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Equation of the Development Length for the Pullout tests with GFRP
Reinforcement having Splitting Failure

B A5 =X
Ha, Sang Su Choi, Dong Uk
ABSTRACT

The objective of this study offer the equation of the development length for GFRP
reinforcement. Pullout test carried out to propose the development length for GFRP
reinforcement. Test variables included embedment length (=15 30 and 45d,), pure cover
thickness(C=0.5, 1.0, 1.5, and 2.0d,), diameter of reforcement(D10, D13 and D16), and three types,
(domestic : K2KR, K3KR, foreign : AsUS) of GFRP reinforcement. The method of test were
introduced pure pullout and tests lasted until the GFRP reinforcements were reached final failure.
Based on the results through the pullout test, the bond characteristics and average bond stress
for GFRP reinforcement were investigated. The equation of development length was proposed
based on the regression analysis selected specimens having splitting failure. The equation gained
from this study compared with the design equation provided by ACI committee 440.1R-06.
The results through this study are capable of the flexural member design with GFRP

reinforcement having lab spliced.

o ok

A% GFRP RZF<te] Aapdo] AAAg Agtsh= zlolvh. Aol AAAS A|tstr] 2
3 Jﬂgé_. P& AAEtdnh AERies Bdde], 85T, BT A4, BT SRt Bddo]
= 15d,, 30d,, 45d,2 3taL, = I EFAE 05d, 1.0d,, 1.5d, 2 2.0d,2Z As3ct Abed 27
4L RE 3FF(IFUY 2%, e 1E)olm BT A7|E DI0, D13, DI6o|th Ade HHolew
GFRP RAT & @5 Al Sdste] HF gy wdd wj7px] GFRP R4 stsS 718
gtk AR S T3 A AHE EdE 74 W] whE GFRP ®Ae] RAS4 9 Ay
Z&EE gt on, AdAF 20 E AFANS Hdeste AR Tl AzFAo] A
21 Aekakar ACI 440.1R-06°1 AIstatar gl A3 vastdeh. B 32 Fa) 7ete 372
Aol 93k ArAE TAE HHolSH GFRP BATS ol &3 3 AA7 758 Ao dudr

« AFQ, AUt ANTRHATE AFaS
wx Q89 BAYSE AF R W

g=Z g g Este] 2008W 71 sh&ETlE] =2y 859



J’ FRP) =

[¢

(e}
R R A
(e} 2=
= ﬂ tﬂ (
Fib
er Reinforced
Pol

ymer °
, ©l

S|
J

A
i

MLWMTM}
}u‘w ‘o|‘._HL,._|
701_ ‘OlﬂAl Ko
Mﬂw oﬁmﬂr
oﬁhlaF]
ﬂr.wsmﬁqoréGw oMo
st R RO e N alJ o of Wy o
=« K B 3 re X o~ o oo B o°
Ho ey T ® K;L,ﬂﬂu
_L]Ll o 21ro7‘|;onﬁf
ﬂA,mgwﬁeﬂﬂ Kw@uagﬁo
J._IJ ~ ~ S
Wuxlﬂrﬂﬁw_w% ﬂJW ﬁi T8
g f i mmi_zq 2 8| g
i1 0 . o L ot — 2
ﬂquqiw mﬂ;nmwé I s | g
H_zlﬂ_}@ixdr l.ﬂﬂo oF - _|E]2 5 o
Zmﬂrx mﬂf‘m% O‘UI‘;._.O«O]JILI <0 .w 2} @
) .~ i To= OLEH ol b= o =] ©
ul@ﬁxzqa HCNI = 8 & § | s
7L17ru§1 w ﬂ%urd.it W | 2 a2 - o
_611@;3 — J|17roxq_o| ny =3 5|5 = S
&oou,x}lyl_‘&oﬂ < ny ol =¥ ) < X
— oLle ]HL mﬂwroL n S= o> N
,.%_I.ZD ﬂﬁa:ﬁ‘_ﬂ\_ﬂ ) ,ul X - KD 0
]iox _ — ]ioﬂ U > &\
ﬂxq oﬁlxﬁ WC]../I]JI b H 2 5 ©
2= oy ! s NR w OM,Ll;o T o8 ©
xoq_ﬁn_.munz] M ;oar_.lan is ZR % o
@xe ~o N luﬁﬂ_ﬂWl o B o0
Prow TR G g S o
ifg;; pElles - FRNPEEPY ’
5T e sEL2TED e -
tl\l/
ﬂolyoam:;rz ﬂrxﬁmau_éw |8 mmM%mmmn
HL:A./L;OH e ljlgni o/ ox SI\lO t.l\/
) ,A#O ~ - v Gpaﬁ
Liééax} X o+ b g < £
0 ® ﬂouﬂor?_ aquw.zﬁﬂa ~ g
5w E o zﬂ}gaﬂﬁw
&3 Raﬂﬁx %_#onn]awoh
5= 0 X ) mﬂzé
_ G X 1 4T
=y ﬂojuioand ﬂ%ﬂﬂ% =
ﬂ%kigwau ao%ﬂee_iﬂ
Eiumemown_u ASMﬁoﬂDﬁm&u
NlPﬂR;hﬂﬁm mLAﬂoEﬂMP
]RﬂoFAHTAU. - yﬁopi‘._l;o‘_
QFlG‘le < 7o,m| &~ 2.1F
J._;GAE A7L4 —_— .37
il 1) P _ioofww
o n_]mumoa > oy e R x
1H%1@;A 5ok w
ﬂ].ﬂéu - o &oﬂu N
QMwﬂr:.maﬂowﬂ GPﬂmrlanmo
o B o o U ! - w X9
- LE 3 30F4ﬂ _
ey o = 1+ o il = &) & ) m,# 3 7
5o Eo 0 ) X W ;
ol oo %Lé
ERRIR TF g ?;fa%;
OMﬂLﬂ: - muﬂTuaH._ue 21
o ﬂwlm oy o el = ol B y_d‘_ ~
No T Qi miﬂlmﬂdrﬂlvﬂ oKo |
= o T |
Lwnﬂmﬂmmmv < m %
Lq =
ﬂATmhz]ﬁHT ~ \K/ w
® W 2 <
e

Q]3]

[e]

A=
Zro] &

860



8 2 sl EA Za

>

2

=

SRR d A L | Puae | stress o | (s Analysis _ Failure

A3l Y b u stress | u ck | (Wlek ¢/dy | dy /L | (u/fa)™ | Error(%) mode
K3(B)-D10-L15-¢0.5| 10 | 7850 | 150 | 24.97 |318.09 | 5.30 |32.10{ 0.936 0.5 | 0.067 | 0.963 -2.85 S
K3(B)-D10-L15-c1.0| 10 7850 | 150 | 25.29 |322.17| 5.37 |32.10] 0.948 1 0.067 - -
K3(B)-D10-L15-cl.5| 10 78.50 | 150 | 27.59 |351.46 | 5.86 |32.10] 1.034 1.5 | 0.067 - -
K3(B)-D10-L15-¢20 | 10 | 7850 | 150 | 35.39 |450.83| 7.51 |32.10| 1.326 2 0.067 | 1.365 -2.97
K3(B)-D10-L30-c0.5| 10 | 7850 | 300 | 34.04 |433.63 | 3.61 |32.10| 0.638 0.5 | 0.033 | 0.652 -2.24
K3(B)-D10-L30-c1.0| 10 | 7850 | 300 | 36.82 |469.04 | 391 |32.10{ 0.690 1 0.033 | 0.787 -14.00
K3(B)-D10-L30-cl.5| 10 | 7850 | 300 | 48.67 |620.00| 5.17 |32.10| 0.912 15 10.033 | 0921 -0.97

K3(B)-D10-L30-c2.0| 10 | 7850 | 300 | 51.05 {650.32| 5.42 [32.10| 0.957 2 0.033 | 1.055 -10.25

K3(B)-D10-L45-c0.5| 10 | 7850 | 450 | 39.44 |502.42 | 2.79 [32.10| 0.493 0.5 ]0.022 | 0.552 -11.95

K3(B)-D10-L45-c1.0| 10 | 7850 | 450 | 46.52 |592.61 | 3.29 {32.10| 0.581 1 0.022 | 0.686 -18.10
K3(B)-D10-L45-c1.5| 10 | 7850 | 450 | 4835 [615.92 | 3.42 [32.10| 0.604 1.5 | 0.022 - -

K3(B)-D10-L45-c2.0| 10 | 7850 | 450 | 56.62 |721.27 | 4.01 |32.10| 0.707 2 0.022 - -

ASB)-D13-L15-c0.5| 12.7 | 12661 | 195 | 24.81 |195.95| 3.19 [32.10| 0.563 0.5 | 0.065 - -

AS(B)-D13-1L15-c1.0| 12.7 | 12661 | 195 | 35,63 |281.41 | 4.58 [32.10| 0.809 1 0.065

AS(B)-D13-1.30-c0.5| 12.7 | 126.61 | 390 | 56.62 |447.19 | 3.64 [32.10| 0.643 0.5 | 0.033 | 0.652 -1.45

AS(B)-D13-1.30-c1.0| 12.7 | 126.61 | 390 | 64.25 |507.45| 4.13 [32.10| 0.729 1 0.033 | 0.787 -7.90
AS(B)-D13-L45-¢c0.5| 12.7 | 126,61 | 585 | 70.62 |557.76 | 3.03 |32.10| 0.534 0.5 ]0.022 | 0.552 -3.36

K3(B)-D13-L15-c0.5| 12.7 | 126.61 | 195 | 36.26 |286.39 | 4.66 [32.10| 0.823 0.5 ] 0.065 | 0.944 -14.75

K3(B)-D13-L15-c1.0| 12.7 | 12661 | 195 | 52.8 |417.02| 6.79 |32.10| 1.198 1 0.065 1.08 9.96

K3(B)-D13-L15-cl.5| 12.7 | 126.61 | 195 | 61.836 | 488.39 | 7.95 [32.10| 1.404 15 | 0065 | 1.213 13.61
K3(B)-D13-L15-¢2.0| 12.7 | 126.61 | 195 | 7889 |623.08 |10.15(32.10| 1.791 2 0.065 -

K3(B)-D13-L30-c0.5| 12.7 | 126.61 | 390 | 59.16 |467.25| 3.80 {32.10| 0.671 0.5 | 0.033 | 0.652 2.78

K3(B)-D13-L30-c1.0| 12.7 | 126.61 | 390 | 64.25 |507.45| 4.13 [32.10| 0.729 1 0.033 | 0.787 -7.90
K3(B)-D13-L30-cl.5| 12.7 | 126.61 | 390 | 88.67 |700.32| 5.70 |32.10| 1.006 1.5 [ 0.033 | 0921 8.47
K3(B)-D13-L30-c2.0 | 12.7 | 126.61 | 390 | 91.77 |724.81 | 5.90 {32.10| 1.041 2 0.033 | 1.055 -1.35

K3(B)-D13-L45-c0.5| 12.7 | 126.61 | 585 | 64.81 [511.88 ] 2.78 [32.10| 0.490 0.5 | 0.022 | 0.552 -12.64
K3(B)-D13-L45-c1.0 | 12.7 | 126.61 | 585 | 57.41 |453.43| 2.46 [32.10| 0.434 1 0.022 - -

K3(B)-D13-L45-c1.5| 12.7 | 126.61 | 585 | 81.43 |643.14 | 3.49 [32.10| 0.616 15 | 0.022 - -

K3(B)-D13-145-¢2.0 | 12.7 | 126.61 | 585 | 89.06 |703.41 | 3.82 [32.10| 0.674 2 0.022

K2(B)-D13-L15-c0.5| 12.7 | 126.61 | 195 | 47.08 |371.84| 6.05 |32.10| 1.069 0.5 ] 0.065 | 0.944 11.66
K2(B)-D13-L15-c1.0| 12.7 | 12661 | 195 | 59.16 |467.25| 7.61 |32.10| 1.343 1 0.065 - -

K2(B)-D13-L15-cl.5| 12.7 | 126,61 | 195 | 75.07 [592.91 | 9.65 [32.10| 1.704 1.5 | 0.065 - -

K2(B)-D13-L15-¢2.0 | 12.7 | 12661 | 195 | 7889 |623.08 |10.15(32.10| 1.791 2 0.065

K2(B)-D13-L30-c0.5| 12.7 | 126.61 | 390 | 68.07 |537.62| 4.38 [32.10| 0.773 0.5 | 0.033 | 0.652 15.61

K2(B)-D13-L30-c1.0| 12.7 | 126.61 | 390 | 79.52 |628.06 | 5.11 [32.10| 0.902 1 0.033 | 0.787 12.80

K2(B)-D13-L30-cl.5| 12.7 | 126.61 | 390 | 86.52 |683.34 | 5.56 [32.10| 0.982 1.5 [ 0.033 | 0921 6.23

K2(B)-D13-L30-¢c2.0 | 12.7 | 126.61 | 390 | 87.79 |693.37 | 5.64 |32.10| 0.996 2 0.033 - -

K2(B)-D13-L45-c0.5| 12.7 | 12661 | 585 | 83.34 |658.23 | 3.57 [32.10| 0.631 0.5 | 0.022 | 0.552 12.53

K2(B)-D13-L45-c1.0 | 12.7 | 126.61 | 585 | 96.06 | 758.69 | 4.12 {32.10| 0.727 1 0.022 | 0.686 5.62
K2(B)-D13-L45-c1.5| 12.7 | 12661 | 585 | 82.06 |648.12| 3.52 {32.10| 0.621 15 | 0.022 -

K2(B)-D13-145-¢2.0 | 12.7 | 126.61 | 585 | 83.98 |663.28 | 3.60 [32.10| 0.635 2 0.022 -

K3(B)-D16-L15-c0.5| 16 |200.96 | 240 | 59.8 |297.57 | 4.96 |32.10| 0.875 0.5 | 0.067 | 0.923 -10.01

K3(B)-D16-L15-c1.0| 16 |200.96 | 240 | 67.43 |335.54 | 5.59 |32.10| 0.987 1 0.067 | 1.097 -11.13

K3(B)-D16-L15-cl.5| 16 |200.96 | 240 | 73.574 | 366.11 | 6.10 {32.10| 1.077 15 | 0067 | 1.231 -14.31
K3(B)-D16-L15-¢c2.0| 16 |200.96 | 240 | 7892 |392.71 | 6.55 [32.10| 1.155 2 0.067 -

K3(B)-D16-L30-c0.5| 16 |200.96 | 480 | 92.25 {459.05] 3.83 [32.10| 0.675 0.5 | 0.033 | 0.652 3.36

K3(B)-D16-L30-c1.0| 16 |200.96 | 480 | 129.78 | 645.80 | 5.38 {32.10| 0.950 1 0.033 | 0.787 17.20

K3(B)-D16-L30-cl.5| 16 |200.96 | 480 | 146.23 | 727.66 | 6.06 |32.10| 1.070 1.5 [ 0.033 | 0921 13.94

K3(B)-D16-L30-c2.0| 16 |200.96 | 480 | 158.12 | 786.82 | 6.56 |32.10| 1.157 2 0.033 | 1.055 8.81
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K3(B)-D16-L45-c0.5| 16 |200.96 | 720 | 110.22 | 548.47 | 3.05 [32.10| 0.538 0.5 | 0.022 | 0.552 -2.59
K3(B)-D16-L45-c1.0| 16 |200.96 | 720 | 126.44 [ 629.18 | 3.50 |32.10| 0.617 1 0.022 | 0.686 -11.21
K3(B)-D16-L45-c1.5| 16 |200.96 | 720 | 153.56 | 764.13 | 4.25 {32.10| 0.749 15 10.022 | 0.820 -9.54

K3(B)-D16-L45-¢c2.0| 16 |200.96 | 720 | 175.19 |871.77 | 4.84 [32.10| 0.855 2 0.022 | 0.955 -11.66 S

w

Note 1. specimen index: K2(B)-D13-L15-c0.5, K2 = old Kict bar, K3= new Kict bar, As = Aslan , (B) =
Bottom bar, D13 = Diameter of GFRP bars, L15 = embeded length of 195 mm (15ds), c0.5 = cover thickness
of 0.5dp, S = Splitting failure, F = Fracture or Slip of GFRP reinforcement.
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