) as a coarse
aggregate, siliceous sand (Bulk Specific Gravity of 2.67) was as a fine aggregate, and
limestone dust (Bulk Specific Gravity of 2.60) as a mineral filler. Asphalt Cement AC
60/70 penetration grade from Suez Refineries was used as a binder. The average
penetration value at 25 °C was 64. The flash point was 268 °C and the Bulk Specific
Gravity was found 1.03. The Ring and Ball softening Point was (50.8 °C) the asphaltic
mixtures which designed in the laboratory were the same used in the field.
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3.2 Gradation of Asphalt Aggregate Mix.

Asphalt concrete mixes tested in this study are composed of 53 % coarse aggregate, 41
% fine aggregate, 6 % mineral filler [16]. This gradation of aggregate mix, incorporate in
all asphalt concrete specimens, conforms to the mid point of the standard 4-c aggregate
gradation specified in the Egyptian slandered specifications [17]. Five different value of
asphalt content (4.0%, 4.5%, 5.0%, 5.5%, and 6.0%) were used to for Marshall Test
specimens. The aggregate gradation is presented in Table (1).

The Marshall Stability test (ASTM Designation: D 1559-82), which is one of
the most common tests used in highway engineering was used in this study for both mix
design and evaluation. Although Marshall Method is essentially empirical, it is useful in
comparing mixtures under specific conditions. Therefore it was selected within this
research to study the effect of different compaction temperatures on Marshall Properties
of asphalt mixture at the same value of bitumen content.

Field measurements to find the effect of compaction temperature of asphalt
mixture on the relative compaction of pavement layer were done. Asphalt surface
texture depths related to compaction temperature values were also found. To find the
suitable time allowable for transporting the asphalt mixtures from the production plant
to the paving site, the rate of reduction of asphalt temperature considering time was
established both in summer and in winter.

Table (1): Selected aggregate gradation (dense gradation 4c)

% Passing
Sieve Utilized Gradation Spec. Gradation Limits
1 100 100
Ya 95 80 - 100
3/8 71.6 60 — 80
3/16 55 48 — 65
No. 10 45.24 35-50
No. 30 255 19-30
50 16.8 13-23
100 9 7-15
200 4.77 3-8

3.3 Asphalt Mix Design at Different Compaction Temperature

Marshall Mix Design, which is one of the most common tools, is used in highway
engineering for both mix design and evaluation. Although Marshall Method is
essentially empirical, it is useful in comparing mixtures under specific conditions.
Therefore it was selected within this research to study the effect of different compaction
temperatures on asphalt concrete mixtures properties. Optimum bitumen content (OBC)
for three variable compaction temperatures (140, 110, and 90°C) was determined. Five
different values of asphalt cements (4.0%, 4.5%, 5.0%, 5.5%, and 6.0%) were used.
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Forty five samples have been used in this context, fifteen samples for each temperature
were considered.

Bitumen content of 5 % (by weight of dry aggregate basis) that was found to be
the optimum bitumen content at 140°C compaction temperature was determined for
asphalt mixture. OBC (5%) was chosen for all mixtures so that the amount of binder
would not confound the analysis of the test data.

Compactions of asphalt pavement mixture at eight different temperatures (140,
130, 120, 110, 100, 90, 80, and 70 0C) were considered. Twenty four samples have been
tested, three samples for each temperature considered.

The following procedures are to be followed to ensure uniformity in
preparation of the asphalt mix samples: Mixing:

1. Aggregates shall be heated for 24 hours minimum at a temperature of (110°C
* 5°C) prior to adding asphalt.

2. Mixing should be done at (140°C) using a "buttered" mixing pan. The mixing
pan should not be totally clean but should contain the residue from previous
mixing that is left after scraping with a spoon and/or spatula.

3. The asphalt cement added should be the percentage specified and no allowance
should be made for asphalt cement that is left sticking to the sides of the
mixing pan.

All mixing is to be done by hand using a spoon and a spatula.
Mechanical compaction should be based on the equivalent blow count to each
face that your laboratory correlates to 75 blows of the hand hammer at 140°C.

o~

3.4 Sample Preparation

All examined asphalt concrete mixtures were prepared in accordance with the Standard
75-blow Marshall design method for designing hot asphalt concrete mixtures,
designated as (ASTM Designation: D 1559-89) [18 ] using automatic compaction. To
provide adequate data three samples were prepared from each mixture for each test.
Table (2) presents the total number of tested samples.

3.5 Asphalt Mixture Properties Investigation

Marshall Properties at different compaction temperature have been found. The effects of
compaction temperature of the following Marshall results of the hot mix asphalt (HMA)
have been evaluated:
1. Effect of compaction temperature on asphalt mixture density.
Effect of compaction temperature on the Marshall Stability.
Effect of compaction temperature on flow value.
Effect of compaction temperature on the % VTM, and % VMA.
Effect of compaction temperature on Marshall Stiffness value.

agrwn



1240

Hassan Youness Ahmed

Table (2): Number of prepared samples

Mix. Design Mix Properties | Marshall Tested
Temperatures Temperatures Samples
140 - 15
110 - 15
80 - 15
- 140 3
- 130 3
- 120 3
- 110 3
- 100 3
- 90 3
- 80 3
- 70 3
Total 69

4. FIELD MEASUREMENTS

4.1 Relative Compaction of Asphalt Pavement.

Asphalt compaction technique is different in laboratory than that in the field. So, field
measurements have been done to find out the effect of various compaction temperatures
on the relative compaction of the asphalt pavement. Studies have been done on koum
El-arab road which was under construction in Tema District at Sohaj Governorate. The
temperature of road base was about (20 °C). Air temperature was about (22 °C). surface
layer was (5.0 cm).

Pavement surface has been divided into four sectors; each sector has length
(10.0 m), width (3.0 m).Asphalt pavement mixture for each sector has been laid and
compacted at different temperatures, these were (130, 110, 90 and 70°C). The roller
speed and number of passes are the same over the pavement layer. Three cores have
been excavated from each sector of the four sectors under investigation. Bulk density,
and volumetric properties has been investigated for each sample and its average values
have been calculated. Then, the relative compaction has been calculated.

4.2 Surface Texture Measurement of Asphalt Pavement.

One of the major problems of insufficient compaction temperature is the non-uniformity
of the existing pavement surface texture. Surface texture refers to the macrotexture of
the pavement surface [19, 20]. Characterization of the pavement’s surface texture is a
critical step in the pavement surface evaluation.

In this research, the surface texture depth of pavement surfaces is determined by
the sand patch technique. Considering the four sectors that compacted in the field at
different compaction temperature, the macrotexture of each sector has its own
characteristics.
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Firstly, the surface of the sample site must is dried and cleaned. Known volume
of sand (particle size of 300 um to 600 um) is spread by revolving a straightedge until
the sand is level with the tops of the cover aggregate. The volume of sand used for the
texture determination shall be such that the sand patch has a minimum diameter of 170
mm. The volume of material that fills the surface voids determines the surface texture. In
this research 45 ml of sand is used Figs (1 and 2).

Sand volume

Fig. (1): Measured volume of sand on pavement surface

Diameter

Fig. (2): Sand spread to form circular patch on pavement surface.

The average surface texture depth is calculated by dividing the volume of sand by the
area of the sand patch the mean surface texture depth (STD) using the following
equation [20].
4171000
FED_‘-

57D = (1)

Where:

STD = surface texture depth in mm.

V  =volume of sand in patch in cm?3

D =average diameter of sand patch in mm

4.3 Rate of Heat Loss of Asphalt Mixture.

To determine the permissible time required for transporting and laying-down of asphalt
mixtures from mixing plant to the paver machine, the rate of heat losses in the
temperature with time have been studied. The temperature of asphalt pavement just after
mixing was measured as (160°C). Then the temperature was measured every five
minutes within two hours. Three thermometers were immersed inside the asphalt
mixture to about (15 cm) at different distances of the asphalt surface on the truck, the
average value were calculated. This has been done twice, one in summer in (July), the air
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temperature was (40°C). The other was in winter in (January), the air temperature was
about (22°C). No wind was recorded during those measurements.

5. RESULTS AND DISCUSSION
5.1- Laboratory Investigations Results

5.1-1 Effect of Compaction Temperature on the Value Optimum
Bitumen Content

The Values of Optimum Bitumen Content of asphalt mixtures at (140,110, and 80°C)
compaction temperatures have been determined. Three asphalt mixtures have been
compacted within the three different temperatures at different values of bitumen content,
these were (4, 4.5, 5.0, 5.5, and 6%).

Table (3) shows the values of density, stability, flow value, % of voids of
mineral aggregate (%VMA) and % of voids of total mixture (%VTM) corresponding
the optimum asphalt content for the three-compaction temperature values determined in
this study. It’s investigated that the percentage of bitumen content is significantly
affected with the values of compaction temperature. Where its value increases with
about 10 % for 80°C compaction temperature than that which compacted at 140°C while
bulk density and Marshall stability decease with about 40%. At compaction temperature
110°C the percentage of increase in bitumen content is only about 2% and bulk density
and Marshall stability decrease with about 10% only than that compacted at 140 °C. This
attributed to that the bitumen viscosity is considerably increases as its temperature
decreases which have direct effect on the workability of the asphalt mixture.

The above discussion reveals that the minimum laboratory compaction temperature for
Marshal Mix design would not less than 110°C.

Table (3): Values of optimum bitumen content (OBC) of asphalt mixtures
compacted at different temperatures.

Compacted | Density | Max. stability % of % of Flow OoBC
temperature | (gm/cm’) (Newton) VTM | VMA | (mm.)

140°C 2.42 6700 3.5 12.8 3.2 5.0
110°C 241 6010 3.7 13.5 3.4 5.1
80°C 2.35 4030 6 16.8 4 55

5.1.2 Effect of Compaction Temperature on Volumetric Properties of
Asphalt Pavement Mixtures

Figure (3) shows relationship between different compaction temperatures in (°C) versus
% VTM & % VMA and percentage of voids filled with bitumen (%VFB). Itis clear that
as the compaction temperature increase from (70°C to 110°C), both the (% VTM) and
(% VMA) sharply decrease. The value of (% VTM) was (6.8%) at (70°C) and reduced to
(3.9%) at (110°C), while these values slightly decrease as the compaction temperature
increases than (110°C), its value is (3.5%) at (140°C).
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The value of % VMA was (18.3%) at (70°C), and decreased to (15.4%) at
(110°C). As the compaction temperature increase, that value slightly decreases. Its value
is (14.8%) at (140°C). One can conclude that the change in both % of VTM and % VMA
are significantly affected at compaction temperature less than (110°C). This may be
attributed to that the asphalt spacemen is difficult to compact as the temperature
decrease because the bitumen viscosity is significantly increases. The value of voids
filed with bitumen (% VFB) is not significantly affected with compaction temperature
value.

——\VFB —+—VTM —— VMA

20
»n 16 \-\.._,\*_._‘
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Compaction temperature

Fig. (3): Percentage of voids in asphalt mix. & compaction temperature in (°C)
5.1-3 Effect of Compaction Temperature on Asphalt Mixture Density

Relationship between compaction temperature in (°C) and Density in (gm/cm®)
has been plotted in figure (4). It is found that when compaction temperature decreases
from (140 to 100 °C) the density values remains constant. This reflects that the asphalt
mixture is more workable due to low viscosity of bitumen which lubricated aggregate
particle well at that range of temperature. At compaction temperature from (100 to 80°C)
the density decreases. This is because the bitumen viscosity may increase sharply which
cause sharply decrease in density with the same trend. As the compaction temperature
decreases from (80 °C), the bitumen viscosity is so high that the asphalt mixture is not
workable so, the density is slowly decrease in this zoon.

5.1-3 Effect of Compaction Temperature on Marshall Stability

Marshall stability (Sy,) is an indicator of the resistance against the deformation of the
asphalt concrete; Sy, values are calculated to evaluate the resistance of the deformation
of the tested specimens. A higher value of S, indicates a stiffer mixture and, hence,
indicates that the mixture is likely more resistant to rutting and shoving.
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Fig. (4): Relation between compaction temperature in °c and density in gm/cm?

Marshall stability value in (Newton) is studied as function of compaction
temperature in (°C) that relation has been plotted as shown in figure (5). Its shows that
as the compaction temperature decrease from (140 to 110 °C) stability values slightly
decrease, and as the compaction temperature decreases from (110 to 70 °C ) the stability
values sharply decrease. Where, the value of Marshal stability at compaction
temperature (140°C) is about 10% higher than if compacted at (110°C), and 40% if
compacted at (90°C) while it increases to (55%) if compacted at (70 °C). This is because
at high temperature the bitumen viscosity is so low that cause good lubrication of
aggregate particle and this cause better interlock between particles during compaction.
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Fig. (5): Relation between compaction temperature & stability



METHODOLOGY FOR DETERMINING MOST SUITABLE......... 1245

5.1-4 Effect of Compaction Temperature on Flow Value

To find out the effect of different compaction temperature on the Marshal Flow values in
mm. figure (6) has been plotted. It is shown that the flow value is about the same for
temperature rages between (140 to 100°C), then as the compaction temperature
decrease, the flow values increase. This is attributed to that, at law temperature the
percentage of voids of total mixture is high than that at higher temperature. This causes
air space for the aggregate particle to deform and this increases flow value.

g 5
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E
< 3
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Compaction temperature

Fig. (6): Flow values in (mm) versus compaction temperature in °c

5.1.5 Effect of Compaction Temperature on Marshall Stiffness Value

Marshal stiffness values (Sy ) have been calculated using the following expression [21]:
M
M S e sn et re s (@)
Mg xS,
Where:
Su = Marshal stiffness.
Ms = Marshal Stability.
Mg = Marshal Flow.
Sy = Spacemen height.

Values of Marshall stiffness versus different compaction temperatures are
shown in Figure (7). It is clear that the Marshall stiffness value is slightly decreased as
the compaction temperature decrease for temperature ranges from 140 to 100°C. As the
compaction temperature decrease in from 100 to 70°C the Marshall stiffness values
sharply decrease. This is attributed to that at high compaction temperature the bitumen
viscosity is low and the asphalt mixture is workable and compacted well.



1246 Hassan Youness Ahmed

. /LJ'—'L
30

25

20

Marshall Stiffenes (MPa)

15

10
60 70 80 90 100 110 120 130 140 150
Compaction Temperature C

Fig. (7): Relation between Marshall stiffness and different compaction temperatures.

5.2- Field Measurements.

5.2-1 Effect of Compaction Temperature for Asphalt Mixture on the
Relative Compaction of Asphalt Pavement Surface Layer.

Relationship between compaction temperature of asphalt mixtures in °C and relative
compaction (RC) of asphalt pavement mat has been found. Figure (8), shows that as the
compaction temperature decrease the RC of the asphalt mixture decreases. Slight
reduction in RC was noticed when the compaction temperature ranged between (130°C
to 110°C). While as the compaction temperature decreases, ranges between (110 to
70°C) the RC is sharply decreases. This is may be due to the high workability of the
asphalt concrete mixture at temperature more than 110°C, which significantly decreases
as the temperature decrease due to the relative increase in the binder viscosity. Also,
aggregate segregation during laying-down of asphalt mixture may be occurred at low
temperature.
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Fig. (8): Relation between relative compaction of asphalt pavement and compaction
temperature in °C
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5.2-2 Measurement of Macrotexture Asphalt Pavement Surface

A known volume of sand was spread evenly over the pavement surface to form a circle,
thus filling the surface voids with sand. Three portions on each studied sector were
selected and tested and the value of the mean surface texture depth (STD) has been
calculated. The diameter of the circle was measured at four locations at approximately
equally spaced distances around the sand patch to the nearest 1.0 mm and the value
averaged [20].

Surface Texture Depth  _ 27300 (d in mm)
2

Where: d = patch diameter

The mean surface texture depths (STD) at different compaction temperature
have shown in table (4). The relationship between compaction temperature and mean
surface texture depth (MSTD) are plotted in figure (9). It’s found that the texture depth
is strongly affected with compaction temperature. This is attributed to the segregation of
aggregate that may be occurred at low temperature of asphalt pavement mixture.

Table (4): Values of average texture depths versus compaction temperature

Comp. Texture Depth mm., STD’
Temp. | Patch1| Patch2| Patch3| mm.
70 55 6.3 6.1 6
90 3.0 3.8 3.6 3.5
110 0.4 1.0 0.5 0.6
130 0.2 0.5 0.45 0.4
* STD = surface texture depth (mm),
8
£ 6 A
£ \
c 4
o N
o 2
\-‘
O I I I I I I I
50 60 70 80 90 100 110 120 130 140
Compaction temperature

Fig, (9): Relationship between compaction temperatures and surface texture depths.
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Relationship was developed between compaction temperature and the STD
Exponential model give the highest correlation factor, where

STD =210.23 e 000 C (4)
R2=0.94

Where:
STD = Surface texture depth (mm),
C. = Compaction Temperature in °C.

5.2-3 Effect of Transportation and Laying-down Duration of Asphalt
Mixture on its Temperature Depression.

The relation between dissipating temperature of asphalt mixture versus elapsed time
during transporting from mixing plant to laying-down sit is shown in figure (10). As it is
expected, the asphalt temperature decreases with time. The rate of reduction in
temperature is higher in winter compared with that in summer. Considering the
minimum allowable compaction temperature 110°C, it can be recommended that the
allowable time of transporting and laying time of asphalt mixtures should not be more
than 45 minutes in summer and 30 minutes in winter.

A In Winter B In Summer

. 180

< 160

%5 140 -

Q 120

>

& 100 :

fé& 80

3 60 NKL

= 7 2 A
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0 10 20 30 40 50 60 70 80 90 100 110120130

Elapsed time in ( minutes )

Fig.(10): Losses of asphalt mixture temperature in (°c) & elapsed time.

To estimate the time that must be considered to get the required temperature of
asphalt pavement mixture during transportation and laying-time, the relationship
between drop in temperature in degrees centigrade and time in minutes of the asphalt
pavement mixture is presented in figure (11). It is found that the rate of heat dissipating
in winter is significantly higher than that in summer. This must be considered in project
pavement management construction and planning.
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The following equations were found to deduce required time for permissible
heat dissipation of asphalt pavement:
Within summer season:-

T =1E-04 C3-0.0022 CP+ 0.6722 C;+ 0.6193 ......oooeeenn. (5) R?=0.99
Within winter season:-
T=8E-05 C*- 0.0042 CZ + 0.5355 C; + 1.2256  ....oeeevvennn..... (6) R?=0.99
Where:
T = elapsed time in minutes
C ;= heat dissipation in °C
¢ In Winter A In Summer
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Fig.(11): Relation between drop in temperature of (ac) and elapsed time.

6- CONCLUSIONS AND RECOMMENDATIONS

The effect of compaction temperature of asphalt mixtures on the value of optimum

bitumen content (OBC) has been found. Also, the effect of compaction temperatures on

the volumetric properties and overall Marshall Properties of hot mix asphalt which
operated at the controlled asphalt pavement mixture are determined. Field
measurements to find out the effect temperature of asphalt pavement mixtures during
laying-down and compaction process on the values of relative compaction and.
macrotexture of asphalt pavement surface layer are determined. Finally, the rate of the
heat dissipation of the asphalt pavement mixture during transporting from mixing plant
to laying-down sit at winter and summer seasons is presented.

The final conclusions can be summarized as follows;

1- The value of OBC determined by Marshall method is significantly affected by
laboratory compaction temperature of asphalt mixtures. It is found that at compaction
temperature (80°C) OBC is higher with about 10 % than that which compacted at
(140°C), while asphalt mixture compacted at (110°C), is higher with about 2% only.
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2- The % VTM at compaction temperature (140 to 100°C) increased from (3.5 % to 4
%), while at compaction temperature (70 °C), it reaches 6.4%.

3- The value % VMA at compaction temperature (140 to 110°C) increased from (14.8 %
to (15.7 %), while at compaction temperature (70 °C) it reaches (18.3 %).

4- Marshall stability value at compaction temperature (140°C) is about 10% higher than
that which compacted at (110°C), and higher with about 40% if compacted at (90°C),
While it reaches about (55%) higher than that compacted at (70 °C).

5- Marshall Stiffens value is significantly affected by the temperature of compaction less
than 100 °C; while the compaction temperature ranged from 140 to 100 °C the
change in stiffens value is not significance.

6- The effect of asphalt mixture temperature during laying-down and compaction on the
relative compaction (RC) for asphalt pavement surface layer revealed that 100 °C is
the minimum allowable compaction temperature to get RC more than 97%.

7- Field measurements of the surface texture for asphalt mixture which laid-down and
compacted at different temperature conclude that the macrotexure of asphalt
pavement layer is significantly affected by compaction temperature. This is
attributed to the segregation of aggregate that may be occurred at low temperature of
asphalt pavement mixture during laying-down and compaction process.

8- It would be strongly recommend that the minimum allowable temperature for
compaction must not less than (110 °C), this must be done in laboratory for
determining the optimum bitumen content and on the field for getting asphalt
pavement layer with good surface texture and acceptable relative compaction.

9-The elapsed time for transporting and laying-down of asphalt mixtures from mix
station to the lay-dawn location should not be more than (45 minutes) in summer and
(30 minutes) in winter.
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