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Table 1 Properties of Asphalts Table 2 Properties of Asphalts at Fraass Breaking Point
Penetration : : Fracture  Strength and of  Elastic Temp.
Asphalt [0.61 kg, 5 sec, Sqftcn[lc% Per}ciiratlon Asphalt slraine 5 thrength mO(a:iu[lus P

25°C] pornt index [x107% [MPa] [MPa] [MPa] [C]
SEM40/60 38 59.5 —1.0 SEM40/60 11 3.2-4.0 0.8 290-360 —13
SEM60/80 73 59.5 +1.5 SEM60/80 9 3.2-43 1.1 360-480 —27
M60/80 63 48.5 —1.0 M60/80 10 4.1-5.0 0.9 410-500 —12
EVA 38 69.0 +2.0 EVA 8 3.4-4.6 1.2 430-580 —12
EEA 37 63.0 +0.9 EEA 7 4.6-5.4 0.8 660-770 —12
EMA 41 65.0 +1.5 EMA 6 3.6-4.4 0.8 600-730 —12
SBS 47 64.5 +1.7 SBS 10 3.9-5.3 1.4 390-530 —12
540/60 56 52.5 —0.5 540/60 7 3.6-4.7 1.1 510-670 —12
S60/80 62 51.0 —04 S60/80 15 5.0-6.4 1.4 330-430 —12
$80/100 90 47.5 —04 580/100 12 4.1-5.6 1.5 370-510 —15
S100/120 108 445 —0.7 $100/120 8 3.7-5.2 1.5 460-650 —16
IH60/80 69 50.5 =02 TH60/80 8 3.4-43 0.9 430-540 —15
AL60/80 72 50.0 —0.1 AL60/80 12 3.1-4.1 1.0 260-340 —16
KU60/80 71 51.0 —0.1 KU60/80 8 2.9-3.8 0.9 360-480 —14
W120/150 134 43.0 —0.6 W120/150 11 4.7-5.2 0.7 430-470 —17
W200/300 235 37.5 —04 W200/300 11 4.5-5.4 0.9 410-490 —21
W400/500 470 34.5 +3.5 W400/500 12 4.2-5.3 1.1 350-440 —27

M60/80 : Straight asphalt (Middle East, 5-Mixing), EVA:
M60/80+ EVA (4%), EEA:M60/80+EEA (5%), EMA :
M60/80+EMA (4%), SBS:M60/80+SBS (5%).
SEM40/60, SEM60/80 : Semi blown asphalt.

S40/60, S60/80, S80/100, S100/120 : Straight asphalt at
Supplier B (Middle East, 5-Mixing).

TH60/80, AL60/80, KUG60/80 : Straight asphalt in single
crude oil at Supplier C.

W120/150, W200/300, W400/500 : Straight asphalt in same
single crude oil at Supplier A.

EVA : Ethylene vinyl acetate co-polymer, EEA : Ethylene
EMA : Ethylene methyl acrylate
co-polymer, SBS : Styrene butadiene block co-polymer.

ethyl acrylate co-polymer,
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Fig. 1 Failure Envelope of Asphalts with Same Fraass

Breaking Point (FBP=—16°C)
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Table 3 Properties of Asphalts at Minimum Strain

Sekiyu Gakkaishi,

Asphalt  Fracture Strength Width of Elastic Temp.
strain, strength modulus
[X107°] [MPa] [MPa] [MPa]  [C]
SEM40/60 2 2.9-3.8 0.9 1,500-1,900 —19
SEM60/80 3 3.0-4.1 1.1 1,000-1,400 —31
M60/80 2 1.5-3.0 1.5 800-1,500 —22
EVA 2 2.9-4.2 1.3 1,500-2,100 —21
EEA 2 2.4-3.4 1.0 1,200-1,700 —24
EMA 2 1.9-3.6 1.7 1,000-1,800 —20
SBS 3 3.8-5.0 1.2 1,300-1,700 —24
S40/60 3 2.8-4.1 1.3 900-1,400 —19
S60/80 2 3.0-4.0 1.0 1,500-2,000 —22
$80/100 3 2.4-4.0 1.6 800-1,300 —25
$100/120 2 3.1-4.2 1.1 1,600-2,100 —25
1H60/80 2 2.6-3.6 1.0 1,300-1,800 —19
AL60/80 3 2.4-3.5 1.1 800-1,200 —22
KU60/80 2 2.9-3.8 0.9 1,500-1,900 —19
W120/150 2 2.8-3.7 0.9 1,400-1,900 —25
W200/300 2 2.8-4.0 1.2 1,400-2,000 —36
W400/500 1 2.0-3.2 1.2 2,000-3,200 —38
Table 4 Difference between Fraass Breaking Point and

Temperature at Minimum Strain, Strain Difference
between Temperatures

Asphalt Strain Temp.  Strain/Temp.
[x107%] [°c [X107%/°C
SEM40/60 9 6 1.5
SEM60/80 6 4 1.5
M60/80 8 10 0.8
EVA 6 9 0.7
EEA 5 12 0.4
EMA 4 8 0.5
SBS 7 12 0.6
$40/60 4 7 0.6
$60/80 13 10 1.3
$80/100 9 10 0.9
S100/120 6 9 0.7
1H60/80 6 4 1.5
AL60/80 9 6 1.5
KU60/80 6 5 1.2
W120/150 9 8 L1 -
W200/300 9 15 0.6
W400/500 11 11 1.0

CHERZSHMTEENrIZIEZ—ENHEE L9 4 TTHD
(Ku60/80, AL60/80, SEM40/60), ¥V & LM T, &/hD
BIEREO O FAIE T I D NABICHITREAI /NS 2 5 b
» (W120/150, W200/300, W400/500, M60/80, EEA,
EMA) 23 6hn 5,

7L > FIEiliA % Supplier B 2548 L 72 S40/60, S60/80,
$80/100, S100/120 NKET7 X7 7 b + OWIB ALK, Fig. 3
ZALND LI, ThENEREDLEL L 75— 2VLE
B AHBEROVTADOMBATL Y FEBALESNLT
277NV POBERLHOIINL, B—RlirbESNIT A
T 7N ROBFEDT T — A LEDOBIERED U F A4S Fig. 4
IZALNA L HICIFIZE—TH), FLE—FHMLOLESNT
Supplier A @ W120/150, W200/300, W400/500 O %7 A 7
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Fig. 3 Failure Envelope for Different Crude Oils

8 I

Iﬁ Fracture Point at FBP

o ¥120/150
« ¥200/300
x W400/500

Flexural Strength(MPa)
o

0 5 10 15 20
Fracture Strain(Xx1073)

Fig. 4 Failure Envelope for Same Single Crude Oil

4.4.2. FEMAFBAENAET T 7L N OB OEIBEE
DUTHBEICH T DMK

BNDOHIBREDO VT AHIZBITAS SBSDOT X7 7L oy
LI, Table 3 & W HOBWMFIRBAOT 27 70 F EHART
BOKELMEE L7, T77, BNOBEROVOTRIIBITA
R, CORMFMADDT ATV MBTEDT AT 7L
F OM60/80D EN & D ETFTKEV, B/NDOHBIERFO VT AT
EOT7 AT 7L LS IRIER—THEDT, KIEHOHMEGEKN
KEVWT A7 7V FOFPMREEKIFBVEBEDbNR S,

4.5, BMAFBASHhAET T 7IL b OWBIRBORK
% ORMFIARA SN T 27 7V F OBIBLKE O
i, Fig. 5 DL HIITNT A7 7V b D M60/80 & MK IZHE
WEEOVDTAINE L 2B IZONHITHE D 28I L, b

Vol. 37, No. 4, 1994



8 \ \
[{} Fracture Point at FBPl

7
g ——
2 %
r
-
=3
3 Xl
-
»
s
2 o N60/80
= « EEA

x SBS
o i
0 5 10 15 20

Fracture Strain(Xx1073)
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tive Agents
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Summary

Failure Envelope of Various Asphalts at Low Temperatures

Katsuya Tokumitsu, Akihiro MORIYOSHI,
and Takashi NAKASHIMA

Faculty of Engineering, Hokkaido University, Kita-ku, Sapporo 060

This paper describes whether the concept of failure
envelope for asphaltic mixtures can be applied to various
asphalts at low temperatures.

We conducted the Fraass Breaking Point and flexural
test for various asphalts at low temperatures.

As a result, we concluded that;

1) The concept of failure envelope can be applied to
various asphalts at low temperatures at which, however,
the shape and position of failure envelope of the asphalts
are different for individual asphalts.

2) The shape of envelope may be classified into 3 types.
Firstis the type in which the flexural strength is constant
and does not depend upon the fracture strain.  Second is
the type in which the flexural strength is proportional to

Keywords

the fracture strain. Third is the type in which the
flexural strength decreases rapidly in the small fracture
strain zone.
3) The temperature zone for Fraass Breaking Point is
—12-—27°C, and the fracture strain in this zone is
8,000X1076-15,000X1078 for the same penetration grade of
asphalts. Flexural strength of the asphalts in this
temperature zone are not constant.
4) The shape and position of failure envelope for the
asphalts containing various additives are also different
for different asphalts.

Therefore, it is not difficult to estimate the effects of
additive agents by using the shape and position of failure
envelope.
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