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1. Introduction: 
Roads contribute to economic growth by facilitating transport and trade, which requires improved pavements and surfaces to support traffic growth and increase in weight, as well as their ability to adapt to climate change.
Several studies and research have been carried out to improve the behavior of road construction materials, in particular bitumen and asphalt mixes, by their thermal and mechanical characteristics, to enable the formulation of effective bituminous mixtures to resist stresses in the long term.
Some researcher work on improving the binder characteristics, the bitumen is the important component to cohesion & adhesion the mineral materials of the road, the asphalt concrete as a viscoelastic material, their mechanical and thermal characteristics insufficient for our region, especially with the increase in the temperature in the last few years, due a climatic change. 
The traditional asphalt based on pure bitumen with 35-50 penetration grade, which used in Algeria is hard and rigid, but has short life and higher temperature sensitivity, this critical impose at Algeria and other country similar to us in the last year to improve the construction materials of pavement, the most common solution is adding the polymers to bitumen, that allow to reduce the temperature sensitivity and viscous characteristics, and increases its rigidity and fatigue life. 
This paper presents a laboratory investigation by physical and rheological proprieties aimed at evaluating the effect of employing modified binders by elastomer styrene – butadiene – styrene (SBS) in standard case where we modified the bitumen by 5%, the limits gives by several researchers as the maximum ratio which ensures good performance, without loss of the continuous bitumen phase and avoids polymer domination in the binder, we studies also a second case where we they called “hyper modified bitumen” using a higher ratio of  SBS by 7.5%. 
Conventional SBS polymer contents improve properties, but as shown in fig.1, the dominant phase is still bitumen and its properties. However, if the polymer proportion increases, the phases are reversed so that the "bitumen" will be behave like rubber. 
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Fig.1. Augmentation effect of SBS ratio at morphology of bitumen / polymer [HIMA].
The physical characteristics tested by penetration value at 25ºC, penetration index, softening point, the storage stability and the recovery test. Where the rheological characteristics were analysis by means of conventional as well as the dynamic viscosity and dynamic mechanical analysis (DMA) using Metravib machine. 
2. Materials and Method
2.1. Materials preparation 
The study is applied at pure bitumen 35-50 penetration grade, the most used one if Algeria, the bitumen are provided by NAFTAL ALGERIE and been tested in both LCTP and LTPS laboratory, and the results show in table 1. The bitumen is modified by 5 % and 7.5 % of SBS provide by Kraton Polymer (Germany), the table 2 show the characteristics of this SBS: 
Table 1. Bitumen proprieties
	Propriety 
	Results 
	Test Method

	Penetration (25ºC, 100g, 5 seconds)
	37.9
	EN 1426

	Penetration index
	-1.7
	Pfeiffer

	Softening point (ºC) (Ring ball Method)
	55
	EN 1427

	Dynamic Viscosity at 135ºC
	Viscosity value (mPa.s)
	1500
	EN 13702

	
	Torsion ratio (%)
	0.3
	

	
	Shear Stress (Pa)
	0.42
	


Table 2. SBS proprieties 
	Propriety 
	Test Method 
	Results  

	Polystyrene content %
	KM 93
	-

	300 % Modulus (MPa)
	ISO 37
	1.0

	Tensile Strength (MPa)
	ISO 37
	2

	Specific gravity - 
	ISO 2781
	0.94

	Hardness, Shore A (10 sec)
	ISO 868
	79


As mentioned below, two modified binder produced by the mentioned SBS, with 5 and 7.5 % (by the weight of base asphalt), named SBMP5 as (standard bitumen modified polymer by 5%) and HBMP7.5 (Hyper bitumen modified by 7.5%), both bitumen follows the same production instruction given by Kraton polymer.
2.2. Test Method 
Both produced binders have been tested for the following physical tests: 
· Penetration test by EN 1426, 
· Softening point using Ring and ball method mention in the EN 1427, 
· Penetration index by both methods Pfeiffer and LCPC,
· Recovery test at 25ºC by EN …. 
· Storage stability test by EN ….  

For the rheological test we measure the dynamic viscosity using Brookfield viscosimeter at 135ºC for the three binders, pure bitumen, SBMP5 and HBMP7.5, the tested has been realized at LTPS, where the dynamic mechanical analysis (DMA) has been realized at LEEGO research laboratory in university Houari Boumediene at Algiers using Metravib DMA+100 manufactured by Dynatest. 
The DMA test realized only at pure bitumen and HBMP7.5, and at 30ºC, the next paragraph explains both rheological tests: 
a) Dynamic viscosity 
The viscosity of bitumen is its internal resistance to flow (permanent deformation) by either shear stress or tensile stress, in our case we used the Brookfield viscosimeter developed by AMTEK which using a shear stress, using RV 28 spindle, this significant parameter has a relation with the properties of asphalt concrete; it influences the workability and resistance to permanent deformation such as rutting [Suleiman]. the measurement is taken at 135ºC using 1 rpm. 
b) Dynamic Mechanical Analysis 
To be close to characterization of the rheological characters of the modified bitumen, we used a DMA test, the samples were subjected to frequency sweep between 1 to 10 Hz, in constant temperature which is 30ºC, after conserved the cylindrical specimen 10 20 mm during 30 minutes, we chose a tension – compression test to measure the shear modulus ||G*||, where the frequency was increased linearly from 1 Hz to 10 Hz, also measuring the shear modulus in the middle range each 1.58 Hz. 
3. Results and discussion 
3.1. Physical characteristics 
The primary objective of the study was to determine the viscosity and shear modulus of the hyper modified bitumen. But before that we resume the physical characteristics of pure and modified bitumen (SBMP5 and HBMP7.5), the next table summarize the results of test bitumen: 
	Test
	Pure bitumen
	SBMP5 
	HBMP7.5 

	penetrability (25ºC, 100g, 5 sec) 0.1 mm 
	37.9
	23.1
	22.2

	Softening point (°C)
	50.5
	65.5
	82

	penetrability index (IP) by Pfeiffer
	-1.7
	0.3
	2.7

	Storage stability (different in softening point)
	Stable
	1
	1

	Recovery test at 25 ºC (%)
	-
	74.2
	79.5


We notice that adding an SBS, has increase the performance of the bitumen, the modified binders become harder and less sensitivity temperature, that what penetrability and softening point test shows respectively. the penetration decreases by 39% and 41% for 5 and 7.5%. However, it should be noted that the difference between the two studies ratios only affected 4.3 percent of penetration. 
But this small difference affected the softening point significantly where the 7.5% reach 82ºC instead of 5% which reach 65.5ºC, which mean that the bitumen consistence at higher temperature increase and the phase transition moved from 50.5ºC to 82ºC make it compatible with our climatic region condition, the next figure resume the climatic condition of one most hottest cities in Algeria, Ouargla state. The statistics given by Algerian Office National of Metrology (ONM) from 2013 to 2017. 

The temperature sensitivity measure by penetrability index, in our case we used Pfeiffer method, is simple mathematic formula based on hypotheses that the penetration at softening point is 800 0.1mm, and from that we find the IP formula is: 

Where 

And by calculation the penetration index we find that adding SBS has increase the value which mean the new binders become less sensitive to temperature, according to …., the negative value (like the pure bitumen is our case) represented an higher sensitivity to temperature, which mean that this type of bitumen has a tendency to behavior as Newtonian  and viscos, where a near zero IP value (-1 to +1) represented a medium sensitivity and is the case of SBMP5 (5% of SBS), and the positive value which could arrive at 8, in our case it represented by HBMP7.5 (7.5% of SBS) is the less sensitivity to temperature changes, and represent an non – Newtonian behavior (elastic behavior). 
We also measure a storage stability to evaluate the storage capability using EN 13399, where we used an aluminic tube of 114 mm height, where we found according to EN 14203 that the difference between upper and lower stored bitumen in tube is 1ºC, and since is lower that the require value (2.5ºC) we could consider both modified bitumen are stable. 
The last physical proprieties been evaluated is the recovery ratio, the test has been carried out according to european standard EN 13398, and since the SBS is an elastomeric polymer the recovery ratio has to evaluate. And the measurement has shows that adding more SBS make the new binder more elastic and has higher recoverins ratio, in the case of HBMP7.5 is almost 80%. 
3.2. Rheological characteristics 
A complete study of the binder behavior under shear loading to measure the viscosity of new binder, and also in different loading conditions (frequency) will be helpful in achieving the prediction of the binder's performance in the field. The present investigation attempts to study the variation of rheological properties of bitumen of the blown and blended variety. For that we realized both dynamic viscosity and dynamic mechanical analysis 
a) [bookmark: OLE_LINK1]Dynamic viscosity 
The next table shows the results of the measured dynamic viscosity as mentioned in 2.2.a for both SBMP5 and HBMP7.5, The sample is contained in a beaker into which a cylinder is placed. The sample is stressed by rotation of the spindle RV 28. The torque applied is measured and with shear rate data, the dynamic viscosity is calculated.
	Viscosity à 135 °C
	Pure bitumen
	SBMP5
	HBMP7.5

	Dynamic viscosity (cP)
	1500
	4500
	9500

	torsion ratio (%)
	0.30%
	0.90%
	1.90%

	Shear Stress (Pa)
	0.42 Pa
	1.26 Pa
	2.66 Pa


The table 2 shows the combination of bitumen, where we notice that modified bitumen by SBS increase the dynamic viscosity of the binder at high temperature by 66.6 to 84% for 5 and 7.5% respectively. this increase come accompanied with an increase in the torsion ratio and shear stress applied to get 1rpm, which mean that the new bitumen requires more stress to distorted with the same value. This increase in the dynamic viscosities signified that the asphalt concrete fabricated with theses binders will resist more the rutting and permanent deformation compared to in case we used the pure bitumen. 
This evolution in the difference characteristics come with a side effect, which is that the asphalt concrete fabricated with the binders (SBMP5, HBMP7.5) lose the workability and ease of fabrication in mixing central, because for getting the same viscosity to coated the mineral skeleton we need a more temperature then in case we used a pure bitumen, the quantification of this value is still a research topic in our case.
b) Dynamic mechanical analysis  
The results of DMA test are presented in the next two figures, the test measure the rigidity modulus ||E*||, and for getting the shear modulus ||G*|| we used the next formula:
||E*|| = 3 ||G*||
 A cylindrical specimen of 10  20 mm been tested in tension – compression mode, the mode choose is depending on the temperature of test, in our case we tested the bitumen at 30ºC. the temperature represented the annual average temperature in our region (31.7ºC), and in other side represent the maximum require temperature to stay in the viscoelastic linear behavior, which been confirmed by results. To measure the difference mechanical analysis, we applied a displacement of  10-5 mm at difference frequencies (1 Hz, 1.58 Hz, 2.51 Hz, 3.98 Hz, 6.31 Hz, 10 Hz). the next figure shows the evolution of shear modulus in function of frequencies in logarithmic scale: 

Firstly, we notice the linearity of the results which confirm that we still in the viscoelastic linear range, secondly, the shear modulus curve of the modified bitumen is position higher than the pure bitumen, which shows the positive impact of modified with higher SBS ratio (7.5%). And the shear modulus has a positive relation with the frequencies. 
The next figures show a comparison of the results using histograms 

This figure shows clearly the impact of mixing the Algerian pure bitumen with SBS at higher ratio, the value modulus increases more than 4 times for 1 Hz, and more than 3 times for 1.58 and 2.51 Hz until becoming more than twice in 10 Hz. The increase ratio is varied between 56% to 77% from higher to lower frequencies. 
4. Conclusion 
By the end of this paper, we could sort by some conclusion such as: 
· The difference physical test carried out on the pure and modified bitumen, show that we could get a hyper modified bitumen with SBS ratio, without negative impact in the physical side, that show by the results of 7.5% SBS ratio, when we get a harder bitumen, and less sensitive to temperature and temperature changes, stable and have a higher recoverins ratio to the initial state.
· The modification with higher SBS value produces a resistant bitumen to deformation at higher temperature under shear stress such as present in rutting phenomena, thanks to an increase in the dynamic viscosity value, but still the side effect at the production a research subject requires more tests of viscosity at difference temperature. 
· The modification with a higher SBS ratio, show an increase in the behavior under mechanical stress as shows by the dynamic mechanical analysis. 
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