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Analysis on Bond Characteristics of Reinforcements for
UHPC Hybrid Cable-Stayed Bridge Deck Joints

Abstract

Ultra High Performance Concrete (UHPC), which is characterized by its high strength and advanced ductile behavior that is
much superior to those of convention concrete, is a useful material to make thinner and longer bridges. The precast segmental
construction method utilizing UHPC has been mainly studied because cast-in-place UHPC is very difficult and complicate to
be achieved. As a part of those research, the structural performance evaluation of different types of joint connection method for
hybrid cable-stayed bridge utilizing UHPC by using nonlinear analyses is performed in this study. The bond stress at joint is
obtained by section force analyses for a 600 m cable-stayed bridge deck, and compared with the required bond stress at joint.
Analysis results show that the U Type connection and straight type connection resist the highest ultimate load and bond
strength, respectively. In addition, all considered joint connection systems satisfy the bond performances at joint required in the

final stage of cable-stayed bridge utilizing UHPC.

Keywords : UHPC, bond characteristic, joint connection, nonlinear analysis

o

an

W

=& x9) 53 AAS IR 234 £38|E(Ultra High Performance Concrete, UHPC)= i H-A]9] F7|
7

2 A5S A2ATE Hele], make] Ao},

A7zl feld AR 2% v ook, Jel 2y eaeiEs

A
BRd aPgo] BAsiar off7] whizell @ BFdS 3 #80] ofge Almelrth. webA] ol tid tijke s T iE &
WHe FEshe Wbl TR AT 3ot & AFelME o9k B2 A7) d¥ew e FAYES AR 5

A& w2l sfolRel= AP vlekgk ERe] At of

SRl e 724 35S eI viete] Al &

8T 4 gt B2 0122 390 we} RC FAP] FE3ha, olel i MUY AN B T2 52 S
600 miF AVIIE AgSt] BRI Sl Fal HTRON WS $2 2ol 712 el ol AEY ¥
ol W B3 Fwe] 10} wmsiel TEH 5 WS SN A3k, 4ER B0e] Fo) et UB FL e
o] 7V 2 SEe A9 & QU A4 Bele] kY 2 ¥R RS WS 0= S Eah A 7 B4
AP B2 w2y 2azee] el AR ATEE B3 452 A,

s Z0f

APgaE wEel 28hs slee] IHE AlolEe] Y
o2 Adsie] Aol Agshe AllES AAAE T =
H kel 2ot 17841 Loscherol] &3l *5-0.

2 AR, ABE - 2A o=} x4, 7)&Ee] B
Z02 <lsl @ A9 FuplaE Fon wdo] x|AH
Aok 2y olF REF Ao}t VlsE e UYs B

2 BadE, B 5, 4R, A8 o

19563 StromsundwE AlZko 2 o9l Heje] ARgar}
AR o RSB, AR FES] 218E wole
U= W FAoohMIkESES], 1987). AFdae FAIE
e}t A AR, Z232E AR, 53 AMIaE B
t}. o] F ZIFE AMgus ZIEY] =L = es)
58 A ey, = Uy 59 ARE 7R
Qo] Z-8A3el digh 7]oi7}t =t

o] g e ohel, mael 94

*TNACHE N ASNSISEZSIE - SN} (E-mail : dolgoin@hanmail.net)

**COWI KOREA(Z) AHA - 2SN} (E-mail @ skpark@cowi.co.kr)

B3R BE3AME - 201148 SH

oI - SIRAM)IB0IS! JIBH\MOEE IR ICITIA SO -
weeslRl - TAKAL - TRICHEH ] AFNSIS BT 4 - BSIN} (E-mail

HSIEIN (E-mail : kwakim@kict.re.kr)
ysyoon@korea.ac.kr)

-207 -



QA ST I FeAEAL e AEAFIAM L] etk
W= wge] ﬂtﬂi‘r 73788k -ir*ﬂi olojx|aL o}, &
A E ARFae 7zto] AAheiAd e 723 S
grsl] 3l ‘I‘XH-’] FAE A F7IACK 8, 0|2
A3t Alslze] F7ER QI8 A8Ael gHAIE 7L Tk

H NdE 2345 F32E(Ulra High Performance
Concrete, UHPC)= ©]213F ZIZ|E APgue] sHIS &
sh7lell At A=A F4E ok 2 FAE
= AT B ERNEE ARSI FREAY] A8 ' A
TE A VP FIFER, 150 MPa oFo® & F
S8 AT 7 AS Bk ope}, T 9 Heke]| tigh
A e QA 958 Aot 2 SAYEES %lt”
Ao FAYENSOH 1A= ZABEMSCOE X
Aot Hlwstls o, T3 @ FAE A EO]—’C 5
A3t A=F gk Zlo] 7Fssith olelgt 5o <ls
Al 7RIAE Akse] d3s HAsAE 5 o], wEke
A73783} Aol A3t A=A FERAL QT

Zas ZATE tigh sk ATE B o9k 2
e AEA BAo] AFEHAL deol® Estar, a4
T ZAES] @ 283t 9 51%% o}z 23] °o|HA
A FEhar ok A 2 @ A8S flEixe Ak A
A7zl E}E]@lt sletl, 2348% i’iilEA 218 A
g HAVES Akt daElojo sl o] 04—717P
opE] F 0}11 27] woltk. A =ie] A% HAAVIES
USAE 40 MPa ©J3)R] YiPIEe] FAT|E tigh A3
< vlEOE ARKE AR, 2% FATESY] AT &
ol tigh oS 2 A Fge] A8A30] dishA] S Al
S sl JA FShFEE2as @3], 2005; =
ZABIESES], 2007).

a8y FHZe o2y 24 TABES] A8 gt
AAZIES vk gk A7 @ds] zlsiEa glor,
ARZ ATl ik BekS 98l Al A7 A
SHl K= Qo 2uAE FAES] SHRMIFES &
ARt melo] o] 5(1998)l &) Aok w} 9lom, &
ZZ7} S v s ASEIE x5 BlA
3 sl gt A77F FEA F(2009)0 o3 s
94}\1—)( 1:1:—6], oo]:o‘l;?:} *6‘(2010)_‘ ‘E] o] H= ﬁﬂ—c -E—EE]E
Reo| A% tigk 571 Ajks Ak AFE st
At

s FARES BM HAo] HRelar oY dgellA
o] #ol]l wt sl WAt AA A 7hsAdel 2 Al
Fo]7] wiite] @AelMe] H8o] HA vt oA HE
s, 21/d% FATES ZEPIAE ATIHE FHoR
sk kS FE BEAEIAL glom, o]d tigh A5t
Reichel 52004l TR}, 2/ds SR ES} H2

T2 350 gel Hbrelle] 723 A s Sl 4

:r’- o—ﬂ,/\] WeiB e9} Holschemacher(2003), Holschemacher &
(2004), A 5-(2008) <3l Al Y= ATt HAY
ZAYEFZAEAIE2007)00 AAE] = FEF F ol
of tigh 2152 70 MPa oJsle] FAYEES o= it}
a1 AjkEo] Qlom, 1 o] FEE zhe FTATE
g 71Ee A UA FrHE=EEAEESE], 2007).

-208 -

£ 97 2ngs Bazise) d8siE A9 A7) 3
2 FelE Abgae] ABRER 483
5 gle AEle) A BHoR S ofF 9Is)
gL ehEe] ROl A48T 4 g olg B2 §
& RCFA] A3, A Fal o) Bte] o
weh Uehhs 52 45 B7she 291 s,
2y BIES A8 Adae] 97 mde] @

F5 gE m) Abgae] QeI wAshe T 8

o

4& B3 Wgsha, olzre AERelM eyEe dael
23 Aol 2718 ARG olF Y] el =E3
ol B ol mE R Pwo} vlwsle] 214 F
FRE AP 28 olg el ML Bl
°le] A% A B4

3 s S Ast EREEe] vid
AT ES Q] MIDAS FEAE AME3I] 3319 #2415 &

e
K

sl 2uds 23ES 548 AlE Edd HE3)
of 3As st
2. Mz =l

s ZATES] A5 %é—% F=drledTdel
s Zaeee] BEAY 2 ERAAZESH ] A

A=) Q= HES A3 A elA ARlskaL =
ﬁ J%s ZIHES EF HIFTAE Table 19 AA]Eo]
CEAFARI(WBYE 02009, ARIE, HE)7RE, A,
—MZH A7 AREATE. e A AF el sl
2%9] FIHIE FHREglon, A% 2,500 MPa, 74
0.2 mm, Z2°] 13 mme AN58F EAS 7Kt AHEE=
HE ISWE ARES ARSI, BRA BAI= ARSE
A7 Bl Z 0] 200,000, Si0, 0] 96% °%
?l A& ARSI Al ER1AE Y] E5 1,01 glont’,
FAAE 30%2] /95 A AAIE ARSI
HHUJ ARl ERd A3 o] s FABEE B
dalar, M S 2407 AR AelA 27 F5 OWE
3 &, 2-3U7F 90°CollN F7] WS TSkl Zar
ZAE *AM]E At o] FAAS] = élf‘é%
sJte] =29 AR} APGAel AAlEe] flom, ol £
ATl A AL 2a1ds LELFJEA AE=dol 2§
SIlth 214d%% ZARIES] AEA 54 Table 200 AA|
o] o} 4= FE= 180.0 MPa, 1SS 12.0 MPa,
ERAISE 45,000 MPao]H, FEolkERlE HLH_E 0.2¢]
e AR S ARSI Sk, AlRFE BAIe} Fol:
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Silica . Super Steel
W/B | Cement fume Sand | Filler plasticizer | fiber
0.2 1.0 0.25 1.1 0.3 0.016 2%

Table 2. Material Properties of UHPC

Compressive | Tensile Elastic Poisson's Shear
strength strength modulus ratio modulus

(MPa) (MPa) (MPa) (MPa)

180.0 12.0 45,000 0.2 18,750
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Table 3. Variables for Structural Performance Evaluation of

Joint
C . Diameter Thickness Development
onnection
of rebar of deck length
method
(mm) (mm) (mm)
16 150 150
Straight type 19 150 150
22 150 150
16 150 380
L-type 19 150 380
22 150 380
U 16 150 424
-type
P 19 200 424
¢ - &

(a) Straight Type Connection

k
(b) L Type Loop Connection
t
L - ~ -
(c) U Type Loop Connection
Fig. 7 Analysis Models for Joint Connection Type
d,
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Table 4. Bond Characteristics by Joint Method

Connection Diameter | Development | Ultimate Bond
method of rebar length load strength
(mm) (mm) (kN) (MPa)

16 150 139.3 18.5

Straight type 19 150 226.8 253

22 150 291.4 28.1

16 380 139.3 7.3

L-type 19 380 196.5 8.7

22 380 263.4 10.0

16 424 142.7 3.3

e 19 124 2634 52
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Table 5. Analysis Condition

Table 6. Stress by Longitudinal Analysis

Analysis method | Sectional force Location Section Axial force| Stress* | Moment | Stress** |Total stress
Longitudinal Moment, Deck & deck connection (0 (MPe) (Khm) (MP) (MP)
analysis Axial force 1 -76,600 -96 -10,800 460 364
T;z:ll;?v:irsse Moment Deck & girder connection 2 -94,400 -118 -8,700 434 316
Y 3 -61,150 =77 -9,900 422 345
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*Stress caused by axial force (calculated by equation (5))
**Stress caused by moment (calculated by equation (4))

(a) Section for Transverse Analysis

(b) Model for Transverse Analysis

Fig. 12 Section and Model for Transverse Analysis

Table 7. Stress by Transverse Analysis

Maximum Maximum
Section positive Stress* Negative Stress**
moment (MPa) Moment (MPa)
(kNm) (kNm)
1 1.6 8 -46.8 237
2 38.4 195 -39.9 202
3 49..5 251 -18.2 92
4 17.4 88 -4.9 25

*Stress caused by maximum positive moment
**Stress caused by maximum negative moment
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(a) Positive Moment

(b) Negative Moment
Fig. 13 Results of Transverse Analysis

Table 8. Required Stress at Connection

Diameter | Stress at ta (MPa)

Location | of rebar |reinforcement| 00 mm |150 mm|200 mm
(mm) (MPa) bonding | bonding | bonding

16 14.5 9.6 7.2

Deck - Deck| 19 364 17.4 11.6 8.7

22 20.1 13.4 10.1

16 10.0 6.6 5.0

Deck-Girderg 19 251 12.0 8.0 6.0

22 13.9 9.3 6.9

Table 9. Stress at Connection by Connection Method

Connection Diameter of | Development ‘, tb
method (rt‘;bf) l(emn%‘ (MPa) | (MPa)
16 150 9.6 18.5
Straight type 19 150 11.6 253
22 150 13.4 28.1
16 380 3.8 7.3
L-type 19 380 4.6 8.7
22 380 5.3 10.0
16 424 2.4 33
vope 19 424 28 52

t,: Required bond stress for bonding face of reinforcement
at connection
ty: Bond strength by connection method
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