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Characterization and Mechanical Property of Interface Transition Zone of
Asphalt Mixtures Based on Nanoindentation Test
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Abstract: The interface transition zone(1TZ) of two types of asphalt mixture were studied by the nanoindentation
test. The mechanical properties of ITZ were evaluated based on the fracture toughness. The results show that the
thickness of the I'TZ of asphalt mixture with basalt aggregate ranges from 6 to 12 pm, while the thickness of the ITZ
of asphalt mixture with limestone aggregate ranges from 10 to 18 um. The mechanical properties of the I'TZ are close
to those of the aggregates. The anti-cracking performance and stability of I'TZ are jointly affected by asphalt and
aggregates. The resistance of asphalt to cracking is improved with an increase in fracture toughness, and cracks are
more likely to occur at the junction of I'TZ and asphalt mastic, especially asphalt mixtures are more prone to brittle
fracture at the interface between I'TZ and asphalt mastic.

Key words: asphalt mixture; interface transition zone(ITZ) ; nanoindentation; fracture toughness

i IR AR AR U H AR L SRR WUBRAE T, e 2 7 S R JORE S BTS2 DX 3
T AH A5 21 B0 22 AR A PR R, o R U X BRI S e A S DR RS TTZ (1 ) A R X
(ITZ) RAEPH IR GRS IR i s TEMEH RS R WrERBLE BA 3208 X
R CHRL S W) 5 EORR ARG R & AR B AL A E%ﬁXJQ)%EL,Xu#”'iﬁCQ?E%HYFﬁ‘—3%*42

Wi H 4B - 2023-11-04; 21T H #1:2024-01-14

FEETH  BIp VA FARRE S B B0 H (YQ2022E038)

B—AEH S8 ME(1978—) 5B A0 T I N, R I S5 2 082, W+ 50, 1+ . E-mail: naishengguo@dlmu.edu.cn
MIRMEE : £ (1987—) 55 BBIRVLAEARST A, 89 R 15 2 BE @ 202, 14 20, 112 . E-mail: Zhichenwang@163.com



9

SRTGME,F  HET AR TR IR LR B TR R TTZ R0 B ) 24 B 817

[ AEAE TTZ, A0 75 1R A R ) # A i AT
ITZ AT ZE5 e B SRl T K 0 75 5 48 i 4 00 A T
JE B P A A R L I e 3 O AR I A R 5
R E SR A AR B R W HE)T N Zhu
SR e R (O X S R AR IS AL (EDS) 45 g4 ok R
M AR UESE T ITZ A7  Lana %l i J
B CAFM) IR B , A5 1T Z A A5 o 7 10 75 45 4 0t
FAASE i 22 ) S0 AR Ak . FE AR 22 9 K 4 AR T, 4
K IRASL 32 T T D00 8 oK IR E (%) B 5 PR A
Tarefder 25" R FH K HOIR A58 T Wi & A 5 IR &
R AT ERIE 3k, 18 F Berkovich (4R 4 F1 = 1 4k
M) Sk B fE 25 B Wi T FEAR . Abd %5 1 40 K R R
(NDR 6 % BE, Bl 25 06 5 (0 74 =, 7 o 2 i B3
Gk B T ITZ 40K 124 vene . R Uk, 38 i 40
KT AT LU A A 5% 1T Z 1) J1 2+ 1 fg

ITZ ()W 249 B (K, o) & 3R AL 1 G BT 2
PEREM LS50 . Han, B0 I IR & R 248 1
WFEA R EE v F 22 R L X TTZ SO e 240
5 i A iR A I, AR SCRIT 990K 9 42 AR XA
[vi] 26 U AL R 75 B9 1T Z d- AU, R X 15 2 1Y J1 2
PEBE R IF 20 M, 3T 1T Z B S0O08 U 24490 i F 5% %o
FHIWEIRA BN AL E A E 2R X
1 R
1.1 i E

W R A-90 W M SBS stk 7, Hede A1k
REANZR 1 PR AR LR R K %% B 43 5
2.755.2.806 g/cm’. HBLR W ¥, % B h 2.669 g/
em’. BE A TSR FH AC-16 & LT , N2 2 7R .
A A (TR ) N 4.7% , % B ITG E20—2011
QO I TRE 75 B 0 75 VR A R i 36 R R ), AR 3
1B AR o ORI

B BRI e — 20 CAM F AR HRMAF 240, A
AR O R Y AR R SR FE O EI LRI A 1) ) AR
JUSF 2R 15 mm X 15 mm X 10 mm A K7 44, ) i
FHZK R B 1k R s AR L R 20074007,

F1 BN ARMERE
Table 1 Technical properties of asphalts

Technical property A-90 SBS modified

asphalt
Penetration(25 “C, 100 g,5s)/(0. 1 mm) 85 72
Softening point/C 46 73

Solubility/ % 99. 88 =99.5

Ductility(5 cm+min ', 5 “C)/cm >150 52.2

Density(15 °C)/(g+cm ™ *) 1.009 1.016

Flash point/C 254.0 270.8
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Fig.1 P-h curve of nanoindentation
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Table 2 AC-16 gradation

Passing percentage(by mass)/ %

Gradation
19 mm 16mm 13.2mm 9.5mm 4.75mm 2.36mm 1.18 mm 0.6mm 0.3mm 0.15mm 0.075 mm
Top limit 100.0 100.0 92.0 80.0 62.0 48.0 36.0 26.0 18.0 14.0 8.0
Lower limit ~ 100.0 90.0 76.0 60.0 34.0 20.0 13.0 9.0 7.0 5.0 4.0
Mid value 100.0 95.0 84.0 70.0 48.0 34.0 24.5 17.5 12.5 9.5 6.0
Composite 100.0 97.0 82.0 68.0 50.0 35.0 24.0 16.0 11.0 9.0 5.0
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Fig.2 Schematic diagram of indentation depth of indenter
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Fig. 3 Nanoindentation experimental testing area
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Fig.4 P-h curves of asphalt mixtures
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Fig. 5 P-h curves of asphalt mixtures at different positions
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Fig. 6 Load-time curves of asphalt mixtures at different positions
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Fig. 7 Distribution of elastic modulus of asphalt mixtures in nanoindentation
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