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Mechanical Response of Ultra-high
Performance Concrete Pavement for
Steel Bridge Deck Under Real Bridge
Loading
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of Education, Tongji University, Shanghai 201804, China)

Abstract:

response of UHPC (ultra-high performance concrete)

In order to obtain the true mechanical
pavement of steel bridge deck, a field loading test was
carried out on Tongji Road steel bridge in Shanghai. The
strain response characteristics of pavement under static
load,
analyzed. Results show that the maximum tensile strain

dynamic load and in operation period were

area of the pavement layer is on the top of the pavement
and 0.25 m
from the diaphragm plate longitudinally. The direction of
with a value of 25.1x10°, is

transverse. The dynamic response characteristics of UHPC

layer which is above the U-shaped rib side,

the maximum tensile strain,
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pavement under dynamic load are different from those of
steel bridge asphalt pavement. The tensile strain value of
UHPC pavement only decreases with the increase of
loading speed. And the dynamic response curve of strain
has three kinds of waveforms, and shows three kinds of
changing characteristics with the increase of velocity.
During operation period, the extreme value of the tensile
strain of UHPC pavement is obviously larger than that of
static load, but the dynamic response characteristics are

consistent with those of dynamic load.

Key words: steel bridge pavement; ultra-high

performance concrete; field test; mechanical response;

dynamic response
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Fli2%% )7 %0 80 mm JEL [ UHPC %% , N Hi 8y
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Structure diagram of UHPC pavement on
steel bridge deck

Fig.1

%*1 UHPC#HRIEMGFHESL
Mix proportions of UHPC material matrix

AYERE/ ISR BRI
FUbRE KR /kg REAR /K k
JERRE AKiR/kg TEIR kg ke Kke Ak K /kg

[T 1 0.3 1.34 0.3 0. 005 0.2
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LI 78 SRS, ) L B3 A B A s B, iz £
B RSTHCR 0. 01 mo 3 B4 M RE AR A
R B JES 8 4 24 B, i T S 200K, SR FHSE BRI (shell
63) A5 AL AT T A, S A BT (solid 45) B8l UHPC
RS IR . R 2 A AR X W 3, R P
TCATH A 57 B AU 2 [B) i 42 . RIS RN 3k 2 T
N FEST RSN 3 Fif s o

Tab.1

7 o i/ 025 —
7 /i/ 7

B2 FHNRHHETRTEE (RG] m)

Fig.2 Equivalent double-type uniform load(unit:m)
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Tab.2 Calculation parameters of finite element model

- o UL
BRI AR FEFRAR )RR AR
S AR mi
HRER J&/mm  &/GPa AL #5/mm  J&/mm w/
mm

fH 16 210 0.3 4000 10 320

URIRY  UREY URIAGE A2

Ei/mm JE/mm Bi/mm J5/mm

UHPC ##:  UHPCIAM
#itE/GPa 54

280 8 600 80 48 0.25
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Fig.3 3D finite element model
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Fig.4 Transverse loading position of finite element

simulation
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Fig.5 Longitudinal loading position of finite

element simulation (unit: mm)
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Fig.6 Arrangement of transverse and longitudinal

sensors and scheme of transverse real bridge

loading test

(4) 15 A 30 FH G £ 0 AR A5 S | SRAE S %y
100 Hz. fBIEESAN AR AT

:@xmoo D

e MR ARE s Ao AR BRI LA IS ms A, AR IR
AP, msa W AF REUE, 10" m-pe's
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N7 SR = AT = P =3 R i | B e S |
G R AR B BB 2 3 Ao e AR VD A HE I ) e XL
WHPEHE TR 0. 7 MPa, #4803 3.

R3 MBEWSHE

Tab.3 Parameters of loading vehicle

(VA it kg AHHITE kg BN A/ (em X em) i IR 3R/ MPa H I /m ZeA IR /m
I 790 840 2212 0.31 A Ls
J& 5010 5 020 22X 16 0.71 :
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Fig.7 Arrangement of longitudinal sensors and
scheme of longitudinal real bridge loading

test(unit: mm)
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Tab.4 Comparison between numerical analysis result

and field test result
FrpiAE/10°°

X 100% 2

FRERS —paam SR AI%
1= —0.9 —0.8 11.1
24 1.6 1.5 6.3
34 —1.3 —1.1 15.4
4+ —4.3 —3.9 9.3
5# 13.5 13.3 1.5
6% 25.6 25.1 1.9
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Fig.8 Results of transverse static load test
at section A
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Fig.9 Results of transverse static load test

at section B
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NAE /107

I 2 3 4 5 6 7 8 9
s
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Results of longitudinal static load test

Fig.10

at section A

0 1 2 3 4 5 6 7 8 9 1011 12
I\ IR T
11 BUTEAH BB KRR

Fig.11 Results of longitudinal static load test

at section B

2.1.4 HEREERLEE

(1) UHPC %l %2 i 25 dme A 1 o 28k U fr B
) B 5 U R, Sk R R AR 0. 25 m.

(2) Jo A F n 48T il 2 e R B ) B AR Sy
25. 1X10° A PR 0 R 7 AR T

(3) o e A Akl 25 )2 A o7 b7 72 X s K T B85 v
AT AL 1 7 X35

(4) B R AR S 25 1 54 FROT 2 R 4230 A
B

2.2 $HETHBNFMBILE RS
2.2.1 g X R a7

AN T) 5 B R Wi A B ARG AE R 12,
13~ HE12. 13 A%

(1) SEEUFr R A5 1 47 Bt o 28358 85 P 388 T i )
IR DAV Ny N ey ST TS

(2) Iz B Ay 40 ke - b o] s J2 A e K g
AR 12, 5} 10, A T #fr k(A (25. 1X10°) i ik
F50%.,

(3) e i 725 {1 I o 28 38 8 P 8 A = B o P B
FRUAEE 355 HRTR T 0 7 0 1 TR K, e 1 A
AN AN — 2, 3R i T UHPC Bii2%e 2 5
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H12 ANEAREEE FHHKRER
Fig.12

2

Dynamic load test results at different

speeds at section A
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IR TR
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Fig.13 Dynamic load test results at different
speeds at section B
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Fig.14 Dynamic response characteristic curve of

the first type of tensile strain
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Fig.15 Dynamic response characteristic curve of

the second type of tensile strain
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Fig.16 Dynamic response characteristic curve of

E 16

pressure strain
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Fig.17 Single peak waveform of tensile strain
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Fig.18 Bimodal waveform of tensile strain
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Fig.19 Peak valley alternation wave form

of pressure strain
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Fig.20 Sample data measured by sensors

in operation period
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Tab.4 Comparison of test results between operation period, static load and dynamic load

IR AR /1070

B il CEER | ohERn | ShRE  CEER | SRR GLERR
AR i o N R - N T
s WM w o m o m
R
2.3.1 i EWS A R L i B4 5 (LA 20 kb g 8] A7 XF 1L, S5 5 Al 21~

iz B GRS | 3k (40 km-h') X LG4
RNF4 PR, RHELTH . QizBYh 1£ .32 48
1 s T I A5 R R AR S5 R0 AR T sl H A
JER AR, 3X 2 E B I G i A e 5 R . @
2% 5% 65 AR R B H I H BRI Z P, 45 A 1%
JERES T e B, ULRH U B % b5 (sl 2 i e
R A% 00 A 32 o X 3k, HL Ay i 2 J2 A 0 1 AR B 11X
B, 2 DB Ay 2R IR T 25 2 A A 32 92 55 1
W iz & WA 2 B AR AR 1 B S w8 2K
— B0, B0 AW Ak Y 6545 R T FE A (HiE E
T IAS PR T 4 S T iE , JLT Ry ik
I B A (50. 1X10°:25. 1X10°) o 5] AL itk A 1o,
AT R R < 5 — L 38 ) — Sk & ok T
PRufE 548 55 = ia B I WS A2 G TR HEA T3k
B hNJE TS 8z S, RN A 2R 3R Sh v %
MG R o X S i R 5 B — 20 A Y i AT
Ik .
2.3.2 Bl iS5 500 Lo br

T X L iz A sl b gl A i i £ 1Y)
ANa], P E Bh 3R =SS 2R T v A% IR Ky
XL R ARz 5 IS i S A 7 i 26 5 B2k

23 ff7n . M 21~23 Al :

60 -

o BE LR
S0F + B R

PnETE] /5

21 EEHASE— 2R T B AN B HHIE #h 2k
Fig.21 Dynamic response characteristic curve of the

first type of tensile strain in operation period
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