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Prediction method of permanent deformation of asphalt pavement
under full temperature conditions
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Abstract: In order to predict the asphalt pavement permanent deformation accurately and quickly, a prediction method of
asphalt pavement permanent deformation based on superposition principle is established under full temperature domain. In
this prediction method, taking Quanzhou-Nanning Highway of Ji-lian in Jiangxi province as the test section, from the point of
view of the full temperature field, the idea of zoning classification layering is introduced, that is, temperature zoning, axle
load classification, pavement layering. The annual temperature distribution of asphalt pavement, the temperature distribution
curve along the depth of asphalt pavement and the annual axle load distribution are obtained by actual measurement and
model calculation. According to triaxial load tests, the three kinds of asphalt mixture (SMA-13, AC-20, AC-25) permanent
strain viscoelastic mechanics correction model is established, and the average correction factor of different temperature range
is determined, which can be used to calculate the permanent strain of asphalt mixture under different temperature and
different deviatoric stress. The permanent deformation of asphalt pavement surface is calculated by two methods of the origin
growth accumulation and the counter calculating cumulative superposition. The calculation results show that the allowable
permanent deformation life of Quanzhou-Nanning Highway of Jilian section is 6 years and 12 years, respectively, by the
origin method and the counter calculating method. The counter calculating method is more accurate and closer to reality. At
the same time, a new modified model for predicting permanent deformation of asphalt pavement based on superposition
principle is proposed under the condition of full temperature range. The relation equation between the number of loads and
average permanent deformation in temperature range of asphalt pavement and the relation equation among permanent
deformation, average permanent deformation in temperature range and temperature distribution frequency are established
based on temperature distribution in the full temperature range, which provides a new method of rapid prediction of
permanent deformation of asphalt pavement under full temperature conditons.
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Fig.1  Annual temperature distribution frequency of asphalt
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Fig.2  Temperature distribution curve along depth of Asphalt
layer
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Fig.3  Permanent deformation calculation method by counter
calculating cumulative number of superimposed load
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Tab.1 Structure and design parameters of Asphalt Pavement

HEHAER MR EE/em AMREC BE/MPa
LHEZE SMA-13 4 2
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TE)Z AC-25 8 2 U]
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Tab.2  Fitting results of main curve equation of dynamic modulus

RERZH 5 a B ¥ AE, R

SMA-13 4480  -2103  0.271 0.556 207 044.495 0.999

AC-20 4518  -2346  0.638 0.573 187 823.643 0.999
AC-25 4494  -3470 1213 0515 197 997.133  0.999

ATB-25 4412 -1978 0941 0.802
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Tab.3  Distribution of dynamic modulus and Poisson’s ratio of asphalt mixture
T BEIIR R EE X 1]/ °C
cm (10~15] (15~20] (20~25] (25~30] (30~35] (35~40] (40~45] (45~50]
SMA-13 1 0~2 12 016 9 051 6 590 4 597 3153 2 164 1493 1076
2 2~4 11 773 9 104 6 898 4 955 3471 2 400 1637 1172
AC-20C 3 4~6 14 843 2 206 9 880 7 565 5524 3901 2 628 1821
4 6~8 14 608 12 252 10 164 7 981 5924 4 237 2 878 2013
5 8~10 14 374 12 292 10 453 8 413 6 346 4 602 3152 2 230
AC-25C 6 10~14 13 655 12 054 10 634 8 847 6 761 4 877 3214 2162
7 14~18 13 219 12 137 11 219 9 784 7748 5 803 3959 2791
ATB-25 8 18~26 17 397 16 300 15 305 13 632 11 019 8 295 5590 3 882
LV 0.25 0.25 0.25 0.35 0.35 0.45 0.45 0.45

DALY I U g T AR R R AR S A T 1
e R I I T B TR S S Al A3 A DL 4. JRLEE -l 2%
3T BIVAS [ gl B DX ) A (7] il 28 25 0% 1 38 38 43 A, DA
AN TR 28 A 0 110 2 3 T LA TR R X[ 1) A A3
TN B AR 1 SR &S5, W Bk
2% 2013 4FF1 2014 4 1 323 5 43 71 4 174 008 4
198 974 W ( BRI/ NF 42 ) . RS Z5 5L, 2015 4F ~
2019 4EAZ BRI 10 %, J5 SH4E I BL 6 % , %
THEBR A 15 4F. %5 BB 2013 4E17 45 18 56 7 58 )% 1
JEE-Hh oA WL 5. HAW BT RO AT AR TE S 3 e
VT AR A R B ] A5 AL AR A,

—— —

ARSI %
SENEISISES

ik
B4 BEQLBISHRAZBHIESH

Fig.4  Traffic axle load distribution of Expressway asphalt

pavement
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Fig.5 Temperature-axial load distribution of lane width in 2013
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Tab.4 Average correction coefficient of viscoelastic model of asphalt mixture
TR X [E]/°C
TR LA
(10~15] (15~20] (20~25] (25~30] (30~35] (35~40] (40~45] (45~50]
SMA-13 0.5 0.5 0.64 0.79 0.96 1.13 1.08 0.83
AC-20 0.63 0.63 0.76 0.89 1.04 1.19 1.18 1.01
AC-25 0.45 0.45 0.63 0.81 0.99 1.10 1.11 1.02
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Fig.7 Deviatoric stress distribution of asphalt layer at (10~15]°C
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Tab.5 Deviatoric stress distribution of asphalt layer in axial load level (0~1]t

WiHEHE/m
TR X ]/ C
0 0.02 0.04 0.06 0.08 0.10 0.14 0.18

(10~15] 0.008 7 0.021 8 0.030 7 0.033 6 0.034 7 0.032 9 0.026 4 0.019 4

(15~20] 0.014 2 0.025 4 0.032 7 0.034 6 0.035 4 0.033 3 0.026 4 0.019 2

(20~25] 0.019 6 0.029 0 0.034 6 0.035 8 0.036 2 0.033 8 0.026 4 0.019 1

(25~30] 0.016 0 0.023 9 0.028 5 0.032 3 0.033 2 0.031 3 0.023 8 0.016 5

(30~35] 0.019 4 0.026 2 0.030 1 0.034 2 0.034 7 0.032 6 0.024 4 0.016 7

(35~40] 0.013 2 0.018 9 0.022'5 0.031 9 0.032 6 0.030 8 0.021 4 0.013 9

(40~45] 0.014 7 0.020 4 0.024 0 0.033 9 0.034 7 0.0335 0.022 4 0.015 0

(45~50] 0.015 8 0.0217 0.025 5 0.035 4 0.036 5 0.036 2 0.023 1 0.016 2
35 MBEBRAANEST DX Bz o9 T 43 2 K BR TR EE LA 5 °C hy () B
W BT T 2K AN AR 24 AR R A3 TR EE DR IEh my RS AT L 1 e
J S G RBUK AN ST 507 12 (R FR B0 ) F1 [RIRR A o TNl 280 55 405 B 0 7 )2 ARG S o J5E B
S BB K AR STk (PR ) . B 8 1 em~4 em i —W0)2, 32 IRIE)Z A+ JEAR

A% BV Al RE DX ) Rl 2 S5 AR MU T B
TR AR | P R4S BB K AR, %7 A
2T DX T A i 2 55 AT P i
b RS R . S SR T BT A

AN T IELE DX ] 3B TR{ELARE S AR TRLE . 5 Al
I3 3 QSR E A TR B RA K A A

RIZ(2) , 2k H] MATLAB 1 2 il i S5 72 e 11 530
2N 3R
3.6 WBEBRKRALTEST

Wi BT T 2 AR A AR TS RR BG4 432

AR, GIAG X o G o3 2 B 0 ) REAE, B BE 73

PG 2R )2 AR i T 25 A R 70 D TR,
i -ﬁﬁ%ﬂfr%ﬁﬁlﬁ]‘iﬁﬁ?El‘ﬂ%ﬂiﬁﬁ%é&?%
W JZ AL A [R5 R 0 R 5 28 o 0 A
%ﬂﬁgﬂiLEXﬂ‘FﬁVEﬁﬁﬂﬂﬁJé‘Jwﬂﬁ ) 3l 3 2%
TS I B A T I K I U Dy

Ah = 2 Za (3)
K. AL HIEFE J:'ﬂ(ﬁ\”‘rﬁ/ mm; m A T 45 4 T
JEOYIXH; n RT3 2R b, AU RS i T
JREEE mm; e, HHHEIRSE | WIZ KA, #2750
(2) 5.



EERNE |

AR, A I T W IR AL B T i - 127 -

HRHE 4255 — AR HD 2013 4E U 2K A TR
Rk, B AR5 2.3 n AR E B
T AR AR TR LR 6.

®6 HEBEAALTHITHELER
Tab.6  Calculation results of permanent deformation of asphalt

pavement

PR EAREK REAEK
/4 AZEIE/mm AZEHE/mm

Wit RSk REBK
/% AZEIE/mm A/ mm

2013 2.49 1.93 2021 7.02
2014 5.15 3.23 2022 7.34
2015 7.87 4.14 2023 7.65
2016 10.64 4.86 2024 7.95
2017 13.46 5.43 2025 8.26
2018 16.32 5.90 2026 8.56
2019 6.32 2027 8.87
2020 6.68 — —
5.00
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Fig.8  Distribution curves of permanent deformation by origin

method
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Fig.9  Distribution curves of cumulative contribution rate of

permanent deformation by origin method
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Fig.10  Distribution curves of permanent deformation by counter

calculation method
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Fig.11  Distribution curves of cumulative contribution rate of
permanent deformation by counter calculation method
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Fig. 12 Distribution curves of cumulative contribution rate of

permanent deformation in different axial load level
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Fig.13  Relationship of load repetition numbers and average

permanent deformation in temperature range
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