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Fig. 2 Pavement Section and Boundary Condition Used in

Simulation
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Table 1 Properties of Recovered Asphalt without Overlay (7 sites)
. . Fracture

Location Penetration Construction frequency

[100 g, 5 sec, 25C] year [number/km]
. Al 83 1981 8.5
Site A 45 119 1981 1.5
. Bl 46 1973 28.6
SieB g, 51 1977 7.0
) C1 34 — 24
SieC 43 — 482
DI 65 — 450
Site D D2 58 — 24.0
D3 57 — 35.0
A El 54 — 17.5
SieE gy 58 — 16.7
siep  F 66 1985 40.1
e F2 67 1985 119
_ Gl 29 1973 70.0
SieG 5, 44 1967 123

Table 2 Properties of Recovered Asphalt with Overlay (5 sites)

. . Fracture
Location Penetration Construction frequency
[100 g, 5 sec, 257C] year [number/km]

. H1 56 — 6.7
SieH 1y 47 — 170
. 11 50 — 1.0
Siel 52 — 13.3
. J1 52 — 319
SiteJ. 5 43 — 24.6
. Kl 66 1992 22.4
SiteK—y 43 1986 14.3
. L1 39 — 2.8
SiteL 15 65 - 16.8
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Table 3 Properties of Original Asphalt

Penetration [100 g, 5 sec, 25C] 90
Softening point [C] 47.5
Penetration index —04

. Specific gravity 1.029

Table 4 Gradation of Mixture

Sieve size [mm] Throughput [%]

13 100.0

10 88.4

5 67.0

25 48.5

1.2 34.4

0.6 28.5

0.3 17.7

0.15 8.9
0.074 7.2
Asphalt content (%) 5.8
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Fig. 3 Relaxation Modulus of Various Asphaltic Mixtures

Table 5 The Relation between Fracture Frequency and Results
of Various Tests

A coefficient of correlation

Test method

Surface course Binder course

Split strength 0.1 (n=15) 0.1 (n=15)
Penetration 0.4 (n=15) 0.4 (n=15)
Fraass breaking point 0.5 (n=15) 0.5 (n=15)
Fracture strain® 0.7” (n=15) —

a) Bending test for asphalt.
b) Fracture strain at daily average temperature (January,1996)
for various sites.
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Table 6 Relation between Fracture Frequency and Split
Tensile Strength of Surface Course at Various Sites

Split tensile strength [MPa]

Site
Severe spot” Little spot”
Site A 4.0 4.7
Site B 5.7 4.7
Site C 53 5.0
Site D 4.8 4.9
Site E 4.6 49
Site F 54 5.7
Site G 4.2 4.4

a) This means the relative fracture frequency at the each same
site in Table 1.

4.1.2. EFEARER
Table 51, EZRRKER, $TARERE, 77— A€W LaHB
B LU TREROKF & R S ROKED 1 KABEBRICH 5
EIRE L7 A OMBRE L RO BERTH L, ZOMBIER
BEUVRERL LMK EATRBRERORE L KRR L
DEFERL TS, T2, SHIXFORKR L Table 6 (2R L
T2o THUE, FA—HSIRICBITARIBEHORK L EREE &
DEFRERL TV,

—fxIZ, KIBEHREIT A7 7V NREEWORRSRE &84 &
IRBICIIPERH L2 E EICELDEENTVE LA T,
[ESLGHEE % [ — SN TS % &, RiIREHOKREAL W E
AN S VRN S 5 6

Table 6 & Table 12X 5 &, BHXEFEOT A7 7V MRE
MOERBELIF—HEATERORBIIELRF L TV ED
X, THXHPSHIXTHE, LIrdIhoDERBEDEIZ/N
SV, ThED, AREHBOEREE LIRIREROKKLED
BARIZBIRETIZ 2V, F /- Table 512X 2 &, KiREROKEK
EEZRE L OMBREIZ 01 THD, LEHF-T, BED%K
REMT T, KRSEORKE EREE L OBFRIE—RIIC
KES RV,

4.2. PRAI7 7 b BHEORBRER

4.2.1. SHHIAEHBROER

Table 52 & % &, RIREZHEHOKRE L AE & OHBREKIL
04 THb, LHWoT, HERKELS04THY), WHEEZ—K
BIZBED T B ICEART D TH B, ThiE, stAERBROBE
25T &, ERIEKRERFEATIREL Y 2% D EVE
ETTA7 7V EOHEREFML T2 THb.Thbb,
ﬁﬁé”@“%t7X77WF®ﬁh%@éOH% iE, ER
CIRIBERPEETHTHA ) IREFHBTT A7 7V FOHK
AT ALENHLZLERL TV D,

4.2.2. FBPHBROKER

Table 5 £ V), KIREROEKEK L FBP & DMHBEEIREIL 05 T
%5 SAEDORERICHAN, HEREAETRE <42 ) EENE

FloTWwh, IThid, & VIKBOFMGEEZHVILUL,

ﬁmé“@&ﬁ%7177wb@ﬁ%&@éoﬁ%néﬂb
WhHAILERLTVAS,
HELDE, TA7 7V MREWORIET
BUR TR A ZRB L BNER L B ER,S

WL B#DEL
, KR EROK

Al 4RE  Sekiyu Gakkaishi,

[y
(=)
)

L I LI I LI 7

|

Flexural strength (MPa)

-Q\
O~

| ‘),A—HE,Q—¢-
"

® , O :G1(70.0/km)
, A G2(12.3/km)

i1 1 1 l 1 1 1 l L1 1 1
-20 -15 -1
Temperature (°C)

llll

Fracture strain ( X 10'6)
;h
llll'

—
=]
w

Fig. 4 Relation between Temperature, Fracture Strain and
Flexural Strength
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Table 7 Type of Pavement Structure (2-layer system)

Type | Type 2 Type 3
Surface course AC6 KSS KSL
Binder course KBS KBS KBS
Time at 300X 107%  [h] 8.6 8.3 8.4
Stress at 300 X 10~ ¢ [MPa] 0.88 0.92 1.01
[ rj L l T I 1 ] T l L i
04 * AC6/KBS ]|
4 KSS/KBS 4
£ i KSL/KBS
£ L
s B
£-0.0005 |-
= R
=
o -
= 5
&}
000 b o L o 1 4 1 4 1

0 4 8 12 16 20 24
Time elapsed (hours)

Fig. 8 Calculated Strain of Surface Course at Surface for
Various Structures (2-layer system)
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Fig. 9 Calculated Thermal Stress of Surface Course at Surface
for Various Structures (2-layer system)
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3-layer system

Severe fracture Light fracture

Type (1) Type 2)
KSL* 4cm KSS*
AC6* 4cm KSL*
KBS* 12cm KBS*

Base course 30cm
Frost preventing layer S0cm
Subgrade 50cm

*:Asphalt treated layer

**:Boundary condition is the same as
Figure 2

Fig. 10 Pavement Sections (3-layer system) with Various
Mixtures Used for Computer Simulation
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Research on Low Temperature Fracturing of Asphalt Pavement

Takaaki AMANO ™", Morito TAKAHASHI 2, Akihiko Kasanara ', and Akihiro Moriyossi ™V

™ Faculty of Engineering, Hokkaido University, Nishi 8, Kita 13, Kita-ku, Sapporo 060-8628
™ Civil Engineering Research Institute, Hokkaido Development Bureau, Hiragishi 1-3, Toyohira-ku, Sapporo 062-0931

Various failures occur in asphalt pavements, and researches
on these failures were carried out. Most of them were on
rutting or fracturing phenomenon, but research on low tem-
perature fracturing, which is very important in cold regions,
have been insufficient, as of now. This is mainly due to the
fact that circumstances make it extremely difficult to
research, including factors, such as material properties, con-
struction conditions, particular kind of structure involved in
asphalt pavement, and the prevailing environment.

Recently, the authors investigated the relation between low
temperature cracking in asphalt pavement in cold regions,
such as Hokkaido, and pavement structure with varying prop-

Keywords

erties of asphalt mixture. These researches were carried out
in construction fields, and the laboratory, performing simula-
tion analysis of finite element method using visco-elastic pro-
gram of hybrid type.

The authors arrived at the following conclusions in this
study: the low temperature fractures in asphalt pavements in
cold region depends mainly upon the strain, more so than on
the stress, in asphaltic mixture. The low temperature frac-
ture may occur when strain in the asphalt pavement reaches a
critical value accompanying relaxation of stress in asphaltic
mixture.

Asphalt, Pavement, Fracture strain, Viscoelastic analysis, Relaxation modulus
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