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Study on Structural Forms of External Prestressing Anchorage
for a Novel Continuous UHPC Box-girder Bridge
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(1. College of Civil Engineering, Hunan Univ,Changsha, Hunan 410082, China;
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Abstract: According to the characteristics of a novel continuous UHPC box-girder bridge and the lay-
out of its prestressing system, the anchor block for external tendons on the web was studied. Firstly, the
effect of the plate thickness on the “local bending effect” in anchorage zone was evaluated through the anal-
ysis of stress in the isolated rectangular anchor block. A simplified plane linkage model was proposed
through the topology optimization in order to study the force transfer mechanism in anchorage zone. More-
over, two kinds of methods were developed to strengthen the anchorage zone based on the simplified mod-
el. On the basis of the above research procedure, six different anchoring schemes of the anchor block for
the external tendons were designed. After analyzing and comparing the performance of the different ancho-
ring schemes, the effects of diaphragms, steering of prestressing tendons, and anchoring length of the an-

chor block on the mechanical behavior of the anchorage zone were evaluated. Finally, a type of reasonable
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anchor block of the external tendons was obtained.

Key words: bridge engineering; structural form; finite element analysis; anchor block of external ten-
dons; Ultra-High-Performance Concrete(UHPC) ; thin-walled box girder
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Fig. 1 Stress analysis of isolated
rectangular anchor block
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Fig. 2 Relation curve between the thickness
of plate and the maximal principal tensile
stress in the outside of the plate
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Fig. 3 3D topology optimization
of isolated rectangular anchor block
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Fig. 4 The radial force calculation diagram
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Fig. 5 Schematic diagram of anchor block on the web in UHPC box-girder
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Fig. 6 Size of anchorage end (unit; cm)
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Tab.1 The calculation results of comparison schemes
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20l [T e ARG 1) PRS2 R T SR 5 5O SR 2 X
Fe.J7 % 6 5758 3 X H . R B 1n) 22 )5 BRSO )
PARIERTE 3 A WA Rt B R e 1 e N N i)
TGRS 2™ He 11 I 0 75 A B AR R 9 A 1. O
A 5T75 1 E . W 1 1A R A AL R ]
HE A M f5e K FE B0 B A3 (B 5 30 AR T 58 1l i ol Al
B R RIS R /N T L ] e P9 % 1) mT DAfE B
o3 $H 0 3 23 S8 L 3 ek B AR 9 %2 AR 5 —
7 ThT » DA Te] R A BEF E RT J B 1e) 22 i i T 4R AR T

Layout diagram of comparison anchorage schemes (unit; cm)

DABSE R JSE 3 /)N - AT R R 45 4 1

Sk LN R AR L E SR RSP SR Y
%6 5I7 5 X JE & ARSI R K E LY 15
IEY 6= SNEE AN BRI N T R WK LR N iR
Tl LA J& 5 32 I 5 A A (RS 5 UK B 3 2
B I 00 25025 1 A [ L[] I ik W LA L 5 R AR A
P T R A B 1 A L S0 /N SRy S OB A Y
A ML R 3 A58 SR 5 ) T o A Rl ] B A e
T i 2 R B A 2

L b J7 G 1K I A A A AR A B AR
(R[5 Fsk =% 58 9982 3 9 1 5 9 PAY 09 5% 1+ AS AR i
3 AFL R TR ] N [ B AR L ), B 5 i
T kAL T

4 #Z it
IDE VNN NI S kL YR A o L A A

J153 A B A Bl IO, BB RO R A L
RN BT B RO A TR T A O 2 BE AR



%3

HRNBZR 4% 3 8 UHPC 7 S A0 S (9 (R S B0 ) i 180 440 e 7B Ut 5 7

JREJSE R /N Bt T A G JR S b 2k BE A S
(R R N IE VAT

2) PRGN A5 i 1 o A7 B DA P g 7 AR AR
li) 3 A LAAT S8R B0 58 51 7 7 2 16 i o 25 (] I A
RE {0l £ [7 e ) PR BTG 219/

30 A7 EL T 1] DA RIS A R AR T LA R R
PO [ 177 He 0 O 25 980 /0s DR BE A JE JBE R/ 7
Az B SR A O B B UHPC 3 246 B2 T LA
) Y 3 0 A o A 45 40 1) (0 A R A 7 AR S 07 0 114 7
BR8] T 5 1 B 1 U B 5 F i 8 SRR T 1A
GBI 3 s T ) O O 52 S BT TR B UHPC A 37
Zitlyrp.

A SCHR X [ 25 A A BF ST AR R e I L B AE
L/ [P 45 ok R AR R R R Y I 5 L A A
Xt UHPC 4R 247 Jm 3 RS i A4 - A BB X
FAKE5 2R o Xk A 2R A T DX R A PE A e A o
PE— L.

[1] RICHARD P, CHEYREZY M. Composition of reactive pow-
der concrete research[ J]. Cement and Concrete Research,
1995, 25(7): 1501 —1511.

[2] DUGAT J, POUX N, BERNIER G. Mechanical properties of
reactive powder concretes[ J]. Materials and Structures, 1996,
29.233—240.

[3] BENJAMIN A G. Characterization of the behavior of ultra-
high performance concrete[ D]. Maryland: Department of Civil
and Environmental Engineering, University of Maryland, Col-
lege Park. 2005:16—197.

[4] BENJAMIN A G. Material property characterization of ultra-
high performance concrete [ R]. Washington DC; Federal
Highway Administration, 2006 167 —170.

[5] fafide, BT, JFUMBEXT RPC 58 & BsZm B4R LT ). Wme K¢
23 A SRBLFRR . 2001, 28(2): 89—94.

HE Feng, HUANG Zheng-yu. Study on the effect of materials

L6l

(7]

(8]

(9]

[10]

[11]

(12]

on RPC strength[J]. Journal of Hunan University; Natural
Sciences, 2001, 28(2): 89—94. (In Chinese)

A, 50, WL 55, R BS AR o BN ) UHPC 3% 2846
BRSBTS WP SR T]. ALY, 2013, 46(8):
83—89.

SHAO Xu-dong, ZHAN Hao, LEI Wei, et al. Conceptual de-
sign and preliminary experiment of super-long-span continuous
box-girder bridge composed of one-way prestressed UHPC
[J]. China Civil Engineering Journal, 2013, 46(8); 83— 89.
(In Chinese)

ZEF. 1 B A TR IR B AR R A s LC / /5 U s
JEIRBUN S AR LM e g, et PELEATERS,
2006.78—84.

LI Guo-ping. The structure of external prestressing segmental
concrete bridges[ C] //The 9th Post-Tensioned Prestressing
Academic Exchanges Conference Proceedings. Beijing: China
Civil Engineering Society, 2006:78—84. (In Chinese)

MR, XA, ARV, RSN ) g ST A T A e i X B
R e Re B[], TRy, 2011, 28(12): 59—64.

LIN Bo, LIU Zhao, LV Zhi-tao. Strut-and-tie model and rein-
forcement design method for isolated rectangular anchor block
for external tendons[]]. Engineering Mechanics, 2011, 28
(12): 59—64. (In Chinese)

MLEJNEK H P, SCHIRRMACHER R. An engineer’s ap-
proach to optimal material distribution and shape finding com-
puter method in applied mechanic and engineering[ J]. Com-
puter Methods Applied Mechanics and Engineering, 1993, 106
(1/2):1—26.

AASHTO. LRFD bridge design specifications [ S]. 6th ed.
Washington, DC: American Association of State Highway
Transportation Officials, 2012:122—125.

ACI318M-11  Building code requirement for structural con-
crete and commentary[ S]. Farmington Hills, MI: American
Concrete Institute, 2011: 302—304.

ZHOU Wei, HU Hai-bo, ZHENG Wen-zhong. Bearing ca-
pacity of reactive powder concrete reinforced by steel fibers
[J]. Construction and Building Materials, 2013, 48:1179 —
1186.



