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Research and Application of High Performance Bridge

Structures Toward Future
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Abstract: In order to overcome the common technical problems of concrete bridges, steel bridges,
and steel-concrete composite bridges, and to improve the performance and quality of bridge
structures, the research group at Hunan University developed the high performance bridge
structure system based on ultra-high performance concrete (UHPC) technology. Four types of
high performance bridge structures were developed: Dsteel-STC lightweight composite deck, in
which STC denoted a kind of UHPC specially developed for orthotropic steel decks; @) steel-
UHPC waffle deck lightweight composite girder; @ thin-wall UHPC continuous girder bridge
with only longitudinal prestress; @ fully prefabricated UHPC city bridges facilitating rapid
erection. Based on a great number of static and fatigue tests, the research group revealed the basic
mechanical performance of the high performance bridge structures, and developed calculation
theory and design method for them. The steel-STC lightweight composite deck was applied to 17
real bridges in China, and the application covered the four basic bridge types, i. e. , girder bridge,
arch bridge, cable-stayed bridge, and suspension bridge. A typical pilot project is the 2nd
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Dongting Lake Bridge in Yueyang, Hunan.

All of these bridges are in good service states,

without any damage developed in STC. To sum up, since the high performance bridge structures

have the potential of overcoming technical bottlenecks in conventional bridges, they should have a

promising future.

Key words: bridge engineering; technical bottleneck; ultra-high performance concrete (UHPC) ;

high performance bridge structure; research and application
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Tab. 2 Specifications Related to UHPC
EP3 FLAE 44 B R ATHL A A Ay
National Addition to Eurocode 2 — Design of Concrete Structures:
V| Specific Rules for Ultra-high Performance Fiber-reinforced Concrete | French Standard Institute 2016
(UHPFRC)
WA H) . | Design Guidelines for Ductal Prestressed Concrete Beams The University of New South Wales 2000
Recommendations for Design and Construction of Ultra-high
H A Japan Society of Civil Engineers 2006
Strength Fiber Reinforced Concrete Structures (Draft)
Design Guide for Precast UHPC Waffle Deck Panel System, Inclu-
B Federal Highway Administration 2013
ding Connections
Recommendation: Ultra-high Performance Fiber Reinforced Cement- 3
Maintenance Construction Society and Ecole
i1 based Composites (UHPFRC) , Construction Material , Dimensioning 2016
Polytechnique Fédérale de Lausanne
and Application
[ R IR S+ rhrde R 3 A [ ] R 5 M R e R 2015

3  fnZ X Sherbrooke A 1T#F

Fig.3 Sherbrooke Pedestrian Bridge in Canada
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Fig. 5 Sakata-Mirai Pedestrian Bridge in Japan
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Fig. 24 Bridge Photographs of Application of Steel-STC Lightweight Composite Deck
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Fig. 32 Creep Tests on UHPC I-shaped Beam with

Double Cantilevers
o AR R A R T AR AR - A TR PR 20 B UHPC 225X
Brabte , LA 9290 A A% i TPREE (T A ML L 4
P PR REAT R A5 A . T UHPC /Y8 o L fig
0% 52 I 32 B AR A s T A0 R A T T LA g 2 23 )
Fe gk 7 TAE /N s v B b R U85 # DL v
WY 23 BEOR s UHPC B1ORE AN 45 04 18 B [ T 5
WA TSI, P 2B #2835 UHPC 225X
Br &S R A T ] I AL R AR OB B )T R B R R I
o AW P 4 UHPC AR 454 LT 3

SR

Yy

(c) UHPCHIR T E 4t (2 kR
= TR L B R LD
Tl
-l

A Wi

I K - |

t. TR {
(N UHPCHT B H 55 85 % i i 5

33 WEE UHPC HEARTIRXE
Fig. 33 Serial Tests on UHPC Box Beams with Double Cantilevers

(DA — . fifi] UHPC*n” 5%

5T UHPC L5 1Y J1 2k 6 Fn i A PEfE L B3t
Hh — AR BT LT A it A R Y B T O R LB A A
T, BN UHPC*x” K 2 (& 36)

fitdl UHPC*n” R HA LR Q% J "
JE U] I A 08 SN 1) 42 4, HLYN 1) 24508 0 ©
REEBRZEAN 1/20; QMR TEH 3 m,30 m

BRREAEL R 80 t. (UG IREE+ T R W
400 ~50% ; DAV B A2 20~60 m, Jo 75 il
JnwR; g
(2) 27 = F-UHPC H % B 20 45 3
S4B R A UHPC (4 4 5. 3% 3t ) — il K-
UHPC f ML A 3. 8 2 H UHPC B i Al ¥y
FET T B3 AT e 51 UHPC Hi 8] () B2 48 . H



%54

AR F . BE R R HRARRRENIL L 2 A 55

(b) 1@ 645 RUHPCT. ¥ 2

34 UHPC TFZIEWHm BT HEaIKE
Fig. 34  Shear-resisting Performance Test on

UHPC I-shaped Beams

{a) EWHHiAS2928 — 2 5 Wi N

il S T

(b)Y T A A A A RS 1140

B35 MEATIRE
Fig. 35 Potential Pilot Projects
s 37 s .

W-UHPC R R EA LU LA OR &
HEERZ LN 1/25;@ A EE, B 3 m 98,30 m
PSR A 20 50 t; QRMBUE HIAL AL Bl
PRI GRS LE R AT

L 30 m B4R R ] X AR LN TR 4 A

fif e
Fr<_
.l /w? 7
AL Fiii:
5 .

R 4 \\.,_._.1::’

248 i 1
36 Fi#l UHPC “n” 2
Fig. 36  Prefabricated UHPC “n” Girder

UHPCH

id g L
37 $N-UHPC HREZHAFR
Fig. 37 Steel-UHPC Lightweight Composite Girder
W BN 7 IR B+ 4 . UHPC “n”JE 20 4K-UHPC
Fe R A R0 A E A A AT L (38D

o

2.0¢

180

o~ L5f

E 1.10

= 1.0} 0.90

- 0.60

= o.5b 0.45 l
0

W REW. H@h  UHPC  W.UHPC
RASRESLR " "ERgRHSR

(a) B3 H(LL30 mBF A )

T as
— af
E
i 3 5k o 2.8
H=
= 2I 1.7
£
ok i
UTWMF  ®MW- mmd  UHPC  W-UHPC

MR AR n TR SR R
(b) it 2 ok B 8 Y A A
E 38 AEMHERI L
Fig. 38 Comparison of Girders Made of Different Materials
% H AT RL A UHPC o7 JE 22 i & 40
B E 3 i ARG L S e T O D HR R b s - UHPC
BRASREAE S WL HE MR T M. [
i UHPC [ i Ak T 38 30 1R e £, 4 77 iy i
M.
(3)ZE A1 = . UHPC & R 45 #)
Il T AT 2% 4 ) ST AR SE SUTE B A 2% . D R T g



56 EAAFE TRFR

2017 %

I S7 AR AE SUBF S 1 i BT —Fp UHPC kst
MR g #g (39 Wil o UHPC F 2%, ] i &
UHPC f 32 R 104 B 10038 314 & X s,
P os i F A%, UHPC R R4 ES
WR A O 35 WA T 3738 38 S B L 3 AT 32 5
W5 @ %5 58 B K B /N o b T R, Y 4 R A R A
WA,

Hi B A o] 60 MPa

(c) UHPCH iR = M in kM

B 39 UHPC HEARHFE
Fig.39 UHPC Half Through Bridge

3.4.3 RKBAHR

T 2%k 4 9 P 2R B UHPC 3 i A 22 25
T JE T R A B F 5 (18] 40 ~42) A0 45 Tl “m”
T 2 4 R 57 75 3 L UHPC #F 1o A 42 4% v g 3K 56
W-UHPC 284 & e 4 Ve g i 0 5 . il i oY
H48 T UHPC BB 5 R 2 ) S AR S 10 I 2458 1
BE T U5 SRR A PE R AT AT

i ifl—-

40 HiHl UHCP “n" R EGZ TR
Fig. 40 Integral Flexural Tests of
Prefabricated UHPC “zn” Girder
3.4.4 BFMHR
AR A T A7 SR A R L AR T 3 A A T
P UHPC Br 45 M. BF 58 R WL 25 Jx
UHPC i 3% 13 I PR 38 A 3 i i 22 5 v 7 2
DEETE ¥V ¥
(1D UHPC 3l iy # 52 3= A4k (R S 76 T 9 ]
IR EAT G B i e e T A 4 4 il T e O AR R

(e} UHPCH I 5 58 51 75 il 5
E 41 UHPC #f E R Z 48 M AE X I8

Fig. 41 Tests on Performance of UHPC Deck Connection

KFE 90% L F,

(2) UHPC 3k 17 M 3% 66 0% 5C 90 M 2 25 4 1 %
ST F IR S N N 2 o R L e R A
M, 70 2 RN AR A T 24 AU S BRI, R BRI
T YRR O YR AR

4 4 i

] 8 M TR R L AT A S8 A B 2R
B CRRAATAT o AR R 1 R A A A
(28 K 5 Z A DE BC 25 ¥ 1R R A . 5 3 Vi
A e R AR TR R - (UHPC) B 4% #7515 JiE
AR K it A M, 5 845 At UHPC R £7 76 K3
AR AR N A I R, R 45 A UHPC $ R i g AT
TREE L MF AR A AT BE 1 21 5 A7 % v 1 A S —
SR HRAR Y HY

25 H BT UHPC 20 43 4F (i iF 5% FH 2y 3t
filt JFLLE R E R R w0 TR T UHPC
(1 P BEATE S 25 F A 2R L DI 2 AT R LS00 fi
P B e ) R, ZR A0 0 RN TR N R, e
ZREEA RE A A v IR A R R AR T AN R L 4R T
A T 1 R KO 5, A AT ST 4



AR AR LB e R R H AR

REMR L A 57

& 42

Fig. 42 Tests on Performance of Rapid Erection

(a) TZWREM

(d) 3 il AL

M

(N 4N B R R

(a) . g
RIHZRIZN-UHPC 2BV A & RFE IR E

Steel-UHPC Lightweight Composite

Girder Connection

IR .

S Z ik

References:

[1] AF k.4 Bt k. C&# KBRS PCEFLET

[2]

PeRIF AR HOR TM L b5t AR 223 AR A
2010.

SHI Xue-fei, YANG Qi, Ruan Xin. Treatment Tech-
niques for Excessive Deflection and Cracking of Exist-
ing Long-span Prestressed Concrete Bridges[ M |. Bei-
jing: China Communications Press,2010.

MR IR 22 R R, KIS PC 7 2 NI M A% 25 b
LR B KBRS ). TR Al K B
BRI ,2007,26(4) :6-8,41.

CHEN Yu-feng, XU Jun-lan, YU Wu-jun. Causes and
Precautionary Measures to Long-term Deflection of

Long Span Pre-stressed Concrete Box Girder of Con-

[3]

[4]

[5]

[6]

[7]

L8]

Lo]

[10]

[11]

tinuous Rigid Frame Bridge[ ] ]. Journal of Chongqing
Jiaotong University; Natural Science, 2007, 26 (4) ; 6-
8.41.

3 S S R AR VL R M LB SRR
LT MR R . 2006,36(6) :28-32.

TANG Man-chung, DAI Tong. Overall Design of
Double Line Bridge of Shibanpo Changjiang River
Bridge in Chongqing[J]. Bridge Construction, 2006,
36(6):28-32.

B IE A2 S M R T AR 1R 95 BIF Y £ R
[J]. #4544 ,2009,9(24) :10-13, 32,

WANG Chun-sheng, FENG Ya-cheng. Review of Fa-
tigue Research for Orthotropic Steel Bridge Decks
[J]. Steel Construction,2009,9(24):10-13,32.
BT XNHRNG . KSR T A R T B 5 Tk
Wr7E[T]. 2R TR 2005, 38(1) :51-59.

HUANG Wei, LIU Zhen-qing. Research on Theory
and Method of Long-span Steel Bridges Deck Surfa-
cing Design [ J]. China Civil Engineering Journal,
2005,38(1) :51-59.

WOLCHUK R. Empirical Design Rules for Effective
Utilization of Orthotropic Decks[ J]. Journal of Bridge
Engineering,2014,19(2) :152-158.

BRAIRAR B . [ 7 B 40U 75 1R BE 1 78 B0 A T 4 2k
R R AR LT B R B R 2009, 10 (21) 5 25+
27.

QIAN Zhen-dong, CHEN Lei-lei. Application Tech-
nology of Domestic Epoxy Asphalt Concrete on Steel
Bridges[ J]. China Science and Technology Achieve-
ments,2009,10(21) :25-27.

SU Q T,YANG G T,WU C. Experimental Investiga-
tion on Inelastic Behavior of Composite Box Girder
Under Negative Moment[ ] ]. International Journal of
Steel Structures,2012,12(1):71-84.

A W-REE T H A S RIM] bR ARZE
i A 2012,

NIE Jian-guo. Steel-concrete Composite Structure
Bridges[ M ]. Beijing: China Communications Press,
2012.

SVENSSON H S,LOVETT T G. The Twin Cable-
stayed Baytown Bridge[ C]//TABSE. Proceedings of
the TABSE Bridge Conference. Deauville: TABSE,
1994 .361-369.

HEELF W AR SEARA. 200 MPa #8555 A4 2T 4k 1R ¢
IR L) ] IR EE 1, 1993(3) :3-7.

HUANG Zheng-yu, SHEN Pu-sheng, CAI Song-bai.
Experimental Research on 200 MPa Super High
Strength Steel Fiber Reinforced Concrete [ J]. Con-



58

EAMFE TRFIR

2017

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

crete,1993(3) :3-7.

T S AR OB R M e TR B A o R
SN LT . f R #h ad )2, 2016, 35(1) : 141-149.
WANG De-hui, SHI Cai-jun, WU Lin-mei. Research
and Applications of Ultra-high Performance Concrete
(UHPC) in China[ J . Bulletin of the Chinese Ceramic
Society,2016,35(1) :141-149,

F &.® 8. FRP fl RPC 7 + R TR P MRS
RHLT]. BRIERE2 5 TR, 2005,2(4) :54-61.
FANG Zhi, YANG Jian. Study and Application of
FRP and RPC in Civil Engineering [ J]. Journal of
Railway Science and Engineering,2005,2(4) :54-61.
DE LARRARD F,SEDRAN T. Optimization of Ul-
tra-high-performance Concrete by the Using of a
Packing Model [ ]J]. Cement and Concrete Research,
1994,24(6) :997-1009.

RICHARD P,CHEYREZY M. Composition of Reac-
tive Powder Concretes[ ] |. Cement and Concrete Re-
search,1995,25(7) :1501-1511.

WANG D H.SHI C J.WU Z M,et al. A Review on
Ultra High Performance Concrete: Part II. Hydration
Microstructure and Properties[ ] ]. Construction and
Building Materials,2015,96:368-377.

KIM B,KOH G,CHO J,et al. Toward the Next Gen-
eration of Concrete Structures: Recent Advances in
UHPC Technology[ C]//IABSE. Proceedings of IAB-
SE Conference. Guangzhou:IABSE, 2016 :46-59.

GU C P,YE G,SUN W. Ultrahigh Performance Con-
crete Properties, Applications and Perspectives [ ] ].
Science China: Technological Sciences, 2015, 58 (4):
587-599.

BLAISE P Y,COUTURE M. Precast,Prestressed Pe-
destrian Bridge: World’s First Reactive Powder Con-
crete Structure[ J]. PCI Journal,1999,44(5) :60-71.
HAJAR Z,LECOINTRE D, SIMON A, et al. Design
and Construction of the World First Ultra-high Per-
formance Concrete Road Bridges[ C]//FEHLING E,
SCHMIDT M, STURWALD S. Proceedings of Inter-
national Symposium on Ultra High Performance Con-
crete. Kassel:Kassel University Press,2004 ;39-48.
FEHLING E,SCHMIDT M, WALRAVEN ], et al.

[22]

(23]

[24]

[26]

[27]

[28]

[29]

Ultra-high Performance Concrete UHPC: Fundamen-
tals Design Examples. Berlin; Wiley Ernst &. Sohn,
2013.:117-160.

RUSSELL H G, GRAYBEAL B A. Ultra-high Per-
formance Concrete: A State-of-the-art Report for the
Bridge Community [ R]. Washington DC: Federal
Highway Administration,2013.

AALETI S,HONARVAR E,SRITHARAN S, et al.
Structural Characterization of UHPC Walffle Bridge
Deck and Connections[ R]. Ames: lowa State Univer-
sity,2014.

AALETI S,PETERSEN B, SRITHARAN S. Design
Guide for Precast UHPC Waffle Deck Panel System,
Including Connections| R]. Ames: Iowa State Univer-
sity,2013.

FHWA. Design and Construction of Field-cast UHPC
Connections [ R]. Washington DC: Federal Highway
Administration, 2014,

VOO Y L,FOSTER S J,HASSAN M F A, et al. The
Current State of Art of Ultra-high Performance Con-
crete Bridge Construction in Malaysia[ C|//The Insti-
tute of Engineers. Proceedings of the 12th Interna-
tional Conference on Concrete Engineering and Tech-
nology. Selangor: The Institute of Engineers, 2014,
95-102.

FRAEAR B A -8 P R VR B L R B 2H 5 A R A
M. Jb gt AN RZEE ik, 2015,
SHAO Xu-dong, HU Jian-hua. The
Lightweight Composite Bridge Structures [ M]. Bei-

Steel-UHPC

jing: China Communications Press,2015.

T T A v I AR A TR PR i 1 R TR BE - AR
# [EB/OL]. (2016-01-18) [2017-07-18 ]. http://
news. changsha. cn/h/187/20160108/386792. html.
DING Hong. The First Fully Prefabricated Ultra-high
Performance Bridge Was Constructed in Changsha
[EB/OL]. (2016-01-18) [2017-07-18]. http://news.
changsha. cn/h/187/20160108/386792. html.

SHAO X D,YI D T,HUANG Z Y,et al. Basic Per-
formance of the Composite Deck System Composed of
Orthotropic Steel Deck and Ultrathin RPC Layer[ ] ].
Journal of Bridge Engineering,2013,18(5):417-428.



