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Micromechanical characterization of asphalt films based on

nanoindentation testing
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Abstract: This study selected four different types of asphalt mixtures (AC-25, AC-13, AM-13, OGFC-
13) and conducted nanoindentation testing to investigate the distribution characteristics of asphalt binder
films within the mixtures. The test results indicated that asphalt binder films are widely present in asphalt
mixtures, with an elastic modulus ranging from 13 to 17 GPa and a thickness between 2-7 pm. These films
form a structural layer that closely adheres to the surface of aggregate particles. The asphalt binder film
exhibits a load—bearing capacity intermediate between that of aggregate particles and asphalt, but with poor
resistance to deformation. It tends to undergo plastic deformation and cannot fully recover after unloading.
Although nanoscale pores are commonly present within the binder film, its micromechanical properties are

primarily determined by other factors. This paper proposes a Delamination Model for the asphalt binder
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film, which reveals the failure mechanism whereby, under loading—unloading cycles, the mechanical

responses of the binder film, aggregates, and asphalt are not synchronized, leading to the detachment of

the binder film from the aggregate surface.

Key words: road engineering ; asphalt binder films ; nanoindentation testing ; Young's modulus ;

micromechanical properties ; delamination model
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Fig.1 Schematic diagram of film structure

in asphalt mixtures
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Table 1 Mass passing rates of key sieve sizes %

YK FALALEE W/ %
4.75 2.36 0.075
AC-25 41.3 30.5 5.6 3.5
AC-13 54.7 38.8 5.9 4.0
AM-13 24.2 15.6 4.1 4.0
OGFC-13 24.3 14.9 4.3 4.0

A B MR 0 AR 5 SR 1) B R K
F AR IR 0 BN 2 R 3R .
K2 EREBEXRMERER

Table 2 Basic performance indicators of aggregates

KB H AR
JERRE/ % 11.8
IS RZHLE ARSI/ Y 17.8
FVHIF %/ (tm ™) 2.791
W[/ % 8.2
WK/ %% 0.31
LIRINI S iV 10.1
R 5 bk 53 B R BE TR / % 0.65
BRAT R Y 1.56

®3 HBEEFMEREIER

Table 3 Basic performance indicators of asphalt

Bt hE Bt
B (25°C,100 g,55),0.1 mm 68.7
PAk AL (AR /C 52.3
R (135 °C)/(Pass) 0.425
WEARBE/ Y 99.7
N&(COC)/T 277
W/ (geem ™) 1.022
FEJ¥ (5 em/min, 15°C) /em =150
AR AL/ % 0.2
(163 C.5 1) RARE AL/ % 77
FEJE (15 °C)/cm 59

1.2 RERXEREFHE
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10 mm X 10 mm X 5 mm B Wi & IR & BHETE B, 78
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KRR 5 B34 o AR 1B 2(b) v 2 19 s L
A E DR TR Heial e rboks o U0 50 b 2 55 B bR AL
i 10 mm X 10 mm X 10 mm 37 7 R4 o B 1) #)
15 20 2 Pesr gy R P E T B A2 30 mm 1Y 1B AP
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Fig.2 Schematic diagram of sampling points on

cross—section of asphalt mixtures
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Fig.3 Nanoindentation test specimen
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Fig.4 Schematic diagram of load—displacement curves

in nanoindentation testing
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Fig. 5 Schematic diagram of contact between Berkovich
indenter and specimen surface,and indentation
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Fig. 6 Nanoindentation test diagram of asphalt
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Fig.7 Heat map of elastic modulus from nanoindenta—tion testing for 4 types of asphalt mixtures
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Fig. 8 Example of load—displacement curves in

asphalt mixtures
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Fig.9 Schematic diagram of grid counting method
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Table 4 Total number of failure points for each asphalt
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Fig. 10 Delamination model
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