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EXPERIMENTAL STUDY ON THE EFFECT OF AN EPOXY
ASPHALT CONCRETE PAVEMENT ON AN
ORTHOTROPIC STEEL DECK

WANG Shi-lei, QI Fa-lin , KE Zai-tian , GAO Yan

(Infrastructure Inspection Research Institute, China Academy of Railway Sciences Corporation Limited, Beijing 100081, China)

Abstract: The steel orthotropic deck was used in the steel box girder of a suspension bridge. Four types of
fatigue cracks were discovered at some connections of the orthotropic deck during service. Subsequently the
pavement on the deck was replaced with epoxy asphalt concrete. To analyze the effect of the new pavement on the
fatigue sensitive regions, a finite element model was established and field bridge tests were conducted at three
states, namely, original pavement, surfacing, and new pavement. The test lasted for 6 years under the new
pavement state. The stress and deformation of the fatigue sensitive regions were measured. The fatigue life
improvement was analyzed considering the temperature based on the measured data. The results show that the
epoxy asphalt concrete pavement was in a stable working state during the test period, that the stress improvement
effects in the fatigue sensitive regions 1 to 4 were 80%, 14%, 32%, 46% in a low temperature environment,
respectively. The stresses of the four fatigue sensitive regions were linearly correlated with the temperature, and
the linear ratios are —4.00, 0.64, 1.89, 1.91, respectively. After normalizing the measured stress by the average
annual temperature, the fatigue life was improved by 2.95 times in region 1, and by 1.64 times in region 4. The
fatigue lives in regions 2 and 3 were not improved obviously, and the cracking probabilities of regions 2 and 3
were still high in a high temperature environment.

Key words: steel orthotropic deck; epoxy asphalt concrete pavement; field test; temperature; fatigue life analysis
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Table 2 Measured and theoretical calculation results
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Pl : — . ;
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SR i 0.85 0.85 1.00 1.08 1.07 111
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Table 3  Statistics of critical measurements
of corresponding regions

. #3/MPa e /mm

W LA ——— — N —
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Hr-11-08 -112 135 119 114 32 2.9
Br-12-01 —40 120 79 69 22 23
Hi-12-06 -129 133 122 113 3.0 33
Hi-16-01 -35 122 85 75 24 2.5
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Table 4 Stress and deflection improvement effects
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#-12-01 78 16 37 51 33 36
#-12-06 28 6 3 19 8 10
Hi-16-01 80 14 32 46 27 31
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Fig. 17 Typical Ac-N curve for a fatigue vulnerable location

1gN1=A—mlgAa'1¢C 4)
1gN2 :A—mlgAO'giC (5)
@) M=K (5) AN E FALE R IR Aoy

L TT0E Aoy 1F R Hose 57 75 iy Ny I N, BRI
2~ KA @) AN (S) IS

N2 AO’]
lgl = | = -mlg| — 6
e(32)=-me( 52 ©
i G IESE
NY Ao \"
N] AO’Z

W12 (7) WIHESEPIRIAS R L A RS T I 73 fi
POAE,  Eh Ot R DL b AS [ L 77 MR AR 2 T (K95 55 75
i AR SO SR B RN Aor-N IR RER m
LR RLIN MR AR A 5%, 5 BARRIEGT 1) Ao-N
TR BRI R .

H T 15 52 S A2 B T PR 9 57 B0 B 5 L
B BERER 44 SN BB A 7] 2 5 B0 55 VF
SR RE M DAL K S, Mo HE G AR
PRI SR T RN 09k DI AR 0k S5
JS2 3925 P T 5 e B PR T AR 57 1 A VAl Y HE 1
PN, BURAEAE W 2 b S R
2, AB BRI 57 A i A I AT 18] ) 22 2 P R AR A
iR b, HAERN J1K P IR Ao-N ik
R m K ZAHUE 3, A SCUAPI AR ROIR A T 1

I3 S 45 R BT 2K (7) X698 57 20 R AT O3
B, (7)) RS 1 R EERIRGS, RS 2 Ror
WAROIRS . BT TEIRES . F—%%
PR AN (R CER 25 T 7 AR 1 5 i e B B R A
ORFF— U, W] PR AR fr BURFAE DR 35 A AR I B
T WAl Z B (o/oy) 5 BT WE Z LE (Aor/Aory) —
B RIAT DR 25 5 AR AL AR Sl B A7 IEAE NS (7)
BEAT IR 57 73 i AR S0 RBOR PP A -
43 KEFGENLEHR

BT B 15 o & AL SN ) 5 R )R R
AR IR S SEI R /AT B 1E, AR (7) 5
3 ST 4 AR 57 BRI AL AR i AR X 50 2
R, SRR 5. MR EREERZ, B x5
A 157 A3 dr BOGE BOR, 203 1 2.95 1, X
B 4 W55 A3 dm i IR, 213 1.64 1, KT
Bi 2 395 AR i R A

RS OAEERNEGHURIEF A RENR

Table 5 Relative fatigue life improvement of
sensitive regions with new pavement

5L 1 2 3 4

Ao /MPa -132 136 119 119

Ac,/MPa -92 129 108 101
(Aoy/Aoy)” 2.95 1.17 1.35 1.64

e BB 1 AR S SO R I IR S iR B )
TR 2 H A 0:00~3:00 [X [&] 7 f&, b A a) B
WS RO E, HA SRR 55 2% 5 A X
—3, mirmsEEEEMAIEFHREESA
SRR BT I B AR A AE — B Ja MR AR v,
HAERFMERKRYIL T MR TERS, HEEE
B TR BRI, AH L s R AR 5 g B
TAHE B R

5 g

O 7 SR ER S T VR T A 2 0 IE A S VR AN
TR 52 J1500, X WA R L TR JT
B, TR 7KL 6 FEL R, IR o R
R HRRGTER . BTEIR MR, T T
UL 52 J1 KA AR T, JF R T 25 RE R
SN PR 57 75 i O SR P TR T, 45 RS -

(1) 1 ST RRANMR AR 4 /N 57 UG 32
T I i i P AR A B F5 6 4 R R R 2R W] 8 2
A%, U B PR S0 VR R L A A S M AR A 2 A



2 153

Z IR TFRERS.

Q) ERIEAE TN, MRS E 6 /5, HHH
JRHERAT 1~4 N JHGEERER 73 718 80%- 14% 32%.
46%, THRABILEE 27%, U MR KEE 31%.

(3) 4 A9 55 BUBBAL S L ) 5 5 P A7 AR 2%
PEOREE, B 77 B i B A8 4 1) 26 kA 22 R ROK
(k;=—4.00, k,=0.64, ks=1.89, k,~=1.91).

(4) FAL 1 4 B3 A T AR A2 T 5 i 95 [
Fo AR Ak U i S ) 5 B S AE SR A BT, EB
B2y 3 NSl SRR AR MW ZE, U8
A BRICTHE I T 55 4 B A AE R B A%

(5) WML H G — BAERE S, HT IR
B, B e AL 1 5T R AT R BUR, 2948
=T 2.95 £, XTEBAL 4 9E 5T AR IR, 23t
T 1.64 1%, KHFERAL 24 3 9% 557 7 i 0 SUR AN
B, FRIAEE R ERAL 24 3 PR AR

EEPEE

[1] ikiEHE, b—x, ZF%. IEAC R AN TH AR 9% 57 Il 2 1)
W R[], H B A B 5R, 2017, 30(3): 14 — 30.
Zhang Qinghua, Bu Yizhi, Li Qiao. Review on fatigue
problems of orthotropic steel bridge deck [J]. China
Journal of Highway and Transport, 2017, 30(3): 14 — 30.
(in Chinese)

(2] 5KHE T, TG, tRH, 55, 500 1 AE RO AN Th i e

T VR L B [0]. R R R (E AR
fi), 2012, 40(7): 1 — 7.
Zhang Xiaoning, Zhang Shunxian, Xu Wei, et al
Application performance-based design of epoxy asphalt
concrete applied to steel bridge deck pavement [J].
Journal of South China University of Technology
(Natural Science Edition), 2012, 40(7): 1 — 7. (in
Chinese)

(3] 5. 1T 5 M ApATR A st B 57 R A0 53 28 I LR
R4 HT 0], #N&5#4, 2011, 26(2): 9 — 15.

Zeng Zhibin. Classification and cause analysis of typical
fatigue cracks in orthotropic steel bridge deck [J]. Steel
Construction, 2011, 26(2): 9 — 15. (in Chinese)

[4] 8 . IE 52 S VB M T AR 55 RS 4EAE I T 7

VR[], W45 H, 2013, 28(4): 20 — 24.
Zeng Zhibin. Repair and reinforcement methods of
fatigue cracks in orthotropic steel bridge deck [J]. Steel
Construction, 2013, 28(4): 20 — 24. (in Chinese)

[51 K&, mid, A&, M i e o o 1E 58 S P AN AT 1T

[12

—_—

[13]

Wz A PERERIRE )], BRI, 2016, 46(4): 55 — 60.
Zhang Yong, Gao Yan, Wang Shilei. Effect of deck
pavement retrofitting on mechanical properties of
orthotropic steel deck [J].
46(4): 55 — 60. (in Chinese)

Wang Shilei, Ke Zaitian, Gao Yan, et al. Long-term in

Bridge Construction, 2016,

situ performance investigation of orthotropic steel bridge
deck strengthened by SPS and RPC solutions [J]. Journal
of Bridge Engineering, 2019, 24(6): 04019054.

Su Li, Wang Shilei, Gao Yan, et al. In situ experimental
study on the behavior of UHPC composite orthotropic
steel bridge deck [J]. Materials, 2020, 13(1): 253.

SRIGISE, 5K H 77, A, 4. J e 0 A B A7 T £ 2
S 5 TR R 57 Mk RE W E B L[], IR Bh 5 bk,
2013, 32(23): 1 —5.

Zhang Shunxian, Zhang Xiaoning, Xu wei, et al. Epoxy
asphalt concrete fatigue performance design for a steel
bridge deck pavement based on impact toughness [J].
Journal of Vibration and Shock, 2013, 32(23): 1 — 5. (in
Chinese)

bk, B, AAA A, 45 IEAE S VR AR T 30 80000 7 4 2
J2 95 55 Tk AR BRATE 5[] M 2 4, 2019, 49(4): 29 —
34.

Ma Lin, Huang Lei, Dai Xihua, et al. Study on fatigue
durability of epoxy asphalt pavement on orthotropic steel
bridge deck [J]. Bridge Construction, 2019, 49(4): 29 —
34. (in Chinese)

AL, SR, T UERR, SF. BEMPAR S T AN I
JEEN 7w R AL T]. AR J3%, 2019, 36(12): 177 — 187.
Li Mengqi, Zhang Feng, Feng Decheng, et al. Dynamic
response of steel deck asphalt pavement considering
vehicle-bridge effect [J].
Mechanics, 2019, 36(12): 177 — 187. (in Chinese)
THESWE, =L, XIHRAR, 5. FE T HOR R TR IE A
P 0 A7 TR 57 B B[],V R AT R A A2 4, 2013,
48(3): 395 —401.

Pu Qianhui, Gao Liqgiang, Liu Zhenbiao, et al. Fatigue

coupling Engineering

assessment of orthotropic steel bridge deck based on hot
spot stress method [J]. Journal of Southwest Jiaotong
University, 2013, 48(3): 395 — 401. (in Chinese)

ININTT, J7 2, K2R #2230 (M. B4 b
HC AU AR, 2002.

Sun Xunfang, Fang Shuxiao, Guan Laitai. Mechanics of
materials (II) [M]. 4th ed. Beijing: Higher Education
Press, 2002. (in Chinese)

KA, TH, Thefm, & S8 RE T BREWWHT


https://doi.org/10.3969/j.issn.1001-7372.2017.03.002
https://doi.org/10.3969/j.issn.1001-7372.2017.03.002
https://doi.org/10.3969/j.issn.1001-7372.2017.03.002
https://doi.org/10.3969/j.issn.1007-9963.2011.02.003
https://doi.org/10.3969/j.issn.1007-9963.2011.02.003
https://doi.org/10.3969/j.issn.1007-9963.2011.02.003
https://doi.org/10.3969/j.issn.1007-9963.2013.04.005
https://doi.org/10.3969/j.issn.1007-9963.2013.04.005
https://doi.org/10.3969/j.issn.1007-9963.2013.04.005
https://doi.org/10.1061/(ASCE)BE.1943-5592.0001421
https://doi.org/10.1061/(ASCE)BE.1943-5592.0001421
https://doi.org/10.3390/ma13010253
https://doi.org/10.3969/j.issn.1000-3835.2013.23.001
https://doi.org/10.3969/j.issn.1000-3835.2013.23.001
https://doi.org/10.3969/j.issn.1003-4722.2019.04.006
https://doi.org/10.3969/j.issn.1003-4722.2019.04.006
https://doi.org/10.3969/j.issn.0258-2724.2013.03.001
https://doi.org/10.3969/j.issn.0258-2724.2013.03.001
https://doi.org/10.3969/j.issn.0258-2724.2013.03.001
https://doi.org/10.3969/j.issn.1001-7372.2017.03.002
https://doi.org/10.3969/j.issn.1001-7372.2017.03.002
https://doi.org/10.3969/j.issn.1001-7372.2017.03.002
https://doi.org/10.3969/j.issn.1007-9963.2011.02.003
https://doi.org/10.3969/j.issn.1007-9963.2011.02.003
https://doi.org/10.3969/j.issn.1007-9963.2011.02.003
https://doi.org/10.3969/j.issn.1007-9963.2013.04.005
https://doi.org/10.3969/j.issn.1007-9963.2013.04.005
https://doi.org/10.3969/j.issn.1007-9963.2013.04.005
https://doi.org/10.1061/(ASCE)BE.1943-5592.0001421
https://doi.org/10.1061/(ASCE)BE.1943-5592.0001421
https://doi.org/10.3390/ma13010253
https://doi.org/10.3969/j.issn.1000-3835.2013.23.001
https://doi.org/10.3969/j.issn.1000-3835.2013.23.001
https://doi.org/10.3969/j.issn.1003-4722.2019.04.006
https://doi.org/10.3969/j.issn.1003-4722.2019.04.006
https://doi.org/10.3969/j.issn.0258-2724.2013.03.001
https://doi.org/10.3969/j.issn.0258-2724.2013.03.001
https://doi.org/10.3969/j.issn.0258-2724.2013.03.001

154

T ™

s
&

[15]

[16]

[17]

I 35 R B I 5 4 B (0], AR 1%, 2013, 30(11):
94 — 100.

Song Yongsheng, Ding Youliang, Wang Xiaojing, et al.
Monitoring and analysis of fatigue effects on steel deck of
a suspension bridge in working conditions [J].
Engineering Mechanics, 2013, 30(11): 94 — 100. (in
Chinese)

T, THI, RAKAE, IR EEE R A B 4 R AN
T AR 57 R0 ¥ 5 A AT 98 [J]. A2 77 %%, 2016, 33(5):
115 —123.

Wang Gaoxin, Ding Youliang, Song Yongsheng, et al.
Influence of temperature action on the fatigue effect of
steel deck with pavement [J].
2016, 33(5): 115 — 123. (in Chinese)

F R, EReE. BEDHTM] SR LR FERF
iR A, 2008.

Li Qingyang, Wang Nengchao. Numerical analysis [M].

Engineering Mechanics,

5th ed. Beijing: Tsinghua University Press, 2008. (in
Chinese)

RORH, AR, B, A5, SRR L 1E A2 S A M T AR 7
VA% 4x 25 18] SN 0F 50 (0], TRE A7 2%, 2017, 34(11):
210 —217.

Zhu Taiyong, Zhou Guangdong, Zhang Huan, et al. A full
range S-N curve for fatigue evaluation of orthotropic
bridge decks in steel
Mechanics, 2017, 34(11): 210 — 217. (in Chinese)
TG, 2R, IS, &5, IEAE R A AR 45 M4 &
PRI 57 B AR SN0 0 PRAG 0], AR TR 2441, 2019,
52(1): 71 — 81.

Zhang Qinghua, Li Jun, Guo Yawen, et al. Fatigue failure

box-girders [J]. Engineering

modes and resistance evaluation of orthotropic steel

bridge deck structural system [J]. China Civil Engineering

[19]

[21]

Journal, 2019, 52(1): 71 — 81. (in Chinese)

Wz, SKIEE, FRAESC, S5 POMF I AR A I 5 A b A 4
20 Y 2R T R B B R 5T AR SLRIT AL (D). AR 15, 2019,
36(3): 203 — 213.

Huang Yun, Zhang Qinghua, Guo Yawen, et al. Research
on surface defects and fatigue effects at rib-to-crossbeam
welded joints of orthotropic steel bridge decks [J].
Engineering Mechanics, 2019, 36(3): 203 — 213. (in
Chinese)

B, 2R, PR, A5 IESE S MR AR T RO B R Sk
W 55 VB AL 73 (], 74 B 2008 K SRR 2015, 50(6):
1011 —1017.

Cui Chuang, Liu Yiming, Liao Guixing, et al. Fatigue
evaluation approach of weld joints on steel orthotropic
bridge deck [J]. Journal of Southwest Jiaotong University,
2015, 50(6): 1011 — 1017. (in Chinese)

PHERR, ) . TEAS e Ak A AR AR - T AR 9 55 6
IR A7 43 TR AL PEAS D). TR A3, 2019, 36T 1):
98 — 105.

Yang Yabin, Shi Guangyu. Evaluation of finite element
analysis models for fatigue stress at rib-to-deck welded
joints deck [J].
Mechanics, 2019, 36(Suppl 1): 98 — 105. (in Chinese)
ZR, RIGH, R =, 5. T MG B ITER IR
S P AR TR AR AR 2R 98 57 0 10 VAR [0, v B B R
2018, 31(12): 134 — 143.

of orthotropic steel Engineering

Li Jun, Zhang Qinghua, Yuan Daoyun, et al. Fatigue
resistance evaluation for structural system of orthotropic
steel bridge deck based on equivalent structural stress [J].
China Journal of Highway and Transport, 2018, 31(12):
134 — 143. (in Chinese)


https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013
https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013
https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013
https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.0258-2724.2015.06.006
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013
https://doi.org/10.3969/j.issn.1001-7372.2018.12.013

