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Strain Dynamic Response of Asphalt Pavement
on Steel Deck Bridge with Field Loading Test

WU Jinting* , YE Fen®?, WU Huairui', JIA Xicoyang®

(1. Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China; 2. School of
Architectural Engineering, Xinjiang University, Urumchi 830047,
China; 3.
University of Tennessee, Knoxville 37996, USA)

Department of Civil and Environmental Engineering,

Abstract: In order to obtain the actual mechanical response of
asphalt pavement of steel deck bridge, a field loading test was
carried out on Changji East Road Bridge in Shanghai, a steel
bridge of the pavement with stone mastic asphalt and epoxy
Test
results show that the maximum strain appears at surface,

asphalt as the upper and the lower layers respectively.

where the pavement is the easiest to be damaged. The
dynamic response of longitudinal and transverse strains under
two loading conditions (uniform velocity and brake) was
analyzed in different layers, and the response trends at the

same measurement point had little discrepancy. Longitudinal

ke 3 -
HEWH .

2013—-04—-09
EH&K A AR EA (51168044)

dynamic strain alternated in tension-compression cycles and
fluctuated, while transverse strain merely fluctuated. With
the increase of the depth and the speed, the dynamic strains
decreased according to the decrease of the axle loads. The
transverse strain was greater than the longitudinal value, and
the amplitude of the former was more sensitive to the
influence factors than that of the latter. Sensitivities of
dynamic strains and their amplitude to axle load and vehicle
speed decreased from top to bottom. The differences between
dynamic and static strains existed different rules in three
layers. The results can be applied to the structure design or
material selection of asphalt pavement on steel bridge.

Key words: steel deck bridge; asphalt pavement; field

loading test; strain; dynamic response
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Tab.1 Marshall test results of asphalt mixtures

HER

BAk WA wE/ &l o WHE e HE/ A AR A i R R
H /%  (geem™® #/% mE/%  RNE/Y% /KN 0.1mm  BR/% ﬁ%/% R/ %
SMA-13 6.2 2. 406 3.8 17.3 77.3 11, 37 4.2 38.7 44,0 0.02
EA-10 6.7 2. 425 2.8 17.1 83.9 70.71 4.3
£2 FEEITFEARMAREER _ (M —arAT)
. g=—"—"> (D
Tab.2 Performance test results of asphalt mixtures a.

AR RERRE  HREREh SR ER/

“h /% BB/ % (K « mm™1)
SMA-13 89. 6 88.3 15 242
EA-10 91.7 81.1 >9 000(FEATLETE)

®3 PBAREETIKBER

Tab.3 Shear test results of waterproof bonding layer

HEAREE/C PSR L BRI/ MPa WA E
20 FAERE 3.92 MRS MRA
60 FRERE 2. 06 HEESHEER

x4 BAREENHERBEER
Tab.4 Pullout test results of waterproof bonding layer

HE IR 20 CEGRE/MPa B
%W‘gjg_%;%ﬁ P 5. 26 B R
R R 5. 46 B SR
1.2 fERs%

BT el 28 2l A HEAT AR M3, R4
B 100 Hz; BE AR EH5% Pt100 I B2 A% IR as #E4T
IR R 5 R 0 A R PR A, SRBEMRTR 13K min™'.
RiAR e I (DR :

K. AL ARSI e bR AR L &L pmsar
R REAE RS E IR EEAME R pm « T AT 4
X FARIE N B R IR IR R AL, °C s a0 AARRR
AR RBUE BB pm e pe

122570 & THMUATEE, 72 EA JZ)K.SMA
RIR B R R LT R0 R % A MR N AR TR
FEARIRAS I 78 SR A ] 4 0 R e B O BE AR A
., MR AEHELE 1. L8 2 MR O E
2% b DR v AR AR AR 43 A X B T8 2 A58 5
AU R RER O 5 7E B R AR B4 K A ) Bz
7 AG IRER YA X B T 48 1) I AR A2 % 2% FERERE A1)
N ARAE ERAR M 0. 25 m AL B AR 1 ANIE AL R
v AR AR S IR 20~24 CLEA BIKRE
fER 19~21 °C,SMA BJRIRE N 20~24 °C, 4%
BERMEEE N 22~27 °C.
1.3 mEBEH

KR RS AR 030 225, 40
T AR, HBHULRS. A a0



%3M RAIE 5 SEUTINER T R T8 U0 7 25 2 1 7 B A v o 415
Eral = ﬁ?l f/fz 1.4 ﬂﬂi‘z“ﬁijﬁ

ﬁﬁ%ﬁimbnﬁ%#ﬁ%ﬂﬁﬁwﬂn%u\dj,uﬁ

T B AR AT % 4R S T 10 7 2

T *ﬁ“f_“%i_l___v,ﬁﬁf“ﬁz JEAT. T 2010 48 7 H 2011 4F 5 AT T 2 Rk

L0 N PRI R B 254 . O HERK. i

303 : o BRAWLIATI IR 20~60 km » b 47 B ) 5.

5 L @a‘ﬂiﬁi%‘ PNE A AEATRE R A 20~60 km « h™

R UG SR SEEAT R S it 3 S B0 0 780 2 A 0 A

uﬂumm QFERIRE. T HTE B M

1 —EEAARE, T —AmnR s, H— 5 NGRS
1 fFiRENhERSEmEIERE (A :m)
Fig.1 Laid schematic diagram of sensors in the

pavement structure{unit; m)
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Tab.5 Loading vehicle parameters

R i T

R B K% B JAHHEE #E T
Bt 760 900 22 12 0.32 4,00 1. 80

Jat 5060 5080 22 16 0.73

LA\ A B S (A 1 B,
35
30
25

NAz /1076
=

e /s
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2 R
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Fig.2 Real-time strain curves of SMA layer at a uniform velocity
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Fig.3 Real-time strain curves of SMA layer under brake condition
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Tab.6 Dynamic strains of SMA layer under different loading conditions
TH InEs Y piAE /1076 KR NAE /1076
=Ty I HE ZhERER/ A% 1 LA 2 A 1 RAE 2
IR (km+ h™") s WA EE g WA WEAE A A
1 K A 20 14. 55 —3.55 18.10 9.75 —8,18 17.93 —15,45 —25.21
2 K A 40 11.74 —4,63 16, 37 9.17 —9. 34 18.51 —19.50 —25.95
3 B A5 60 12. 64 —3.22 15. 86 9.75 —10. 25 20, 00 —18.76 —22.23
4 B RE 40 14.71 —6.78 21,49 7.93 —8.02 15. 95 —21.74 —39. 26
5 IR i A% 60 19. 34 —11. 65 30, 99 12,40 —19. 67 32.07 —31.90 —45.21
6 =g A 20 30.91 —6. 20 37.11 7. 44 —17.02 24, 46 —45,21 —99. 67
7 )=t A5 40 30. 25 —9,01 39, 26 8.26 —27.69 35. 95 —31.32 —56.53
8 B A 60 33.55 —6.61 40,16 8. 68 —18.84  27.52  —42.81 —83.80
9 J5 il HE 40 27.02 —15,79 42, 81 11,32 —24.46 35.78 —35.79 —51.65
10 )=t RE 60 28. 26 —15.21 43. 47 12, 48 —28. 60 41.08 —41, 07 —69. 67
50 N Or
- - Plg
401 = BWH
—&— RfE
30 ~ ©
% T =
= 7% " e
Bl T =
£ i)
ok Bl
W —— AR | '
L 5 B | L
1ok g 100 4wy o ¥
S
_20 1 1 1 1 1 1 1 1 ] _120 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
THFES THFFS
a YAl RiAE b ] B AR
H4 SMARREEHIMEEE A REDLR
Fig.4 Relationship among peak, trough and amplitude of dynamic strain of SMA layer
*£ 7 SMABE&BSmHE LTI
Tab.7 Contrast of static and dynamic strains of SMA layer
g Sl
RrAE HENAR/ BIERNAE/ S5 WA/ ShERAE/ S5
108 1078 R/ % 106 1078 BiAEHL/ %
P AR 1 18. 26 14.59 79. 90 45, 45 30. 00 66, 01
A AR 2 19. 92 9. 80 49, 20 40, 99 9. 64 23.52
HEmpAs 1 —70. 08 —21. 47 30. 64 —84.79 —39. 24 46, 28
HEmpAs 2 —104. 96 —31.57 30,08 —179. 47 —72.26 40, 26

T A P 2B AL B 5 N TE 40 km »
h SJERAT AT AR AF T B EA JR A 1) B AR SEIN
B2k, AN ARSE SR L3R 8 (LIPSt 7 i g 4
53 6 HARD , SR SN A AR LB LK 9.
FE 5 AL, EA J2IECRE 028 3l A 1 7 T 28
#KREE SMA BJE[H, EXFT R B IS # R
AT TE B BN, W G RIH 25 S8
BT » U U N AR A S R BB/ N SR Y 52 401

Hi#R 8 A, OEA JZJEHE 1M B AL JLP A 52 K
s JRRPE R B EA J2 R 18 157 A% 07 16 > Al TR /s
EFITT I 4 1. QEA REHE M B 2E/N T SMA 2

5 EA B8 [0 B3 35 00 R i 2%

L RIBARGER 1/5~1/3, BERNZEBH T 2= Fig.5 Real-time transverse strain curve of EA layer
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Tab.8 Dynamic transverse strains of EA layer under B 100}
different loading conditions 50+ \
J3%5/10~9 0 ~
WA /10~
T = — _ I I I )
s W B i o | > 3 4
1 1.25 —2.55 3.80 I /s
2 1.15 —2.15 3. 30
B
3 0.50 —2.95 3.45 . b %mﬁmmj‘
) o 15 et \ 05 6 SRR E R R 5
5 0. 70 —6. 60 7. 30 Fig.6 Real-time strain curves of surface
6 2. 60 —12.90 15. 50 at a uniform velocity
7 2.05 —13.40 15. 45
8 2.25 —13.75 16.00 £10 AABHEG THERREDSLE
9 2.30 —15.20 17.50 Tab.10 Dynamic strains of surface under different
10 2.20 —13. 00 15. 20

*9 EARRBIESHBMETL

Tab.9 Contrast of static and dynamic strains of EA
layer
piES ] piiEsE g BEAERAR /1078
e 4 —1.95
Al IE —2.55
E —4,05
s EIE —13. 65
2.3 HEERANT

PRI P, 5 IR AR W HAT BE T 1) 2 X B AR
e Bt 7 L PR AT IR K 2 THD 4 1) O A A Sl A1 L
FEEBS A 0 AMI 0. 5 m 4b, B T HEE AL T4
A F Y B LA A R S SCRR B S h R 3 > 0. 16
m) , BB T RN 7 B2 JLT- A 5 4er B Wi
SHSRARGERAIAT. 72 40 km « h™ SR R A& AF
T AR 2 11 7 T 3 8 T A J A 7R s o £k DL
Kl 6, BN AL R LR 10,

A 6 K2R 10 AT, OB 322 3 0 458 7 BE A2 30
IRV VAHEC 2 e i L I e R E RS Y N ]

2.0r
L5k
1.0

ARl /s
a FETE AR B 2E

loading conditions

TR Y iR /108 B R AE /
F5 g A HRAE 10~
1 — — — 306. 85
2 — — — 23.10
3 — — — 188. 60
6 1. 00 —0.80 1.80 355. 30
7 1. 00 —1.00 2.00 332. 20
8 1. 50 —1.00 2. 50 207. 35

JO7 AL 8N @%ﬁ%?%‘zﬁf?ﬁﬁﬁ$ﬁﬁﬂﬁﬁfﬁ]‘
18] C |5 I 2 B AS B AR TR 7 A R 9 & BT s I [HD
iiii/]\?ﬁﬁﬁ)?:’h(SMA,EA B MNAHR 0.1 s.

HZ 11 ATA, 55 SMA, EA JZ i 3l 4 By 28 %t
PR R A G5 E R TN AL /N T ah 3 A, B
TEAFBIE AR T RIA R, FERTAIVE T . #8
BN A 2R TR 18 1o AR AR 22 A8 K #E Je B AR T - 30
BT B 2 T 1] DL 2R K 5 33 DAY 7 0 e
KA T BB , T 3 Bk 4 i 4248 W] B
IR ETEN S A IERAS L

Rl FREREHSSHTREI L

Tab.11 Contrast of static and dynamic strains of

surface
pilIE= R YuniAE/107% B RAE/107°
™ 5 — 160. 60
Air il g — 172. 85
S 9.05 111. 05
J = 2.50 304. 95

2.4 BEEITISES

SIAT RS I T FE NS SRR R AR LT RS SR
JZERIAE %o TR AR A R E B B R A 2 L
TS AL R 57 BT R E M AR HE
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Fig.7 Relationship between dynamic strain amplitude and loading velocity
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