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Abstract: It is important to guarantee strong bonding between UHPC and asphalt surface to prolong the service
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life and avoid the diseases of the bridge deck,such as slippage and delamination. Finite element analysis and
laboratory tests were conducted to investigate the influences of kinds of binders and ambient temperatures on
bonding performances. The test results showed that the ambient temperature had a great effect on the interface
(20°C ), the
interface bonding performances had been decreased greatly at high temperature (60°C). Epoxy binders named KD-
HYP and 202 exhibited better bonding ability than epoxy asphalt,Shell HV and rubber asphalt. Although epoxy

strength by shear and pull —off tests of composite specimens. Compared with normal temperature

asphalt had higher bonding strength than Shell HV and rubber asphalt at high temperature , but there were no obvious
differences among them at normal temperature. The finite element simulation of the second Dongting Lake Bridge
showed that the maximum shear stress between UHPC -SMA was 0.696MPa and 0.422MPa respectively at 20°C
(normal temperature) and 60°C (high temperature ) ,and the maximum tensile stress was 0.167MPa and 0.152MPa
respectively. The researches indicate that,under the most unfavorable load combinations consisting of overload,
braking hardly and dynamic loads, KD-HYP and 202 can meet the requirements of interface bonding stresses,and
are of sufficient safety at normal temperature and high temperature. But Shell HV , rubber asphalt and epoxy asphalt
cannot do at high temperature.

Key words:road engineering ; bond performances ; ultra—high performance concrete ; asphalt surface ; finite

element analysis; laboratory test
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Tab.1 Technical indexes of bonding layer

of modified epoxy resins

FARSEIR KD-HYP 34 202 4,
A /% =99 =99
FeTmfal/h 20 C 24 16
Sz ] /h 20 °C 72 48~168
} B 23°C >3.0 =20
P AHEE /M Pa
-10%C >5.0 —
23°C >400 =100
WKy 44 A1 5%/ 9%
10°C. >250 —
FHIE (=20 C2 °C) ToHEL ToHEL
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Tab.2 Technical indexes of modified asphalt binders

HORSERR FEhi HV B
HAksiC 91.5 =55
FEJE (5 °C)lem =29 =10
FEFE (15 °C)/em =80 =90
£ ABE(25 C)/dmm 45.7 >40
PR (25 °C)1% >90 =70
INE=VA® >260 =280
VA E 1% >99.5 —
#IHE/(N+m) >15 —
B HEE(60 °C)/(Pars) >40 000 >16 000
Jr ik % 0.09 <=+1.0
jﬁii A 79 =60

FERE(5 °C)/em =20 =5
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Tab.3 Technical indexes of epoxy asphalt

[R5 T RS A (TS
fobn RRILAB) BERAN B

(20 C)/% (20 °C)/MPa
HfE 100 : 290 =45 =200 =20

22 iR EHIE
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TR UHPC AR TR 30U 5 Fh RG4S0, B
S5 2 Yed ZEE5FIBC & L AT i FERIEEE Y
AR SR 25 DL 4.
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H 1 UHPC & miual 22
Fig.1 Shot blasting surface treatment of UHPC
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Tab.4 Binder coating requirements

. v Rl VAN & 11/ SR LB
ZhakH FeHE
(A:B) (kg'm?)  JE/C JE/C
KD-HYP
) 100: 100 0.6 25~30 25 20 °C,24h
W
202 B4 100 = 90 0.7 60 25 20 °C,24h
Sk HV — 15 — 180~190  JiF#4E
- 2% )
Xl C 25 180~190 180~190  JuiiF‘E
gz Ay
HEWHTHF 100:760 1.5 145~155  110~130  EFHEFE

SHES AR A HOFRAE, 45 A B 415050 e IR
FERIRIE, SRISEABAR, A HLEE 3
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PC 1 L, ZRESFRRISERS 0 2 .
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(e)BP4E I T
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Fig.2 Brushing binders
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ASTM C882/C882M—-13! ASTM D7234—-12"3#£47 i
Y55k 25 M AR 50 kN 8 UTM fobLfa i 7 eI
AL, B VRS N2k R R 1 kN/s, fr kit ai in 28
FA 0.5 kN/s, IR BN 3 FrzR. 4 20 °C
F160 °C'T, UHPC-SMA 181 55 V)56 B AP P05
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Fig.3 Interface mechanical tests of composite specimens

(a) B35

3 HBRERSHH

3.1 E5RGEHTEEE

K ER NG EE L5719 UHPC-SMA & A1t
1, HBT UG IR Y K AR AE SMA B, B3R 1A 42630
JZCHEL 4 Ji 7R ) 5 15 R R & Al i
NI U2 0], B2 R AR R sl 5 B 6 k.

A 4 FREFELE R AR s o &

Fig.4 Shear failure modes of epoxy binder composite specimens
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Fig.5 Shear failure modes of asphalt binder composite specimens

B 6 A AL N I AR Rl &
Fig.6 Shear failure modes of epoxy asphalt binder

composite specimens
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Tab.5 Results of shear test of composite specimens MPa

SRS
TREE/C KD-HYP 202 Jo IR A
B8 E7 %7 HV  WiE U
1.79% 2.25% 074  0.60 0.56
SCE 1.77% 2.26% 0.93 0.64 0.56
20 1.73% 2.03* 0.84  0.68 0.70

60

A >0.95 >0.72 0.25 0.22 0.27
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SrHrEE 5 A
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REREER B UHPC-SMA & &4, SEIak RN 7
T TRRE - A B DTSR E , H I T B A R 45 7 o
FER Tz E .
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C) Z&MF 5 HV BRI E AW 5 ) Tab.6 Results of pull-off test MPa
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IAPERT S IR M LI E M S I R,
R EEAL T7C M HV . B 7 . KD-HYP ¥4 .
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0.72 MPa Dh_I-, U B I SRR} 118 A [ e 45 v
R PR B AL T 75 41Kt
32 EARGHHKEE
KHAREMIRRIZNE Gk, Hhrik iRy
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Fig.7 Pull-of failure modes of epoxy binder

composite specimens
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Fig.8 Pull-off failure modes of asphalt

binder composite specimens
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SCIAE 1.48%* 1.55% 1.20% 1.78 1.59

20
1.51% 1.21% 1.32 178 1.74%
FEMEH S >1.39 >126  >132 =178 >1.59
- 024 024+ 013 009 014
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Fig.9 Finite element model
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Tab.7 Material physical and mechanical parameters

Tt H Kfi it H Kl
AR PR 206 GPa UHPC jifithAsi i 42 GPa
20 CSMA f5ift 1600 MPa || 60 ‘CSMA #if 320 MPa

FIRIARA L 0.30 SMA Jf1# H 0.25
SMA % 2450 kg/m* || UHPC JAMALE 0.20
UHPC &% 45 mm SMA JELi 40 mm
AR 7 850 kg/m’® UHPC % 2 800 kg/m’®

R IR XS B BRI 1 T3 R
18 (JTG D60—2015) e , ZEfifar 2k~ 550 kN FrifE
B M TR R M R FE R TR
JE T A LI Sl U, i P 10 R R 2R R T
Iz b BN ZE VR RTBA 200 mmx600 mm (2
M Il < B [ ). 165 [ i 2% 06 1.3 (9 opiks R AL, AP
AU e 2801 0.5 F R4 R 20k 8, K-
FER0.5). A ifar 287 18T -1 A B AN 10 B,

30 120 120 140 140
IR Lo
s e
—_— 3 ( 1.4‘ 7 ' 1.4_‘

(a) 7R
e 15 -
e ————— E——
A0 T e
e -~
314, 7 _ 14

(b) V1A &

B/ 10 Famtr & E B (F4Emm)

Fig.10 Arrangement of traffic loads (unit:mm )
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frE, WA 11(b) R,

mmm T3 M
(T 1 2 mmmp UHPC = Wi )=

1 2# 3 A 5# o 7# | HEZECRERD)

AN
(a) R IA] 9 3 FPr 2 0L (T1~T3)
2800 2800 2 800 2 800 2800 2800
T T T T
o | B 1 B 2 Hop 2 KR 3 Kb 4 B 3

(WP 2 Rk THL(L1.L2)
B 11 #&H2E(#E45.cm)

Fig.11 Location position of wheel load (unit:cm)

42 ARTIHELER
5 TR G ALE ARSI, $2EC UHPC-SMA JZ
(13 W RIS 2 2R, WL 8.
& 8 UHPC-SMA &5 NIEECS
Tab.8 Peak value of UHPC-SMA interface stress MPa

W 20°C iR 60°C

TR L AN L =L BN F

i B Y g g DY

()60 C
LC-T1-L1 -0.543 0405 0.157 -0.272 0304 0.146 B 12 BAZRTEH (B4 MPa)
LC-T2-L1 -0413 0404 0.157 -0.234 0.307 0.142 Fig.12  Maximum interface shear stress (unit:MPa)

LC-T3-L1 -0.549 0427 0.162 -0.274 0311 0.146
LC-T1-L2 -0.528 0.378 0.161 -0.274 0309 0.148
LC-T2-12 -0513 0399 0.166 -0.257 0321 0.152
LC-T3-1L2 -0.529 0395 0.167 -0.274 0.320 0.151

SCONTVI] 0.696 0.167 0.422 0.152

RSN e I A R T N U IR A S P | & 57
PR 8, =" R 5 A ARl A 7 T AR .

TR SRR, H R (20 °C), UHPC-SMA 2
] 5 K5 1 77K 0.696 MPa, WA 12(a) 7 ; 5 1
(60 °C)H)Z MBI AKBY N I 0.422 MPa, WAl 12(h)
JIe 7R JE ) [ B WEAE o, 539004 0.167 MPa(20
°C, & 13(a))F1 0.152 MPa(60 °C, [ 13(b)).
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Fig.13 Interface normal tensile stress (unit: MPa)

4.3 UHPC-SMA = [BI& 45 1ERETMN
A BROCTHTHAS 5 1 UHPC-SMA JZ 135 K 57 i
I 7 FIRIE R T o, (W3R 8) 58 A Z ]
SRIE (LSR5 FIER 6) 2 L, 23 i FH B U 5 B 38 K.,
SRR R K RAE, WK 9.
*9 EEHEVRERE K SHKBERY K,
Tab.9 Interface shear stress coefficient K,

and tensile stress coefficient K,

KD-HYP 202  5ehf B H4H
BHEEC SRR - - N
7% 7%= HV W
K = :— >3.2 40 15 12 1.1
20
K. = Z— >8.3 575 >79  >107  >9.5
K, = TL >3.0 >22 08 0.7 0.8
60
K, = g— >1.2 >14 09 0.7 1.1

9 Wn, =i (60 CHIE T, 5 HV A4
Wil MG 7 %6 3 FhBhas AL, BY VISR R 4L
K<1, Joiki AR 240 &~ UHPC-SMA JZ2[H]
ZHIER 1M KD-HYP P41 202 FRE B ARG
WARTE R i (20 °C)IREAE =it (60 °C), A AR K
PIBT D) vE e, Hhi ks B R K BEWE 2 )2 132
FIEER.
BB ASALL 4347 5 S0 56k 5 X6 HE 43T 2 B, KD -
HYP FREURT 202 FRAZHESE R el /L8 28 K 2l 5

Ly 85 e AN 2L G T TR 8] 52 07 1 B A7 2L
SR FERR HV AR R T AR AR T 2
i T P2 6] 32 3R B JCIE I E m IRL 2 J1 20K,

5 & &

!

D& A2 (B 5 0 2 B, AN ) 2R R 45
FIBTUIRREE | R AR TR K 25 5% KD-HYP ¥
A.202 REEGTRE HY | R R B AR 3
SEPERE ; AU SRR A PERE I TR HV AR
Wids (HH RN =& JCHH 2251

2) PRBEIR G 2 I i A A KR
e HV B WiE AV 60 C5Y P15 7 5
k. 20 CHF R[4 70.2% .65.6% .55.74% ; TiiksaE T
K% 89.4% .94.4% .89.3% ; =i ik (60 C)IEE T , 4
AR L ZS 2 B AL, KD-HYP 24202 I
SIS EE 4> 55 3] 0.95 MPa.0.72 MPa LA | 74k
S EE 735K F) 0.18 MPa.,0.21 MPa D .

A WRITIHT B R EWH, AR ERAA T,
UHPC-SMA JZ [ 5 KB 178 20 CCRIR) 1 60
COEF IR BF43 514 0.696 MPa ,0.422 MPa, 5 K 1]
FER 71435314 0.167 MPa ,0.152 MPa.

4) BB AR 34 5 S0 558 B X6 A & B, A
R B2 K A AR AL AT L KD-
HYP PRI 202 FRAECRET 2 20 CCCHR) il 60 °C
() AAE T2 Rz ik Re 2ok, I H HAT 2981
LA s ek HV AR A A0 7 ekl
& 60 C(Rii ) & T 2 RIBhEE M RE 2K .
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