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Summary

Of the reinforcing methods of structures which are used at the present, the
external prestressing method which has the excellent internal force and
hardness improvement effect comparing to other engineering methods is being
much frequently used. The recent study trend brings the study to forecast
the wultimate capability of the structures reinforced by the external
prestressing method into many focuses. But, it is the practical state that
regarding to the structure reinforced by the external prestressing, the
evaluation about fatigue performance by the repeated loads is poor and the
studies on that are very poor. Accordingly this study wanted to evaluate the
stability and the appropriateness of external prestressing method as analyzing
the characteristic of fatigue movement according to the repeated loads of
ferroconcrete bean externally reinforced with FRP tendon.

The expected shape of destruction about the repeated loads of ferroconcrete
bean externally reinforced with FRP tendon can be forecasted as adhesion
fatigue destruction of anchorage, bending tensility fatigue destruction of
tendon at the front part of anchorage, pressure fatigue destruction of concrete,
fatigue destruction of tensile iron bar and adhesion fatigue destruction of iron
bar and concrete.

This experiment study performed the experiments while selecting the kinds
of external tendons(non-reinforcing, FRP tendon and Steel tendon) and the
level of load(the level of stress) as the comparative variable.

The load was experimented with the cycle of 3 Hz as using sine wave in
the 4 points loading method as changing Max. load into 70~85% while
regarding Min. load as 50% based on 1iron bar-surrender load of
FRP-reinforced experimenting body.

As the result of experiment, fatigue destruction shape of ferroconcrete bean

_Vi_



externally reinforced with FRP tendon showed not fatigue destruction related
to FRP tendon but fatigue destruction of internal tensile iron bar or fatigue
destruction of the adhesion of iron bar and concrete. This is judged to be
more safe because external FRP tendon is not adhered and the stress is
standardized over the whole length of tension member. Fatigue strength over
2 million times from S-N curve was appeared as about 74%.

Accordingly, from the fatigue experiment about ferroconcrete beam
externally reinforced with FRP tendon, FRP external prestressing method was
confirmed to have the safety about the fatigue at FRP tendon, bending part

of deviator and equipment of fixing apparatus, etc.
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s AHgsidern Hxdt AFoz FAREY doux] EEE AP

=

ol Hto] HAE o] Q= strain gaged] £40] YPEF FOE V&AM Z

2 A AFH Fol Y AL A 5] 2~3 22 nA
gom 2aYE B F FYe APA fo] MEa A4S Yool FRF W
2EWRE B Agn AFHLS 47 Fol AU Zadee ¢EPES
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(a) Strain gages on reinforcing bars

o
|

(¢) Reinforcing cages in form (d) Casting of concrete

Fig. 3.2 Manufacturing process of specimens
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4. AHE A=

41. ZAYE

AEA e ZadEeEs AA FE7 24MPaz AAE dnE AES AL
o Z3EE 2 A HHWAIF7F 25mm , €9 Z #F2 10cmoll HE X
EWE AHMEES A&t APAA AE fe G AFAFSS Table
329 1 ZAYES] AFAE A FZAI= Table 333 vk 4AAAH H

T AEZE = 2597MPac] 9l th.

Table 3.2 Concrete specifications

e 1F BE Y59 AWE
53 Z=(MPa) 24
<2 3 (cm) 10
#F< A 7 2 Hd X5 (mm) 25
ANHE F5H 15 BE L&A= AWE
X 7] = 4.5+1.5%
A3l = 0.30kg/m' ©] &}

Table 3.3 Test results of compressive strength

SAA 3 &5 (N) =7+ %= (MPa)
1 201,215 25.62
2 199,984 25.46
3 202,799 25.82
4 208,356 26.53
5 207,490 26.42
3t 203,957 25.97
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42. A

e SDA00 THQ ol@HETow AHE D28 AMESL, dEHET

>

< D13, 2EH2 DI0S AR&stdth. E2e A Al Ay Table 349 %

.

Table 3.4 Test results of tensile strength of reinforcement

. A7 =3 ot% | = atr | Adm S A5
e (mm) (MPa) (MPa) (%) (GPa)
H10 634.0 526.89 20.03 197.34
Ao
H13 600.98 493.14 18.41 195.85
(SD40)
H22 611.34 489.24 17.91 190.50

4.3. FRP%} Steel 7174

FRP 713 A+= 4E TAlolA AZsk CFCC(Carbon Fiber Composite Cable)Z

o

AHgstA e Az AJA"2 S8 H 945 stal Yk Table 3.501 FRPE A5

AAS e Fig. 335 AF A|~ES BHo]F1 9]

Table 3.5 FRP Tendon specification

EApZ THAGHE | I sE | A= | T A Q1%

T4 ‘
(mm) (mm?) (kN) (GPa) |dA1&(%)| &4 Al (GPa)
¢12.7 | 1x7 76.0 177 2.30 1.6 144
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Fig. 3.3 Anchorage system

Steel &A= =l D Aol Azt 2 2EAdE FAde=z SWPC 7B
79 AA95mmE AHE-FAth Table 3.6 steel 717419 AF44E vepd

2ol

2

Table 3.6 Steel Tendon specification

27 FAEHA el S | FESH | AANE e Al 4=
T4

(mm) (mm?) (MPa) (MPa) (%) (GPa)

®95 | 1x7 55.1 1938.29 1735.03 7.00 210.84
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5. A% A%

™

ot At (Fig.
7] ¥ $E2 & Fig.

&
o] Tension rodg 13t & =YX 7= WHE AFE3FA T Steel 178A <

5) FRP 1A 3% AF Jacke= 4AAS FH6)

63 o] Sleeve?}t Tension rodE Coupler®Z AZAAZ 3

Fig. 3.4 Anchor plate

Fig. 3.6 Jacking of FRP tendon Fig. 3.7 Jacking of steel tendon
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6. 48 € ©vlojg 3

At FA= % AR 2 AlY 7] (Hydraulic Servo Fatigue Test Machine)
2 FHo&FS £50 tonfolw REEZI4 W Atay, HAd/HA4 35 WY 5

S A JEAA AEdh stsS 43 AspHeR Ao 1/3 A F X
<

b

il

H
of 489 5 JES FARE AN A ZaAdolA FU5E7]

AFREFe] Alste g A, tEZ g A a 8985 7] Aloldl Load cellS A xske] &)

ST N ERE

%_
Alol= st Alol WA o= o]Folxon Fig. 3.8% o] 49 (Sine) FH=
= 5

12
DO
(D)
=
74
' d)
o
4
g
o
=5

709%(168kN) ~ 85%(204kN)= 3}t

=
, Lcyce
Max ~
Mean
Min
- Al

Fig. 3.8 Repeated load

ol

]
N

Ji A J® 00

S
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6.2. Data =74 H

=434 13], 10°8], 10'8], 10°3], 10°3], 2x10°3] ]| A WHEL3}

A ANson olu WIS we Fd 4Py, 2

Hol JF WFS A5y fste] WA <ol Dial gagegs At A4
H2E Ao 2 s A8 dHelHe 3 sHHIE A7
(MDS-2000)& ©]-&ste] st 2 A3 FAES] HIPE, WHF-EZ
44 HPES F45AY. Ao ARSI Strain gaged AlFFE-2 Table
377 2t Fig. 39 Ag A AlgdAe] EHolal, Fig. 3102 Al@ A ojgh
gagest WA 5o WA EEFS UEtlal

Table 3.7 Strain gage specification

Type Steel Concrete
Gage Type FLA-5-11 PL-60-11
Gage Factor 2.11+1% 2.09+1%

Adhesive pP-2

Coefficient of Thermal 6
. 11.8x10°/C
Expansion

Temperature Coefficient of G.F | +0.1£0.05%/10C +0.12+0.05%/10C

Other Tokyo Sokki Kenkyujo Co., Ltd.

_24_



Fig. 3.9 Real view of test set—up

P

(Unit : mm)
Strain gages on concrete
Strain gages on Internal Re-bar

Strain gages on External Prestressing

7 Deviator VDT for deflection
Dial gage
7
150L 700 | 700 | 700 J150
- i - =
2400

Fig. 3.10 Arrangement for data acquisition
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Iv. 4¥ 2% 2 B4

1. 3848 2% 2 £4

o
-z
fz
ol
)
>,
i
—_>‘4—"4
=
&
Z

)

®©
~
ol
2
H
o
-z
I
ol
)
>,
i
—_>‘4—"4
=
v
=2

Fo7 50~70%, 50~75%, 50~80%, 50~85%°] WHEEES stEte] Wz A
= AAEH Fig. 42¢ AFEES dEW A= (a) RU A A 49 A

2, (b) RF Al@Ale] 7 E<5, (o) RS Al A9 HFEd=9] EFold

!

35
g ﬁ |
25 f
g
S 20 -
3
% 1
8 5
4
——RU
10 H— RF
1/ e
5
0
0 10 20 30 40 50 60

Deflection(mm)

Fig. 4.1 Load-Deflection curves
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Table 4.1 Test results of static experiment

g A S A
SREE
F2KN) | Admm) | HFEN) | A7 (mm)
RU 180.5 14.37 202.9 47.49
RF 242.6 18.21 310.9 45.46
RS 273.5 19.52 317.2 47.49

(b) Crack patterns (RF)

(c) Final compression failure(RS)
Fig. 4.2 Real view of static test(RU, RF, RS)
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2. J2A49Y 279 2 £4

Table 4.2% 3|2 APAHE 8°

Table 4.2 Summary of fatigue test results

k3]

@ wolt.

A& A | F7] | Prin(KN) | Prax(KN) | Number | 2+5 % 9] #(mm) 3} 2] & H
10° 2.30
120 | 168 |10 525 2a9e
RU70 |3Hz . . 10" 757 o
(50%) (70%) 109 9.08 H —_.;,\,L}-J,]
1.3x10° 12.47
10° 0.90
10° 1.22 .
120 168 T 239 E
RF70-1 | 3Hz i Lo R
(50%) | (70%) | 10 0 52 v 29y
10° 2.74
1.257x10° 7.48
10° 1.06
10° 1.31 5511
120 168 a 2x10°3] 7} <
RF70-2 | 3H L. 1.8 ]
(50%) | (70%) 10° L47 23y §le
10° 1.76
2x10° 2.40
10° V3
10° 1.46 L
120 180 i o) %} A oL
(50%) | (75%) |10 181 ) 2 9} 31
10° 2.25
1.816x10° 7.94
10° 118
120 | 192 10 127 o147 1
RF80 | 3Hz . = 10° 1.83 e
(50%) (80%6) 10° ] 236 ] 2 v} 3
3.83x10° 8.42
10° 1.24
120 | 204 |10 153 ol A
RF85 |3Hz 10 1.97
(50%) (85%) 10° ] 248 j—] 23}y
3.04x10° 8.20
10° 1.43
10° 1.48 T
120 168 1 2x10°3] 7} =
RS70 | 3Hz 10 L.76 Y
(50%) | (70%) 10 1.80 ¥ Zvy ¢S
10° 212
2x10° 2.92
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(b) Crack propagation

(a) Test set-up before experiment
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(c) Cracks after concrete compression (d) Crack details after failure
failure

Fig. 4.3 Real view of RU70 specimens

D W o] thek TR A

20||||

15

Load{xTO0RN)
-
o

0 5 10 15 20 25
Deflection(mm)

Fig. 4.4 Load-deflection curves with the
number of cycles(RU70)
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2.1.2. FRP 1A= 9% ®m7® AFA(RF70, RE75, RF80, RFS85)

RF Al@A= FRP 1 FAZ o7 BAd Hel AT & 58 7eo=z F
28t% S 50%(120kN) 2 &tar A thal5S 70 ~85%(168kN ~204kN) ALl & sine v}
2 8ko] 3Hz9 F712 AdS AAEg w2 AF Fol wEslss 10° 10°
10%, 10° 10° 2x10°Q w) AAE2ES A s e sk wE Ad, IF
W Q) &, strain gaged] WP ES SAH AT

stz ol 70%<%1 RE70-1 Al@ A= wHEslgo] kel mel Ao Ao A

Az gae] nA@ #do] MUAFL Wi B Mo} FAHe ZAHEd
AaAlole] pate] dzd ela) otalA A% HH Aole wurATh w33

WA & RF A@As vlusl 2 W 48 A 53, Aget3 FejolA FAol
obstso] Aol Frldkgort AT FH Fol: T ABAL 2 AFE 1
WEE S W Folw FRPAIES AFA S4ol WaHA dges & 5
Ak ot 9% NFAR A8E FRP QA7 Az el bade A
&% HelFi RFI0-2 AGA7} szl o3 8% Ax58e Jasta 2%k
o sS4 & 4 gk A sFe Wt 75%, 80%, 85%¢l RF75, RFSO,
RFSS A8 AE 27] shgol olal 41 #o] wualzo] oje) A7 AAHYL
W, SFAS A P 2Dl ¢ PFANe] WAsel AT QG Bo]
4 AAHAY. F e QAT F ahtel ool Mz A F

s Fhagon #F2 A Folw szt oy PR FAL Belo]
HA gFekal o] e #dES F4% Ay 3~5mmA =T Fig. 4.6 RF70
A@AY AW m&elM, () RET0-1 A@Ae 2 F452el 7lx #dns
(b) RF70-1 A @A 9] deviator & #AES, (¢) RF70-2 A @AY ddESF

(d) RF70-2 AlgdA9 =33 EE5S Yebd Aol Fig. 4.7 RF75 Al & A9



2ES Ul Ao=Z (a) AE5ZFAAY #4, (b),(c) deviatorF-<-ol Al <]
(d VFHEL S-S HolFa 9t} Fig. 482 RF0 Al & A9
A3 BREFo=R. (a) 4T UAY ¥, (b) deviatorF-tol Aol ZATE T L,

(c) B ®de] ZAE ¥4, (d) FHETe s vekd Aolv. Fig. 492

35

30 F

N
(5]

"T

Load(X10kN)

-
o

- —o— Static RF
skt —&— Fatigue RF

0 10 20 30 40 50

Deflection(mm)
Fig. 4.5 Load-deflection curves of RF and
RE70-2 specimens
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(a) Horizontal crack at centeral part  (b) Crack around deviator(RF70-1)
of beam(RF70-1)

(d) Compression failure of top
flange(RF70-2)
Fig. 4.6 Real view of RF70 specimens
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(c) Cracks around deviator (d) Rupture of reinforcing bar

Fig. 4.7 Real view of RF75 specimens
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(a) Cracks at top flange (b) Cracks aroung deviator

(c) Crack of bottom face (d) Rupture of reinforcing bar

Fig. 4.8 Real view of RF80 specimens
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(b) Cracks at top flange

(¢) Cracks around deviator (d) Rupture of reinforcing bar

Fig. 4.9 Real view of RF85 specimens
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Fig. 4.10 Load-deflection curves with the
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3
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Fig. 4.11 Load-deflection curves with the
number of cycles(RF70-2)
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Fig. 4.12 Load-deflection curves with the
number of cycles(RF75)
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Fig. 4.13 Load-deflection curves with the
number of cycles(RF&0)

Load(x10kN)

12 16

Deflection(mm)

Fig. 4.14 Load-deflection curves with the

number of cycles(RF&5)
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s —e— external tendon A
= 0 —&— external tendon B
w —o— internal rebar
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-2
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Fig. 4.16 Relationship of strain and the
number of cycles(RF70-2)
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o —6— external tendon A
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Fig. 4.17 Relationship of strain and the
number of cycles(RF75)
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Fig. 4.18 Relationship of strain and the

number of cycles(RF0)
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Fig. 4.19 Relationship of strain and the

number of cycles(RF&5)
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2.1.3. Steel 1A= <fF BAFE AAARSTO A1 A

Hdstz o] 70%% RS70 AFA = a5 WHE FRP 14 A= 95 s B2
o A & 31F9 50%~70%<! 120kN ~ 168kN Alo]Z sinewt2 3Hze F
71= AAsAch 10° 10°, 10% 10°, 10° 2x10°%14 whE a5 W3Em A 2|
2EZE AAFte] AR, ZHF W strain gaged] WHES 717 AT

2 8tE 9 RF70 A @ARY 27] AR £e7F whEA g Hqom 2007

W7bA] vz gaE Holx ogtew vm Ay F AH d¥es AA s

302 //W;&{T

25 |

T 20f j/
- C
& 15
10
C —&— Static RS
s —8— Fatigue RS
0 1 1 1 1 1 1 1 1
0 20 40 60 80 100

Deflection(mm)

Fig. 4.20 Load-deflection curves of RS and
RS70 specimens

_43_



B O a1

PRETyp— B ===

(a) Crack development (b) Concrete compression failure in static test

Fig. 4.21 Real view of RS70 specimens
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20
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L |
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0 g i xi TR TR TR ! !
0 4 8 12 16 20

Deflection(mm)
Fig. 4.22 Load-deflection curves with the
number of cycles(RS70)
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Fig. 4.25 Crack development pattern with the number of cycles(RF70-1)
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Fig. 4.26 Crack development pattern with the number of cycles(RF70-2)
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Fig. 4.27 Crack development pattern with the number of cycles(RF75)

I I AR

1o PP SN

o DA TINEAS TN

iiiiiiiii J AN ]

389107 DY/ JIUENIN T SN

Fig. 4.28 Crack development pattern with the number of cycles(RF80)
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Fig. 4.29 Crack development pattern with the number of cycles(RF85)
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Fig. 4.30 Crack development pattern with the number of cycles(RS70)
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Table 4.3 Results of the regression analysis and the experiment

S5 37 B4 A3tz A%
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