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Abstract

In order to study the mechanical response of the CRC + AC composite pavement structure under
thermal and mechanical coupling, the ABAQUS finite element software is used to input the tem-
perature conditions into the pavement stress model by defining a predefined field during mechani-
cal analysis, thereby simulating the temperature of the pavement. Dynamic response coupled with
load and stress, deeply understand the failure mechanism of asphalt pavement, and analyze the
distribution characteristics and change law of internal stress and strain of asphalt pavement un-
der the coupling effect of temperature and load stress. The research results show that under the
action of temperature, the asphalt layer is subjected to tensile stress and shear stress, and under
the combined action of load and temperature, the asphalt layer turns into compressive stress and
shear stress; under the action of vehicle load, the top surface of the CRC layer is subject to greater
tensile stress and shear stress, and as the axle load increases, the shear stress on the top surface of
the CRC layer increases; as the thickness of the asphalt layer increases, the transverse and longi-
tudinal compressive stresses on the bottom surface of the AC layer gradually decrease, and there
is a tendency to transform into tensile stress, the transverse shear stress on the top surface of the
AC layer gradually increases, and the transverse shear stress on the bottom surface decreases;
cooling has a great impact on the transverse and longitudinal stress, the greater the cooling, the
greater the transverse and longitudinal tensile stresses, and the smaller the impact on the shear
stress. Compare with AC layer, the cooling has a greater impact on the transverse and longitudinal
stresses of the CRC layer.
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1. 5|18

CRC + AC (Continuously Reinforced Concrete + Asphalt Concrete) & A 2 il 42 76 3% G200 i1 /K Je Ve i
g BRI E RS R — MR SR 4, RS E B @S T, SRR ik 1t RE,  HRAE
BMEAMHMAA RGN, RFE RS ZET 7T, BERKREmIR A1,

] P4 40 1R 22 56 T 8% 1 45 ¥4 ) J7 W B2 R 7T . Borros 25 AFE S48 21 77 J2 AR B gt 2 2 (B A4 7E 2138 F
B R BRI 26 fr A 26 AF T IS SR (2] XB2#38 . RSB 455 T M IcR e, #ETHEIE
52407 B8R F R R BhAS e SR R3], Olsson 73 AAE FH BRI A BR ok vF S TR AE R B A B A E FH R
HF72ma By, %F b g SR R A BR e & A T KT ) 25 N ) [ 4], Van Metzinger 558 ABEFT 7RISR E
A B AN R AL W75 A R R A T R ) R AR (R RE e, 3R T I R R Bt 7[5 ] .
Sameh Zaghlou ff H] ABAQUS 4 MR yC 31+ 5 8% [ 25 M fE R BN At 2 T (03l Jyma 2, AR 4h 5 5 s Rl &
BRI E VIS, REERIC T IERIRERTE6]. Vetter 2 AT T CRC + AC B & U I 45 M 75 7%
HEL R RATRE ), BRI TIEE T EE SR SR YUK BN S [7]. A TLI8E I 3 57 i T 451
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IS 7 il R AR AN PR B TS 2R, 45t R B 5 47 2 P9/ T 2 M3, ) 2 40 5 1) IX Al K ST B g 22 B R
[8]o FERURR S ZE b B E , i = R R B A FR G AY , i N Sl i R A R s
B, TR I R B 1R F T B 2544 ) S B AR AL, BN 7 32 B LR B T ) TR TR E (9] TR
IS5 R FH A 1 I 2 2 (R i P R S M B E IR I e e B B N S B T B 2, 45K,
BT B T AT DA R L 2 S S R AR ) P AR AU (100 BEAME A — LA ST G A 78 . i
%5 ADINA 3AFSEIL TR IR IR G G BRI/ I8, R B4 kAT 140 [ 11]. HIZRAE. e
BT K - # - JIRREE L, R COMSOL A BR TG HR A G 37 T R o [X 3 45 P i Ve v - 2% TH 5 FR 0 A
AL, XFsm CRCP &I £S5t 44 B R AT 0, FF6eth TG T 2 40 11X CRCP B[ (1) & B 45
FEa[12],

[ P AN 52 WA T 25 4 3 2 AT AR A S S BRI, (B2 26 T I8 TRk CRC
+AC ZA BTN E T 103 11w R 7, BTG T CRC + AC & & BRI 143 71 i S
FARF CRC + AC & A B it LA — € =& e

2. IRRIEST
2.1. FHBER~T 5107 %E

T R SF RN AR AR R A B R, (EARE AL RSk K SRR, IR B TR S5 MR R B8 (S x i) R
7.5 m W), AT ZJ7 R y FiHL 7.5 ma PR FE 7 1 R SFEL 10 mo BYTHIZ5 840 40 cm /KF&WEA + 24 cm
HESRTKIRE L E +8em WEHEE, ERELS:, BGEHESHME 1[1]. ARTEMIE 1. CRC
B 1m0 9 K FH B4R 16 mm BRSUEN A, I 35752 0.6%, 48 7] 409 755 1 FH ELAE 12 mm SRS A, L i E N 0.1%,
W EAEMNR AL E, RN X820 35 A (Embedded Region) 40 5 I ik A %] CRC A H1[13].

Figure 1. CRC + AC composite pavement finite element model

1.CRC+AC EAXNKE AR TIER

Table 1. Model calculation parameters

F 1. BEHESY

TEEETW . B4 2 5(107°/°C) s iy

L2 FEREm)  PEBUREMPa) g pUBLE i)

-10C 0°C 10T -10C  0°C 10C

IR EE L2 (AC) 0.08 4200 1400 1230  0.35 0.9 1.1 15 1.7 2400
ELLT R E 2 (CRC) 0.24 29,000 0.167 0.8 1.0 2300
75 - 200,000 0.28 0.8 1.0 7800
Kot e i A= 0.40 1000 0.25 0.8 1.0 2300
+ 3 - 50 0.4 0.4 0.5 1800
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DR AR AL T2 SR SR R g 4 AT R, PEAR RS TH BRI R R\ RS AR R T REAT A, 1%
BT RE R BT R & S5 H JE I D) 2 R . A KA AT T AT S R E YSYMM (UY = URX =
URZ =0), ZAMMKEE ZSYMM (UZ = URX = URY = 0), B0 i F 38 i 0 19 B NARR /N,
R AT O [ 2 20, B ENCASTRE (UX = UY = UZ = URX = URY = URZ = 0).

2.2. {HBEEEREST

Wi T ZE AR ) 22 R M R g PR R A W5 A A i A AR AR Ak, A3 F U #8 J0 86 43 BT i
JEREAT A TS BT 45 21 B8 T 45 MR BE 3 45 SR SRS HE L 3 3 W st RATIUE 3 1 7 Qs i s 82 3 080 , 7931 CRC
+ AC A BRI IREA T 1R A B

AR S — TR 24 /)N S0 P 5 R xS TR PR T P M A o 28 DUREADA R [ [ R B S
Bl 2, SCMEFERHR AN 2 Fs. HORPHAEST SR Q N 9.14 MI/m®. H P RGE v iy 2.9 mys AT H &
] ¢ 9 9.5 h ZEANES R S5 RAEHI TS 14], FIHE R TG ABAQUS HITHEF FILM & Xt
ISF 1) A5 4 [ 70 SRS S AR SO IR A e ” 1 FE, P AR DFLUX a2 SR IS [R] 4810 ) S se Bl « K
PHAR S SRR, i SCREI RS0 K A SR B R AT R S FIBE S L T b, RIS [F) 2P SHELE A
AT CRC + AC A 2N T 4544 1R 2 3 -

Table 2. 24-hour temperature data for a region during the low-temperature season

2. FEWXEEET 1 X 24 h BSEMRRMESE

I % SIR(C) i %1 SIE(C) wFZI SIR(C) I ZI SIR(T)
0.5 -2.06 6.5 -7.58 125 2.93 185 2.83
1 -2.56 7 —6.59 13 2.87 19 3.19
1.5 ~1.65 75 -8.64 13.5 3.22 19.5 2.62
2 —2.05 8 —6.87 14 4.40 20 2.41
2.5 —2.99 8.5 —5.46 145 4.23 20.5 1.98
3 ~5.39 9 —4.61 15 4.98 21 1.63
35 -3.84 9.5 -2.52 155 4.99 215 1.40
4 —4.65 10 -1.67 16 4.94 22 0.80
4.5 —6.82 10.5 —0.84 16.5 4.87 225 0.16
5 —6.37 11 2.28 17 4.55 23 -0.27
5.5 -5.21 11.5 2.90 17.5 3.63 23.5 ~1.08
6 —6.84 12 2.56 18 2.99 24 -1.70

23. EWEHEMB LT

3R AT B0 5 6 TV T Y SR FH A X[ 2 B A4 e, (EAE S B, B 5 b 122 fik (1 FA IR
AR, WdEan T, s BmREN LR, B3 E Hh IR  A  HE E 2 5 N 7+F
Eraibr e XA R AIEE R (A BRI BE TR THARYE ) (JTG D50-2017)F L (E 31.98 em, AT E T
FAIE K E A d=213cm, T L=16.7cm, Kk, #6581 0.213 m x 0.167 m (¥
M, PN 0.0356 m® G -5 B I AR AL N P 2 T
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Figure 2. Simplified tire contact model

[ 2. iR ELREY

—’V

Figure 3. Simplified model of moving load belt
[ 3. Bahfaram EeEE

Tr B R ) 56 B 5 1 3 o ORRE— B0 WAT 207 A4y BAKFE N 0.071 m HZNETE, g =4~/
R N—NINEAKLE . i BIR B sy B a3, S SRR AT 2 1 A/ NETE T,
W E 2D, SEAER RIS, WYIAREINERLE 1. 2. 3 ANETE, AP InETE
2. 3. 4 NETE, DARSEHE. AN A BOR IR R /N B ZE A AT B R U o IR S AT AR, AR
G I RS/ INFE T i I (A1 AR [F) ELR /N A -

0,071
v

T
Ao vONEAT I, m/s.
AT B 3R FI AR HE DU Bl AR 100 kKN, ZECXF HBTHI () K 77°8 0.7 MPa, EXZ4-38°K 60 km/h, 1T 4 1a7 %5 it

I E 4R 4 s
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Figure 4. Wheel load application position map
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3. mEFZERIES T B0 R 54

W58 CRC + AC & M I 7EUR BE AN B8 G 1E R 15 m S, 2206 1R R ) (0 A o) FIET R )
(v 1 1,y) HEATA3HT, TETIE SO B AT 8N IR 80, Rl 15 B 46 2 U B R b DL R ol
SN R D SR A IR B B (t = 6 h)IRE ), Ve T 45 K 20y )W B4 A7 (R SRR P 3 . B
AT 2575 AR T v fS A B A AT B Jy L, TR R S AR IS BN EE R, B E/F sidbs BIRY
DIV EAL RUNEE RN L B R

3.1. ENASGHR

Xt CRC + AC & 5 2 AL i BE AN far A R AN IR BE R IR AT #EAT 20 i, P 5 R B ) o, Bl
IR AEAL, ] 6 JGNTIBLN T) o BEIN A A2 1L o
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Figure 5. Variation Law of Transverse Stress o, of Pavement Structure Layers with Time

E 5. BMEEHEEEENT o, MR EE LR

HE 5 LA, CRC + AC AR E A ERMAER T, 4% )2 NEEE ER A
73, AC TH)Z=EEAZ KN ], CRC JZEERZHIN ], BEEREERTH N R 7 B8N H 7 A8 Sy v
71, FEATEA BRI % B/F R R TIE B, Hr i KRR ) HIE AC 2R, 24174 0.19 MPa,
B RN S U BLAE CRC JZEHE, 174 0.54 MPa, AC JZH [ 437 5 B 77 A8 AR 7% b A % 1 H B 982 57 0495
B AC B, TEEWMHAT M E T HAL S AR, CRC ZE TR IR I3, 2 KL )%
WG K. tHT CRC JEREEEANIEERCR, 2N B 1R FERL N, KBRS AT J2 Je M 1] B R R AR e

Wil 6 From CRC + AC E A U TH & 4584 12 9\ m) N7 S a R JJAR TR, BEA LS A M. /7,
AC THEFEAZHNMER ], CRC JZFEASZIHIN S,  BEERFE I 0 R 752 kN 5% 28 b
7y, fEAT A st E/F S A Bk BIEAE, Hh AC JZIREM /TR K, 204 0.21 MPa, i KHi
BT IAE CRC JZEHB, 2979 0.61 MPa.
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Figure 6. Longitudinal stress o, of each layer of pavement structure changes
with time
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3.2. AN A

Xt CRC + AC &5 B 100 8 i AN 380 TR AN R ER BE R BTS2 1 24T 70 b, 181 7 BT SE ) 2, BN TRD
HIAEAL, 15 8 BTN T] 7,y BEIN [E] 9 224L o
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Figure 7. Shear stress 7,, changes with time

7. BIRL ST 7, BERTIE B LA

HI/8l 7 I, CRC + AC & & sUBR I & 451 )2 AR IR AT B B A E R, AC 2 BIBTRLA 1,
fEM, £ AC J= WBY R A BERBE TGN, HoRBYR T I AC JRIE, 4 121.2 kPa. CRC 4, BINJJTH
HRECK, O 119.1 kPa, BEIRFEMIEREE, 7EJ2JEH JLFH 0 kPa. AC JZBASZEIN o, BUK, HFRIKE
AR TFRINT, 75 5y i ORI — P e
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Figure 8. Shear stress 7,, changes with time

B 8. BRI <, BERTE B (AL

0.00

s 8 fizx, CRC + AC 5& BRI & L5 Z BTN S) 1,y TEMRERT EAT SR A 1EH T & 254
P37 77 WA R PR IR BT . ) o PR o BEANERZE N, TEAT R BB A B 201, BN ) o N
EAH, @R, BN ] 7, A0, M EBIR T o NHUE. £ AC BN, [E—IZ, o, BEER B A i
K, BIREK, H69.7kPa, ZTif/N. 1£ CRCJZN, 1, fEEFTHRA, H}103.1kPa, ZTKZ, JZKE

N B

o
4. ®MEE5H
4.1. HEX R EEARAIRNE

BIN )y RILE A, B B ST O, R R RZ RN IR, A B ek R gk

NI T G R T A5 A R, (R A S EOANAR, X B TR i I A [ P i g 20 b SEL i 8 4
Mo ElBh R 7714359 0.7 MPa. 0.83 MPa. 0.95 MPa 1 1.03 MPa 347115,

v 0.81
0.6 F v M v v
v v
v
K A . e s 0.6 = ACTHE o ACKEH
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o i w 0.4F A
@ o A
R oozf —=— ACT —e— ACJET o A N
i A CRCTHi v CRCJE K o2
R I
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Figure 9. The effect of load on stress
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HIIE1 9 T LA th, B 45 K4 )2 IR D A i 30 iR A S B MR R, AC RAE A i 2
TR A2 K CRC R NN A KRN /), ELREAE S E G0, CRC THU I 32 2 A8 [m) M2 i)
JS2J 73BT AR, TS 7B T e, AR SR ARSI 0.1 MPa, CRC Z TR K oy P FEAIC 8.6%, JiK
K o ST 6.4%.

180 N 140
160 - " —=— ACTijii —e— AC/EIf .
120l |4~ CRCIif v  CRCJH 4
§ 140 N § N
%120 2 fwo A . ’
é 100 % 80 - .
X s} - B ‘
60 - i = v
B oL B ol v !
B oaof = v
N = ACUE ®  ACKME B3
# 20 A CRCIA v CRCJETH 20 . I —
0 L L L L v O L 1 1 1
0v7 0.8—v 0.9 v 1.0 0.7 0.8 0.9 Lo
20~ B R 58/MPa BHh JE 38/ MPa
(1) *ﬁr‘ﬂ%—‘f&ﬁ Tx (2) é)}kl_’lﬂ—;ig&j] Tzy

Figure 10. Shear stress changes with load

10. BN AIRETTE A (L L

A M R AR A IS 5 T P B 2 AR A AR A P 10 oo A B SR EEHE AN 0.1 MPa, AC JRTHER K 7,
SERIBEIN 13.4%, SRR o, PG 12.6%: AC JZTERE K 1,y A 10.9 kPa SENF] 15.8 kPa, KR
K 1,y I\ 69.7 kPa 4 1F] 100.5 kPa, fif#E5EEERE N 0.1 MPa, AC ETEARE R K 7, BN 13.4%.

CRC JZ TR K 7, BEATHIGIN TGN, F B SR ARG AN 0.1 MPa, 7, P EIHEAN 14.1%; JRHB 7, A
Fasg; CRC ETEH A 1,y A 92.5 kPa B INE] 133.4 kPa, JEHIHK 1,y M 35.9 kPa B INE] 51.8 kPa, fij#k
JESREFHE I 0.1 MPa, CRC JZTHFAIR R K 7,y 2931 13.4%.

M LR HrERATUVE W, IR EERZIEN ), BEERMBIEIN AC JZE3 2 R 5T /71247 1
m, i CRC ETRHENZ B AR R IR Fy,  HBEE M ERE N CRC 00w 2 289 B 753 m,  Hi8)
RENEF TR 55 23 CRC JZde ™ AR e et — 0 R Jg, BTG AC J2 I S R84k . TRIL IR i ™ A%
PR A

4.2. AC EEEXMBE SRR

CRC+AC &AM, CRCIRFEELERKEMEM, ACBREIREMNIEN, AC EMEERmWE
AT, PG, AT AC BFEEX IR, (REFHMSHAL, REF CRC + ACH G
BRI % 4500 E MRS EOAE, 5 RIEGETH 2 FEN 6 cm 8 emy 10 cm A1 12 ecm, # AR AC E)E
T CRC + AC HERBIE MBI, /341 AC BJEXT CRC + AC 54 FUH T 7E IR B2 AT 22 O & A
RN EIPAL A AR

HI/E1 11 ATELE H, CRC + AC SA AUBK 1 45 14 )2 R R Mg ) 32 B AC J2 R AR MR R,
AC ZAEFE R 2 N T BRSNSy 48 AC JEFEI 6 cm HEHNE] 12 em HE R, AC 2 F KR N /15
AC JZJEIH S b AC J5 EERISEINZ TN, o B T 59.8%, oy I/ T 60.5%. 7E AC JEJEM 6 cm 1

DOI: 10.12677/0jtt.2022.114037 375 BB EEFW/ N


https://doi.org/10.12677/ojtt.2022.114037

HRAFE 5%

NE 12 em P LS, CRC ERMEME AR /) o 891 T 24.2%, NEHL ST 6y HIN T 42.5%: CRC JZJE
TN B8 AC JEFZRIHG DB @i, AR K, ol T 4.7%, oy 180T 6.2%.
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Figure 11. The stress changes with the thickness of the AC layer
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11. N AC EEET L

HE 12 TS, AC JZE RGN 2 cm, BEIAIBTN ) 7, 390 22.2%, HAIEIBTN F) 7, B0 31.2%,
AC JEFEXT AC JZ TR 89 BT EMAREK s BEIF BT J) 2, BRI 8.2%, SNIAIBT N ) 7, 3910 4.2%, AC JEFEXS
AC 2R BY BT 05 /N  AC J2 R FERFIIN 2 om, B A1 BY B 77 7, FEAR 10.6%, IhIA1BY B ) 7, 390 0.9%,
AC JEJEXS CRC ETHHI BTN /) —E#M; CRC JZJRH 7,0+ 7, ZHIEELE 2.3%~3.8%, AC JEJEX] CRC
J2 T BY |8 3 R /AN o

H EIRER AT VR Y, BT 2 E RN, AC 2R [ R 7] F S I8 W8N, A A
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Figure 12. Shear stress varies with the thickness of AC layer
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Figure 13. The effect of cooling on stress
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Figure 14. The effect of cooling on shear stress
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