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Abstract: The sensibilities of continuously reinforced concrete pavement (CRCP) performances on
concrete parameters such as compressive strength, drying shrinkage strain and temperature shrinkage
coefficient were analyzed by using MEPDG software. The influences of mix proportion parameters of
cement content, water-cement ratio etc on pavement design parameters were studied through laboratory
tests. According to balanced design theory, the mix proportion design method with multiple indexes for
continuously reinforced concrete was set up. The appropriate scopes of mix proportion parameters were
recommended, the regression formulae of water-cement ratio with drying shrinkage strain and
temperature shrinkage coefficient were established, and the formula of flexural-tensile strength and
compressive strength was also established. Analysis result indicates that compressive strength, drying
shrinkage strain and temperature shrinkage coefficient are fitted to be control indices of mix proportion
design method for continuously reinforced concrete. The mass content of cement slurry should be less
than 22%. Nominal maximum aggregate size should be 19.0-26.5 mm. It is shown that the concrete
designed according to the mix proportion design method with multiple indexes can better satisfy the

performance requirement of CRCP. 9 tabs, 4 figs, 18 refs.
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Fig. 4 Influences of parameters on crack width
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Tab.1 Standard parameter values of concrete mix proportion
Tk | KT/ K5 /| 652 /51 R5 /| BLAER R | KK
(kg*m™ ) |[(kgem ) |[(kg*m )| % |(gem 3 | K/ mm | [t
145 363 5. 445 37 70 26.5 0.4
2.1 BEIEARRTSHRERLHENZES
i RSEE R

2.1.1 BAEKRRAET.EEAKET KR
BN K YR FH LB R K B KO BT 6 FE P i
B SR IR 45 L3 2.3, 2 2 kK b iy 78 Ak 8

o [ AL K i M B K e T SE B, & 3
H KR L B 728 Al e 3 [ 5 B 7 K e T i ek B
FHIK 5T SE
X6 2.3 #EAT A A Al TR BE B TAE M RE

& AR TR K S B 3G m A B 5 0 T AN B A4
PR R 131 kg « m *#/m%] 160 kg » m ° B,
YH% BE M 29 mm BEHNF] 45 mm; B & SR FUH K
A B VR E 5 P RS A L AEL T 4 0 AR S IR 4
B SEIG G 0N o Bl R K e TR TR B
e E 8 Wb vt RANY =2 ) | S (=X ey U e
AH I s 2 e 380 0N s 46 AR RGO, Rl 7KK
Eb 1) 388 im TR 3 = T4 T 3 O T T 4 AR LR AR R
B B A

F2 KiERAEKIKILXREE LA
Tab.2 Influences of cement content and water-cement ratio on concrete performance
KPR/ (kg « m™)| KK | PHEBE/mm | FHRMAE/107°0 IR RE/1070CC) Y| BRGREE/MPa | HiJEMEE/MPa | B¥ 258 2/ MPa
403 0. 36 20 512 10. 10 6.02 42.06 3. 86
382 0.38 25 465 8.67 5.34 35.47 3.74
363 0. 40 38 411 7.46 5.27 32. 37 3.30
345 0.42 30 392 6. 25 4.79 31.74 3.62
330 0.44 23 383 6.67 4.52 36.97 2.78
F3 FAKEKRIEIRE L BAEENE N
Tab. 3 Influences of water content and water-cement ratio on concrete performance
FKEE/ (kg » m™2) | JKIKEE | PH&BE/mm | THIRAE/107° RS RE/10°0CC) | s/ MPa | HLHSRE/MPa | BF 2R i/ MPa
131 0. 36 29 408 6.75 6.22 39.98 3.44
138 0.38 35 415 7.12 6.09 39.42 3.70
145 0.40 38 411 7.46 5.92 39.18 3.74
153 0.42 40 422 7.28 5.78 38.93 3.78
160 0.44 45 373 5.50 5. 77 29.43 3.53
SEAMEAERER IS HF RIS 2,12 BAA

FE AR T BT B T BE B KK B L B K U8
B KR 3 BT S B E R L WK 4,
x4 KEAE. HKEKKLEEFER
Tab.4 Recommended scopes of cement content, water

content and water-cement ratio

AN K45 4 T R 00 45 R W3k 5. TR B
- 08 A BE K R B i AT 3G R an K )45
B 4.356 kg« m PN E] 6.534 kg « m™°, PHEJE
M 31 mm B AN E] 51 mm; A F B 45 sk 7 )
bR 2 ) R % i [ B e DIVAR AP Iy NI (ERT: ) & <

ke PIORRRR ke | SO e BN T 45 B 010 3 1 5 90 2 10 R e 5 K
<0. 40 320~400 <150 E‘J?‘fﬂ%ﬁﬁ"‘/ﬁéﬁ%ﬁ% u@ﬁd\o
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Tab.5 Influence of water reducing agent on concrete performance
WoKHB R/ (kg » m ™) | PHERE/mm | THMAE/107° R4 RE/10°°CC) 1 BHEREE/MPa | HUEREE/MPa | BFZLEREE /MPa
6.534 51 510 7.50 4.53 31.07 2.85
5.990 45 496 7.48 5. 00 31.72 3.21
5. 445 38 411 7.46 5. 27 32. 37 3.31
4.901 36 428 7.34 5. 06 30.75 3.15
4.356 31 441 7.41 4.53 27.19 2.85
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Tab. 6 Influence of air content on concrete performance

R/ ) TR /1070 R A R EL/10° CO) ! | SR/ MPa
2.5 425 8.08 4.59
4.0 411 7.46 5.27
4.5 440 7.57 5.27
6.0 528 7.14 4. 67
2.1.4 KREEHE

ANTE KPR Er i B vk ) 2510 T il g 45 2R WL
R T, LVE W B KUK & R 3G IR BE
TAETEREW] B ek 3%, K Je 9 % it A 461 kg « m ™’
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H I K U 2% 5 R TR - 4 1o 728 B K IR 4 &
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Tab.7 Influence of cement slurry content on

concrete performance

KPe I &=/ YHiE R/ T4 A2/ i 4 A5/

(kg *m™ %) mm 1076 1076¢C)H !
461 28 334 8. 49
483 34 392 8. 65
508 38 411 7.46
535 45 432 10. 27
564 55 479 10. 81

2.1.5 A&

AR TR LS R L3R 8, v LLE 1
FRAE 36 %0 ~38 0 A8 A Wi, Bifi %5 1D 2 (4 1 VR B+
1) 448 I 73 % 3 1 s X R BE - ) AR TR R LA R
JE 0B L0 B AR AR — A B AR R S B0 HUE

T LR 45 0 0 20 B A L S i s
£8 BEMRELEBMEENTNE

Tab. 8 Influence of sand ratio on concrete performance

W/ | PHERE/ | T4RNAL/ | SRR/ | DU R/ | SRR/
% mm 1078 MPa MPa MPa
36 42 380 5.78 42. 20 2.99
37 48 383 6.37 47. 80 3. 36
38 41 384 5.49 41.21 2.97

2.1.6 HEHFRER
A AL OB AR 2 fF IR B 45 2R I3 9, Al

AT H S 35 JIHL SR A9 die R A 2 fol B Rk 19 BL 3% i B
BB/ 5 AR S W R B - R BE L HLECRN 5 4 A
23 MEOBLARAE 19. 5~31.5 mm {5 [l A B B S IR
R VA YRR SN IR LR )18 NS A
PRI Sl PN S ST TR CAN T R SR TN
PN 26.5 mm. ARGEDTTEETR L 3% 2 BO A IR+
RAFRRAR M HERE(E N 19. 0~26. 5 mm,

F9 IR E TR L 2 I R

Tab.9 Influence of maximum diameter of coarse

aggregate on concrete performance

MR R RS /mm | PHE B/ mm 58 B/ MPa
31.5 42 5.90
26.5 38 6. 80
19.5 30 6. 70

2.2 REEREESH
2.2.1 BHWAEH.THETEKELGEIHH
B K dE AN AR 38 3 AR BT K T R SR
IR IR B BEK KD By it &t 43l Dy WL CL AR 4 1t
B RS KR W/ C 548 28 v, F0 T 46 1 2
v Z AL 1] UH 5 4 ) ok
y, = 18.842 — 24, 471W/C (1
y. = 825.37 — 866. 74W/C (2)
(DO HE RZE R 0.994.,0. 992,
2.2.2 BERBELFIEZREGEIHH
XHEEE D h IR S PR E £, R R
PRECEAT T, ) 5 R AR 0. 941, Ui TR 8 1 5 4
9 BT 9 I 22 1R e AR R BOC & L D
f.=0.6917°% (3)

3 ELEARR T ZIERE S T
ik

3.1 EARIT B

L1 FEBETHRELBS AKHE
ST A5 L9 T 4 AR I 4 R B0 CRCP



16 X @B OB H I £ ¥ R 2014 4
P BE ) 52 W AT 2R B v A TR B R T R A AR ) A i JK U & BN K B RIHL L 404 R A 5L AT L2 I

T4 RE AR TR F O P RE A R (R A SR P
J& S PR S 7E R AT % S T VR B A R TR, R
PRUE BT A TR BE T 76 W6 2 — o 1Y 3 3 25K (i 2
SCHERCL6 ] rp i B3RO B 451 HoA AR i 1 4 g A%
INTEEY
3.1.2 THEm

B T CRCP A7 7550 A7 » Jhy ORI 5K 357 1 T 35 TR
W b PR 46 2 50, 7 2 T R 5 K B LG
P E R+ K 106 ~20%

3.1.3 @

3 252 T 113 T AR e PO TR A SR 3 e 1 4 2 X
KPR EE AR
3.1.4 MRREFH

T 252 TC A5 TR R 0 R R L R R A S B AR
FIKE WA AR AR = R BV /N T 0. 10,
3.2 EEmHERLESERESLIEITAE
3.2.1 HHERRTHERE

FRAE 2 6 K U TR 5 1 I T it T A R B S
(JTG F30—2003) (L& T BE £ 28 d & hL5mfE Y
EHITEAX N

_ S !
o= one, T “

A fo NBLH 28 d L5 BE A9 24 fH (MPa) 55 O
TR 5 B 56 R AS 1 A 1 22 (MPa) 3¢ O fRIE
Ao MRS R B 0 O BETE A B L OB i

{H (MPa) ,
3.2.2 KRR EHE
Z: RO B K U8 TR BE T B T T R LD
(JTG F30—2003) By MLAE - 1T 59 K K LE
w 1.568 4

(5

C ~ F.+1.0097—0.359 57,

Ao £ KR SEI 28 d HLIFEER EE (MPa) ,

X490 3% 7K K HE 4 B3 0. 02.,0. 04 &1 % B4~ 7K
JR L AR 20 (D L (2O THEAR B 4 0 T4 B2 IR 4 &R
BRI (5) AR+ 28 d 25 R s i L i 5 i
) RE RO R A R BE L PR . KR
i i R IR B R WA R AWANE IS D K= 8
B AN R BETTHE 9 MEPDG #0547 o 07 T4 ¢
S5 1 i T O B 1 KO EEAE S BT KO B, G 2R
e/ MEPDG #1425 6 25 JEIR & T 46 1V A2 i
A5 R SRR EE 3 SR E BT IK K T .
3.2.3 Rkt AT

HoAth Bt 2 B0 45 i 2 e A7 VR Bk DR L

e 1) A PR EE A BT T R e, AR R .
R0 1 24 2 S KSR Bt 0 b I i o 120 5 AR IR VR
W i K SR W B K DR B 5 AR B 6 1 it T
ORI I (WA 8 B0 ) B i B2 FH K 6 5 AR R 28
FE S a R BUA T B e ML A SR L (H O
BRSO R b SCHERE M BRI B K
3.2.4 M ERERAL

6 50 TR € - P R 2 A5 T A [ A 2 o
FETAEPEZOR . XS TR BE P R0 A GE il 2 A L 1Y)
B 2B SR B N X BE A e T R AT — o R,
A OR AR S KR LU AN AE S A8 SR 5 D A sl
B K& EAN RN B K . DL S
SE B KR FE R s L 0. 02 Bk e Bk E 3 AN KK
Fb o i AR A D03 25 R B B R R R L A M LT
A5 AL IR AR RBCEIR AR . N T 48 A TR 4 R L
PSR AU A MEPDG 84 08 47 o W7 A0 37 4 B 13
i AR S R IS B KK, X T4t
P R E B TR BE 1T A L 7 A S I = N i i
A G VR BE 1 0 AR B B s B TR R
TS AP S8 A A e 1 0l A 2SR Ll gk b AR AR A 5
4 TR 6 1 A A o O S = R E L G L
3.2.5 ®Emitmiorbeyik TIHEE

S 3 L L A LU 3 A 3 R S PR AR 0
FA/NT 200 mo 250 6 B 1Y B ik . 2% 1B T
MRS e it TR B B | K AR A R AR S A
RIS B 7K U8 FH it N S 3G 5~ 10 kg, i 2R
FECHH 09 AR HC 25 B0 BE T Hs 5 R A A M
S5 ELR M A B AT A A D A R

4 % E

(1) TR 45 2 80 1 46 22 % CRCP 1y Pk B
SR K 7 2L 48 B FE 5 T 1) 52 e R o s o
B 52 M o PR I 3% 4 TC A TR 6 - C A bl A T A 4 1l
FEARASREAL R TR BB 1 58 B 34 N 32 B 956 3 45 R BN
B RE RN

(O ENRI R TIREE LA AN S
BN TR B - B RE T4 I AR R 48 R R S e L 48
TR BE £ A7 K B KK LG DK R 48 oL B RO A
TS EO RHE bR 0 00 2D HEREYE 1, dE N T K
TR EC S IREE T 46 AR R AR R BRI O R

) TE 53T % BT 2 8000 T 8 TP RE ) 52 )
DL KA IR BE 4 21 B T S 800 T B i T S A0



# 14

REZ, F R EAHRREL S IMAFRA LRI & 17

SR RE A Ll S, T AR TR EE R P R T 4

I A58 1 3tk 47 28 B0 A5 5 b 1) 6 T A TR B - 22 R AR T
Bk

(A N7 48 I8 3 4 2R 5805 7KK B A [T 05 56

Z AU B B0 AT ok — 20 s L i
2 AT R B B IE

2% k-

References :

(1]

(2]

L4]

L9]

ZOLLINGER D G, BUCH N, XIN D P, et al. Performance
of continuously reinforced concrete pavements, volume VI
CRC pavement design, construction, and performance[ R].
McLean: Federal Highway Administration, 1999.
SELEZNEVA O 1, DARTER M I, ZOLLINGER D G, et al.
Characterization of transverse cracking spatial variability
using LTPP data for CRCP design [ ] ].
Research Record, 2003(1849) . 147-155.

Transportation

Transportation Research Board. Guide for mechanistic-empir-
ical design of new and rehabilitated pavement structures[ R].
Washington DC. Transportation Research Board, 2004.
SUH Y C, HANKINS K, MCCULLOUGH B F. Early-age
behavior of continuously reinforced concrete pavement and
calibration of the failure prediction model in the CRCP-7 Pro-
gram[ R]. Austin: University of Texas at Austin, 1992.
JIMENEZ M A, MCCULLOUGH B F, HANKINS K.
Monitoring of siliceous river gravel and limestone continuously
reinforced concrete pavement test sections in Houston 2 years
after placement, and development of a crack width model for
the CRCP-7 program[ R]. Austin: University of Texas at
Austin, 1992.

CHO Y H, DOSSEY T, MCCULLOUGH B F. Early age
performance of continuously reinforced concrete pavement
aggregate [ J ]. Transportation
Research Record, 1997(1568) ; 35-43.
JOHNSTON D P, SURDAHL R W.

with different types of
Influence of mixture
design and environmental factors on continuously reinforced
concrete pavement cracking[J]. Transportation Research
Record, 2007(2020) : 83-88.

JOHNSTON D P, SURDAHL R W. Effects of base type on
modeling long-term pavement performance of continuously
reinforced concrete sections [ J ]. Transportation Research
Record, 2006(1979) . 93-101.

Federal Highway Administration. Evaluating the use of fiber-
reinforced polymer bars in continuously reinforced concrete
pavement[ R]. McLean: Federal Highway Administration,
2009.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

EATNE. % ST A TR B A DB ) B4 43 A6 AN B LD .
P42 K4 K2, 2010.

WANG Yan-hui. Study on predicting transverse cracks distri-
bution of continuously reinforced concrete pavement [ D].
Xi’an: Chang’an University, 2010. (in Chinese)

Zed R, IR HE S L BR VL. T SR T TR B - B TP R S B0
BRI T ] K& K24 AR REA IR 2010, 30(1) £ 23-29.
ZUO Zhi-wu, ZHANG Hong-liang, CHEN Jiang. Test of
effects of parameters on continuously reinforced concrete
pavement (CRCP) performance[ J]. Journal of Chang’an University:
Natural Science Edition, 2010, 30(1): 23-29. (in Chinese)

A BIR . 25 e A TR R 4 0% T e O R ML LT . 3cid g
i TREFR . 2008, 8(2) : 65-68.

ZHA Xu-dong. Development laws of transverse cracking for
continuously reinforced concrete pavement [ ]J]. Journal of
Traffic and Transportation Engineering, 2008, 8(2) . 65-68.
(in Chinese)

AR, % 2 AT A IR BE T % R 2 SO S i L.
Brii e 5 TR 2008,5(2) :64-70.

ZHA Xu-dong. Sensitivity analysis of transverse cracking for
continuously reinforced concrete pavement[]J]. Journal of
Railway Science and Engineering, 2008, 5(2): 64-70. (in Chinese)
EATE A AR 3 T S R B S WS 1 T B 2 U
SrBrCI]. HAhA B, 2012,32(3) £ 90-95.

WANG Yan-hui, XU Shi-cui. Analysis of shrinkage stress
and parameter sensitivity for continuously reinforced concrete
pavement[J]. Journal of China and Foreign Highway. 2012,
32(3): 90-95. (in Chinese)

O VL. SR EE L ECA T O ik Bt CHE AR BF5E (D],
P2 K2R 2, 2010,

CHEN Jiang. Research on construction technique and mix
design method of continuously reinforced concrete[ D], Xi'an:
Chang’an University, 2010. (in Chinese)

JTG F30-—2003. 24 K Y 1 B = 3% 1t L4 R B ST
JTG F30—2003, technical specification for construction of
highway cement concrete pavements[ S]. (in Chinese)
A 22 AR L 3 S T S R R R R 0 I TR ) 5 N ) 43
Hri) ). 5B AU S it T LA Ak . 2010,27(4) :45-48.

ZHAQO Ya-lan, CHEN Shuan-fa. Analysis of interlayer shear
stress for continuously reinforced concrete base asphalt pave-
ment[ J]. Road Machinery and Construction Mechanization,
2010, 27(4) . 45-48. (in Chinese)

1R A TR A R R AR Y R T KR B A LT . S B
B it T ALBA . 2012,29(9) 1 47-49.

GAO Li-chun, TAN Li-hua. Temperature control of mixing
water for high performance concrete[ J]. Road Machinery and

Construction Mechanization, 2012, 29(9) . 47-49. (in Chinese)



