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Study on self-healing performance of hot recycled asphalt mixture under

microwave heating
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(1. Huahui Engineering Design Group Co., Ltd., Hangzhou 310051, China;
2. College of Civil Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: [Purposes] Under the constraints of environment and resources, reclaimed asphalt
pavement (RAP) is widely used in numerous reconstruction and extension recycling projects.
However, compared with traditional newly-paved asphalt pavement, the recycled pavement is more
prone to cracking hazards, and its long-term service performance is affected. In view of the

problems that hot recycled asphalt pavement is prone to cracking, and its self-healing behavior
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remains unclear, this study aims to quantitatively investigate the self-healing performance of its
cracking damage by introducing microwave heating technology to clarify the key influencing factors
and mechanisms and provide a technical basis for improving the durability of recycled pavement.
[Methods] Three recycled asphalt mixture groups and one newly-mixed base asphalt mixture
group were designed. The effects of microwave heating duration, mixing time, and aging degree of
aged materials on the self-healing performance of recycled asphalt mixture were systematically
analyzed, and the self-healing results were compared with those of the traditional newly-mixed
base asphalt mixture group. [Results] Although the recycled asphalt mixture possesses self-
healing ability, a longer microwave heating duration and a higher healing temperature are required
to achieve a self-healing rate similar to that of the new mixture. Meanwhile, the blending degree of
old and new asphalts and the aging attributes of the aged asphalt also significantly affect the self-
healing behavior. Under short-term microwave action, if the blending is insufficient, or the aging
degree of the incorporated aged materials is more severe, the self-healing process mainly relies on
the softer base asphalt part, which is activated and softened under microwave heating to exert a
good healing effect. However, under long-term microwave heating, both the aged and base asphalts
are fully softened, and the self-healing rates of the three recycled groups are 80% - 91%,
approaching the level of the newly-mixed group, but attention must be paid to the risk of localized
asphalt softening and loosening. [ Conclusions] Microwave heating technology effectively promotes
the crack healing of recycled asphalt pavement, but its self-healing behavior is jointly influenced
by the blending degree of old and new asphalt, the attributes of aged asphalt, and the microwave
heating duration. In practical applications, the microwave heating duration should be reasonably
selected to balance its self-healing effect and the risk of loosening and bulging.

Keywords: hot recycled asphalt pavement; self-healing technology; blending degree of old and

new asphalt; microwave heating technology ; low-temperature cracking damage
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Table 1 Main technical performance of asphalt used in this

study
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Fig.1 Design gradation curves adopted in this study
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Table 2 Summary of design parameters of asphalt mixture

g1 RAPE ﬁi‘#%ﬂ RAPUIE | B &
I [ /s % /%
Virgin-T180 180 0.00 4.44
RAP-T180 RAP* 180 3.21 1.23
RAP*-T540 RAP* 540 3.21 1.23
RAP"-T180 RAP" 180 3.21 1.23

AR B %k 4 21 W R A R AR B B AR
J& 25 BR (air voids, AV) B RHE B R (voids in
mineral aggregate, VMA ) FIA 2 I 75 1 1B (voids
filled with asphalt, VFA) #1771 5, 45 2 4n 3% 3
Ro MFRIFTLIE Y, HE T 1R AR A Y 25 o
FVMA E /N, X 2R TRl e iR B
T4 RAP, TR T 56 5300 75 45 & BHRUBT S 8
ARWHE N ERE, R EES & LR,
RAP*-T180 Fj- A5 21 1 75 B 2 3K 4.18% , 38 1o 4L < $
FTE B, RAP-T540 P54 41 19 25 B B 5 08/, 5
SRV IR AR 22 T Lo 3 1 I 3 2o 2E K P
AU ] 4 75 A BT O R T TH 5 T AR
B, T A U B R AR IR BUREPE . i Ah,
RAP'-T180 fiA: 2 iy TR H] T &AL B s (9 1H
b, oz PR ok TR) 422 3% B L N TH D 75 A9 76 1
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Table 3 Summary of volumetric parameters of asphalt

mixture
451 %{z!:iq%?rg/ AVI% | VMA/% | VFA/%
(grem™)

Virgin-T180 2.50 2.63 12.34 80.28
RAP*-T180 2.45 4.18 13.79 69.45
RAP™-T540 2.49 2.92 12.39 78.16
RAP"-T180 2.45 4.74 13.79 65.61

1.3 RiEFRIBIFEMUR R B BT E
ASBIFFE SR AR il B S0 AL AL 0 7 8% 1 )

A% P 3k ¢ http://cslgxbzk.csust.edu.cn/cslgdxxbzk/home



F23KE 2 VT R /]

FR A B AT AR

i 93

IR IR 25 2445, [v) B SR FH B I8t Jim 8 4 R Sfe S B )%
HIRAEWAGA , JHES AEEE k2
BORPEM XTI THAL A A e . HARR
AR o, R IR A R R IR 8 2R
Xof 3t 3 T 7 e B 4 T o AT AR L, IR R
HOFE T-10 CHMEEh fRIE 25 h B fS ,
W AR TT GERIE AL LA 1 mm/min BY1E E 3R SR A
Jit Jon A 28K, 2 7 28 3K ) e A B N7 B Ik i 3 0T
151 = = i e e = 1 7 N €28 R U I
il s - RS ik, AR =X (D) A=t (2) 315,
15 EN R 1P b B AR B (R) MBS T2 BE (G o
SR KT IR al E E AT 1A A A B SR FH AR o 4
(R 7 3k 6F LR AT B A, Dk B B R R
2.45 GHz T % 700 W, 3% 56 25 & 4 & 2 fir 7w
I A X 2 A R A B 3k A K %
O SR P T TR, 55 ka2 1 R
B2 BEATHR S, B0 S B B 5 By 1k Jn #4ad
A . SE R B S KRR E T 25 °C
B AT R AR B A AR R bl 2 Ak
A X 33 R AT 22 A 1R I 5 O (B
Ko ARGEHUE K RAEE2S CERDHE 1,
il R R B = IR AR RS SR R Al IR A
Xt H AR B E RS R AT AR T
THE T 7 B 24 58 1B R B ST LAk | W] 4
X)), AR S A YT RS R TERE A &R,
Vo 5 5 3 ) B 5 A DA S 0 2 A I 1) i 0
(B, DT 24 A8 D)) T o 3 — 2ok AR ) B, AR F
FERT A A AR P X AR AR EAT T T .

P,
R, = 0.0062877",i=1,2 (1)
W.
G[:j (2)
_Ro Gn
H, = R, or C. (3)

A R PF B BB A, MPa; R, 4 oK 32 4
TR A BB BTHISREE , MPa; R, R Z 48t A U iR 1
(4 BF 24T RS0 BE |, MPa P, oAy 8% 245050 3o 72 v 1 B
RNZ AT 2, N5 P, o AR Z a1 £ B 20 5 1 72
HR R RN AT 28, N P, o 3248 e i 1 B 2R
T i AR AR KON B 2, N A AR B R
mm ; G EF RGTRLIB 2LAE , J/im®; G, o R 32 4
B B BF 2LURLIBT R BE L J/m?; G, R 32 8 A A
10 B R T ZEBE , J/m? s WA a1 20MA 0 2

P TS, 35 A Sl i) AT T A, w5 H, A
RAFRITERE AR, %,

B ) Pt

FRAERHA LR

B LU B A RO

.

B2 okt g EEE
Fig.2 The microwave-inducted heating device
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