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INTRODUCTION
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HiMA DEFINITION
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USE OF HiMA
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How SBS structure affects the 

properties of HiMA binders?

3
Does this definition hold for aged

HiMA binders?
1

Question 1 Question 2 Question 3

HiMA Definition
2

Structure Effect

How to define HiMA

other than FM?

Aging Effects

QUESTIONS ARISE?
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SBS STRUCTURES
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(a) (b)

(c)

(a) Linear structure (LSBS)

(b) Branched structure (BSBS)

(c) Radial structure (RSBS)



BLENDING OF SBS
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Dosage Temperature High Shear Sulphur Low Shear

2-12% by weight 

of

base binder.

180 °C.
4200 RPM

90 mins

0.15% by weight 

of base binder.

288 RPM

90 mins
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CONVENTIONAL TESTS RESULTS
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Softening Point Results Penetration Results

GRIS-2026  | Mohanshu Bhardwaj 

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14

S
o

ft
en

in
g

 P
o

in
t,

 ℃

SBS Content (%)

LSBS

RSBS

BSBS

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14

P
en

et
ra

ti
o

n
, 
d

m
m

SBS Content (%)

LSBS

RSBS

BSBS



CONVENTIONAL TESTS RESULTS
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Penetration Index Results Elastic Recovery Results
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PG GRADING
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Structure SBS Content (%)

High PG fail 

temperature 

(UA,°C)

High PG fail 

temperature 

(STA,°C)

Intermediate PG 

temperature 

(LTA,°C)

Base binder VG40 74.65 76.55 19.6

LSBS

2 77.85 82.05 18.25

4 80.6 82.6 17.1

6 84.75 90.1 16.25

8 85.45 91.55 16

10 95.25 102.1 12.5

12 98.6 102.75 10

RSBS

2 78.05 82.15 18.15

4 81.1 84.2 16.9

6 84.8 91.15 16.2

8 86.6 94.55 15.2

10 91.85 97.9 12.9

12 94.8 98.6 10.3

BSBS

2 78.65 84.2 18.1

4 81.75 91.3 16.8

6 84.5 92.1 16.4

8 85.55 94.9 16.3

10 85.95 95.55 13.65

12 88.95 98.05 12.9



MASTER CURVES (CAM MODEL)
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Crossover



MULTIPLE STRESS CREEP RECOVERY(MSCR)
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MIXING AND COMPACTION TEMPERATURES
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Structure SBS Content (%)
Mixing Temperature 

(°C) 

Compaction 

temperature (°C)

LSBS

2 166.6 152.6

4 173.3 159.9

6 176.7 162.2

8 178.8 165.4

10 180.2 168.3

12 181 169.5

RSBS

2 172.5 158.3

4 174.5 160.6

6 178.9 165.4

8 183.2 169.3

10 183.9 170.9

12 186.5 173.5

BSBS

2 172.7 158.6

4 180.8 166.9

6 181.1 167.1

8 181.2 167.4

10 181.9 168.2

12 186 171.65



CONCLUSIONS AND FUTURE SCOPE
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• HiMA formation becomes evident at 8-10% for LSBS and RSBS, however, no HiMA formation

was found to take place for BSBS as indicated consistently by the conventional test results.

• The PG grading results confirmed the trend and indicated increased rheological properties even

after short term and long term aging.

• Jnr decreases and %R increases with SBS dosage for all structures, but once HiMA is formed

(LSBS and RSBS), the effect of increasing stress is largely neutralized. This indicates that higher

stress levels are required to meaningfully differentiate MSCR behaviour beyond the HiMA

threshold.

• Based on MS-2 workability limits, the maximum practical mixing temperature of ~180 °C restricts

SBS usage to approximately 10% for LSBS, beyond which the mixture becomes difficult to handle

for pavement construction.
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