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Interlaminar shear behavior of bridge deck pavement interlayer structure

WAN Chen-guang, SHEN Ai-gin, GUO Yin-chuan, LI Peng
(School of Highway, Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: In view of the problems associated with concrete bridge deck pavement structures, the
most unfavorable shear position of the interlayer structure was determined, by combining
theoretical calculations and laboratory testing methods. Based on the special linear relationship
between the interlaminar shear stress and the compressive stress of nodes of the most unfavorable
position, an interlayer shear evaluation index was proposed. A sensitivity analysis of the key
influencing factors of most unfavorable shear position of the interlayer was also conducted. The
relationship between the shear strength regression equation of the composite structure with
vertical pressure condition was established, and the shear behavior of the bridge deck pavement
was analyzed. The results show that the most unfavorable shear position of the interlayer

structures is the front boundary line of the loading area, which along the traveling direction under

W75 B9 :2018-09-20

EE&TE b o i B AR 55 9 % 5% 42 50 H (310821165004)

EZE® /v REA988-) B A JF 3 A PRI, T2 L . E-mail : 610510686 @qq. com,
BIRAESE P ZE3 1957 Lo BRI E X9 A 4% LT 52 4 S0 . E-mail : 672121381 @ qq. com,



¥ERXFFROGAAFR

the action of uniformly distributed rectangular and double loads. The shear state of the interlayer
structure rapidly deteriorates with an increase in the load lateral force coefficient. For interlayer
structure 1, the slope of the fitted equation is 0. 693 when the horizontal force coefficient is 0. 5,
is an increase of 103% , as compare to when the horizontal force coefficient is 0. 342, this is a very
significant increase. When the pressure of a braking vehicle is more than 1. 2 MPa, the interlayer
structure with emulsified asphalt as an adhesive layer may be subjected to one-time shear failure.
The blasting interface structure does not appear in one-time shear failure due to overloading,
whereas for interlayer structure 2 with the original interface, the critical failure state occurs when
the pressure is 0. 85 MPa. For a bridge deck pavement under heavy traffic, the surface treatment
measures of using an SBS-modified asphalt adhesive layer and a shot blasting leveling layer should
be adopted. 5 tabs, 7 figs, 25 refs.
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Tab.1 Elements and parameters of different structural materials
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Fig. 2 Relationships between synthetic horizontal shear

stress and compressive stress
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Tab. 2 Characteristic parameters of fitting equation

under different load conditions

ZE | RRE R [ 422 b FE 3% (MPa) R I R AE 2 5k 11
4| S8 0.7 0.8 0.9 1.0 1.1 1.2
a 5.412 | 6.184 | 6.957 | 7.730 | 8.503 | 9.275
" b 0.693 | 0.693 | 0.693 | 0.693 | 0.693 | 0.693
4 R? 0.987 | 0.987 | 0.987 | 0.987 | 0.987 | 0.987
| /kPa 298.0 | 340.6 | 383.1 | 425.6 | 468.2 | 510.7
Ymax/kPal| 212.2 | 242.2 | 272.5 | 302.7 | 333.0 | 363. 3
a 5.134 | 5.758 | 6.471 | 7.303 | 7.934 | 8.645
" b 0.661 | 0.661 | 0.661 | 0.660 | 0.660 | 0.660
1 R? 0.986 | 0.986 | 0.984 | 0.986 | 0.987 | 0.985
" |amax/kPa| 312.7 | 356.9 | 401.4 | 446.4 | 490.8 | 535.8
Ymax/kPa| 211.8 | 241.7 | 271.8 | 301.9 | 331.9 | 362. 3
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Tab.3 Characteristic parameters of fitting equation under

different transverse force coefficients conditions

)| RRE KRR I1 ZECR AR S5
K| S8 0 0.1 0.2 0.3 0.4 0.5
a 2.784 | 3.282 | 4.050 | 4.882 | 5.728 | 6.571
" b 0.342 | 0.425 | 0.501 | 0.570 | 0.634 | 0.693

3] R? 0.980 | 0.985 | 0.987 | 0.987 | 0.987 | 0.987
- Zmax/kPal 290.9 | 305.1 | 319.3 | 333.5 | 347.6 | 361.8

ymax/kPa| 102.2 | 133.0 | 163.9 | 195.0 | 226.2 | 257.3

a 4,116 | 4.548 | 4.969 | 5.370 | 5.754 | 6.117
" b 0.451 | 0.505 | 0.550 | 0.592 | 0.628 | 0.661
3] R? 0.977 | 0.976 | 0.982 | 0.984 | 0.985 | 0.985
T |zme/kPa| 291.5 | 309.2 | 326.7 | 344.5 | 361.8 | 379.3

Ymax/kPa| 135.6 | 160.7 | 184.7 | 209.3 | 233.0 | 256.8
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Tab. 4 Characteristic parameters of fitting lines equation

under different thickness conditions

2| HRE | ARTR Hs Cem) B350 AT Hx Cem) [R50
ity S8 4 5 6 4 5 6 7 8

a 6.571(6.970(6.824|7.231(6.806(6.571(6.190(5. 920

b 0.693]0.667|0.631]|0.699(0.690|0. 693|0. 695|0. 701

%«-\»ﬁ_

H
7l R? |0.987(0.984]0.981{0. 985[0. 9860. 987(0. 988|0. 989

rmax/ kP2 361. 8|374. 6]381. 3]363.0/362. 1|361. 8]360.5[359. 2

ymax/kPa|257. 3|256. 7|247. 6{261. 0|256. 7|257. 3|256. 9|257. 6

a 6.117(5.711(5.253|6.571(6.438|6.117[5. 714|5. 255

b 0.661(0.636|0.612|0.724|0.697|0.661|0.637|0. 606

3] R? ]0.985]0.988]0.984/0.986(0.987|0.985/|0. 984(0. 983
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Tab.5 Regression equations of shear strength
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Fig. 6 Comparisons of fitting curves of the most unfavorable

position of interlayer structure one and shear strength
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Fig. 7 Comparisons of fitting curves of the most unfavorable

position of interlayer structure two and shear strength

Y122 RS 5 B A 4 Hb 53 ) 35 A6 AR 25 SR R AR
Y0 R A E LF L SBS BeME G T B2 A 45
A AN F) YY) A7 A48 E il 2 2 o 55, LA
HRZMZ R 50— 157 YDk S SR, 2
V) &5 A8 — S AN R B D) A7 B 1) B K R B ) 2 550 kPa
i, SBS Bt I 5 B 2 416 45 46 A S5 AR R BY U 47 B
AL il 252 S 2 B ZLAR 5 3 B0 )2 10 J2 (R 25 4 —
A F I 5L BT D) B IROIR 2 0 ik X R A 42 b R N
1.2~1.4 MPa;Xf SBS gk i ¥ i 2 8 2 451, )2
Vi) 245 ) — Jh A R 2R — M R M) 7 B D)
I AT REPEAR /DN

Hy &7 AT % R 256 L J R R B DDA Y
INPARENDIE Y EEd RS vy N S N T TR
P B0 B 5 B 4G il 2 At AR B B H 4 A S5 R B
B R AU R BRI 59 %0 . K Tl AL B e 4 A
SEAE BT BT 5k BE LA M ARG AE 0. 85 MPa #2 4 s
SHCT o 2 B] 45 ke — J AN ) 55 DA 32 3 1Y B K s
12 379. 3 kPa, I Hif SR Y JEAR LT 9 )2 (] 45 44 ©



%14

TRKE.F . REINRNOHEEENERTIITH 7

Ak T B B DA IR 25 o T SR B 04 AL B T Y
JZ 1) 25 Ay D0 Aok 3 0 7] 22 4 AR 5 B AR 45 b s o ) 3
T AEAN 5 JERTRLA By ST UIREIR B BT e AN A
BTV J7- 74U 2k 5 BB B T 5T 55 B2 U
o iAW e I L 3 WL B S T JZ 8] 45 B 5T U0 AR
BAWUEAC AR T )2 145 0 — 32 31 1 s Ry 7 AR
KT 800 kPa, iy A i 4240 — Uk 38 2040 45 = B0
BT DIREIR T BEPEAR /) 5 SR FH 4l L 5 T ) U= ) 45 44 B
LA TF I L 2R

4 4 iF

CI7E 24 31 B4 2 AN fif BAE R AR TR L A
T 7 2= ) 245 ) B B A A BT VDB IR A9 9 2 4% 3 1)
Ji 5 3 7K -1 32 8 1 ) de K i 2

(2) ZE A0 7K - fi 28 %8 A5 1 il 252 )22 ) 45 4 B9 D) AR
AT MRAR I B 7Y 28 19 384 00 o 9 18 £ 20 )22 [ 45
BT UPIR S AL 5 S R .

C3)HE M 75 % 2R A Bh T Bt 2 (] 45
Fy— A A B DR A 3 R R R
A Bl T R S 1] 45 Al i 0 DR A L (H X )2 1] 45 4
— W BT VLR AR/

() 5 R TR 45K AR LL » P 35 5 J= = ) 4 4
— B Y YIRS [ RE AN 25 280 o 76 A SC I FH 1Y) 266 45 44
I B DAY Sl TS 90 R R (DR AT SBS o U
BhJZ V2 3% 10 R BRI AL i 1 il . AR SCHEAT
FIR G 70 A I {2 52 45l 202 J= 1] 58 4 i 2 X 5 S
DUATE A o XF T2 W) 38 43 3 5 A% T 1A 1 g o
50 A 18 J5 22 TAE P itk — L IR AT

S E k-

References:

[1] KRUNTCHEVA M R,COLLOP A C, THOM N H.
Effect of bond condition on flexible pavement per-
formance[ J ]. Journal of Transportation Engineering,
2005,131(11):2311-2321.

B B K TR B M T 9 5 2R 2 PR I Y AR 25
] 5 iz b TR A, 2014, 14(1) < 1-10.

HUANG Xiao-ming. Research status summary of as-

L2]

phalt pavement technology on cement concrete bridge
deck[ J]. Journal of Traffic and Transportation Engi-
neering,2014,14(1) . 1-10.

TR0t W e 55 B AR B, A5 2 (4 M bR 25 0 A T A
PGS 1 2 N A RS M LT DL R R A B AR
R ,2016,43(9) :57-63.

WAN Chen-guang, SHEN Ai-qin, XUE Cui-zhen,

[4]

[6]

[8]

[9]

[10]

et al. Effect of interlayer contact state on mechanical
response of bridge deck pavement structure[J]. Jour-
nal of Hunan University: Natural Science, 2016, 43
(9):57-63.

TRAET LB TR . T T 6 2R B AU T B KORG24
FEEERRI SN LT] K& RE¥HM: AR,
2011,31(4):1-6.

ZHANG Zheng-qi, TAO Jing, ZHANG Si-tong. Experi-
ment and evaluation on performance of epoxy asphalt wa-
terproof cohesive layer on bridge deck pavement[ J]. Jour-
nal of Chang’an University: Natural Science Edition,
2011,31(4) :1-6.

Crpv e 23 B RO AR B TP FE B 3 AR 2 R SE 25k -
201407 ] o B 2 B4l 2014, 27(5) 1 1-96.

Edition Department of China Journal of Highway
and Transport. Review on China’s bridge engineering
research: 2014 [ J ]. China Journal of Highway and
Transport,2014,27(5) ;:1-96.

TASHMAN L. NAM K, PAPAGIANNAKIS T, et al.
Evaluation of construction practices that influence the
bond strength at the interface between pavement layers
[J]. Journal of Performance of Constructed Facilities,
2008,22(3) :154-161.

TR T A UL B SORT AL KB MA AN T 6 2k
e e P BRI 5B A i A A 5 [T 1. AR R R D R
SR FL 2 1, 2014,42(12) :21-26

ZHANG Xiao-ning, RONG Hong-liu, HUANG Wen-
ke, et al. Accelerated load testing of high-temperature
performance of long-span MA steel bridge deck pave-
ment[ ] |. Journal of South of China University of
Technology : Natural Sciences,2014,42(12) :21-26.
FrR.2 LI LA KU TR BE I TR )
AT HBAUE S AT LT ], 05 /R Tl R 2% %4, 2013, 45
(10) :58-62.

LI Yun-liang, JI Lun, XING Chao, et al. Numerical
analysis about mechanical behavior of concrete bridge
deck pavement [ J]. Journal of Harbin Institute of
Technology,2013,45(10) :58-62.

FOGRE. IR BE L AH B W R 2 AT S S AL
FHID]. P4 K% R4, 2016.

WANG Guang-pu. Mechanical behavior and structural
optimization design of concrete box girder bridge deck
pavement[ D]. Xi’an: Chang’an University,2016.
BUERSE. WA T M TS TG A B BT AR F R (D] W
KR, 2011,

JIA Jin-xiu. Research on shearing resistance of asphalt
pavement and bridge deck pavement [ D]. Xi'an:

Chang’an University,2011.



8 KX FFRCARAF B 2019 4

(111 ZAEZF AL B PR fE. 3R 45 5 U2 B2 B 45 & 2014,15(5) :471-482.

AR RML) ) R LR 4 B AR R 2010, 30 [19] RAAB C,ARRAIGADA M,PARTL M N, et al. Crack-
(1) :30-34. ing and interlayer bonding performance of reinforced as-
LUO Zuo-fen, ZHENG Chuan-chao, SHI Ze-heng. phalt pavements[J]. European Journal of Environmental
Approach of interfacial bond factor of semi-contacted &. Civil Engineering,2017(5):1-13.

bilayer asphalt mixture beam[]]. Journal of Chang’an [20] XUZRWME.HH  We,PhSEZE . 45, T Hoo M fE IR B -
University: Natural Science Editon, 2010, 30 (1). RN E 281 W R I MGy N 2= i = A R
30-34. fX,2013,41(1) :89-94.

[12] 4RIRA, EI0H, EWA. KIS IR BE L HF 2K 5 ar i LIU Li-ping, HU Xiao, SUN Li-jun, et al. Design ap-
RS S W LT b E A KR, 2012, proach of shear properties-based asphalt pavement
25(5):67-73. structure of concrete bridges[J]. Journal of Tongji
QIAN Zhen-dong, WANG Jiang-yang, WANG Ya-qi. University: Natural Science,2013,41(1):89-94.
Fatigue performance of composite structure for per- [21] B2%y 8. i 8 5 k(M) db st A
petual pavement on cement concrete bridge deck[ ] ]. Fe A2 3@ W At , 2007.

China Journal of Highway and Transport, 2012, 25 DENG Xue-jun, HUANG Xiao-ming. Principles and
(5):67-73. design methods of pavement[ M]. Beijing : China Com-

[13] LIU X,ZHOU C,FENG D, et al. Experimental study munications Press,2007.
on interlayer shear properties of ERS pavement sys- [22] J7 /2ot B F 3 48 50 38 10 3% S8 W AG ¥ A 16 4l 285 45 A A
tem for long-span steel bridges[J]. Construction & T R]. W% . K& K2, 2016.

Building Materials,2017,143:198-209. WAN Chen-guang. Optimization of bridge deck pave-

[14] DOYLE K P,O'BRIEN E P, WARD T C. Adhesion ment structure of continuous rigid frame bridge deck
between epoxy and glass measured by the shaft loaded based on heavy traffic[ R]. Xi’an: Chang’an Universi-
blister test{ R]. Ohio: Ohio University,2000. ty,2016.

(151 X =T B BUUEAE . 5. 3R Bk A S8 A7 G 20 B K (23]  STIGERH 2% 57 98, TR B - W 100 0 T 5l 8R4 2 Bt 57 ik

FGSE S Re [T ] W9 K24k B AR F M. P[], RS R =24 B AR, 2013,41(3)
2012,40(1):57-62. 402-407.
LIU Yun, YU Xin, DAI You-hua, et al. Mechanical JIA Xiao-yang, LI Li-han. A design guide to shear re-
properties of waterproof adhesive layer on concrete sistance of bonding layer in concrete bridge deck as-
box girder bridge[J]. Journal of Tongji University: phalt pavement[]J]. Journal of Tongji University: Nat-
Natural Science,2012,40(1):57-62. ural Science,2013,41(3):402-407.

[16] £ J8.6F & JCBE A2 % 2 NI A A7 1 T 40 3 )2 B R [24] FREGHI.EE AR, T 0. J2 () 5100 JR 5E - A7 1 41 e
WA PR G R L) ], 3 R A3 K% 2 4 B AR Sitgrkre g m )] KL R% % A KRB M,
2016,35(1) :16-21. 2009,29(5) :17-20.

WANG Hu, HAN Fei. Literature review of research XU Ou-ming, HAN Sen, YU Jing-tao. Effect of inter-
status of deck pavement technology of long-span con- layer interface on structural performance of concrete
tinuous rigid frame bridge[ J]. Journal of Chongqing bridge deck pavement[]]. Journal of Chang’an Uni-
Jiaotong University: Natural Science, 2016, 35 (1) versity: Natural Science Edition,2009,29(5) :17-20.

16-21. (251 THJRoG. ir e 35, S8 1. A% Tl e R 1 2 5 0 75 i 2

[17] POKORSKI P, RADZISZEWSKI P, SARNOWSKI M. JE 1) 55 VAT A [T, W7 UL K 2 22 4. T2 W, 2017, 51
Fatigue life of asphalt pavements on bridge decks[]]. (7):1355-1360.

Procedia Engineering,2016,153:556-562. WAN Chen-guang, SHEN Ai-qin, GUO Yin-chuan.

[18] KIM T W,BAEK J,LEE H J,et al. Effect of pave- Shear behavior of leveling layer and asphalt pavement

ment design parameters on the behaviour of orthotro-
pic steel bridge deck pavements under traffic loading

[J]. International Journal of Pavement Engineering,

of bridge deck pavement[]J]. Journal of Zhejiang Uni-
versity: Engineering Science,2017,51(7) :1355-1360.



