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Abstract: The application of SBS polymer (styrene butadiene styrene) to the mixture to improve 
the performance results in necessary high temperatures that negatively impact the characteristics 
of the mixture modified with SBS. The purpose of the study is to forecast models for the 
compaction temperature and mixing temperature of the mixtures that modifying with SBS and 
evaluates the impact of filler kind, asphalt content and styrene butadiene styrene content on the 
temperatures. (3%, 4%and 5%) of the asphalt's weight cement is produced of styrene butadiene 
styrene and asphalt cement grade (40-50). Asphalt mixtures were tested using two methods: 
compaction of asphalt mixture test and mix coating test. According to the outcomes of 
experimental testing, there is a negative association between the asphalt content and the mixing 
and the compaction temperatures. However, there is a positive association between the content of 
SBS and the mixing and compaction temperatures. The modified asphalt blend containing lime 
stone dust has produced high mixing temperature and compaction temperature than the mixture 
containing Portland cement. In HSRV-O approach the compaction and mixing temperatures of 
modified bitumen with styrene butadiene styrene decreased in contrast to the super pave method 
while HSRV-E method showed even greeter decreases.  
Keywords: SBS-polymer, mixing and compaction temperatures, superpave, Brookfield. 
 
 
1-INTRODUCTION 

The bitumen's viscosity affects the mixing and compaction procedures. A Fluid's internal friction 
is measured by its viscosity. During mixing it evaluates the quality of the aggregate coating and 
during compaction, the ability to combine particles to create a cohesive , resistant, durable with a 
specified air void content during compaction (Read & Whiteoak, 2003; Yildirim, Solaimanian, & 
Kennedy, 2000). If the viscosity is too high, it will be very difficult to get the desired density, 
and the specimen cannot be mixed and compacted properly. It will be difficult to achieve the 
required density and the specimen cannot be compacted and mixed if the viscosity of asphalt 
high. Low viscosity might make it difficult to distribute asphalt within the aggregate structure. 
Modified bitumen was considered Newtonian flow which viscosity is influenced by the rate of 
shear. Traditional equiviscous methodology ASTM D2493 was used to establish HMA the 
temperatures of mixing and compaction for unmodified binders and identify very high 
temperature which can degrade bitumen-polymer bonds and increase energy usage (Micaelo, 
Santos, & Duarte, 2012). Therefore, other methods are used to find acceptable temperatures. 
(DeSombre, Newcomb, Chadbourn, & Voller, 1998) presented the (SSF) the steady shear flow 
test, technique based on measuring viscosity using dynamic shear rheometer at warm 
temperatures (76 ºC to 94 ºC).target ranges for viscosity are 0.17±0.02 Pa.sec and 0.35±0.03 
Pa.sec .  
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(Yildirim et al., 2000) "Presented the idea of HSRV-O (High shear rate viscosity original), after 
computing the shear rate inside the superpave compactor, which was 487s-1 and rounded to 490s-

1. It stated that utilizing the same viscosity ranges (0.17±0.02 Pa.s and 0.28±0.03 Pa.s), mixing 
and compaction temperatures should computing using 490s-1 rather than 6.8-1".  
(Bahia et al., 2001) developed the concept of Low Shear Rate Viscosity (LSRV) by defining the 
shear rate of 0.001 s-1.  
(Khatri, Bahia, & Hanson, 2001) low shear rate viscosity is more crucial for the stage of 
critical compaction in the superpave compactor, which is recommended for calculation the 
temperatures of mixing and compaction of modified bitumen. The target viscosity ranges for 
compaction and mixing were transformed to 6±0.6 pa.s and 3±0.3 pa.s. The approach was known 
as ZSRV-O, or (zero shear rate viscosity origina)l. 
(Reinke, 2003)"introduced (SSF) the steady shear flow test ,a technique based on viscosity 
measurements utilizing a dynamic shear rheometer at warm temperatures (76 ºC to 94 ºC) .range 
of viscosity are 0.17±0.02 Pa.s and 0.35±0.03 Pa.s". 
(Yildirim, Ideker, & Hazlett, 2006) using a new range for viscosity (0.275-0.55) pa.s and a 
greater shear rate of 500s-1 lead to lower compaction and mixing temperatures (13-52) ºC 
compared to the conventional method. This method is called high shear rate viscosity 
(Evolution) or HSRV-E. 
The study aims to evaluate the impact of factors on mixing and compaction temperatures, 
developing statical models to predict these temperatures and to compare temperatures calculated 
with different method. 

2-MATERIALS 
Tests from ASTM standard were used to evaluate the materials and the SCRB R9 specification 
requirements were compared with them. 
2-1 asphalt binders 
Asphalt cement AC (40-50) was used in this study. The physical characteristics of asphalt are 
shown in table (2) 

2-2 aggregates 
The aggregate used in this work was chosen from the al-Nibaie Quary. Laboratory experiments 
were used to determine the characteristics of gravel .table 1 illustrated the chemical and physical 
properties for gravel. 

2-3 filler  
In this work, two kinds of filler are utilized: 

1. Lime stone dust from Karbala  
2. Portland cement which is purchased from market 

Table (4) and (5) display the physical characteristics of lime stone dust and cement  
2-4 additives 
SBS polymer (styrene-butadinene-styrene) was the additives used in this research. It was 
supplied by the state company for mining industries and the ministry of industrial and materials 
.plate (1) demonstrates the SBS used in this study. Table (3) illustrates the properties of SBS 
polymer, which added to asphalt at 5%, 4%and 3% by weight. 
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3- LABORATORY TESTS 

3-1 design of a superpave mixture 
After ensuring that the (aggregate, asphalt binder and mineral filler)is in accordance with 
specifications, the asphalt mixture was designed by mixing the materials, then the specimens are 
prepared for the compaction operations in the SGC in compliance with ASTMD 698.figure(1) 
shows that in 4% air voids, the design asphalt content was established. The optimum asphalt 
content was 5% by the total weight of the sample. The procedures for preparing superpave 
gyratory compactor samples was illustrate in plate 2. 
3-2 Asphalt test 
The viscosity values of the modified bitumen are measured using a Brookfield viscometer at135 
°C and 165°C (ASTM D,4402- AASHTO TP48). Using spindle No.27, the viscosity readings 
were plotted on viscosity versus the rate of shear diagram ranges from 1.7 to 34 s-1 with 
corresponding rpms from (5 to 100). The relationships between them were plotted for 5%, 4% 
and 3%, SBS. the rate of shear inside SGC is represented by the graph's extrapolation to the rate 
of shear equal to 500 s-1 (,Yildirim, 2000; Yildirim et al., 2000). The model of power-law for 
Ostwald –de waele, the most popular model, was used to compute the viscosity at 500 s-1. The 
model's equation is provided:  

η= 𝑘	𝛾! − 1 ..…… (1) 
 

Where: 
n: the pseudeoplacticity that measure by the power-law index  

K: the polymer s consistency index. 
γ: shear rate. 

η: The viscosity. 
The value is computed using the power model equation as illustrated below where y refers to log 
–log viscosity (cp) and x for log temperature (Rankine) 
Viscosity measurement at 135 °C for 3% sbs modified bitumen  

𝑦 = 1377.71 ∗ 𝑥".$"$%& 

= 1377.71 ∗ (500)%"."$& = 782.62𝑐𝑝 

Viscosity measurement at 165 °C for 3% sbs modified bitumen 

𝑦 = 525.795 ∗ 𝑥".'((%&  

= 525.79 ∗ (500)%".&)( = 213.53𝑐𝑝 
In the same way the viscosity was calculated for 4and 5% SBS at 135 and 165 °C. The viscosity 
at 135°C and 165°C for 3%, 4%, and 5% shows in table (6). 
Computing modified bitumen temperatures 
The ranges for viscosity of 0.28±0.03 pascal.sec for compaction and 0.27± 0.02 pascal.sec for 
mixing were used to plot the viscosity against temperature relationship by using viscosity at two 
temperature 135 and 165 °C. Figure (2) and (3) represent the compaction and mixing 
temperature for modified bitumen at rate of shear equal to 6.8 and 500 s-1.  

Adjusted Viscosity Ranges for Compaction and Mixing  
It is recommended to increase the viscosity value to (0.275±0.03 Pascal.sec) and (0.550±0.06 
Pascal.sec) since it does not match the equiviscous assumption (Micaelo et al., 2012; Yildirim et 
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al., 2006). As shown in figure (4), this techniques is called as "the High Shear Rate Viscosity 
(evolution), HSRV-E" 
3-3 Asphalt mixture test  
In order to analyze how bitumen consistency and temperature affected lubrication, aggregate 
covering, and the resistance of shear through compaction, asphalt mixture tests were conducted. 
As illustrated in table (7), 72 specimens in various conditions were used for each asphalt test, 
including the mix coating and compaction tests.  

Mix coating test  
The percentage of coated aggregate test findings for samples under various conditions examined 
using the ross count method are summarized in table (8).plate (3) shows an evaluation of the 
percentage of coated using the Ross count method ASTM D2489 depends on how effectively the 
aggregate coats by asphalt, the lowest temperature that is appropriate for mixing should be 
determined .the temperature at which they mix are 150,170 and 190. As shown in tables 8 and9, 
each case is dependent on a particular variable (filler type, asphalt content and SBS percentage). 
The function of sigmoid were employed to connect the coating percentages to mixing 
temperature for each case(West, Watson, Turner, & Casola, 2010). 

𝐶 = &
&*+∗-!"∗$

 ……………………………………………………….. (2) 

The value of a and b and the expected temperature of mixing processes for equivalent coating, 
which are the results of the analysis of regression are shown in table 9. 

Compaction of hot mix asphalt test 
As illustrated in plate (4), th72 sample are compacted by SGC at (140,160and 180 º C). At 25 
gyration, the percentage Gmm was computed for every specimen. The result of compaction test 
demonstrates in table (10). The linear equation derived from linear regression was used to predict 
the temperature of compaction for each case and linear regression between % Gmm and 
compaction temperature were developed as illustrated in table (11). 

4- ANALYSIS AND DISCUSSION OF EXPERIMENT OUTCOME 
4-1 Variation of viscosity with shear rate 
The viscosity variation with the rate of shear for the SBS percentages at 135 and 165 º C 
respectively as illustrated in figures (5),(6) and (7).because the modified asphalt exhibit pseud 
plastic characteristics ,where the viscosity varies with shear rate, the figures generally show that 
the viscosity dropped with rising the rate of shear.the relationship between shear rate and 
viscosity dropped while the value of temperature rised from 135 º C to 165 º C 
4-2 Difference of mixing temperature and compaction temperature for modified asphalt 
with used determination processes  
Figure (8) shows the association between the temperature of mixing and the techniques HSRV-
E, Superpave, HSRV-O for the different SBS content, whereas figure (9) shows the association 
of compaction temperature and the techniques. Both graphs illustrate a decrease in the 
temperatures of asphalt when the HSRV-O method to the superpave. Because the rate of shear is 
taken in to account when computing the temperatures in HSRV-E and HSRV-O methods, more 
declining can been seen inHSRV-E. The results trend aligns with the outcome of (Micaelo et al., 
2012) " discovered that the HSRV-E approach outcomes in lower average mixing and 
compaction temperatures than the superpave and HSRV-O procedures ".  

4-3 Effect the content of asphalt: 
The mixing temperatures with (3%, 4%, 5% and 0%) over the content of asphalt are compared in 
figure (10). The figure shows that the temperatures declined as the amount of bitumen grew and 
the variation magnitude raised as the amount of bitumen's polymer reduced. Figure (11), (12) 
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and (13) show that increasing asphalt content causes particles to lubricant and rearrange under 
load, as a result, asphalt requires a lower temperature to provide cohesion to asphalt and facilities 
aggregate particle movement, resulting in a compact and durable structure. Higher mixing 
temperature and compaction temperature are needed because the increasing of the viscosity of 
asphalt. 

4-4 SBS content's effect 
Figure (14) to (17) demonstrate the relationship between the temperatures of mixing and 
compaction of the modified mixture and the styrene butadiene styrene percentages. Figures 
illustrate that raising the SBS content leads to higher mixing and compaction temperatures. 

4-5 filler type effects:  
The mixing temperatures for modified bitumen with limestone dust and cement are shown in bar 
chart (18).the mixing temperature for asphalt mixtures including limestone rose slightly from 
165 º C at 0% styrene butadiene styrene concentration to 168 º C at 3% styrene butadiene styrene 
concentration and subsequently to 171 º C at 5% SBS concentration .the mixing temperature for 
asphalt mixture with cement is low ,beginning around 164 º C .it is evident that figure (19) 
exhibited the similar pattern .in general, increasing the proportion of SBS content resulted in 
higher mixing temperature and compaction temperature, especially in mixtures with lime stone 
dust compared to cement .this is because ,when combined with the binder lime stone dust 
exhibits the maximum viscosity for the asphalt mixture when compared to all other filler kinds 
(Cross & Brown, 1992). 
5-CONCLUSION  
The experimental results, within the restrictions of test methods and the materials used, lead to 
the following conclusion: 

1. This study predict tow models: 
a) The temperature of mixing model for asphalt mixture modified with styrene butadiene 

styrene (MT)is based on coating test results: 
MT=183.586-4.88*(AC)+0.311*(F)+2.24*(SBSC) 
b) The temperature of compaction model for the mixture modified with styrene butadiene 

styrene (CT) is based on the test results for asphalt mixture compaction : 

CT=170.123-4.294*(AC)+1.818*(F)+2.094*(SBSC) 
Where, 

CT=compaction temperature, Cº 
MT=mixing temperature, Cº 

Ac=asphalt content, % 
F=type of filler (limestone dust 2.9; Portland cement 3.1) 

SBSC =SBS content, % 
2. The limitations of the data used to develop the compaction and mixing models. 
3. When the asphalt concentration is 0.5% higher than the optimum, mixing and compaction 

temperatures decrease. On the other hand, when the asphalt content is decrease by 0.5 %, 
they rise. 

4. The compaction temperature and mixing temperature of modified asphalt mixes decrease as 
the percentage of SBS in the mixture decreases. In contrast, mixing temperature and 
compaction temperature rise as the percentage of SBS increases. The modified mixture with 
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lime stone dust has produced higher mixing and compaction temperatures than the mixture 
with Portland cement.  

5. According to the results of asphalt tests using a Brookfield viscometer, the viscosity 
declining as the shear rate risen. 

6. In comparison to the superpave approach, the HSRV-O method showed lower temperatures 
for mixing and compaction of modified asphalt with styrene butadiene styrene, whereas the 
HSRV-E method showed greater diminishment. 

    

 
Figure (1): relationship between asphalt composition and air void percentage, VMA %and 

VMA% 

 
Figure (2): compaction and mixing temperatures at shear rate of 6.8 S- 1 for asphalt modified by 

3% SBS 
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Figure (3): compaction and mixing temperatures at shear rate of 500 s-1for asphalt modified by 

3% styrene butadiene styrene 

 
Figure (4) mixing and compaction temperature by utilizing HSRV-E process for asphalt 

modified by 3% SBS 

 
Figure (5): relationship between viscosity and rate of shear at temperature 135 º C and 165 º C 

for 3% SBS modified bitumen. 
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Figure (6): relationship between viscosity and rate of shear for 4% SBS modified bitumen. 

 
Figure (7): relationship between viscosity and Shear rate for 5% SBS modified bitumen. 

 
Figure (8): variation in the mixing temperature with HSRV-O, HSRV-E and super pave,). 
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Figure (9): variation of compaction temperature with super pave, HSRV-O, and HSRV-E. 

 
Figure (10): Relationship between AC % and mixing temperatures for Portland cement. 

 
Figure (11): Relationship between AC % and mixing temperatures for lime stone dust. 
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Figure (12): Relationship between AC % and compaction temperatures for Portland cement 

 
Figure (13) Relationship between AC % and CT for lime stone dust 

 
Figure (14): Relationship between SBS content and MT for cement. 
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Figure (15): association between SBSC % and mixing temperatures for lime stone dust 

 
Figure (16): Relationship between SBSC % and CT for Portland cement. 

 
Figure (17): association between SBS content and compaction temperatures for lime stone dust. 
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Figure (18): effect of SBS content on mixing temperatures for lime stone dust and cement 

 
Figure (19): effect of SBS content on compaction temperatures for lime stone dust and cement 

Table (1): Physical Properties of Selected Aggregate 
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Table (2): standard limitation and physical properties of asphalt 

 
 

Table (3): SBS Properties, (Polimeri Europe SPA, 2012) 

 
 

Table (4): Limestone Physical Properties 

 
 

Table (5): Portland cement Physical Properties 
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Table (6): viscosity values for 3%, 4%, and 5% 

 
Table (7): factors included in the research 

 
Table (8): results of the percent coating tests 
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Table (9): the expected mixing temperature and the regression result 

 
Table (10): the compaction test result summary 
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Table (11): the result of compaction test regression 

 
Table (12): data limitations for the compaction and mixing models 

 

 
Plate (1): SBS polymer 
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Plate (2): Preparation the specimens by use Gyratory Compactor 

 
Plate (3): test of mix coating 
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Plate (4): compacted, specimen 
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