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Dynamic modulus and time-temperature

equivalence equation of asphalt concrete
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2. Meteorological Disaster Prevention of Land Transportation National Engineering Laboratory,

Kunming 650011, Yunnan, China)

Abstract: Through dynamic modulus test at different temperatures and different frequencies of two as-
phalt concretes using simple performance tester, dynamic modulus master curves and parameters of shift
factor at different reference temperatures were obtained according to time-temperature equivalence princi-
ple and WLF empirical formula. Based on the Arrhenius viscosity equation, a new time-temperature e-
quivalence equation was deduced. The expressions of empirical parameter C, and C, were in WLF empiri-
cal formula proposed and proved by dynamic modulus test results of asphalt concretes. The results show
that temperature and frequency have the same influence on the dynamic modulus, but the variation of the
phase angle depends on the temperature status. The empirical parameter C;, and C, are related to glass
transition temperature Ty and activation energy AE, in WLF formula C, decreases and C, increases while
the reference temperature rises, which can be explained by the deduced time-temperature equivalence e-
quation. The study can provide reference for dynamic characteristics tests on other asphalt mixtures. 4

tabs, 7 figs, 14 refs.
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Tab.1 Gradation compositions of asphalt concretes in test
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Fig.1 Variation of dynamic modulus under

different temperatures( AC-25)
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Fig. 2 Variation of dynamic modulus under

different temperatures(AC-20)
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Fig.3 Variation of dynamic modulus-phase angles

under different temperatures(AC-25)
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Fig.4 Variation of dynamic modulus-phase angles

under different temperatures( AC-20)
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Fig.5 Dynamic modulus master curves of AC-25 at
different reference temperatures
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Tab. 2 Fitting results of Sigmoidal function and shift factors at 20 C

Bl AC-25 AC-20
5 1.615 1.962
a 781 2.31
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equivalence equation at different reference temperatures

A 2 RFRFEAHERECO TS 3]

KA —10 10 20 25 30 10
g | —4.024) —1.900| —1.072| —0.702| —0.357| 0.267

AC20 | G 20.611| 17.347| 16.075| 15.506| 14.976| 14.018
C, | 106.317| 126.317| 136.317| 141.317| 146. 317| 156. 317
8 | —3.694| —1.810| —1.087| —0.766| —0.468| 0.068

AC2 | G 22.462| 18.689| 17.241| 16.598| 16.001| 14.928
G 99.058| 119.058| 129.058| 134.058| 139. 058 | 149. 058

Co A G, [RIREAFAEAN[R] (9 22 f RUAL 3 LE R G 35 i 1k
H A B RO 5 Rk SORMEAT AR B DY B 28 A
BRI BEXS WLF - S 07 AT HE T
WA R F o (e A
oo Tug(T)
a<T>=;~;ILT1—;(%2) (3)
Koo S3HIIEE T, T, WL o AR
HEE T RSN BOAR SIS ] 5 (T ARl B eR B
e 1V A 7 R R AR AR AR D
FL(3) H R 3 TR AR SCHRLBE S BT 9 (o T /o1 T
MR T EN . W« (T AT LRI [ IR R 1Y
i E bR R HE B R
«(T) =1y [ty =7(T)/9(T,) 4
2o T BB O RE SRS HOR N T 224k
2 T, i, 1 Arrhenius ¥ 5 7 #2 il 13

m(%kéﬁﬁ—%{ﬂ (5

KA AE R T, G=1,2) i BEIRZS T XA 4 K
L AE (J/moD) s R Jy 8 36 4R & 4. HAE 55 T 8. 314
(J/mol « KD,
WFRG) T, >T, WL 2 lga(T)

R LE LT AL AE, /T, <<AE,/T. i HAij# &
I R o 4L T A AR B RSN B M R 1k fig
AE; 23 i1 1 AR A 7= A A B A L TR G R A
SEWITE MRS 1) BE B Bk 55, B AE, <
AE, o 82X F20 ) A M w35 mf LR A i AT
B NG

AE, _ AE,

T, T, +r(T,—T,)

A S [ YRR BR S e AR R B T
SR A Fe L SRR 1 R

B OO A (5 A5 T, 4 I e 550 o $5 300 ]
53

(6)

KTO\__ AE o Ty

1g<7](Tz)) 5 303RT2<T1 T,/ —+(T T.)]
ZH ~ AEZ ~ :TZ

ffi15. C, 2. 3073RT2 . G, - 7



% 34 #*

B.E . EFRELDSETAN-BERFTAE 5

A LE A (D WE A EA WLF 2255 0 0%
—Hm. WL C.C ZHERBNXFLUEH.COAM
Co HRUERL B T, LA RAANRZAE TG L fiE AE. £
Ko PRI K FAR g e BOR i 3R 4 R R 2578 4l
P ) RF -l S5 280 e e A B 0 S BB R Y R
2. HUREREE RIS AR 6 F7 7 bRk 3k o il 2 1%
TERESC AR 4L

115 000 -
--=-AC-20
110 000 | —AC-25
~ 111781 J/mol o »I;X:J‘ﬁ_;z.za,ftﬁEA/;“
= 105000 |
g G e
£ oo [ e
= 95000 F RN <
< ~.
90 000 | 102706 J/mol .\'\\
85000 Fi  Ap=08811e " Tvs
90 000 (R=0.9907 :
—10 0 10 20 30 40 50
7,)C

&6 WEfhE AE 5EMERE To ¢ R ML
Fig. 6 Relationship curve of activation energy

AE;-reference temperature T
1E3(6) FE At b 1 — 25 % 18 b4 RH L R 2 i 3¢
BARE T, m Ty RS T, HESEEN T,
Fers BAELMERE T, wh ARG A HE A
AE, _ AE,
T, T,+&T,—T,
I BEAR SR S SRR T, $5 788 T, . )

(8

LR EWIN &
AE, AE,

D)

T, T, +&(T,—T,)+r(T,—T,)
Aorpae [l B B0, B3 AN [ T IR 3 e 7
BT AR OB B AE, R b R 5
SR EE X R B [ A TS AL RE S A R A DG R
T, R AR (KD,

H R B FE $2 T 0 T R AR B U I
Tk DA S 5 00 T TR G B 3 Ak i AR TR R 1 G R
iR S BRSOk 14 TR 9T 4538 . AR SCEL T, =
265.15 K, $0() FA X (DR AR (5) . B8 Hin]
LIS |

lg(a(T)):AEo<T| —Ty/2. 303R|:Tg+€:(T2_Tg)]

(T, +&(T,—T)]/r+(T,—T,)
(10)

AE()
'_I ==
WA O =5 50RIT, +e(T,— T ]

_T,+&(T,—T,)

HiCA0O B 2 M SRR IEATALC 588 3
W RGRE T, VLR R B [ A 15 L e AE, #1256, C,
5T, MR AR r RAMA L. HEMERE T, —

G

E I AE RN Cy B it B R BN U G,
Ko BB UL T AR TR B C L Co A7 AE 22 57
8 T X () — B R i U T ey B8 A
W E T, JF R IF 38 KIS Cy EAR R AL /INTT C. fELAR B
BIRG A NA0O AR F W C LG HRES AE, Ak
A r SR R b B X 5 R i 2 v iR AR
et G Co B Y & . X RE a5 5 (10)
F ik 3L I A 807 R R B 2 B0 IR T T W )
B S A a6 2 SR RE AT B AR 4 i R

FE 3 (10D F Ay 1 % 356 25 2 A7 foe /N — 3R ik
UG - ISR A T B AR 2T 3R 8 R RO ]
MBETFRIR 4 iR g R, TR R AE, (& F r 1
SR S BRSO 1 W R B AE, 5 6
RS 2 B RS R T A TR AL R — B
7R 4 I - A RO R T T AR B S
RES RN B E X . BB 7R 3 R
R R AR 0 A AR S (R M L 3 E S S
EHAABMEH -2 2 T RERUN A2 R B
B A

x4 ESH-BERFEUSER

Tab. 4 Fitting results of deduced time-temperature equivalence function
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modulus by deduced time-temperature equivalence equation
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