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Research on Field Measurement of

Steel-UHPC Lightweight Composite Deck
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Abstract: The steel -UHPC lightweight composite deck is a novel bridge deck pattern that consists of an or—
thotropic steel deck(OSD) and a thin ultra—high performance concrete(UHPC) layer. In order to reveal the effect of
UHPC layer on the performance of the OSD, field measurement was performed for Fengxi Bridge to evaluate the
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stress ranges in the typical detail categories of the OSD with/without UHPC layer, respectively. Before the field mea—
surement was conducted, the global finite element model of Fengxi Bridge was developed to determine the instru—
mented sections. Then, a triaxial loading vehicle, according to the loading scheme , was arranged to run on the bridge
deck with/without UHPC layer at a low speed, respectively. The field measurement data of the typical detail cate—
gories were collected and sorted. Finally, a local finite element model of Fengxi Bridge was built to compare with the
field measured results. The field measurements show that the stress response of the typical detail categories are sig—
nificantly reduced after installment of UHPC layer. For the detail categories related to the steel deck (i.e., rib—to—
deck weld, deck splices, and deck of rib—to—deck at diaphragm joint ), the stress range decreased by about 75% ~
90% ; for the detail categories related to the trapezoidal rib (i.e., rib splices, weld end of rib—to—diaphragm joint, and
rib of rib—to—deck at diaphragm joint ), the stress range decreased by about 65% to 80%; for the detail categories re—
lated to the diaphragms (i.e.,cut—out on diaphragm, diaphragm base metal at cut—out transition, and diaphragm of
rib—to—deck at diaphragm joint ), the stress range decreased by about 20% to 50%. Meanwhile, with the decrease of
the distance from detail categories to top surface, the contribution of UHPC layer to the stress reduction of the detail
categories was significantly increased. The results of the local finite element model agreed well with the measured re—
sults, and the similar rules were obtained. The field measured results of this paper provide the reference data for the
application of steel-UHPC lightweight composite bridge deck.

Key words: bridge engineering;lightweight composite bridge deck;field test;fatigue details;stress range ; UH-

PC layer
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Tab.1 Measured results and finite

element analysis results MPa
A PR TRR A 45 R S
Eiine
A0wa  Aoure  BEW%  Acwa  Aoure  FER/%
@® 33.4 10.6 68.3 25.8 6.4 75.4
@ 77.3 16.9 78.1 107.1 7.9 92.7
6) 67.3 322 522 100.1 34.2 65.8
@ 1148 87.8 23.5 110.1 90.2 18.1
® 1019 427 58.1 89.3 30.2 66.2
© 89.3 52.1 41.6 110.1 71.0 35.3
@ 93.4 275 70.6 79.6 163 79.5
51.3 25.8 49.7 58.1 273 53.0
©@ 69.1 17.6 74.5 56.2 11.0 80.3

U i"%'[’ A0y j‘:’lﬁﬁﬁ UHPC Eﬁﬁﬂﬁéﬂﬂ*ﬁﬁ%ﬂhfﬂﬁ s Ao

Sl UHPC J2 5 405 95 57 10 77
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FANTKAE N -UHPC F2 UL B W 1h AR S R e 83

M AT UE 1, X AR EA(1.2.7)
Bk UHPC 2J5, Joit A PRIoTHs ik 2 5 45
S TR T B3 8o B s RO A BROT 2 B
A I 7 AR i L S0 7 g e s /), H D DL T B
P T U0 1) P AR L AR ABURR , H Ml <1 1)
KT &, A BRTH AN A % 1 50 mm Wi 5 BEFEIZ
P I EE BT R DA S X AR B i BV E T X R4S A
BRI 25 s i . XAl E4ny, Al
UHPC 254077 3 THAE5 R 5 S0 25 3 e i) 4
Y75 5 S R I T R 55 S 2 SR AL L AR O
YT 9 R 7T 525 SR e S 25 SR Iz AL A
BT T, 5 M b A0 2R B AR R B W
TTHR LA SO 58 20 0 BOVE T 2352 e iz 405 135
N 3 S FRE A _E AN, 405 4 TS S S gl
RICBW) A 40775 6 A ZE R L S 45 51/ {32
LRI L5 5 S e — B0 A0 8 N e TR
SR B SN 25 B, 2 Ak A T T i Ak, LD TR
54075 9 ZHLARYE L AT, 1 BeAr BROCE Y 5
SRR 5 I G R AR R a3 i — L 3 T
UHPC JZ X} 52 80 20 4 B 18145 240759 19 107 7 1) oy 1) 5%
Wi, ] s P 5 40 25 T 1 B 2 /)N, UHPC JE X401
TN 7 1 R

6 BB
R JTG D64-2015 (22 B HZEHI A R B iR

TW)XH B UHPC 2 2 )5 R R AL A7 T R4 T8 5
PGS, 5 12 LA T 3850

Yo < kAo (1)
Y
Aoy = (1+Ad)yAo, (2)

Ty 5 7 2SI B, B 105y I TT BT
TP IREEL, MOARE 1,155k, R RSFRON Sk 2288,
B 1.05 Ad MK BB 1.0; Ao, i 55 oy 4842 e
AT BN 2 5% W 2645 (1) B 7 i (MPa) , A] 38 2o
S Ao FR 3 0 26K 25 2l 2 R 9% 5 2l 7 e L 431
ProaAF s Ao 9% 55 41715 X0 T 2.0 x 100 YK iR
P IR IR L 55 N 15 5 Ao, HE 2.0 x 10° CH
WERIRE 97 06 R0 A5 2 ) S50 (BN F1 W (MPa) 5 A
PR R, R T AR 405 y B 1.935, % T
A SRS y B 1.518 S 25 VAL 45 e 2 Fm.

®2 EHFTHHERE

Tab.2 Results of fatigue assessment MPa
9% 55 A

e Ao e Ao, Ao kAoclyw %ﬁ{%ﬂ

HLEESR
@® 6.4 5.5 10.5 74.1 =
@ 7.9 6.8 13.0 66.7 2
©) 34.2 29.3 56.7 66.7 2
@ 90.2 58.0 88.1 118.5 =
&) 30.2 25.8 39.2 66.7 2
©® 71.0 60.9 92.4 66.7 i
@ 163 14.0 212 66.7 =
27.3 234 35.5 66.7 =
©) 11.0 9.4 14.4 66.7 =

TE R Ao, 3T AR L& T IRNE T 60% 4TI

N 2 (2 ST LU X1 R 4398 55 4T
REAE T JE BT I 57 3 B (1) LR, (ELR N T 25 TR i
G P4 240 CRE B ARSI U] 11/ s 007 B ) AT YT
BUR. ULH UHPC JZ25%F TR0 95 40715 1 1% B
AR ESEE, [HUEX T8 UHPC EHaE iy, 5
HUGEFEEEA B, 75 B E— 25 e AR R BRSO 1) 11 1)
FOTE AN, DhatE— 204 s i B AR a0 U 11 B 30 9 55
91 BT o7 M.

7 4 g

DHE UHPC 25, TR 195 55 4015 10 7 i R
W A5 K L 183K 75%~90% , PN b3 55 40715 i T
FEBR 2R 65%~80% , K FRHR_F- 9% 55 40715 1 R 2
K 20%~50%, 1iH UHPC 2% 4415 1h B 75 40 45 %
5 N 71 WS AR T ..

2) S 235 SR B < Bt 55 40 Y5 5 T 1o B 1 O
/N, UHPC JZ2 020775 107 7 a6 W 79 o7 gk B o 34 K49 B
A BRI 25 SR A b S B 3K — s 3

3)%l UHPC JZ2 )5 , B B A aO% U] F1 AL 19 5 ) i
A FTREAR , (B AR KR 1354 IR SRR AR. 55 4,
IO U] R A 7 B 0 R (AR DG T A 20, MR A 5K
NPT R A A= R SVl FP ey s £ RV N
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8, T MY R i A 0 3 1) R VR IO 0 LA, TRt
AL S e FE R 20 ST D) 1 B S5 0 481 7
TR/ R B Z , I IA 24T X -UHPC 4%
UV TTEAT B EL VAN IN S AT IR POy R A= 4 28
LA A - A AR S AR A X 3 28 S 9IUR D) H A
KT HEATIRABIIL.

ARSC B U2 B AT e S A, R T
UHPC JZ RER B RG 1E 58 S PR AR G2 LA 1 19
55 754 , (HX TR B W i 45 Fa 4k = SEATF I A
IR , DR 5 2 — 2B 5T
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