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Wedge-type Anchorage System for Fiber Reinforced Plasti
Tendon used to Prestressed Structures
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FRP(Fiber reinforced plasticel= @A EEEof 2l
THE of g 2ofo Qlof thelsiA| AR-Em] 2= oz Q)
= Al&Ao|ty, o] FRP= & Carbon, Glass,
Aramide fiber®} Epoxy, Polyester, Vinylesters-2]
matrixet $ F&tE|o] ThEolXit) o|F A whEoiXl
FRP= =2 HIAA, A, B A%, Flojd A A%
A, AP 59 A dlizoll 5o] ZeAEd A
o AREE= 73 dlds thAle 4= Sl FRP HIH
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A gl & A EH T2 f37} dollA] AlgE gl e
19861 Al 222 HUoA GFRPE AMEH 47Tm 4
o]o] TP AEYA Wk AlFetelon of 7)o AR
AY/dFE GFRP "|ld9 A% L2 7. 5mmolL
polymer—mortar FEf2] PAA|AE (Ballinger, 1991)
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2 ARSI E OhE WA T 25 Ulenbergstrasse
Bridge(1986, Germany), Schiessbergstrasse
Bridge(1991, Germany), Notsch Bridge(1991,
Austria)®] Jom HELWZE Lunen sche Gasse
Bridge(1980, Germany), Marienfelde Bridge(1988,
Germany), Adolf Kiepert Bridge(1991, Germany) &
of A-&= 3.

A AREEIL Q= FRP EF2+ CFRP(Carbon
Fiber Reinforced Plastics), AFRP(Aramid Fiber
Reinforced Plastics), GFRP(Glass Fiber Reinforced
Plastics) 50| T2 A= Qlon ofof thgh 2z 4]
A 542 & 10l YehiitHAntonio et al., 1996 :
Benmokrane et al., 1997 ; Ezzeldin et al,, 1998). &
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1992 ; Santoh et al., 1993)9] E&o] it} 1},
FRP €l o] o8 71 glelof u]s)| 714 0] vjnpe] o
Zegr 9 Huebg A7) oF 1/100]812 217] ujEof

AR AR slgat Akl ofgh Tk} 4]
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CHY 1), o] EAIFo] FRP €ldS 74 gidloz o
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Zoe =N 4 T4 3 A4
Sk YAAN LR AAstaLA} Skt L F4]0] Qe
o|2]3t FRP ®IE& ARE-8E7] flal 7Hds PAAIA
80 2= Clamp & |(Sippel, 1992 ; Malvar & Bish,
1995 ; Scheibe & Rostasy, 1995), Plug & Cone FEf
(Burgoyne, 1993), Resin Sleeve HEl(Sippel, 1992 ;
Reda et al., 1994), Resin Potted &Ej(Holte et al.,
1993), Expansive cement @ Ell(sayed—Ahmed et al.,
1998), Metal overlay @El(Erki & Rizkalla, 1993),
Split wedge @€} (Hodhod & Uomoto, 1992 ; Reda et
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(a) Split-wedge el

(b) Plug & Cone SEf

(c) Resin—Sleeve Ef

(d) Resin—potted SEf
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(e) Soft—metal overlay SEf
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HA] 7|20 tE A-FAR=0l(Sayed—Ahmed and
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HEE M8 PA= 19 31 2o o)A 7| 2=
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Az A
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H 1. GFRP, AFRP, CFRP2} Z2|AER|A ZxH HIEinle| xiEs SMX| H|w

ooery GFRP AFRP CFRP T
E—glass S—galss Arapree FiBRA Technora Parafil Leadline CFCC steel
S — A A cotm | oo
Anchorage system | Resinanchor | Resinanchor %Jggéeg Rgixﬁggggd Wedgtgdesinp E;%rifel/ svovﬁe?ngeetg | Resinanchor
e o | 0.55 05 0.45 0.65 0.65 0.65 0.65 -
Densiy(g/cm3) 2.1 2 1,258 1.28 1.3 .44 1.53 1.5 7.85
LOST%‘#SJQ?("}@F?;”@ 1.08 128 | 12~15 | 12514 | 1.7~2.1 | 121 |225v255| 1.8~2.1 1.86
Tgp:g;ﬁfﬁﬂeg;'e 39 49 30 57 1860
Longiutiarmodull - ag 43 62~64 | 65~70 54 120 | 142~150 190
Transv(eésggodu\us 86 89 55 10.3 190
Lt | e | o o ,
e e | 38 45 2.2 7.2 73.1
MelorPassonss |+ 0,28 0.27 039 |034~06| 035 0.27 0.3
Hond vendn 77 12.2 9.7~13 6.6~7.1
Max‘”;turrgggjgfd‘“a‘ 28 29 2.4 2 3.7 1.5 1.3~1.5 1.57 4
Mmoo e 0.5 0.6 0.6 4
ég@gl‘jgggﬁ%g; 620 690 335 1440 1860
Téi”@igﬁgﬁf&ggf 128 158 158 228 1860
theﬁg%txugégaslwon 7x10° | 5x10° | —2x10° | -2x10° | -3x10° ~0.9x10° | —0.5%10° | 11.7x10°
coefficient(/* C)
therTrTr%TeS;/S;%eswon 21x10° | 26x10° | 50x10° | 60x10° 27%10° 11.7x10°
cogfficient(/° C)
Rggﬁnagn%ae“rgﬁ@eat 11-14% 6~0% | 2~3% 1% 8%
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7] o] AL ol ot FIekL W& Barrel o] A2 HEE SHIAGTE 22 ol 2749 Soft
o] AL o7t hadh= FES mA 1 o]Z S8  Zonel & THEO 2K sl BAAIGE FAE Soft
SR Z0) 4o} A S Al E Y] Y3l = HA b Zoneo] H|3 ol Ak ¢ $EES A5t 8 4 Q=
do] 2Rt Soft Zones AAIFO =N 7|9 Edtol ] A& #efsty| fistolnt,
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LUSAS(FEA, Ltd., 2004)5 AM&-aF3ict, sfiAlol] 28
H Q4= 27} HEgE(Enhanced Assumed Strain)<
ARESE 483 Axisymmetric solid 824~(QAX4AM)E Ak
313t o] 84 71 HEES ARE-SHAL hybrid/
mixed S0l 7] 23} stress recoveryl}gS A&
51317 izl A2 faxgollA e Feket A7) W 39
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O3 4. M71™ B sHA oi7hHS © () ZEZLT HS} (b) Soft
Zone Z0|2} Zi= 3} (c) Soft Zone?l 7H4 3}

Property FRP Tendon | Wedge & Barrel
Meaterial CFRP Stainless steel
Elastic Modulus
— longitudinal direction, GPa 147 200
— transversal direction, GPa 10.3 200
Shear Modulus
— longitudinal direction, GPa 7.2 77
— transversal direction, GPa 7.2 77
Major Poisson's ratio 0.27 0.33
Minor Poisson's ratio 0.02 0.33
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LOAD CASE = 1
Loadoase 1
RESULTSFILE= 1
STRESS

CONTOURS OF 8XY

o
209465
40803
6.10895
2.13381
101733
122079
14.2426
168.2772
183119
203465
223812
24458
26,4605

28.4851
305198

Max 31.59 at Hode 7830
Min -0.0842 at Node 3500
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Ployaramid %)%} Matrix= -3t 2 A7LoA A
A3t Soft Zone= 44517 $13ll Matrix Aol AR
%= Resing ARE-3}1LA} 21T}, Resin AEE+=
Epoxy, Polymide, Ployester, Vinylester,
Thermoplastic Resin 5°| Ut} ©]& % Epoxy
Resin2 Holdt =@} creep A3, fiberehe] F o
¢ A2, Hold A7 A AT Y, ¥
shrinkage 52| 44 wjZe] ol 58314 de] A&
%31 i} 3421 Epoxy, Vinylester Resin®] A=

EAL 3 3| YEFY ItHBenmokrane et al., 1997).

3 30IA & o SlRel Epoxye] @8Al= Al
a]3j oF 1/70~ 1/500]c}, oA B AIGTE W A=
= 4719 ST AR HsE S8

H7) AR B4 4 9l Aol Sl whebd 2
X*OﬂHL Epoxy & A8t = 7
45} A5 Al A Sk

E 3. Epoxy, Vinylester Resin?| iz £4

Property Vinylester

Epoxy

Tensile Strength (MPa) 55~130 73~81

Tensile Modulus (GPa) 2.75~4.10| 3.0~35
Uttimate Strain (%) 1~9 3.5~5.5
Poisson' s ratio 0.20~0.33 0.37
Coefficient of thermal expansion(107°/ C) 50~80 -
Cure Shrinkage (%) 1~5 5.4~10.3
Density (g/cm’) 1.2~1.3 | 1.12~1.32
& 82 Soft Zoneo| 0.5W, T+ vlix]H -] A
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38 25 Z17F 19 9, 109 YR SITh
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2| fFeRe e H719) EetolA WAk oA
22 Soft Zonet A #1717} whih= ZAAIA A
wAls) Efz} FHRSE 3= Soft Zoned: 744
#j710] A NA gxlo] ThAl T FAE T of2 gt
SEEEE Soft Zoned] Zo|7F ZojR]of wha} A4
o= st S0l 0 9l 7499 0.5W,Ql H$-E vl
3l B 2o SeRe S oF 1/2u) HaEe HdjHg

wollAlS] FYF3E, A

’

m .

ghol &5z e 2] s A4 Sof
Zone®] 7o) 4Pgste] jX|sH Zlo] AAIHelc

STRESS
CONTOURS OF SXY

(1)
168522
3.37044
506566
B8.74088
2.4261
10.1113
11.7085
134818
15.167
16 8522
18.5374
20.2226
21.0078
236031
252783

Max 26 20 at Node 88

T2 8. Soft ZoneO| HHXIE Z? HHS2(S, ) Contour(S,=0.5W))

3.3 Soft Zone HiX| Zt=2o| Hsk
2 Hofx= 3.249] Soft Zoned] Zo] ¥g}o] =
YEIE 7|2 E Soft Zoned] BiA| Zt=S HIIAA

[e)
>
= 4F SEEETL ofgA tﬂﬂ SAIE A E A
'C:TJ_—E]- Soft One‘,] HHX]7]'E O 80 60 tﬂﬁ]—/\]
Hom olo tdt Soft Zone«] dol(S)= 0.1W,,
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1. Soft Zone Z=

—e— B=80 (5 =0.110)
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70 & ao 110
x-distance (mm)

100 120

Hajol WE Hrlet HIE HEH S

(S,=0.1W))

22(S,) £m

—e— 8= (S5 =01
g B=30( 5 =01
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30 4 S 60
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100
—e—8=0:(5 =05W)
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a0 n meia ey
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o oo Bl o ] L 5
20 40 &0 0 100 120

sedistance (mm)

1% 13, Soft Zone Zt= Haiofl M2 7|2} HIH HEH
zHrsF 23(S ) B2(S,=0,.56W,)

10

—e—8,= (5 =0.5W,) ,
F—— 8,=30°( 5 =0.5W,) J
—a— 8,260°(§ =0.5W,

8 ’-t
- ll

(MF a)

Sy

x-distance (mm)

2 14. Soft Zone Z& Hajol| M2 7|9t B HEH
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ghoto]l SHEE AS 19 13, 140 Yepflch
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e A= 717} 3.0GPa, 4.0GPaz 3hsich.
a9 159} 162 ZkzE w719} Bliel HEH o] ZHFekRS
g 4 Ack3d ExE YeRH A1l Soft Zone 12 &
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FRP 91912 2437 2 18 w50 e 43S
7H)31 glont Algol 74 Histo] ulsh uhe- s}
o] HUT YANLHL A it A4 72 7
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