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Plastic deformation analysis of double-layer continuous paving

for large thickness water stabilized base course

FANG Naren, WANG Xuancang ,» YE Hongyu, ZHANG Chunan
(School of Highway., Chang’an University, Xi’an 710064, P. R. China)

Abstract: In order to obtain the plastic deformation law of the base under large thickness continuous
paving, and find solution to the problem of lack of relevant control standards for the construction
smoothness of large thickness continuous paving technology, the incremental elastic Duncan-Chang model
is studied and improved by using D-P yield criterion. The yield limit of uncured water-stable mixture is
220 kPa by triaxial shear test and field test, and the initial tangent modulus is determined to be 500 kPa,
from which a prediction formula for deformation value of uncured cement stabilized macadam base during
construction period is obtained. Then the number of repeated loads in the most unfavorable position of the
pavement is calculated, and the Wolff and Visser permanent deformation prediction model is introduced to
establish the construction displacement prediction model of the lower bearing stratum. Finally, by studying
the smoothness transfer law and the disturbance effect of the construction vehicles on the base stratum
under the double-layer continuous paving, the smoothness control principle of the continuous paving is

proposed. The smoothness of middle and lower layers of continuous paving layer should be controlled
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according to the construction standard of the lower layer, and that of the other layers should be controlled
according to the traditional paving construction standard.
Keywords: Duncan-Chang model; large thickness base; double-layer continuous paving; plastic

deformation; control standards
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Table 1 basic properties of aggregates

kLAY 1 2 3 4
FMHEE/ (kg » m*) 2 625 2 689 2 678 2 688

WK % — 0.71 0.92 0.82

JEREE % — — 17.1 —
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Table 2 Shear test results
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Table 3 Calculation of Resilient Modulus
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MFR & T3/ kPa fii [ /1 /kPa (10" mm) TR B ) AR I #AEHE/MPa i Jj AN /kPa
mm
6.9 6.63 0.065 494 110
13.8 13.056 0.128 501 117
34.5 33.15 0.325 494 138
103.5
69 63.75 0.625 513 173
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138 116.586 1.143 561 242
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Fig. 1 Comparison between predicted and observed values
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Fig. 2 Distribution of load times
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Fig. 3 Relationship between measured disturbance deformation and the vehicle action times
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Fig. 4 Relationship between disturbance deformation and the vehicle action times in laboratory tests
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Fig. 5 Comparison between predicted and observed values
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Table 4 Model parameter fitting results
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e S a b . It
W5 5.672 0.740 0.235 0.996
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Table 6 quality control standards of flatness

TG L J2 )2 e il JoT i R 3L 2002 Pl JoT i R
Tz 3 mm L mZ 3 mm
th R 2 5 mm LRI AT 5 mm
= 8 mm s 8 mm
HZ —
12 mm F 12 mm
K2
14 mm JEHEZ 12 mm
it 15 mm it 15 mm

4 4 @

TR RS i 2 o 2 e 7 A2 B 9B PR AR B 64T 3 T 8 19 Duncan-Chang BRI #7, IR #F 47 T K it
% N 5T YR I S aa g 1 R R S AR B LR 4598 .

D A4 D-P Ji IRk &5 14, 15 2K IR A B i IRA FR 2 220 kPa, B Y i i 71<<220 kPa B}, K F2 1R & kL 2
JE AL TR [ BE L 24 0w W 1 >>220 kPa B, SB RS T 4R 2R,

2) ik T Duncan-Chang B, 51 AJE Y B 0, 7H5 4087 1 21 WM 2 2 2 Sepe il 00 T 522 AR T8
P33 7 AR TR A K U R WA 5 2 it T 0 P A AR TR AR I A =K

3) 38 128 43T r A R B0 U2 98 M AR T A R e L A5 SO0 PEER AR SR T AR )2 it T RS T pR K

A4) 38 35 B 5 28 W 2 1 3 P A% b R T T AR B I B AN R R, O Y 3 S e i T R R T
JE 2 i bR A

S 3

[1 ] Bruglachner H, Jordan S, Schmidt M, et al. New electrolytes for electrochemical double layer capacitors I J]. Journal of
New Materials for Electrochemical Systems, 2006, 9(3): 209-220.

[ 2] Grossmann S, Weyrauch T, Saal S, et al. Internal electrical field distribution in double layer polymer stacks as studied by
electroabsorption [ J]. Optical Materials, 1998, 9(4). 236-239.

(31 28 3 s R 8 B2 — R W 48 Al K A 2 J2 0t T AR B2 TR €0 0. 23 B - 2016 €06) - 56-61.
LI Jingpeng, WANG Wei. Application research on construction technology of large thickness single paving water stabilized
base course[ J]. Highway, 2016(06);: 56-61.(in Chinese)

[ 4] FvaE, B4, 5kaED 5 B NI L 2 X2 M SE WA 2 0] 45 G RS LT ). 38 58 fiy TR %4 . 2016, (03) : 28-34.
QIAO Zhi, WANG Xuancang, ZHANG Zhifang. et al. Interlayer combination state of double-layer continuous paving
semi-rigid base[ J]. Journal of Traffic And Transportation Engineering, 2016(03) ; 28-34.(in Chinese)

[ 6] Frak, B G IR, 55 2L NI L2 302 M S MG TR T 205 B A #2016, (03) :41-47.

QIAO Zhi, WANG Xuancang, XU Zitao, et al. Study on construction organization process of continuous double-layer



78 TR K FFHR %42 %

paving semi-rigid base[J]. China Journal of Highway and Transport, 2016(03): 28-34.(in Chinese)

[6]LiuzhY, LiuJ Y, Wang Zh Q, et al. Compressive strength and frost heave resistance of different types of semi-rigid base
materials after freeze-thaw cycles[J]. Sciences in Cold and Arid Regions, 2015, 7(4): 365-369.

[ 7] Herndo, VAL M A D. Guidelines for the design of semi-rigid long-life pavements[]]. International Journal of Pavement
Research and Technology, 2016, 9(2). 121-1277.

[ 8] Wu]J, Liang J, Adhikari S. Dynamic response of concrete pavement structure with asphalt isolating layer under moving
loads[ J]. Journal of Traffic and Transportation Engineering (English Edition), 2014, 1(6): 439-447.

[9JHouTS, Wang W, Luo Y S, et al. Mechanical behavior of light-weight soil under consolidated drained shear condition[]].
Marine Georesources & Geotechnology, 2014, 32(3): 264-276.

[10]Li YL, Li SY, Ding ZF, et al. The sensitivity analysis of Duncan-Chang E-B model parameters based on the orthogonal
test method [J]. Journal of Hydraulic Engineering, 2013, 39(S2) . 79-85.

C11] TR 2 BRR AL T 40 Sl iR 25 B8 19 D B BR 20 468 10 B 5 - 5B 8 [ 1. 9 B A2 2 4l CH SR BHA RO L 2017, 33(01) 1 68-T76.
WANG Zhihui, CHEN Chen. The modified Duncan-chang model for gravelly sand in Shenyang based on the disturbed
state concept[J]. Journal of Shenyang Jianzhu University(Natural Science), 2017, 33(01): 68-76.(in Chinese)

[12] PRJAMS  RE A 55 b, 5538 T 0 g 7 A8 il 2k 8 AL XS sk R RUAE IE LT ] & TR Tl R 224 CA AR D L2017, 40
(9):1264-1268.

SHEN Qipeng, WU Daoxiang, Hu Xueting, et al. Duncan-chang model modification based on stress-strain curve type [J].
Journal of Hefei University of Technology (Natural Science), 2017, 40(9): 1264-1268.(in Chinese)

(137 3 7 25, BRI, 2 5 A o 45 0 TE W A 9B P 7 T R P e JFG 22 S8 A7 2 9 BB AR PR LD ] R 3F R 222 4 (B SRR 24 WD) 2015, 43
(06) :872-876.

JIANG Yingjun, CHEN Zhejiang, LI Shouwei, et al. Plastic deformation characteristics and numerical simulation of
shakedown behavior of graded broken stone[ ]J].Journal of Tongji University ( Natural Science), 2015, 43 (06): 872-
876.(in Chinese)

(147 AR a0, 2K e e , B A5 T, 25 3 7 180 09 40 A7 % A9 2 i8F Duncan-Chang B8 8 B 55 [ 7. 0 B0 EE T K 22 24 32, 2012, 34 (04) .
108-112.

ZHENG Chunting, CAI Yanyan, QI Zhibo, et al. Use regression analysis to study the improved Duncan-Chang
model [J]. Journal of Wuhan University of Technology, 2012, 34(04): 108-112.(in Chinese)

(15] FEAB T aE0E o T . B AR St AL A SO DR [T, 75 b TR 2241, 2007.29(3) : 458-462.

WANG Wei, LU Tinghao, ZHOU Ganwu. Improved tangent modulus of nonlinear soil model[ J]. Chinese Journal of
Geotechnical Engineering, 2007, 29(3): 458-462.(in Chinese)

[16] Mazaheripour H, Rui F, Ye G, et al. Microstructure-based prediction of the elastic behaviour of hydrating cement
pastes[ J]. Applied Sciences, 2018, 8(3): 442,

(177 Syt BREAE , B g o A5 B 1A 00 B R £33 [, 2 i s i TR 241 . 2017, 17€05) - 121-137.

MA Jian, ZHAO Xiangmo, HE Shuanhai, et al. Review of pavement detection technology[J]. Journal of Traffic and
Transportation Engineering, 2017, 17(05): 121-137.(in Chinese)

hmE & 4D



