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SUMMARY

The objectives of this research are to understand ultimate flexural behavior
and to predict ultimate stress of prestressing tendon in the reinforced concrete
or prestressed concrete beams strengthened using external prestressing FRP
tendons. To achieve this objectives, this research propose rational analysis
model to integrate existing models depending on the type of reinforcement.

Proposed equation is used to predict the ultimate stress of prestressing
steel and resisting moment capacity of concrete beam. Therefore, the final
objective of this research is to provide the basis for designing economical and
pratical concrete member by predicting accurate safey margin with the
integrated analysis model.

This study deals with literature review, developing analysis model, and
experimental test with the test parameters affecting the ultimate stress of
prestressing steel. All predicing equations proposed many researchers and
adopted in ACI, Canadian, and Euro Codes are analyzed to develop a new
integrated predicting analysis model. In the experimental study, steel
reinforced and prestressed concrete beams strengthened using exteral tendon
are tested with the test parameters having a large effect. The test results are
analyzed to confirm the ratinality and applicability of the proposed equation
for predicting the ultimate stress of prestressing steel. The test parameters
are reinforcing bar, interanl and external prestressing steel reinforcement
ratios, and span to depth ratio.

The main achievement of this research is to expand the existing equations
for internal prestressed concrte or exteral prestressed concrete and to predict
the ultimate stress rationally and accuratelly for the concrte beams with the
combination of reinforcing bar, internal and exteral prestressing steel.
Therefore, this integrated analysis model can be used to design a safe and
economical concrete beam reinfoced with the combination of all the types of

reinforcement.

- vii -



1.1 HPulE

R AN 2= ALY FRP(Fiber Reinforced Polymer) Tendong o] &3 4
=t ¢% FRP Tendon® 2% HIF24d9 FHS 24d + i ¢
=

AN GAF

1o
4
)
oo
o
4z

£
Mo
2
g
=
]
o
)
ox
2
fr
k)
rir
AV
2l
o

FRPE= Ak 1093F A4 2bqle]l H&st7] flste] st #dd 7IdEs A
AAA R &8 doFrh o2 Qlgte] ZAYE FxEo Holu ZxEY
A AT fgoez el A& (applicability)el thd A7 AA AA o7
veke] ety AFaolA s 8 Fol gt °]&  FRP %(bar)o]Y FRP
Tendon(tendon)®] Ajgfe] Hteolup 1174 A of nlarste] v FA4, 7]
Az, a1 AR, AH T Hold FHE JHAA Jdon, AAHo R
FRP7} z1ddofe] A&stHw 1 Aol Fakatr] wjizolth. 53], <9
FRP AAb7]se] we FRP 2~ =8%° A4 -9, 14 AgeAe w2
Qo W3 A, A FERA=ES FRP Azete] 23 AA Ade dfF, H

%o

7| FEEY B - BAde] A HE 52 FRPE AR el

4



B
HARE o F Z~E#A Tendonl® HZHE ZAYE HO

AEHUE Fk o Fo] @3 A AE Fdqe A ofH /A mpdEE o] dA] K
stth. =, @A fEyete] ZAYE FRAAV|F wEY 44 sYgHow
g fF B2 Z ey AAe 53 §8 dS52 3 v R zeiEdA
A =53 &8 dF2s Abgstolof gtk o7 M Fadk A 77
o] & o F2e] & BAA, =, Wi F2 ZY2EfA Ay ofF 85
I 2B AAY ¢S A st A Estue AHolv gty 9

SR Axdel dE wel etk

T uaryrion
Fiersimin ! 7 - —

(=250 1]

L= i il MWamin T Wiajuires
(BT FTE TE T |

li_Lariaewn of P (17 S Benmrs

Fig 1.1 Bridge repair system using FRP tendon



(4]
ar

gl

—

O

)
o
ﬁo
&o
E!
|

M
|

il

ol
it
Ho

)

HEE Zrey

|
<]

=
T

0

x
wjr

o)
o
ol

A7Eo] A9 o]Folx QA Lo,

}

ko]
pa

Wil iR

q

A
ax

|

.
A}
~~

2}

E=o] ol o

o
R

g A7t vl

oy mdd o

3|
s

oF

8

FRP Tendong o]&

L
R

ol Aol A

st

)

s,
bt

o

A4 A N2ARE Fgo] T
[e)

AR AN Al &80l T

B ol mw

a

9
Az #Fgo] 7hs

I 71

}

R

HO]—O
=

=

1n et 2o,

i

=

g 7lE A4 Al 7
A

AT A Fae BE
2ol A

e AFaA

O

1.3 WF AL B2y

R

el

B
_Zrl



+

@_

o

ojp

0
wjr
N
oy
X

=

ﬁo

A

el
Jo

o

W

o

0

~X
w

)‘\_]__

ki3

gol eHiksle] FRPe o

2a

9

}‘\_]:

2 FRP A

N

=+

o
A

- FRP A &9

3

o

j=}

pu

Q o

[€)

6oz FAHE ded, 1 W

74

1.4 =2

el
Hlo
xr

Hr

B/

0

B

CFCC CFRP

2 3k
=

oA A

shel 3

=4

T
S

3

2

|

?_

SHA

o] ACI A3 AASHTOZ el o

A

=
.

=
of Al o

1}

2R 7

1
3
S

et

A
T

s

AR

of g L
o

st

1704
I~
=

A
=

ato] 7]

Far, ACI A2l AASHTO2 ¢

A 37l A= FRPY

A 2o )&
Tendon®l

spol 24}

S

—_
o

il

oj

A~
ER

R

= g,

25}

A

43 AdAE

A

BR
1o

il



A5% | A= CFRP Tendonl & &% 7133 ZAER
% A

g AAS 1 AnE vehiga Ak 43 239

sto] Al o] B S ARy 2da AdAFE Hlaste] T

of thate] HEsAT

= ZlEstidean, &5 A7HA Fol WM = ZEslh



O. 7]& AA Aol it &4

2.1 H|SE PIETYE = Da|AElAE m3EEQ e

P2 04 E 2

F Zaee Apelo] wlne el wAEy] Wil Al 91x6]4] 135k
Fo #adee WIEsl BUSA grks golth oW MRA 1A 2
L ZesEdsE 2adE PR AWA AR 542 v

Inelastic cracked range

U ltim ate

Failure

Moment Elastic cracked limit

Deformation

Fig 2.1 Moment-deformation curves for

external tendon

AnHoE APH, AFH YIS Aol FaF Gl
FAe) FReY [,F Yok e ted 2o THAA 4 AS
.

fpszfse—i_Afps

(2-1)



<0

<

=

|

H|

(R o

SESEN

- O
s

171 Slste]

;g 3

shgich el w)

23]

1407 AT

3]

3 A A4

_‘{
=~

<
3

=
=

bl A4 Be ATA

J|

olo] f

HA = e

o

7

=z

AL w5

S

=
-

d¥ MmN 4

oR

ol
1o
oj
oot
<M

o]

=T
ol

o
"

ool

YAEYRE ZATEA

H)

=l

A Al

o
"=

o] FiL Q= APl ACI AAAC g A

]
N

o
it
ol

M
=

.W.JO

el

Kl
3
1
ok
0
(0

2.2 EnT

A
A

d3g 2 AASHTO A7

Z

2.2.1 ACI A A 22 A

17 A el

2t

] 3

R
L

ACI 318-63¢] A]

=5 Hof gk

(2-2)

fos = fie +104 MPa
fos = f.. + 15,000 psi

A



Warwaruks(1962)& 8271 ¢} ]
e vE-2 NHAE Zbe dered s Ads AAstg e, A HeR
= R A% ZaYgERE, L= ]

=T 3, w

s A e A iﬂ ol A

f
o
i
rl
9

)
23
fE
f
ol
)
rl
o
=
rd
i,
>,
o
i
_>L
I
£
o
=
lo
F#J W
)
o2
w
s
>
B
of\
5=

A= om, 4, v 0G4 HE HFT FAAZA SAAH S EAs

T QAT olEL 7k WMewg A S tale] A AAGa, &
M A ofste] A(2-3)% 2 AAAS AbsA
foo=Fut (207—}’€x101°) MPa

(2-3)

Lo = Foo+ (30,000 — £5 51010 psi

f‘ 7
fru = 0.6f,,

ANA, p= AAA G polm, = 2agee] Frold, f= NG
A7 wolth, Warwaruk’s S 21(2-3)ell o Akl ACI 318-63 AA4 2
(2-2)e o3 A3E AAAH}e} vusdd=, 1 23 ACI 318-63 A A 2 o]
$8S HAagrtelE AoR Bt

=
x
e
™
o3
2
o,
a)
rot

2% Mattock’5(1971)& 770l Wmeh 3709 2914 2ol me] tiste] 2
A/5azel W(L/d)E 33607 AT R wRae Au, WAATY

AT 5& MrE A9e ANstAT 2 A3 ACT 318-63 AA o @
3_

w52 714 o °F 30%8 %= AA B7FE Ao,
p,/f e BI7Y S7bde s g 5E Aol d@A ] oAb FASe AoR B
EIAS S

o
[N}
N
N
)
4
)
w
°

o
o
ot
i)
K

skt Mattocks 2 ACI 318-63 A4

Warwaruks ©| A|etstk 21(2-3)0] & AU E ztes FEA oA 117449

B\ )
o & 1o

oo



WS aBE S Qoha shom, J1E AFAE] A skl p /L

o mlol WE Af,0] Hlu - EAoR 424 2L ALAS R

69 4f/ MP
f fse + + 100 a
(2-4)
1.4f/ .
frs = fie +10,000 + 1000, psi

I A3 Mattock So] Aets 2 ((2-49)2 EE ACI 318-63 o] 2(2-5)3}
2o ACI 318779 Aoz A%t}

1.4f.)
fos = oo+ 69 + 1005, MPa
fos = fre+ 414 MPa
(2-5)
1.4f.
F.BE Tl <10y 00~ 1oofc psi

fos = foe + 60,000 psi



f! L
p— - - <
fps fo +69 4+ 1005, MPa for dp < 35

Jos = or  f. < [, +414 MPa

- Jpy

(2-6a)

_ 1 L
Jos = fse +69 + 3009, Mpa for - > 35

P
fu < Ly or o < [ +207 MPa

f !
100p,

or  f, = f,.+60,000 MPa

35

A

fpngse+ 107 000 + pSl for di
p

fPS = py

(2-6b)
frs= fie + 10,000 + I apa tor s s
P e 300p, ! a,
fos < Ly or [y < [, 430,000 MPa

&3

rr

83 AASHTO A A21(1996)9 A=  ACT 318-630l A1 AF&-3laL 3
2e A Mgt g
fps :fee+ 104 MPG,
frs = fie + 15,000 psi

(2-7)

N

¢

A71A = ARAY) FRZYAEY x0T

m
iy
W
AC)
AC)
[

Naaman/Alkhairi(1991)+= B]F-2 0ZAE 2t Z2EY s

FAN A w72 A FeeE e 72 GAE e FA)

N
ARG Ed ejste] mI = A FRAQ Az

fls

r
=2
lo,
e
v
e
g o
__(’)g
B
rE &

rE
ot
filo
R
g

A
(sectional analysis method)2. & H7}d 4 Qlar, FA dAZo]g



S A Al gz ok HAlel 34 W (member analysis method) &2 #H 7}

=
TSk oI5 olsh ge AP J1EY AT AYES B

stel, 4% Ael co FFE ANeloktE @Y L fo HNYL A
Fstedrh. AR V£ APAEe] AR A v2A 24§55 D
EoWsE E9sn dvh E9, A% 209 RAdAE WA Agae Fa
8% WY + ARE S

L

4 gL
L,

fps = fse + Afps = fse + QuEpsecu( c

f, = 0.94f,,

—1)

(2-8)
0,=-25 (1 — point loading)
= T/d,
_ 54 - .
n,= I/d (2 — point loading)

o
£
S
rir
o
N
—
>~
Rl
o
1o,
™
o3
=
1o
ofj
y
-
-
2
u
r
__\T(_‘l
oy
i)
#
)
Ach
o)
rir
>,
%
L

Al Af,— AJf, = 0.85f.b, 3 ¢+ 0.85f, (b— b, )y (2-9)

_B+/B_44,C
c= VBi- 4G (2-10)

A, =0.85£.'b,3
O:] 7] }\1’ Bl = Aps (Epsecugu(Ll/LQ) _fse) + As/fy_ Asfz/+ 085fr1(b - bw)hf
Cl = ApsEpsechudp (Ll/LZ)

_‘I‘I_



Fol Al et

S

t}. Naaman/Alkhariol] ¢

a4l

s

ol AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS

(1994)°ll 2} & = A e,

= Al

(2-11)

KN
T

(2-11)

Al
2]

L
_1)72

4
c

fps = f88+ Afps = f58+ Qu p5€cu(

Jos

0.94f,,

=

(2-11)

(1 — point loading)

1.5
L/d,

?2,=

(2 — point loading)

3.0
/4,

n,=

223 71 A9 wAA

il

=
S

1

ol 3ol ACI AAA ] H

ATt

P
4

KeX
=

oo

)

R

¢

w

o

wmo

A e, f,% p,, £/

S

A

ol

Fol Aet®l Az AASHTO LRFD A AIALS oo A

5|

1931, Naamano©l] 9

]

FaL Sl o 7)ol A

Al Bt

e

OO]:

4

|

H

oy

T

Atk L, o

° PN
43S &+

_12_



(2-12)

f,e+4000 MPa
fe +2100 MPa

or
or

<Jfn
<ty

f/
100p,

f /
300p,

fo 700 +

. fps :fp€+ 700 +

< 35
>35 1 fi

L
d
L

p

2.3.2 ACI A "2 9

2.3 Ta|~=74 FIER2)
2.3.1 ACI A1H2)

N

i

ol

ol

ol

ox

e

—_
file)
‘.mO

el

ugel

N
M

(2-13)

)

Aps u fpy u
by fpy(u)

100 (

Fre+ 700 +

fps(ub)

(2-13)3 &t

B

AYE HoA 99}

==

FAE QU w9

o] =
2 ~Ed

3L

= =

) .2}
AbgThE ACI Al e] 7

of

!

%

et 212

=

=

23}

L

JE

5t

7}

8

_13_



I
Jostury = fpe + 700 + (2-14)
S ((ul e A A 7
100( ps u +pr u + sf f )

e

Ho
Lo
=
4
o
1>
>
—z
Dl
1=
ik
[>
{m
o
o>,
o
e
Lo
oo
1B
=
=
-z
B0
o
2
1o
oo
i
rlo

o o
oY
2
)
o
1o

_o‘{_L
5
fru
=
oy
ol
i
Auj
=
g
=
—z
Dl
1=
ck
[>

f u d u
fps(ub) - fpe + 700 + ﬁ—;& (ﬂcu_l ) (2-15)
C. = APS(U)fpy(U) + Asfy — As/fy
b 0'85ftzlbﬁl

A7IA ¢,z AT SEFEAA Al A FASHA mEede W F

2.3.3 Naaman *¢] 33 +4

Naaman® %3 0449 FHUE TR RAGaAS Qué—
Aol FUES AFA ol ulel R ANSAs] Wi M B FF
A

2 AREE ZAZE HelM WA &7 19 F

ol

1>,
(o3
do
S
N,
o
=
op
_V:I‘
oo
fuj
f
do
o
> _D,
o,
_O|L
3909
o

ey A 82 A(2-16)3 2

_14_



L
_1)T;

£
c

fps = f56+ Afps = f88+ Qu psecu(

fps

0.94f,,

=

(2-16)

(1 — point loading)

1.5
L/d,

Q2,=

(2 — point loading)

3.0
L/dp

02,=

Naaman ¢

I B

olele} 1ol

1o
u =

Sl

% 4

511_

boh, web glelA Ao

ks
“

sfof o

g 7

fps(u) » €

shel e,

)

0'85f1:lb/31

R RIS RS

jariy
o

=
o
To°

jgace]

;O._

AO

(2-17)

d,
fpe + Qu psecu(c_ul - 1)

1)

—_
o

of A 7kA &] 7]E Al

el

J)

]

o

el

uze)

il
)

0
i
Mo

_15_



)

o))

!

& agsto] 9

A ol

(2-18)

—1)

4y
c

fpe+@u psecu( ]

+

8

|
<]

ey
<]

K
-

9]

)

A7 Dy

il

)

NR

ﬁo

T

oo
o

e
]

o
Np

el

B
T
oo

o

lanres

—_
file)

ol

Z0le] F4z veriw 4 (2-19)9 2t

(2-19)

1)] MPa

4
Cu

fpe + [/3 + O‘@u psecu(

fpe + dfps(u)

s(u) —

Ty

0.85f,.b3,
Aps(u)fpy(u) + Asfy _ As/fy — 085f(’k (b _ bO)h’f

(TEE A&F)

0.857..b05,

)

o71M ast 3= 7B Aol 1 99

_16_



Fed 7HEel 7l zska o

Bl

K
il

ol

N

_17_



. FRP A s #3t 7|& A4 &

Fiber Reinforced Polymer(FRP)&= AWt oz 7Aool & AFZ BAd 1

A

d
2} Z=¢A (polimer matrix)® A o€}t FRPE glass, aramid, carbons 3 2
AL EE 7HA = Affiber) 53 oS0l dA7E Ho| 7 Fstes
£ 7l A (matrix) &2 st AT A FAbe] AFE-E = FRP= A
A A &S 66%7HA] AFE-shal Q)

FRP= AREE Aol 7] A (matrix)oll whep o 8t4 5do] depA A ¥, 1
718ke A QA treFatth o= dWbAQl AAloks @ oW XS 7HA AL Al
Aw = Zlo] ofyet AAl e AXAMEC] 77 2ERFY] FRPE 7B, i A
A k71 oltt. FRPE F=2 ARgE Aol wek &£7dd. 5 =ZA
CFRP(Carbon Fiber Reinforced Polymer), GFRP(Glass Fiber Reinforced
Polymer), AFRP(Aramid Fiber Reinforced Polymer), 23 HFRP(Hybride
Fiber Reinforced Polymer)® w¥ o] it} 18]32 FRPE Tendon(strand), %
(re-bar), 7o) E-(cable), Z#H(grid), #] E(sheet), F(plate)s 2] Hejz A2k o]
Ala itk Fig 312 @A @ol 2:o]a d= FRPO Fuid A& v 9l
o},

rlo

ol
-

_18_



e S

T e B e
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Fig 3.1 FRP composites material
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43 a31E 71 F A
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N NEHew aTHE Be B Ard B 27 A% 4522 AAL 3

Fig 3.3(a) View of CFCC CFRP Fig 3.3(b) View of CFCC CFRP
tendon and anchorage(right) tendon and anchorage(left)

332 CFCCe 984 54

CFCC(Carbon Fiber Composite Cable)2] A|ZA}A A|F3 Ast4 EAQ3} A
54 548 A5 xR Table 313 Table 3.2 ¢ #th

Table 3.1 CFCC 1 x7 12.5 ¢2 9384 5A& vERU= #0]al, Table 3.2
= A A CFCCY 749 #4245 YERlE xZolth
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Table 3.1 Basic characteristics of CFCC

1x12.5¢
Properties Item Standard
Type
Tensile strength EN/ mm ® 2.14
General )
) Tensile modulus EN 137
mechanical
. Elongation at break (%) 16
properties
Specific gravity 1.5
Relaxation (%) 1.3
Creep strain 0.007x10 —*
Stati . .
4 IC. Coefficient of linear expansion | x1() ~6/C 0.6
properties
Specific resistance (uQ cm) 3.000
Creep failure load ratio 0.85
Fatigue capacity(Stress range) | N/mm > 780
Others Bending 'stiffness EN- om 56.9
Heat resistance (®) 130
Table 3.2 Standard specifications of CFCC
Configuration diameter area capacity density
(mm) (mm?) (kN) (g/m)
CFCC 1 x7 10.5 ¢ 55.7 104 114
CFCC 1 x7 12.5 ¢ 76.0 142 151
CFCC 1 x7 15.2 ¢ 113.6 199 226
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3.4 P ZIEHE AT 22 oA (Duetility)

341 FRP A E 283k Hel AAe /e

g BAol 54 ghx, AuSn, A4e A dE
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=
oe] FHE Basta glolA A4 Ropl A ALgMNEst SR itk 53
KN Z

G BYeHes uE dHeR AR AA RIS AAAT= J9ES

FRP 71134 AREL AFA A 3 Wy o] AR 4 Fa, v

2 AA DZAE 69%F 3]s
= Wtdo], CFRP WJXH% 4.6/%4‘:0]1 AFRP 234 2%o]3te]H, H]
Wy Eo] & GFRP 1A% 4%l w A ettt wheba] FRP Al&e] 47
o] A OR A7IE gtoy oA kA HEAQ A FrENte] LRHAUS

W EgHolnE AN Helzh $E Aol

pul .

]

El
d

f

u

3.4.2 FRP ZA7F 2858 RolA e A

3

AAde FAHs7 A WHoz AXNAF(Ductility index) Hi=
(Ductility factor)7} A& &=d ol &
(deflection)®] H|Z A2 =t}

(curvature), %] (rotation), J Z
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41604 Bole A go] T-3 wwoz Azaich 12w
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SHEe] Tdol AVle S WA fste] HI3 A 405 AH&siih A
A= o A7|ef Fdol vHA FAH AAE o] &t] AFHE AAsHA
AFHLE FARHAA 24 gL FAYES FEFFE WA fste &2
& BWel =xsta, A¥A AFFH 3 F RS AR aAS e =4 Fe
ZAYES Z9tel o wEY dAAFS WA sATh Fig 42+ A@A AA
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Fig 4.1 Section view of test Fig 4.2 Figure of test beam
beam
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Fig 4.3 Arrangement for steel Fig 4.4 Bond for gauge

Fig 43¢ 23S 4
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Table 4.1 Parameter for ET beam

&) H 4= 5] % = A2/
AT | AF A B Az 9]®= CFRP s zamaln
= T — 2
;E;Z ETO 2H22 , A,=T.T4cm B
o O used = 0 5110max
_ 2
ET1 2H16 = 3.97cm
pused 0 2610max
- puse 0 3810max F: . F
ae - 1) o pug d,= 190mm
ET3 2H22 , A,=T.T4cm »s = 102mm
Oused = 0 5]-lomax
_ 2
ET4 2H2S , A,=10.1cm
Oused = 0 66pmax
2x¢10.5
ETS F]‘ = O4Fpu
A= 111.4mm?*
BE 2IR2 , A.=T7.T4cm® 2x¢12.5
T J—
crrpy) | B2 0sed = 0.510 s F;=0.4F,, = 190mm
A = 152mm*
2x$15.2
ET6 Fj = 04Fpu
A= 227 . 2mm?
ET7 d,= 1600mm
2H22 , A,=T7.T4cm? 2x$12.5
A 2/ Foe 0 AF
Gazom| 13 Oused = 0.510 max 1= 048 1 d,= 190mm
A = 152mm*
ET8 d,= 220mm
AdAE 72 AgAd 2708 F 187/M& A Z3A T
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Table 4.1& 238 W52 A & Zolth ETOE YR AFAZ Ao
= 9|X CFRPH] - A 7H/%

Vo g abal A W

fEoluson

Batel AGAE Akt
413 A8 A=

b 239 E
Ao ZagE+= AAZ

F7) 240kg/cit® AAE HnE AES AMEE}
< ZAe HAAF7F 25mm
] 3

, =93 ke 10cm 9 HE ¥

AN A 9T dvE A

Table 4.2 Concrete specification

ZA9 FFe wE FE Z3HEL B 24
33 = RC PC
(kg/c) 240 350
e
(cm) 10
#Fe 2A Ao AFel W T o
(mm)
AME Fo] g i 1€ HEe 250 AdE
5 7] % 45+1.5%
A3 = 0.30kg/m’ ©] s}
b A
A& RCEAA QFE oz DI6, D19, D22, D252 AM&3t%la, t=d o
% DI13<,

AP TR RCE D0 AHgalglon e 54 thgn grh
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Table 4.3 Test results of tensile strength of reinforcement

=5 A 7 (mm) 3554 f,(kg/cr)
H10 4,059
H13 4,479
2 H16 4,664
(SD40) H19 47729
H22 4276
H25 4,615
(th | A
Aol MPES FAHS7] st b Ao AAE HMIAE F2sES
B &A= AEA Jacking force’t 11FA FFoll FdsA v AS &
A3t7] st & A 7hdl 14 205 FEseh MEAE WAge
AR Wy A Az ANA AR HFAAE ALEste] F3s19 3, W
O (VM)E vzt 28l Add B Ads mjuadA 3 5 P28 2
ZAYES] FFE fld T ZAYESL WHYPAE FEHIY. AIAY MES
o2 2ok
Table 4.4 Steel strain gauge specification
GAUGE TYPE FLA—-5—-11
GAUGE FACTOR 2.13 + 1%
ADHESIVE P—2
COEFFICIENT OF THERMAL —670
EXPANSION 11.8x10 " °/°C
TEMPERATURE COEFFICIENT
OF G.F +0.1+0.05 %/10°C
OTHER Tokyo Sokki Kenkyujo Co., Ltd.
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Table 4.5 Concrete strain gauge specification

GAUGE TYPE PL—60—11
GAUGE FACTOR 2.13 £ 1%
ADHESIVE P-2
COEFFIC};I?(I;IXN%I;O’I{IHERMAL 11.8%10~%/°C
TEMPERATIéIIEEGC.?ISEFFICIENT +0.1240.05 %/10°C
OTHER Tokyo Sokki Kenkyujo Co., Ltd.

4.2 CFOC LI 7IE

4] 21742 hollow jacks AH&ste] 1F24E& 3t CFCCe 4
S AH jackez NAFAFPS F3s] AJH =R Sleeve?} Tension rodE
Coupler® A ZA|Zl 3o Tension rodE 71743t CFCC 1A o Zg~E#A
A& =YGr7le BRES ARRSETE Elal CFCC U3AE st w4
w 7S WX E7] 98] Bearing Plated] AALES FolA CFCC 10AA7 24
ojx &3 71 e 1A HEZF 39T Bearing Plate] HA= 2 CFCC %1
FAe] AAol stFolx ZAol= ZAEE AAFEte] AzElSth Fig 4.7 CFCC

2)
AAAE AFshs WS HolFs 1¥elal Fig 482 CFCC 1A AE 143t
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CFCC Fixing Sleeve Prestressing Chair
Set Nut Coupler -
- _
~_ N i & / \ 4 i 4
\ o . R 4 3 < /
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Hydraulic Jack
Fixing Side Tension Side

Fig 4.8 CFCC tendon's jacking method
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Fig 4.9 Real view of test beam

Uit :
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Fig 4.10 Arrangement for data acpuisition
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Table 5.1 Summary of ultimated Load and deflection

Agas | agam | A0ES e
TR VISR ETO 22.59 299
ET1 18.76 24.73
ET2 23.45 37.28

Az
ET3 30.57 39.15
ET4 29.95 37.28
ET5 25.78 32.78
Q)5 PS7FAH] ET3 30.57 39.15
ET6 32.67 31.98
ET7 27.53 33.68
A 7Y/ F A& E=oln] ET3 30.57 39.15
ETS8 32.41 33.94
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F ZY2EYoR BHAgE A FAZE He| APZA A= Table 520 tf
Al e sk si

Table 5.2 Summary of ultimated External tendon's stress

2y I T 204 90mm)| 2 S S E A | 2 AL ety
ET1 18.76 29.9 3.93 5384.1
ET?2 23.45 24.73 4.43 6069.1
ET3 30.57 37.28 457 6260.9
ET4 29.95 39.15 2.66 3644.2
ET5 25.78 37.28 2.72 3726.4
ET6 32.67 31.98 1.76 2411.2
ET7 27.53 33.68 3.55 4863.5
ET8 32.41 33.94 493 6754.1

A FAAFAY A

=4
o FENYEZVE 7Y MYSY FESYoRyE 48 Suow A3
_‘I

i Zg2~EA TendonloZ RAE I Z3agE Ho AFdAARE Aot
H ZaxEYA A S F24(2] 2-19)0] A &317] st FHE 9

of H+AAT a%h 3T Toel Ak AwAel Gehhlch Ak g =
dredad 1449 FReE A24S oAl vehlE e g
d
fps(u) = fpe + dfps(u) = fpc + [/3_}_ Oé@uEFRPECU(% —1 )] MPa (2719)
c,= 2 <“>fpg<“§;fl[;§y_’4#y AP A %)
. ckYM1
Apsfpyn + Ay — Afy —0-85f0 (b — bo) by =
— u U s c W A%
cu 0.85f(,kb/31 (T ‘1 )
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o= _ D(dy < L)/EL e
dp dP
M XM < L)/SL,
Pun = T7 = -7 = 0.667

ki
sgen ol gES d,/c,o ez I yehyo] $HFAAS

a, 35 T3kAth

Table 5.3 Summary result of experiment

aaq| 5358 | AcH, | dy| 2| T LAY gane | g
5 (kg/em?®) | (kg/cm?) c. | AR 22 ] (kg/cm®) | (kg/cm”)
u

ET1 5384.1 1,892.5 |2.45| 0101 | 0.132 | 11.05 | 3,880.8 | 5,298.7
ET2 | 6,069.1 1,992.5 12.100.148 | 0132 | 11.05 | 29484 | 4,506.1
ET3 | 6,260.9 1,8925 191 0.181 | 0.132 | 11.05 | 24399 | 4,073.9
ET4 | 3644.2 1,8925 [1.59| 0.254 | 0.132 | 11.05 | 1,585.8 | 3,348.0
ET5 | 37264 | 23271 |1.71] 0.181 | 0.095 | 11.05 | 1,8852 | 3,6024
ET6 | 2411.2 1,497.8 |1.08| 0.181 | 0.208 | 11.05 | 218.86 2,186.0
ET7 | 48635 | 1,7042 |1.61| 0.181 | 0.132 | 10.00 | 1,633.1 3,388.1
ET8 | 6,754.1 2,080.8 |2.22] 0181 | 0.132 | 12.35 | 3,246.8 | 4,799.7
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