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External influence factors on the glass transition temperature
of asphalt mixture
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Abstract; In order to explore the influence of external conditions on the glass transition temperature of asphalt
mixture , such as environment and traffic, three factors including heating rate, load frequency, and strain level were
considered in this research. Temperature sweep test was developed by DMA method at different test levels. The glass
transition temperature of asphalt mixture was obtained by Boltzmann model. The main affecting factors of glass
transition temperature were determined by statistical analysis of the experimental results, and then the prediction
model of the glass transition temperature under multiple factors was established. Results show that the Boltzmann
model could accurately and effectively determine the glass transition temperature of asphalt mixture. The heating rate
and load frequency had a significant effect on the glass transition temperature, which increased as the hating rate
and load frequency increased. In addition, there was a good linear relationship between the glass transition
temperature and the logarithm of heating rate and the load frequency. The glass transition temperature of asphalt
mixture had no obvious strain dependence in liner viscoelastic region under bending mechanics condition.

Keywords: road engineering; asphalt mixture; glass transition temperature; dynamic mechanical analysis

(DMA) ; influence factors; liner regression; analysis of variance

W TR AR — b R i) it B2 U A R B
IR, W R AR B 3 M IR AS R (Y37

1) P e 72 XSSP Ay 35 28 7, O 7 ) 5 728 it JBE
TE SO B SRR . FE IR e AR IR B AL B R AY

AR BRI RIS RS, B AR
J PP EE AR (e B e 00— NI R, 761
B 2 B T B, 2 B A B A 1 M
. IR AR ST B S T, bR RN T
KT A P OB 5. 9 BB AR e s

KR EHA: 2017-08-30
BEE£WE.: « =1 BERELUEITRI(2016YFB0303103)
EE®E N 4 A (1991—) 5 it

FHAR(1968—) , 5 WF5E 5, 144 S0
BEEE . TR, xd.wang@ rioh.cn

Yl A AP RE K AR D AT ) Bl A A il
FE A F R TR

PR AR B0 25 e A i BE 45 PR ) Rl A E 2 )
FAOG, SCHR[ 2-4 ] i i 150 Uk A B B S A AR iR 5
IE R R VI SC. 2 ArRAL T B 5
A BB 3T IBRRE S LA TR AR I
FOEH R/ NI AR o] BERCREIR. 10 24 b1 okE B4 il B2
e TR AR IR R | th T TR EETT IR AR R
orFia sl as WA K, M RHINA Bk i AR TE fiE

B B 35 25 2 A il 1 T L X



St

- 138 - ®oR T

AN S

51 %

It W0 S R A R B S A TR R
Fy2F A SO B B R A A a2 AR, SR I
U, T A PRI 20 % A 00 5 720 A0 R 58 738 1 ) B I
HET LA I 2 A B B S A AR TR B il b
BHVIAR MK R 5L LIRS A B

T AR ) BB 0 25 A AR IR B R 1 i i B AR
455055 8 (S5 Z AR ) I — AN AR IR B PR L
RIS 52 1) 20— ) 1 1) R AR T LK B i A i AR
TR P AR R R AR S —Fh 22 AR R
PEREAL , LA TR RE 48 A5 A1 g 27 o HLAT B S5 ) 7
JE fr AR | AN [R) A ey 2 RN AT 2 B A 4
PERIFRETS  MOBRIE 77 AR A TR] A RS 3 e 1.

25 L TR E RN TR Ak 3 1 A A A ek ) B
FEBAE T T IR B 3 A AR R S5 R g
PR DG A B e 38 308 25 2 700 T B P T .
T A5 2 BT R i 8000 %6 | 1 AR 7K - 3
AP B T IR A RHE AN WA AN R sgl  R
MIIRAEAT A, R Bl 25 27 53 B ASCI 5 0 75 VR Akt
FEANTRI 5T 0 30 20 25 T A0 T B 3 o %o 3k 4 2R
MIGETT o3BT, B 0 52 0 5 75 VR A5 ek 3 e A I 72 ek
MEBRHRE IFHETZHEZGEAEH TSRS
LB B AR AL I ) LA AR A
1 HHESETREDWERMN
1.1 Rt
111 Rg R S5 TR

ARG R H B R A R K (60+£5) mm,
P A (15+1) mm, R (30.1) mm. W IRS R A
IR YR 53 WA AT B SR SCC e S BT Ay 3
P FIEIFL)E K 45 mm, T8 45 mm, 5 10 mm )
Koy e B S A FE D) RIAL (V) HIR B2 10 wm)
PRI B R RE U1, U1 2 an &
1 . R G Wi TR AR R ST/, SRR
BARMR AL, 1T RE BRSSO,
IS 25 SRS B AR 50 SR FH Ak =X 7 TR A R
AC=5 5B TR £L (4.75 .2.36 .0.075 mm ) )38 i
RN 100% 84.8% 10% , WiT K N SBS Btk
Wiy, Wi IR A RN A N 6.5%.

B1 KRR REE

Fig.1 Procedure ofsample shaping
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Fig.5 Temperature spectrum of asphalt mixture under different control factors
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Tab.1 T, of asphalt mixture under different heating rates

Thili g/ PR AR/ C Rl VA S
(°C/min)  #EA 1 BA2  KEA3 < %

0.2 -23.6 -23.8 -222 -232 3.14

0.5 -18.9 -19.1 -17.0  -18.4 5.25

1 -11.8 -11.7 -104  -11.3 5.71

2 -9.6 -9.6 -8.2 -9.1 7.54

4 -45 -5.6 -4.0 -4.7 138

8 -1.1 -1.4 -1.8 -1.5 120

%2 FARAREZTHERAN T HENE
Tab.2  ANOVA of T, under different heating rates

JrZEkIE ETA A WETIT F P
M2 1001.4 5 200.3 284 0.01
HNTT 2 8.5 12 0.7

R3 AEEHMETHFRES TABERE

Tab.3 T, of asphalt mixture under different load frequencies

YRS AR WL/ C Wi, AR/

2R/ He
A1 R 2 A3 i %
0.1 -14.9 -13.5 -13.9  -14.1 4.15
1 -12.7 -12.4 -133  -12.8 2.92
10 -11.8 -11.7 -104  -113 5.71
25 -9.6 -11.4 -10.6  -10.6 7.12
50 -10.3 -9.9 -105  -10.2 2.44
80 -10.2 -9 -9.2 -9.5 5.72

x4 FRAARBREXRTHFTRES T, FENTR

Tab.4  ANOVA of T, under different heating rates
IR CFHA AmE WET F P
M2 448 5 9 19.7 0.01
HNT5 2% 5.5 12 0.5

x5 FARAMEKARETHFTREH T,XBEHERR

Tab.5 T, of asphalt mixture under different strain levels

10 PR AR/ C W, ERERB
NeS .
BEA 1 B2 FEAR3 < %
30 -11.8 -11.6 -10.6  -11.4 479
60 -11.6 -12.4 -103  -11.4 757
90 -11.8 -11.7 -10.6  -11.4  4.89
120 -10.2 -10.4 -11.6  -10.7 5.74
150 -10.9 -11.2 -10.6  -10.9 2.4
180 -12.4 -12.7 -11.5  -122 412

x6 ARETKETHEREGN T, FEHHE
Tab.6 ANOVA of T, under different strain levels
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AETrzE 49 5 0.97 1.9 0.01
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Fig.6 Relationship between T, and hating rate
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Tab.7  Comparison of test results under different heating rates

FHR %/
(OC ) 71) 0.2/ 0.5/ 1/ 2/ 4/ 8/
* min
(°C +min™!) (°C + min~1) (°C « min~1) (°C + min™!) (C + min~!) (C + min~1)
8 Y Y Y Y N
4 Y Y Y Y
2 Y Y Y
1 Y Y
0.5 Y
0.2

®8 WHMEZRKBKFEERME

Tab.8 Comparison of test results under different load frequencies

W2/ Hz
0.1/Hz 1/Hz 10/Hz 25/Hz 50/Hz 80/Hz

80 Y Y Y Y N

50 Y Y Y N

25 Y Y N

10 Y N

1 N

0.1
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Tab.9 Result of multi-factor experiment

T,/ C
THi#%/
0.1 Hz 1 Hz 10 Hz 25 Hz 50 Hz 80 Hz
(°C +min™")
FEAS 1 BEAS 2 BEAR 3 REAC 1 BEA 2 BEA S BEAS T AEAR 2 A3 BEA 1 BEAC 2 BEAR 3 REA 1 BEA 2 BEAR 3 BEA 1 B2 FEA3
0.2 -26.5 -27.3 -26.7 -24.8 -25.2 -24.8 -23.6 -23.8 -22.2 -21.5 -20.9 -21.7 -19.9 -20.3 -20.1 -19 -18 -20.2
0.5 -22.4 -23.4 =227 -21.5 =209 -21.2 -18.9 -19.1 -17 -17.9 -18.5 -17.4 -16.5 -16.7 -16  -15.7 —-15.4-15.4
1 -14.9 -13.5 -13.9 -12.7 -12.4 -13.3 -11.8 -11.7 -104 -9.6 -11.4 -10.6 -103 -9.9 -10.5 -102 -9 -9.2
2 -11.7 -10.5 -11.6 -9.9 -10.4 -10.6 -9.6 -9.6 -82 -84 -8.7 -88 -82 -74 -78 -15 -7.1 -79
4 -62 -55 -57 -55 -54 -51 -45 -56 -4 -46 -39 -45 -42 -43 -37 -36 -3.7 -3.9
8 -57 -51 -57 -35 -28 -34 -15 -14 -18 -18 -0.5 -12 -14 -06 -09 -05 -0.2 0.1

x10 ZAFRRBHFESNER

Tab.10  Variance analysis of multi-factor experiment

g2 3 SEOrF BHRE WETMOF P
Tl R 4 [ )7 2%
676.6 5 11353 3696.6 0.01
(Sp)

AR R I 22(S,)  336.9 5 67.4 219.4 0.01
A AR 562 25 2.2 7.3 0.01
T2 (Syen) ' ’ ’ ’

HNF2(SE) 2.1 72 0.3
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Fig.8 Surface of glass transition temperature of asphalt mixture
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