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An Experimental Study on Transfer Length of Domestic CFRP Tendon

Woo-Tai Jung”* and Young-Hwan Park”
YKorea Institute of Construction Technology, Structural Engineering & Bridges Research Division, Goyang 411-712, Korea

ABSTRACT CFRP(carbon fiber reinforced polymer) tendons can be used as an alternative to solve the corrosion problem of
steel tendons. Material properties of CFRP tendons such as bond strength, transfer length, and development length should be deter-
mined in order to apply to concrete structures. First of all, in case of application for pretension concrete members with CFRP ten-
dons, transfer length is an important factor. A total of 9 beams have been cast to determine transfer length and development length
of domestic CFRP tendon in this paper. Test results revealed that transfer length of the prestressing 25% and 50% are 34D, 55D
respectively. Also, transfer length has increased as the prestressing force has increased. A change was observed in transfer length
of developed CFRP tendon after 9 weeks. «, of developed CFRP tendon was 2.3 similar to the steel strand.
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Fig. 1 Shape of CFRP tendon

Table 1 Properties of CFRP tendon

Cross . Tensile | Elastic | Ultimate
. Diameter| Area .
section (mm) (mm?) strength | modulus | strain
type (MPa) | (GPa) (%)
Round 9.5 70.88 2,500 135 1.8

304 | =232 |E5s| =28 M213 M35 (2009)

Strand-CFRP |8.73

Deformed-AFRP |11.31

Braided-AFRP 15.21 |

Strand-Steel 299

Domestic CFRP
tendon
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Fig. 2 Average bond stress of various tendons
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Fig. 3 Gauge configuration for the measurement of transfer length

Table 2 Test variables

Table 3 Properties of sonorete and rebars

Specimens Initial stress | No. of CFRP | Unbonded Materials Properties
level (f,;/ 1) tendons length (mm) Compressive strength
Pre-1%50-D 0.5 1 Concrete (MPa) #
Pre-1*50-M 0.5 ! o [[Yield stengh MPa) | 426451
-1%50-
Pre-1*50-L 0.5 1 1,400 Steel reinforcing ™ eter (mm) 9.53/12.70
Pre-1¥25-D 0.25 1 bars (D10/13) >
Area (mm") 71.33/126.70
Pre-1*25-M 0.25 1
Pre-1*25-L 0.25 1 14,00
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FY3tA skth (Fig. 8).
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Fig. 7 Curing and measuring

Fig. 8 Gauge attachment
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Table 4 Test results of transfer length

o

Initial stress No. of |Measured transfer length
Specimens CFRP L (mm)

level f,;/ fou
Pre-1*50-D 0.5
Pre-1*50-M 0.5
Pre-1*50-L 0.5
Pre-1#25-D 0.25
Pre-1*¥25-M|  0.25
Pre-1%25-L 0.25
Pre-2*50-D 0.5
Pre-2*50-M 0.5
Pre-2*50-L 0.5

tendons |5 mm gauge|60 mm gauge
520(55D) | 404(43D)
520(55D) | 404(43D)
520(55D) | 404(43D)
320(34D) | 419(45D)
320(34D) | 419(45D)
320(34D) | 419(45D)
400(43D) | 390(41D)
400(43D) | 390(41D)
400(43D) | 390(41D)
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Fig. 10 Strain distribution along CFRP tendon (25%)
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Fig. 11 Strain distribution along CFRP tendon (50%)
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Fig. 12 Strain distribution along CFRP tendon (50% x 2)
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Fig. 13 Normalized transfer length (25, 50%)
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Fig. 17 View after testing

Table 5 Test results of development length

Specimens lUnbonded length Bonded length Failure mode
(mm) (mm)

Pre-1*50-L

- CFRP rupture

Pre-1*25-L 1,400 1,000

Pre-2*50-L Concrete crush
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Fig. 19 End of beam after testing

B3l5o] F7189 AL, CFRP 1A 1701 A& A Pre-
1#25-L, Pre-1*50-L= 13A ko2 Hustzo] vl
Al YERStTE CFRP 1A 7E 27091 A A Pre-2%50-
L= 14A viEg Hdsksol 30% 571s A3

A ZIYE ¢tz Ao YT RE A
oA <keke] CFRP 71AAI9F Az Este] &go ubay

SHA] ekttt (Fig. 19).

Aol NAAE FUALD & U dojo|n, &
A= Pre-2*50-L AFAE A28 Pre-1*25-L, Pre-
1%50-L AFANN 284 e stlstd. whehA
CFRP 717A19] 2ol 1,000 mm(105D) ©]5l2, ACI
440-4R A AIA1E leadline®] 175DXRTH ZA| LERGTH

Aol FAYEe] G WonE B Aol
leadline 2.t} 4u] ©]
Aolojd AHAol7} gold Ao WHET, FF A
700l WFHPS Fato] P 7

>~
>,

o
A,
@)
z
()
o3l
2
lo
1
D
ol
ko
far g

7o) £Zo] Wa

—

A7)0l Agdol&
25%2) ALE 34D, 711AEH 50%% A
1748 0] AANH Agdo]rt

2) AZH73 el me degdo] Wsts Awed, 1%

O;
= [}
Fe gl I AR e Agol9)
GG L@t} T ol

3) BAA SA4A

>
o
iin3
X
e
re
-
=2
2
>~
=
o
i

A (=243 ¥=gt o= YERyT
4) Fzdo] ¥ Az, CFRP 1AA e AHdol=
1,000 mm (105D)°]8}=, ACI 440-4Ro|A] A A€
leadline®] 175DX.t} ZHA| YRSt o] A= 7|2
Aol 2A, &% HEFA, FWUAE T &
gt MFE Bl Kok ZEsk o) =& o
oF & Aoz FriEr)

#HAte| 2

2 AN EATN DAY S Ao B
TR e AN Afow SR Ao
A=)
n

m

1

i
o

1. FES SR, “wHHAIFZA” FESUE, 2008, 134 pp.
2. A 7IEAT, “FRP 7144 9 FEgR|9 s
I &8-S gk AT S=IA7IEAT Y, 2007, 435 pp.

3. ACI Committee 440, Prestressing Concrete Structures with
FRP Tendons (ACI 440.4R-04), ACI Farmington Hills,
Michigan, USA, 2004, 35 pp.

4, BHAL, ZY2EF2E Y E, FYA} 1997, 208 pp.

5. Mahmoud, Z. 1., Rizkalla, S. H., and Zaghloul, E.-E R,
“Transfer and Development Length of Carbon Fiber Rein-
forced Polymer Prestressing Reinforcement,” ACI Structural
Journal, Vol. 96, No. 4, 1999, 602 pp.

6. Abdelrahman, A. A. and Rizkalla, S. H., “Serviceability of
Concrete Beams Prestressed by Carbon Fiber Reinforced
Plastic Bars,” ACI Structural Journal, Vol. 94, No. 4, 1997,
pp. 447~457.

7. Soudki, K. A., Lee, C., and Green, M. F., “Transfer Length
of CFRP Rods in Prestressed Concrete Beams,” Prpceed-
ings of 1st CSCE Structural Speciality Conference, Edm-
onton, Alberta, Canada, May 29-June 1, 1996, pp. 111~122.

8. AW, “=RWAAZE, 7 2005, 345 pp.

9. Patrick, X. and Zou, W., “Long-term Properties and Trans-
fer Length of Fiber-Reinforced Polymers,” Journal of Com-
posites for Construction, Vol. 7, No. 1, 2003. pp. 10~19.

SLH CFRP 21%%he| MZZolol| B8t BN 917 | 309



10. ACI Committee 318, “Building Code Requirements for
Structural Concrete and Commentary (ACI 318-05/318R-
05),” ACI Farmington Hills, Michigan, USA, 2005, 430 pp.

11. Gross, S. P. Yost, J. R. and Matthew V. D'’ANGELO, “Tans-
fer Length of CFRP Rods in Pretensioned Concrete
Beams,” FRPRCS-8 University of Patras, Patras, Greece,
July 16-18, 2007, pp. 504~505.

12. Mahmoud, Z. 1. and Rizkalla, S. H., “Bond of CFRP Pre-

stressing Reinforcement,” Proceedings of the Second Inter-
national Conference on Advanced Composite Materials in
Bridges and Structures (ACMBS2), Montreal, Quebec, Can-
ada, 1996, pp. 877~884.

13. Mahmoud, Z. 1., Rizkalla, S. H., and Zaghloul, E., “Transfer
and Development Length of CFRP Reinforcement,” Pro-
ceedings of the 1997 CSCE Annual Conference, Sher-
brooke, Quebec, Canada, 1997, pp. 101~110.

. CFRP 714A1 &

(

=30
i

a7t e B

e
N
9

o ok g

a0

[\]
(98]
o
il
=z
wn
ol
r2

10

N
-

= Uepgth A7 el
= Ueptth waa) S4A5

=24)3 BlE=g Zlo" H—E}‘;}\:}.

al

of ofN L ofy L ) kO
fo
L
L:o ol

o2
e ru

»

310 | st==32|EstE

=27 M21A X35 (2009)

©F CFRP (carbon fiber reinforced polymer) Z1&#]= PC 7FAe] RAZAE A3y 98] tigdoz AFEE
ZAYEFZE A&37] M= F E
J=lojof gt} 58] ZEjdld A E FAjo] CFRP %
ArellA ke CFRP AgZo] ¥
31@*]’ {%E‘ﬂ 25%1 A= 34D, 7143 50%2] 1
A 47101 Biﬁ]r



