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Abstract

Aiming to adapt the demand of cross-sea bridge construction in China, a new composite box girder
for non-navigable spans of the cross-sea bridge was proposed combining Ultra-High Performance
Fiber Reinforced Concrete (UHPFRC), which consists of the web and the base plate with the UHPFRC
and the top plate with the high-strength concrete. Compared with conventional concrete box girder,
this new composite box girder possesses a lot of merits, including light weight, large span, low crack-
ing risk, low creep, good lasting quality and so on. Structural design and analytical analysis for the new
composite box girder with span length of 4 x 100 m were presented, structure stress and deformation
state of the computational model were acquired. In addition, stress value for design and durability
of UHPFRC were investigated. Discussion was given and the results showed that stress value of the
girder all meet the material stress limit. Also, the structural stiffness, durability, and construction fea-
sibility all meet the demand. Then, compared with conventional prestressed concrete box girder and
steel-concrete composite box girder in economic indicator, the results showed that a good economy
may be achieved by using this new type. Above all, the new composite box girder proposed in this paper
is a competitive bridge type in mechanical properties, economy, durability and other aspects, which
could apply to non-navigable spans of the cross-sea bridge well and demonstrates a good prospect of
application and extension.
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AR, I S A B A I M 2 1 i H B 5E 3, XN E XA R ERS 7 ERKREER, (EE
KA R I Z USRI RIS H ', 1 A2 108 R TR0 A {2 it [X % S A, ) & 5 1 KM I
R, BRI X 22 5 ) o R R [ 1]-[3]. Hl, FeE O AR AR R g XM A8 T 2 .

5 T R RISt A i RO, AR BE AT B LR A BANGE . BN L2 B LB LT, T2
RRIFIRIASE, KO0, MO, ARESEARAEE Bk, D, BSOS . BT M BE LU A B
RERRZ, Wi ANE KIWMERPERETT TR EOR B w2 INSS R AR B Bk, B KA T 20 id i
LS AEBATFLNKES 7, ST @Ml — oA 1 AE2 DAL, HA A AT R B GR T
PLAL R IRIR S . . MRS ZFLEE R, —BONRNEE RGN, ASCATe: ix TR
FLERSy, BT SRR LRy, BIAREA LR A TS, TR ARG TR A
LRI UIAREIMF NG, JEENILAEKL 20km, SR LREERN 90%A 4. Kk, JEmfifle
Mt L. EE . FRPNERCE, FR, EARENILRE, AU ER. B, L, ke
B brAEESARRRHE N R B, IR A, B MIE BRI N E .,

R v P BE 4T 4 3% 5 YR ¢ 1 (Ultra-High Performance Fiber Reinforced Concrete, UHPFRC) [ 20 {42 90
FEARF I HEE S Richard f Cheyrezy B iXFEH LIk, BRI A mit AERIDL S 901, s
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BN AR TREAUR BT 7 S SR R A TR . KU TR B k. mROEK . AREF4EDL
FoK A — BRI, BAFULRE 170~230 MPa. Fidfis8/E 30~60 MPa. 505 79 R BUUAH
FUREE T2 1/10 (5L VERE . JT4E5K, o UHPFRC 535 5@ R+ sUMM A A5 R E G450, DURIESH
MEMES, R E PN AR AN TR A O 1 E 2T W)

fEE PR |, UHPFRC-IR#&E LG 450 B S PR, BORFEE o B i RO E T 5B (EPFL) 1)
Brithwiler #(3% A ATEZAUB T T RS 7L, % UHPFRC 7E REA 89 W v - 25/ m [ h i1 52 25 %2
BIYERE, LLJZ UHPFRC J2 5iR%E L2 2 M SR 4547 T e 7 R E MR 90 A B i o0 A T4« 4B E R /R
B ORI 78 JIBANIZE UHPFRC (FLBREE M . Wit B AN B 7 T e T IR AT . TE4 &4
M7, EBREE % UHPFRC-JREE LA &R I AT ik AT T RGURR, WK “UHPFRC-IREE L
AT EBARAE L 7~9 Rz A=, EZIARF UHPFRC 16574 16 B A T A 5 AR
o LERARARAETITH, SoHTit 73R B UHPFRC FIRAR R AR SZ U 45 B AR 5200 2 35, PERC R SR8 701 H
N, W13 RPARRARE R, I E R TR .

YEE Py, UHPFRC (W8 50 R AL A i, (ROE AR R R Gk, fEAF R TR N H OIS 2
TE SRR ARBARZR Y T KSR A N /7 UHPC SESEE A ML 31T, -1 T 42 UHPC i
FER KB P R AT AT 77 & #8126 FRP A1 RPC 78+ AR TRt i 5t 58 #6477 R 4%
W ELHA LTI, B P2 Bl S AN AL 9-UHPFRC B LA R MPTES HEGE . 4W-UHPC 1EAC
St AR THAR 1) 7154 M REEET7 I T IR N ARSI SC R B AT . 75 LREN FH 2 TH, BRI MR
KXAEEMILRA T 6 x 110 m LA R HELAN-UHPC 12 A S, S0E 7 RHAMK-
UHPC H & Wr it E 5 B SR R p o P, L 57 M R B 3 R TR G IR 28 S VAN TR - 30
TRESEEE T, L PE R EE UHPC 414 30 O EHE G337 i By b el - yu 3 H s s A, R
UHPC-RC A AHEGH, REfEK 10%, HERR 69.1%.

L4 kE, E M4 UHPFRC-TRBE T 4 & 45 MR BT 58 OIS B35 0E e, (E AT B 9% 3 B4 b 7 4 -
UHPFRC ZHAMFHIAR . UHPC #E4AFH4: . UHPFRC i [& BEA 2544 % LA Ji 1Al TR A UHPFRC fgHR F1
JEAR e TR L TIAR A AR A Y, U R AN B KR R B A fLIX — R 8 TR RA WA,
B EAk. Har, RECHE. EEMEERHIE S, ARE LR R B B R T8 TR 2R
KM, B 60~70 m fEZ; HURA SN, BERAE 100 m EAJEZL . A ARG &0
O3t b, g5 A Er A Mk BRI A R UHPFRC, $2H T — g T B KR E R F LA 22 1 7 A
GRAREEMEN, FE AR B RSS2 T REIEAT T T

2. ENEEAFERENR
2.1. XERIRK

Table 1. Representative cross-sea bridges in China

*= 1. RERARFMNEEXN

e i) MR (km) BB (1L70) H R (]
VRN 32.5 71 2005
IRt R N 36 118 2008
PISLiPN; 32 85 2008
Fh 1L R 25 131.13 2009
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TR VS i Vi KA 354 99.38 2011
HEERIR B 15 720 2018
R 2 VS 5 VDR A 10.36 33.8 2015

T 1991 F@REE— R A ——E TR, BIHACNIE, @A A 72 B,
Hodr, 32012 R 35 i, SR BEIA 814.8 /47T FEEIH 20 J#, SAXTE 1278 1470, SHFE 174 A H;
WEIH 17 FE, % 51881470, MEFEN 286 AH. 7 1 FlH T8, E L B RE M.

M ERTTCUE H, RE BT 20 KB HEARES.

2.2. FEMILHFRILENER
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Figure 1. Cross-sectional forms of several non-navigable spans of the cross-sea bridges in China (Unit: cm)
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Table 2. Basic information of several non-navigable spans of the cross-sea bridges in China

= 2. ERJLER B AFIE@EMILTREARERL

e NG Y it JEmAT LIS (TR ) SR
JE5IHF: 24x50m+21 x 70 m 0 m: 1430
DIRA e N3 THURE 7 18 k- 4 e M A 5 #F: 134 x 70 m 2 ﬁ; 2160:
BEaIH: 20 x 70 m +202 x 50 m ‘
VRPN TR/ S SR 136x60m+ 154X 70 m o o
m: 2100 t

Jeil: 5% 105 m

By N \iéd;é I\ 2 YTh :
EKIT R B AANAE G S0l 5 x 105m 105 m: 2300 t
T A KX HELH AN HIKIX: 64x85m 85 m: 1400 t

HKIX: PN S HIESR FAKX: 153 x120m 120 m: 2100 t

3.2. JEiBAFLEAIER

X3 MEAREAT LA A % B B0 RUGERNEE, AR B MR, TR AR I S
BTN SR

(1) TR AvRse LA 2: R AR BT e B e U NI R RO ELF . Wi Uikl I
T i 2 0 e (H LR AT

© HEX, FHEEAAELK. 60~70m A4 XHEIFEHALESRL, THEH TIEENREA,
MRERERE SR 2, XAMEIN 7 ARG, 10 H AR AR 554G R TR 4] -

@ FRURE LI GREAR. &5 HIIREES] [6], MIXSANERE T HRMIEN, faFE a5 IR H
s 534k, B ARARSEN, SSHIRE S BT 5, X2 A A — AN .

(2) M- IREE AR W - IRAESEMIFENRE LS, MR RSN, AR, B
Ko SNSRI RENESE; [FIANGSAAILE, FANERDS, WIRERE R, Fese b, W AvELF&E(7]. (Hidf
FE— L5 ] L.

© WHIEFEER, &

@ WEPEIABE T BRI i AU I 1P, 5 IR R

4. BEMRELTYE1EER B+ (UHPFRC)

RRM R R JETT 05 E . R R R AT 43 [8]. DRI =tk RE L SRR S A
AR R F AR B — AN EFA9]. & T BE 41 43 5 7R 5% 1+ (Ultra-High Performance Fiber Reinforced Con-
crete, [WFK UHPFRC, tHFRVEVEMER) R IEEEL Reactive Powder Concrete, fii#% RPC)J& HZREC A1 b, 7K
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e TR DB AR SRR AR 4 DL R K s — 8 R R R S AR — SR AR R AR R A
TREELAE10], BA LTI RMERE[11]-[16] (3% 3).

(1) BEHUE I RE .. BT AR S, UHPFRC BAA W E HTE SR, BN er 455 Hidr
O B A5 3 VR KRR

() A A T BA RIFHFLE M MBARFLI %, UHPFRC HA WAKHIZIENE . RSP
B AR e Ty, i AERE .

N EVE ¥ UHPFRC ARSI T 52 br TARISEHI[17]. 3T HAR Sk, E# 240 UHPFRC #
I8 B g AR IEATFL RS, AR TR R R .

Table 3. Comparison of the basic mechanical properties between UHPFRC and conventional concrete

%% 3. UHPFRC 5& @R T FE HF14aeistrrttt

Xf Lo fe b UHPFRC200 C50 UHPFRC200/C50
PUE E(MPa) 170~230 50 2] 4
PUHT 5 (MPa) 30~60 4 %510
FVERLE (GPa) 50~60 34.5 2] 1.6
WL (k/m?) 20~40 0.12 #3200
A 2% (%;;%;};) 13~2.1 25 1/5
SE T HRE[107/(m?s)] 22.17 200 5 1/10

5. MBS EXAIEEM LR
5.1. BESRYRH

HH UHPFRC AR m FU AL 98 EE  ARAR/N HART APERERIAGIE, BRI VMG
AR AR E (K 2), B UHPFRC BEAR AR « i L TAR 2 A, s i Bt 1T Jafdi =
JRIESE: Soiti . UHPFRC BEAR AN il BERE R GE , TR I e sl o R 3], -7 -5 A 70 e it B e B
o KA P TINL 7 508 S TS AR &5 6 IO EC 19 /7 2, B BN R AR ) IR ) 44 &% o 38 F 542 80~120 m.
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Figure 2. Schematic diagram of a new bridge type for non-navigable spans of the cross-sea bridge

E 2. #iEEs AR RN FERERE

5.2. FRZHIFHE
A A AR GER ) v U A LT 9 L ) UHPFRC HUPCH TR e - IR 5 e, RENS 2 25 ke 45 ) B
H, JFFEor K AF UHPFRC HOMRVRAE s B RS2 4004 B0 A A TOUAR UL R P ve ke e =, SR T DAk
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AR R N 7o 28R, I RA R AR 2 # R A UHPFRC & 7] LLEE— iR 454 B L, X
FESCHR[ 1813 HE I TT M8, SO 2 B P BEAFAE T BN MR IR . 2 51 57 1R, AR AR AR
BE A K% A BN 3 TR At A BB T REAEAE — e MERE, RIS A7 AE 38 P o v P AL

5.3. MBAEEMALGFRMLS

W ZAHEMBEN A TEEML, BA LR ILAA:

(1) HER. KGR E AR R SRRSO UHPFRC MEHE, MR S50/, UM Rk
() 1/3~1/2, FREEAIRE 1/3~1/2, HREHINK T A4 M5 AL

(2) XFEFEABER/N o BRI K Al IR MR AR 40% A0 47, AXBEG T TREEA, s/ sl
ViSiinp Al

(3) ToiREELIFRNG . UHPFRC AEHRHTHL R E AT A 30 MPa, FHZ2JT 2 XU ARAIC -

(4) AN T APEREST . T KA UHPFRC, % A&REA Lk 7GR .

BT EA LR RER S, AR A S HRE EM ORI PC R A E K. EHEBAN . AR
2NN - R SR TR A . S B S SRR IR R, RS e A AR A AL R A A T AR A T —
Tl 47 A S B o

5.4. SEARERILE

(1) 5 M S TR - R ) B

WHL PC G R AR AL ) R R, HHAFAE = KRG HERKSE 60~70 m B2 )5
LU E N R R IR R, RN AR, TEHTEIAEE TN SR TR0 RN
=, SRS KT B A SCALA A UHPFRC B AR ARG, B0 IS P 2 R R 16 1/3~1/2,
TR HEEE 1/3~1/2, 100 m BEEREE H E{L 2600 t, 5 70 m PC 552219 2100 t A EL, BAAKE [ #H 2
MHEA%. FE, UHPFRC FIHtHisaE aliA 30 MPa LL_1, 1748 REAH MRE L1 1/5 £4, MRA L
FARR T T 2 XS RN R 4% )

(2) HH-UHPC H &R 1% b

H-UHPC 44 M THBR (A BRI AT R ) 2 78 A 48 1E A8 S MM TR 4152 UHPC 2 LR AR % 55
L0, A H R SEE I R 7 e, M AR AR R E A . 52 AE, ACHH ) UHPFRC
HER 5 AR B2 5 R R J), S5 R FAR R I B SR 43 o A, A SCR P& A T A
PUHLWIE 376 K F-4N-UHPC 20 & M AR BT B T VERAR 22, o I8 T R MR 95 WP B 58 1 AR i A e M AN
BARMERA KRR

(3) 54 UHPC FZ K%ttt

BRME RS54 H (B RS A2 B [l TIUSE /) UHPC JELRAR M AE LS E B QIR (AL 2R Eh =
— SRR UHPC BB SA R s & v] BBAFRAE NG N ) IR R 2 91 K% 55 Il js =A%
2 IR AR S A A0 TS 70 SR ) TR0 A BATAE — e MESE o AN SCR A UHPFRC JEARCFIECAR « o 5 Vi vt = TR
(25 AL LA SRS, LR S2 ZE AT 3R R TRCR T €60 JRE -, BE AT Ik 2240 O R 3h B R ) 35 32
XA RARIE N . X2 A BT R RIL T MR S S,

(4) S54N-UHPC A& Z x0T L

HA-UHPC 216 2 1 45 K [H P s M 20Uk I R0 37, &5 A ERR . Mg (8. & MR,
SR, 4N-UHPC 2GR A N80 o FE VPRI S N T I AR R, S5 Ry oA IR AR . A
SCEH A AR R NTE 5 25 FEANM JE il TEM VRIS N B RAR AR5, J5 AR TAE & KIEREAR. Bk,
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TR - SR AE AN B LR D TR TN 284, AE A2 K AR % O THI SE B AR 35
5.5. AFARKZFRTERAMBAR L HFT=

(1) B K UHPFRC 5 mramiRdt - L2 A2 & 1 U8 T8 R AE@ AL 2, RS T
UHPFRC /MR + C60 Ttk FI4H & FERMIETT . 5P UHPFRC 4G 45 M 5t & ELAE R A Tl
2. N s B Ay UHPC BERFE RN, AW « 2 FA R B —— & X & s e L (TR )
ZHEI X UHPFRCIEARJEAR) ™ IS5 M LT B, 3T AN IR 45 M 5B A7 1) 52 0 R AE DG I LA AH B A 34
HIAPRE,  NIZSH A R B BT R TRE RS T R AR T %

() © ZH7TE0H: BB TEH T RFEEAT LA A R AL, R e 3 5 L it
5, BT LT A SR B T 4% S S5 M R 2 AR E AR £ @ APRMILAK T & AT - K UHPFRC
FA T 4504 52 0 U X SR (AR RN R AR ), K v s VB4 L FH T 32 IR T E (TR ), 5B T MR RE S 454 7 2R 11
REHEILHC . ® Wil AR SEENAIATERIHER, &4 TIEM T4 &M %0 UHPFRC MY
TN AT BUE TR 80 MPa/fiidi 5 MPa), @it 4 x 100 m & HHI6IE 7 5 R 47PE. @ TRSEH
PEISIE: L 7 M 8, S0E T A A A R BT A AT R I R Mt T AT, JRIER T
MRS TR bR EAL T H L PC AR G NAE R
6. 4 x 100 m SCiE] X FEEEMAE RN T
6.1. Z5Higit

SiiE: 2K 4 %100 =400 m, ST, RS EHCEA UHPFRC200, THHR A C60 VR #&E
+, RERZAIGIBZAEK RN 1.2 mo EERRM b )RR AN, (EFS T AERG 20 m BB —E TR
i, S 4 i, WFIGERE: % 15 m (Fl) +2 x 0.5 m (BALH) = 16 mo BEHHATHON A T4

B E: 25 5.0m, BH&EERE 18cm. JEHE 20 cm, THHME 28 cm; 2 AU iE I E
40 cm. JEMUJE 35 cm, TRJE 45 cm, 0K 3 Fis.
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Figure 3. Cross-sections of main girder (Unit: cm)
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TN SJATE : PRI TN S HCR H BAE 15.24 mm. Fihism e 1860 MPa [RAA AN £ 4k, AR A
PERR R FRE 7 FL, PRAMHFS 9 15 4L, IBHRAE TR 12 fL. BRFETKH 30 AR R . 4 HRHR
KA. 18 IEHCR . 10 RSN, 1. 25 3. 4 BEIE 500K 3L 8 IR, 2. 3 Bl iEskat
Tk 6 HRITHR A .

HA: Wrmahze R A 8 om Bi/KIEE L +10 cm WERE L, BATHRRIRIE+25° 520558, SCHEEDT
P RRI8 10 mm B8, H IR ZE ok B

WL © TS, [FER ARG, @ MR AT, TR R A P TS T I4N
W @ ALIEm SO, HEMPRIAENE: @ RHKASHE, DRMHNERZELE: © KA IEBR TN
JIFETERAE R A © 58 b A 26 % B I8 1 it it L o

6.2. UHPFRC ##}i&i+ R HBUE
EANETE[19]. BT 520145 Hi i) UHPERC M /7K SFAEFRAE N4 4 Fiow.

Table 4. Stress level of UHPFRC
%% 4. UHPFRC R h7kF

MRS 73 Fa ¥ 1 E AFGC #YE[19] %Oj]‘*m VSL A Al BitHE S Ductal® [19] BSI® [19]

A Jea :acefck/}/c
Hor £ AP RTHE: £, NPURRE
FHIEME; o, N7 EER R far 30 far 3K A RIS,

AN f'=f —2.33sd

Horh £ SRR R :
Sotb g RO E o S

IR AR e £ R AR IR HEAL (L
S AR 2 . s VAN m HY 200 MP
WRITARY, WO8s: MR e 3 o b
WEFARE(EEL 150 MPa, ¥Eil{EEL 85 MPa.

=
B SEARHERIR 9 MPa HEZE VI S MPa HEREREILE o ity

BOMPa '\ py

#¥: 5E. Ductal. BSI AR H PR BETHERAARKAN, #FIERPTE# R E S WA A X5, aTEH A
HiE B HE N 5.1 MPa, 5 VSL AR #8531 5 MPa #HZEA K.

FHE% 4 aTdn, S H0E K BEHFa T BT e 8 tH R /T BRAE K IRVINRE, A A i R4 R 50 45
R, HUHPFRC #MEHPUE. Hidsm iR /143 51 H 80 MPa 5 5 MPa.

6.3. HRERDH
XFE, RAMREGFEF TDV T8, SRNT.

6.3.1. FERIE

FE R GELE Jt TP BEI i K FR BE 7908 49.7 MPa, e KHEN. 754 4.8 MPa, i /2 253K .

P 4(a) RS R BE (M) AR T BN A 5 AT, RTINS A0 1.0 MPa, SRR AT 34.3
MPa, ARHBLBIN T, L EK.

6.3.2. TR

VEREE L TR AE I TR BB KRN /108 15.0 MPa, W&H HILRIN /7, 2R,

A(b) VR EE L TTAR CEMR) MR B B S A N S, B RIER. /T 14.6 MPa, KRHEILRIN /7, i 2
C60 JREE 1 1 EK .
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Figure 4. Stress values of the main beam under combination for short-term action effects (Unit: MPa)
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Table S. List of heavy floating crane equipment in China
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Table 6. Comparison of three bridge superstructures in economic indicator
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