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Table 1

Properties and Specifications of Porous Binders

Type

Specification Specification

St. As. Type A Type B in Japan® of Kyoto Highway
Penetration [25C, 100 g, 5 sec] 90 53 63 >40 >40
Softening point [C] 47.5 92.0 94.0 >80.0 >80.0
Ductility [cm] — 100+ 95 >50 >50
Flashing point [C] — 346 310 >260 >260
Weight loss after TFOT [%] — +0.06 —0.02 <0.6 <0.6
Degree of penetration after TFOT [%)] — 90.6 79.4 >65 >65
Toughness [25°C][Nm] — 26.4 26.7 >20 >20
Tenacity [25C][Nm] — 22.2 24.1 >15 >15
Viscosity at 60°C [kPa-s] — 434 50.1 >20 —
IFBP after TFOT [C] -9 -19 —34 — <Tav.® (—5)
Strength at (IFBP)C [MPa]) — — — — >5
Strength at (IFBP —10)C [MPa] — — — — >5
Fracture strain at IFBP —10) [X107?] — — — — >0.3
MBP (163C, 72 h) [C] — — 10 — 17 — <TL9(—10)

a) Specification in Japan: Technical Guide for Drainage Pavement (Proposal).

b) Tav.: Average daily temperature of coldest month.
¢) Tv.: Minimum ambient temperature of coldest month.

Table 2 Properties of Fibers

Glass fiber Plant fiber

Gl G2 P
Content of o-cellulose [%] — — 76
pH (DIN 53124) — — 7.6
Average diameter [107° m] 6 3 —
Average length  [107°m] 300 300 1100
Average width [107°m] — — 45
Specific gravity  [kN/m®] 24.5 24.5 14.9

(DIN 53468)

Tensile strength [GPa] 1-2 1-2 -
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Table 3 IFBP and MBP of Bitumens with and without Fibers (C)
Type A Type A+Gl Type A+P Type B Spec. of Kyoto Highway
IFBP, original —22 —15 —15 —37
IFBP, after TFOT —19 —34 <Tav. (—5)
MBP, original —28 —40
MBP, after TFOT —25 —37
MBP (163C, 72 h) -10 -17 <TL (—10)

Table 4 IFBP and MBP of Straight Bitumens with Glass Fiber (C)

Type St. As.+G1? Type St. As.+G2?¥ Type St. As.
IFBP, original —14 —12 —13
MBP, original —24.5 —253 —24
MBP, after TFOT —20.5 —21.5 —20

a) Straight asphalt (80/100) + Glass fiber (1%).
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Table 5 Strength and Fracture Strain of Bitumen, with and without Fibers, before and after TFOT

Type A Type A Type A Type B Spec. of Kyoto
+G1 (1%) +P(1%) Highway
Original
Strength at (IFBP) [MPa] 11 9 9 7 >5
Strength at (IFBP — 10) [MPa] 9.5 7 7 8.5 >5
Fracture strain at (IFBP) [X1077] 2.3 2 2 — >0.3
Fracture strain at (IFBP —10) [ X 107?] 0.7 0.65 0.65 — >0.3
After TFOT
Strength at (IFBP) [MPa] 6.5 — — — >5
Strength at (IFBP —10) [MPa) 7.0 — — — >5
Fracture strain at (IFBP) [X1073 22 — — — >0.3
Fracture strain at (IFBP —10) [ X 1077] 0.6 — — — >0.3
14 [ r 30000 : :
M Type A 3 Type A
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Fig. 1 Relationship between Strength and Temperature for Temperature (°C)
Type A Bitumen, with and without Fiber
Fig. 2 Relationship between Fracture Strain and Temperature
for Type A Bitumen, with and without Fiber
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Fig. 3 Relationship between Fracture Strain and Temperature
for Type A Bitumen and Type B Bitumen after TFOT
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Fig. 4 Relationship between Fracture Strain and Temperature

for Straight Asphalt (80/100), with and without Glass
Fiber
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Fig. 5 Relationship between Strength and Temperature for
Straight Asphalt (80/100), with and without Glass Fiber

Table 6 Viscosity and Viscosity Ratio of both Bitumens, with and without Fibers, at 150°C (Pa.s, shear rate: 1 X 10 ' 1/sec)

Type A Type B
Up® (ratio) Down® (ratio) Up (ratio) Down (ratio)
Plant P 2%) 30 (14.3) 120 (60) 300 (4.6) 360 (9.0)
Glass G1 2%) 8 (3.8) 47 (23.5) 65 (1.0) 65 (1.6)
Original 2.1(1.0) 2.0(1.0) 60 (1.0) 40 (1.0)

a) Up: clockwise. b) Down: anticlockwise.

Table 7 Viscosity and Viscosity Ratio of both Bitumens, with and without Fibers, at 45°C (X 10* Pa.s, shear rate: 4 X 1073 1/sec)

Type A Type B
Up (ratio) Down (ratio) Up (ratio) Down (ratio)
Plant P (2%) 10(1.8) 100 (1.5) 9 (5.6) 160 (1.1)
Glass G1 2%) 65 (11.6) 120 (1.8) 2.7(1.7) 150 (1.1)
Original 5.6 (1.0) 65 (1.0) 1.6 (1.0) 140 (1.0)
A{H¥AAE  Sekiyu Gakkaishi, Vol. 42, No.4, 1999
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Fig. 6 Relationship between Viscosity and Shear Rate for
Type A Bitumen, with and without Fibers (45C)
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Fig. 7 Relationship between Viscosity and Shear Rate for
Type A Bitumen, with and without Fibers (150°C)

Table 8 Results of HTLTD Test for Bitumens, with and without Fibers (MBP: C)

Time [h] Type A Type A+G1 (1%) Type A+P(1%) Type B
0 —28 —28 —26 —40

5 =27 —26 —26 —40

24 —24 —22 —22 —40
48 —18 —14 —14 —30
72 —10 —10 -1 —17
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High-viscosity bitumen blended with Styrene Butadiene
Copolymer (SBS) and fibers is used, of late, for drainage
pavement, for the purpose to prevent cracking and rutting, as
well as to prevent flow carrying bituminous mixtures.
However, it was not impossible to evaluate whether, or not,
the mechanical properties and durability of such bitumens are
suitable, at both extremes of low or high temperatures.

The authors, therefore, have developed a method for deter-
mining the mechanical properties of these bitumens, using
some new tests, such as the Improved Fraass Breaking Point
(IFBP) Test, the Moriyoshi Breaking Point (MBP) Test, the

Keywords

High-Temperature Long-Time Durability (HTLTD) Test and
the Bending Test. The method employed for measuring vis-
cosity at high temperature was the Flow Test by rheometer.

This paper describes the various results of tests for high-
viscosity bitumens blended with the SBS and fibers. The
authors obtained some brittle points and mechanical proper-
ties of these bitumens by using the said testers. The authors
found the fracture properties and durability of bitumen blend-
ed with various fibers unfavorable, compared with the origi-
nal bitumens.
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