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Comparative analysis of static bearing capacity on bridge deck

in Steel-UHPC composite beams

FENG Zheng , L1 Chuanxi, DENG Shuai , WU Shanyou , LEI Zhijie
(Key Laboratory of Safety Control for Bridge Engineering of the Ministry of Education,
Changsha University of Science & Technology, Changsha 410004, China)

Abstract: In order to solve the problem with the bridge deck cracking caused by the concrete plate defects itself in
the traditional steel-concrete composite beam and to find a cost-effective stee-UHPC composite beam bridge deck
section, four kinds of bridge deck scheme were designed with a bridge as the engineering background, namely
pyknic-type rib scheme, lanky-type rib scheme, rectangular plate scheme and waffle slab scheme, respectively. The
influence line and static bearing capacity of bridge deck was analysed by ABAQUS, and the conclusions are as
follows: (1) The stress influence range in bridge deck under the action of vehicles is local. In the longitudinal
direction, the load away from two adjacent diaphragms makes almost no contribution to the bridge deck stress in the
middle of the two diaphragms. In the transverse direction, the load away from the diaphragm spacing makes almost
no contribution to the rib and its adjacent panel normal stress, but the transverse load influence range of the panel
there is onto longitudinal clapboard is wide, about twice the spacing of diaphragm. (2) The large tensile stress area
in projects is concentrated upon the bottom of the rib (panel) plate and the upper plate onto the longitudinal
clapboard. (3)The bridge deck cross-section has a great influence on its flexural capacity, and the lanky-type rib

scheme has a better comprehensive performance.
Key words: bridge engineering; ribbed bridge panel; static performance; analysis of static bearing capacity; steel-
UHPC composite beam bridge
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Fig. 1 The standard cross-section of steel-UHPC composite girder (Unit: mm)
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Tab. 1 The value of each parameter of composite box girder
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Tab. 2 Calculation of cross-section characteristics

of each project bridge deck
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Fig. 2 The finite element model
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Fig. 3 Local cross-section diagram of ribbed bridge deck
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Fig. 4 The diagrammatic sketch of various concerned areas on bridge deck

3 BEN Ik

745 3] UHPC 5 18 A5 56 78 s I 58 2% )
AL N2 T o - R N T 7 N - 61 VA = AT
(200 mm X 600 mm) 547 J3 (RI4e 2 m R E i) ¥4
TG T3 R AL Ty, A R A B g Y B
INVER TR SETEIRALA . J1, B 4545 S0l Fr ok 56
PEe VAN RE- A NTTIE - Ra R /ALY NP i 2B VN
w7 NN R D el SO st X VA N -
S A A A W 2, R R R AZ AN L R 1) G 4 I
)R 2R DL E SN . R 1) A 0 B A A
PLE, 2R EAFILE T BRI,

T HE BT E I B P L (DL 2 R
) AR BN & I TCHETIHE, 11
kN, A F34 F 5 900 A0 7 A AT A B A 1) ) 25
Hikb, BRI AL (e B0AR ) B 3 4 B 1Y) A8 fh 4% B
I R A AR e LLZEABE AR A I A, A
1E. P BRS8N ) 52 m et fe i W A 1 h
1, A 10 SR i 7 T 38 Ak (TR 56 7 30 A6 AS ] i
SO YN B B T A B S AR R o, Hod g
Z ATy 0, B 4 £ BERE AR T O IE. A
i 3 RN RS SEgus- A LA R R S < N
VERG I 2% ¥ KO3t 7 R 7 5% W 458 K 1) DX 385
HAb {20 T 0 () Xk 7 B 75 8] o R OR .

ZIEM AR 2 RO, BEm 2 N, BRTE
W&, AXFNH A~D 85322 J1 J5 1] () 550 26 (F g A
BSE SHL, HSMNESD mHp). Heg A
M B SRR N (B IE, T D) AR ) 5 2%
(YN 1) A BT A0 40 P RS R Al 2 el ) 5 v, BP Z=0)
DL 5(a), A SUREHR M J1 8 50 28 (48R
WA TER ST e=1 400 mm 4b) WLIE 5(b), B
SRR 1) B 7 I G 1] 52 ) 2% (58383 305 J17E H A
HEF e=800 mm 4b) WL 5(b); C . G I
N7 7 A i) s e 28 (DN 1) A BT Z=600 mm 4b) UL
6(a), C . G SN B 70 2K 1) 52 ) 2% (5

WG IAEM BT e=4 800 mm 4b) WLIE 6
(b).

40

—e—A5(Z=0)
0l —a— B (Z2=0)
F24t
=
.R
26
8 -

0 1 1 1 1 1
-3000 -2 000 -1 000 0 1000 2000 3000 4000

BEWF ) Be/mm
(a) BT MR 2%
40
—e— A5 (e=1400 mm)
—‘—B},—\'T\(e:SOO mm)
32+
&S24
=
B
E1et
g /A/A/‘\N\
—* ~
/‘ \
0 L L L L L
-1800 -1200 -600 0 600 1200 1800
Y 1) L E Z/mm
(b) ZhIi 520 2%
5 Ag|. BRENEENZWE

Fig. 5 The transverse stress influence line of point

A and point B

30
—s— (C5(Z=600 mm)
251 —e— (C5(Z=600 mm)
20
Q’.S
<15
R
EE|
10
sk
0 1 1 1 1 1 J
3000 3600 4200 4800 5400 6000 6600 7200
TR [0 42 Be/mm
(a) 1] A 25



o, % - UHPC 214 3 05 10 AR 5 7R 808 77 L 5843

555

55 4
30
—a— C,l‘j—i(e=4 800 mm)
20k —— G,'\:"(e:4 800 mm)
£10F
i~
R
& of
-10
.
1 1 1 1 1 1 1 1 ]

-1600-800 0 800 16002400 3200 40004800 5600

A E Z/mm
(b) AT 28
B 6 Cm. G mE RS 8002k

Fig. 6 The longitudinal stress influence line of point

C and point G

D g G 1) N7 T B B 1) 52 ) 6 (DN 1) AT BT Z
=040) WL 7(a), D siGhA 1] L A7 B P 1] 52 0 25
(RS B A TIVEH BUAL T e=5 150 mm 4b) YLIE 7
(b)s E B 1 7 J 9 A 1 52 00 22 (O 1o A B T
Z=0 ) W 8(a), E mUREHT ] B F7 B P 1) 520 £
(FII A TVE R SALT e=5 500 mm 4b) WLIET 8
(b).

70

4000 5000 6000 7000 8000
BEFS ) Be/mm

(a) M1 52 22

3000

—a— D‘lﬁ\(e:S 150 mm)
60 | L

-1200 -600 0 600
YA )45 B Z/mm
OENGFALES

0 1
-1800 1200 1800

B 7 D m\HrE 7% gk
Fig.7 The longitudinal stress influence line of point D
A SRR AL | B 1] 50 28 53 7 vl 0 -
MR R Ne) 22 37 7 53 A 3 6 0] I Sk 58 380%
ST R R . NG S R, T
LAY S T KW T 5 W 22 0k B S AT, T Ak TR

e AR 30T ) 5% A A R T 5 el 4 Ok WL o3 A5 A
T PAAR SR B Al S ) i 0T 3% A B AR ) 25
PR IEAR 2 i B O R 1) 2 S LT FE TTRR ;b R Al
FH AR 15 LA 0 i 380 0T 122 8 B8 A Ak B 3T 475 THI A Y
9L W B ILFTE TR,

56

a8k —a— EH(Z=0)

0 las ) \ ) \ . ) )
3600 4000 4400 4800 5200 5600 6000 6400 6800
FEE 140 Be/mm
(a) T[] 520 25

56
48 1 —8— EH(e=5500 mm)
40
€32t
=
=24t
16
8|
0 1 1 1 1 1
-1800 -1200 -600 0 600 1200 1800
IAHF [ B Z/mm
(b) AT M 25
Bl 8 E S1#EME L %MLk

Fig. 8 The transverse stress influence line of point E
QM 1] 5 26, AT IR A Bt 3 i 5C 1
KR 3 53 Wi 2 0hy LU S AT, 3 8 A B R AL B 5%
T N 3 5 W 2 Ay B0 o3 AL A 1) R A R i
AR B A 1) B #) i 28008 3% AR W B 90 . 1 2
B TR AT 20 5 P 0 B AR G — S B Y T A
BT 1) SN B AN, oAl EE Y 4 %5 gk
B A B 30 ) TR A ey 8 ) S S TR 5, 2000 2 A%
R A 1) R
O BE PR AR — =2 B 15 5 B0 45 A 25 v (R
Bk B)) T EUMFIE N S (D sl H 5D B ]
A AR 5 R R A A, 52 e L A7 T AH Xt
SKTEY BB AL AR 5 BB P PLRR AR — 2 B 5 B
BT TG Y 1 (E i F D) BIgh . BEE 520
LIRS B REA A, 52 0 L A7 T AH X SR HE Y
PR A E AR ]
OB T G YA 18] B2 F7 0 52 Wi 20 {8 5 Kk (D
Mo H RD) R R R T A T A AR TR R AL b 2
(£958~67 cm) (A &) BB 2 K Z. A 5.
Bri. D E M. F gl H iS58 (MR Ak



556 o # M

B R

¥ RERPHEM) 851 %

6)) 2 s P 1] B2 7 B 18] 5 0 2 55 0 42 4 A3 T
P HRAL, R AR AL AR % 5 (C 5L G ) B
Vi) 87 77 B0 A 1) 5500 20 S5 W 2 7 T BE B v £ 1/6 BB
M el BE A 5 4% 5% 1 a5 B2 3 A i) 52 Wi 4 06 i o5 £
BRI, BRI\BE A AR A 5 (A 5 B L)
Hb— ML T RE R IE BT AR (A 1. B SR 1E 5
LRGBS BT H A 529 80 cm).

4 MBEHEBRAHATK

mEFEE

SR FH 2 B TRIR 2 Aar 28 (1] 9) BRI & 7 SR AT
AR BE 14041, A 550 kN, H e aijhE
30 kN, H#hE 120 kN, JG4hE 140 kN, #E4eE
1.8 m, #lifE 1.4 m, a5 EHZ AR 7 m.

EH T2 A 25 ) Jm) TR AR AR A A R 3 1 A
BE, 0] — A A e 2ok A R R A Te) B, 9F HL A5
YA 1] F2 Bl Bof 4 6 T B AR A, 2 R B S il
HE@S TR A P EEN SR, CH T RN
PR TSR 25 B S G T S, DR AR 43 A A

4.1

I B8 T 5 WA E VR JT (B 22140 kN), FFiFA
0. 3 fffnp s RBL. AT EARAE BT AR A B E

BN
30 kN 120kN 120kN 140kN 140kN
o 1
O 0O OO
L3 Ji4a] 7 Jo4]
I%%—&—L —————— &ﬂ]
o —————— g4
L L 3 4_1.4_4_ 7 1.4 _|
15

9 MEFBEEB(HAML: m)
Fig. 9 The loading model car (Unit: m)
4.2 BEXERBHAR

T AR BNE RS B BAE T & 8 e A 4R
BT, MRS B Gh . B a5 e 22 2R AT A
B, RTRECLUTTZR 2 i A s BIBEAT 560,
W& 10 Prow, At 75 58 4 w0 A 807 SR 4 H %
AR A7 5 ) 2 il AT A . P R A
TR N8 ANE AR A 2L 0 Wi 2 28 ) 7 o D B e

1 400
—
a
/ N\,
< N
L1800 -1200-600 0 600 1200 1800
1750
B AR i A
14 24 34 Yl 5 44 S# 6#
1800 1300 1800 1300 1800
o'.
L]
.
L]
.
- ..
o*%e .
e S ) " a L ) .:‘."0 )
3000-2000-1000 0 1000 2000 3000 4000 5000
-3 (l)oo -2 ?00 =] l000 lo 10100 2q00 30100 40100 50100 60100 70?0 71500
| 3750 | 3750 | 3750 | 3750 L 1500
|

A

MBS

i

& 10

ARHEEMBEAXTEE(BEAGA: mm)

Fig. 10 The longitudinal and transverse loading schematic diagram of point A (Unit: mm)

5 BARFEWREFRIENTESHT
R b 7 490 T A A 2 L B A T A

H A 10 om JE 8022 E ALY, W& TR
FKVEIROL A A FIFEHBLY SE, W 3. HhJy
1R R A NRERERY AN E Y



o554 W oo, S5 B -UHPC A8 AT AR S KBRS h LA 40 b7 557
PEF D, N AT oA, ml Eg% A ¥)R# I —10 MPa, HAEA K UHPC IRyt AR

SR 1) SRR IR 25 TS 3 B R R
DEALTF B si, B2y J7 o] {5 MR 1) 43 A, T AR T
% E 15.(D g AL B PR 1] T4 B S {EIKZ.

AR T+ S B SR 2% 7 S0 T A R R T

RE ST 153 2 — (R S (0 W 50 B 50 B R 31 O
By AR EE 1 )GB/ T 31387-2015 fif ik : UHPC #1 K}
PUESRE AR T 100 MPa, — ¢ w ik %] 150 MPa
Vb)), B&REHPUERIRE T, T HE A

£3 BREBEMEARFREAN

Tab.3 The most disadvantageous tensile stress of various concerned areas MPa
AR B & CH D = E s F & G K

T %

BEe gk B gl gk BRI gUR BRE BRI 4R BRI gl gl KK
kR 7.51 0.96 4.13 0.58  2.67 0.18 9.69 0.84 3.48 4.31 3.67 3.77 3.82 0.73
T2 5.93 0. 31 2.42  0.12 1.49 0.03 7.22 0.93 3.14 1.61 3.22 1.42 2.35 0.03
VE 5.31 0.17 10.07 0.87  4.56 0.21 896 2.78 2.78 8.96 3.11 7.02 5.23 0. 64
EX" 3.73 0.26  2.04 0.05 1. 29 0 7.15 0.41 1.60 1.42 2.18 1.36 2.31 0.23

FE 1 ER ES & KB J1h 7. 51 MPa(## 1
), T ZaE KRB J1ok 4. 31 MPa(ZhH5 1)) ,
W) T Gede RBLILS1 4 9. 69 MPa(GhFr1m)). J7%e
2 WM b Sk i KB J124 5. 93 MPa(Bi#f0]), M
MR T Sk KB J1 2% 3. 22 MPa(BEFF 1)), B2
G RPN 1N 7. 22 MPa(GhFr 1) ). J7 % 2 HHEL
THEL, 2w THERPUS BEE XA T 2t
TR R B R WEEE E, AR T Sl K B
FTHEW/NT 25.5% , H o] WAt Wb A T AR 7 2t
Joh A T SO A T AR B A R 2R RE D s A K

T % 3 WM S de Rk RN 1K 10. 07 MPa
(CBERRI ), AR T Zdm KRB J1h 8. 96 MPa(ZhHf
). J5% 3 MM 2ok BRI S EE/NT 5
K1 TG BRI 1 (M2 7.5%), ki
WA T BT PR T RA—E B HERAI
MPUEARRRE S HAFR3IHFHR L., TgmAE
PN NEBERFRTHE 2, Hhmis - 4%
RERIN N 5T7% 2 T s R Eh B 1t T,
HWNEEE 24. 1%, HEHR L0 5K FEH M
IRy e S Sl S 4 SEG NS SE DAL <12 ARS8 V)|
8 69. 8%, WM F&MERRERN S 5HE 2
WA T % i K B R0 7 fH b, H R 07 B
178.3%. W, MUXHHFE AT BT, P
M7 S5 BT A SE S AT A, e P 7 AT AE
A b N 16) 52 578 A BRI A R AT PRt
R A AR N AR R A Y, R
AN AT AR v N = A VAV A N |- R NN A )
M. HIFE &R RS2 B RE, HE i Ok R
JE b 3 v A BT S AR 2RRE

R 4 MR b Sk E K BB JIE R 3. 73 MPa

(RENR ), THARF S KRB 100 2. 18 MPa(Bi#
o)), BT G KRB B 1ok 7. 15 MPa (Y H
o)), BB N Zde KAL) S0k 3. 77 MPa (B
). R4 5% 2 M, OHBITSEKRE
BLI T (8 A8 AL A K (F2 41 B2 A7 {8 e KA BB/ 1
1060), AHHARI T S B REAT 18] B 7 R RS I (2
R RE ) G Tt ), I B A AR R BN A
G 1) 8 s B2 B LB B ;. @05 5% 4 THiAk
JO7 F3 R W ek, HG e T Al T S e R LS T R W
32306 AR b Sk dw K B T de K IR R
37. 106, IR PR A B 6 A A 23 48T SR A H T A
PR MR B R S, R F S 2 mis, HAE
PR 18] B N S A B/, R 6 MPa(fiF
PRRABRFF AL ), I HH B {8k wT LU g 84 gl
e A Ak Al 1 B AR5 1) 9 B K A TR — 2 DN,
AR T 2% 80 B2 S M B, R 3.5 MPa.
Bb, AR AR 25 ) 8 BBl /N A7 TR A SR K T B ) {8 9F
o2 RAFBy, Fmidg R 1t THERE, ShNE o

6 it

(L) FEFRL A7 5 W) 0 16 2 =) R ), AN 1) 32
2, AFH T PIAH SRR B2 A B4 47 2800k 2% A A
e ) 5 o 95 T A A% N R 1) B 1 LT B T
R 5 B A A 4T P B L A B far 23 00) 3% A B Al A Ff
A AR BTN . A 1A B L TR STRR. MR 1) 5
W £, R 1) B S Al ) A 4R R B A ) B Y
HOZAD B A A8 1] B F7 B BT B T 2 5 BE g
B AR S — R L 5 1% T R 11 5 0 S LS/
2y AT B 4 4% T R A R ST T Al A A
MBI E T, 2900 2 A% MR A e .



(2]
ol
(o)

[N )

B R

A
S

o R(ARPEER) 551

(2) 5 W AR J7 ZE AU T SR 1) B2 7 6 52
LR e A, G A K T 9 T A AL 2
AR 1] B2 T3k 2, 2% 7 SR A7 THI AR Y S5 B 7 B8
R DX I B v A 8 R ) (T ) M T IR DL R 5 90 R
AR H Ak ) THI i T 25

(3) AT T 30 77 T A ) T 75 7K B8 HE 0 5 ) 45
R R AR 7 SRR T R b 2 I AR T
PUBARBBE AR, METRHIE PR, Hik
U SNTTY O 2 I VA oK R N T 51
TR TR, B HiAR R R EH Y B A ZE AR
B AR ) B9 7 75 08 980 /0N i ) A5 T A AR I T k)
R FRLY ST 35 5 ).

S X3k  References

(1] Edl, FAr, Rmm, % . - IREE LA G4 WIT R
WECE R[] ]. AR TREAAHR, 2012, 45(6): 110-112.
NIE Jianguo, TAO Muxuan, WU Lili, et al. Advances of
research on steel-concrete composite bridges[J]. China
Civil Engineering Journal, 2012, 45(6): 110-112.

(2] BRAR. 28RN m RIS (D]. |k
i W3R . 2007,
SHAN Hongwei. Study on crack resistance measures
of bridge deck of compositebeam cable-stayed bridge
[D]. Shanghai: Tongji University, 2007.

[3] SUNG W Y, JINKYO F. C. Evaluation of the flexural

behavior of composite beam with inverted T steel girder

and steel fiber reinforced ultra high performance concrete

slab[J].
[4] ZHOU M, LU W, SONG J W. Application of ultra-

Engineering Structures, 2016, 118 1-15.

high performance concrete in bridge engineering[]J ].

Construction and Building Materials, 2018, 186;
1257-1266.

(5] BREE, £ . @EERRELVIRSGRIT). @i
25 TR, 2014, 33(3): 1-23.

CHEN Baochun, JI Tao. Review of research on ultra-
high performance concrete[J]. Journal of Architecture
and Civil Engineering, 2014, 33(3): 1-23.

(6] AL, ZH0 . PR AIREE R E RHES KiTE

JHELT]. W RS (B ARE M) 2009, 36(2):
13-17.
ZHEN Wenzhong, LI Li. Preparation and mix propor-
tion calculation of reactive powder concrete[J]. Jour-
nal of Hunan University (Natural Sciences Edition),
2009, 36(2); 13-17.

(7] SR, TR . 5P R IR Bk 1 (RPC200) i Bt & 1
Bt ()], Wl B, 2003, 16(4): 44-49.

WU Yanhai, HE Yanbin. Experimental research on
proportion of reactive powder concrete[J]. China Jour-

nal of Highway and Transport, 2003, 16(4): 44-49.

[8]

[9]

[10]

(11]

[12]

[13]

[15]

[16]

&
AR AR e . B — e R R B LR R A A A R
gii [ M]. bt ARl AL, 2015.
SHAO Xudong, HU jianhua. The steelUHPC light-
weight composite bridge structures| M]. Beijing: Chi-
na Communications Press, 2015.
RUSSEL H G, GRAYBEAL B A. Ultra-high perform-
ance concrete; A state of the art report for the Bridge
community, FHWA-HIF-13-060 [ R]. MclLean, D.C. :
Federal Highway Administration, 2013.
AFGC. Ultra high performance fibre-reinforced concretes
[S]. Paris: AFGC and SETRA Working Group, 2013.
o] AR SE A ] [ R W R A S IS
KiREEL . GB/T 31387-2015. [S]. dbni. bR
iR, 2015-11-01.
General Administration of Quality Supervision, mspec-
tion and Quarantine of P. R. China. Rective power
concrete; GB/T 31387-2015. [S]. Beijing: Standards
Press of China, 2015-11-01.
AALETI S, PETERSEN B, SRITHARAN S. Design
guide for precast UHPC waffle deck panel system, in-
cluding connections[ R]. Washington, D. C. ;: Federal
Highway Administration, 2013.
BREA, SR, X, % . W-UHPC REIH G
HirgAE RAT AR B AR [T]. 2 B SR,
2017, 30(3): 218-225,245.
SHAO Xudong, WU Jiajia, LIU Rong, et al. Basic
performance of waffle deck panel of lightweight steel-
UHPC composite bridge[]J]. China Journal of High-
way and Transport, 2017, 30(3): 218-225,245.
A T7, BBILAR . 40 - UHPC #7020 4 3 05 T AR 3% 25
PEREA RT3 #7 [T ], 2 B8 2 B4, 2016, 33(10):
88-95.
KONG Lingfang, SHAO Xudong. Finite element a-
nalysis of flexural performance of steel-lUHPC light-
weight composite girder deck[]J]. Journal of highway
and transportation Research and Development, 2016,
33(10) . 88-95.
SARE, ARUAR, XK . K- UHPC 52 A4 45 45 1
WA [T ], 2% TR, 2017, 42(4): 77-81.
WU Jiajia, SHAO Xudong, LIU Rong.
featureresearch on UHPC deck of steel UHPC light-

Structural

weight composite bridge[]].
2017, 42(4): 77-81.

L, BREA, HIZAR, % . @iy f) UHPC &
SRR R R R AL BT R R [T, R TR iR,
2017, 50(11); 87-97.

QIU Minghong, SHAO Xudong, GAN Yidong, et al.

Research on optimal design of deck system in longitudinal

Highway Engineering,

prestressed UHPC continuous box girder bridge[]J]. Chi-
na Civil Engineering Journal, 2017, 50(11). 87-97.

(% # A RD



