Comparison of Development Length Equation of Bottom and Top
GFRP Bars with Splitting Failure
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Abstract

The objective of this study was to propose a development length equation for bottom and top GFRP bars,
Including the bottom and top GRPP bars, a total of 104 modified pullout tests were completed, The test variables
were embedment length (15, 30, 45db), net cover thickness (0.5~2.0db), different GFRP bar types, and bar
diameters (10, 13, 16mm). The average bond stresses were determined based on the modified pullout test results.
Two variable linear regression analyses were performed on the results of the average bond stresses. Utilizing the
5% fractile concept, a conservative development length design equation was derived, The design equation of the
development length for bottom and top GFRP bars was proposed and the design equation derived in this study was
compared to the ACI 440, 1R—06 committee equation,
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ERWAT GFRP o153l 4939 HHY| A Uz

I 2 AEA ek U AEdy
o g | AL | P |om| U foc | Failure o Prac | Omax [ U fo | Failure
No|  Specimen index1) (kN) [ (MPa) | (MPa) | (MPa) [ mode | No|  Specimen index1) (kN) | (MPa) | (MPa) | (MPa) | mode
bottom bars top bars
1| K3(B)-D10-L15-c05 |[10.0|785]| 150 | 24.97 (318,09 530 | 321 S 1| K3(T)-D10-L15-c0.5 1781 | 22688 | 378 | 321 S
2 | K3(B)-D10-L15—c1.0 |10.0{78.5|150 | 2529 [322.17| 537 | 321 | ditto | 2 K3(T)-D10-L15—c1.0 19.88 25325 422 | 321 | ditto
3| K3(B)-D10-L15—c15 [10.0{78.5|150 | 27.59 |351.46| 5.86 | 32.1 | ditto | 3 K3(T)-D10-L15—c1.5 2243 (28573 | 476 | 321 | ditto
4| K3(B)-D10-L15—¢c2.0 [10.0(78.5| 150 | 35.39 |450.83| 7.51 | 321 | ditto | 4 | K3(T)-D10-L15—-¢2.0 2545 32420 | 540 | 321 | ditto
5| K3(B)-D10-L30-c0.5 [10.0{78.5[300| 34.04 |433.63| 361 | 321 | ditto | 5| K3(T)-D10-L30—0.5 2187 |27860| 232 | 321 | ditto
6 | K3(B)-D10-L30—c1.0 |10.0{78,5]300 | 36.82 [469.04| 391 | 321 | ditto | 6| K3(T)-DI0-L30-c1.0 36.74 |468.03| 390 | 321 | ditto
7| K3(B)-D10-L30-c1.5 |10.0{78,5|300 | 48,67 [620.00| 517 | 321 | ditto | 7| K3(T)-D10-L30—c1.5 3817 |48624| 405 | 321 | ditto
8| K3(B)-D10-L30-c2.0 |10.0{78.5|300 | 51.05 [650.32| 542 | 321 | ditto | 8| K3(T)-D10-L30—c2.0 458 |58344| 486 | 321 | ditto
9| K3(B)-D10-L45-c0.5 |10.0|78.5]450 | 39.44 [502.42| 2,79 | 321 | ditto | 9| K3(T)-D10-L45—0.5 31,01 [39503| 219 | 321 | ditto
10| K3(B)-D10-L45—1.0 [10.0(785[450 | 4652 |592.61| 3.29 | 321 | ditto | 10| K3(T)-D10-L45—1.0 4024 | 51261 | 285 | 321 F
11| K3(B)-D10-L45—15 [10.0(785[450| 4835 |615.92| 3.42 | 321 F 1] K3(T)-D10-L45—c1.5 6235 |79427| 441 | 321 | ditto
12| K3(B)-D10-L45—c2.0 [10.0|785|450 | 56,62 72127 | 4.01 | 321 | ditto | 12| K3(T)-D10-L45-c2.0 | 54,08 |688.92| 383 | 321 | ditto
1 )-

13| AS(B)-D13-L15—c0.5 |12.7]145]195 | 24.81 | 17110 [ 319 | 321 S D13-115—-c0.5 20,36 | 14041 | 262 | 321 | ditto

@
>
@
_|

14| AS(B)-D13-L15-c1.0 [12.7| 145|195 | 35.63 |245.72( 4.58 | 32.1 | ditto | 14| AS(T)-D13-L15-c1.0 2417 166,69 | 311 | 321 | ditto

15| AS(B)-D13-L30-c0.5 |12.7| 145|390 | 56.62 |390.48( 3.64 | 32.1 | ditto | 15| AS(T)-D13-L30-c0.5 3817 26324 245 | 321 S

16| AS(B)-D13-L30-c1.0 |12.7| 145|390 | 64.25 |44310| 413 | 32.1 | ditto | 16| AS(T)-D13-L30-c1.0 4835 |33345| 311 | 321 | ditto

17| K3(B)-D13-L15-c05 (127|127 | 195 | 36.26 |286.39| 4.66 | 32.1 | ditto | 17| K3(T)-D13-L15-c0.5 2227 | 17589 | 286 | 321 F

18| K3(B)-D13-L15-c1.0 |12.7]127 | 195 | 52.80 |417.02| 6.79 | 32.1 | ditto | 18| K3(T)-D13-L15-c1.0 4072 | 32161 | 524 | 321 S

19| K3(B)-D13-Li5-c1.5 |12.7]127 | 195 | 61.84 |488.39( 7.95 | 321 | ditto | 19| K3(T)-Di13-Li5-c1.5 4326 | 34167 | 556 | 321 F

20| K3(B)-D13-L15-c2.0 [12.7[127 [ 195 | 7889 |623.08| 10.15 | 32.1 F | 20| K3(T)-D13-L15-c2,0 4962 |39190| 638 | 321 | ditto

21| K3(B)-D13-L30—c0.5 |12.7]| 127 | 390 | 59.16 |467.25| 3.80 | 32.1 S 21| K3(T)-D13-130-c0.5 4517 |356,76| 290 | 321 S

22| K3(B)-D13-L30—c1.0 [12.7[ 127 | 390 | 64.25 [507.45| 4.13 | 321 | ditto | 22| K3(T)-D13-L30—c1.0 5789 |45722| 372 | 321 | ditto
23| K3(B)-D13-L30—c1.5 [12.7]| 127 [390 | 88.67 [700.32| 570 [ 355 | ditto | 23| K3(T)-D13-L30—c1.5 66.88 |52823| 430 | 321 | ditto
24| K3(B)-D13-L30—c2.0 [127]|127 [390| 91.77 [724.81] 5.90 [ 355 | ditto | 24| K3(T)-D13-L30-c2.0 | 83.98 |663.28| 540 | 321 F
25| K3(B)-D13-L45-c05 [12.7]127 [585 | 64.81 |511.88| 278 | 321 | ditto | 25| K3(T)-D13-L45-c0.5 64.81 | 511.88 | 278 | 321 | ditto

26| K3(B)-D13-L45-c1.0 [12.7]127 [ 585 | 57.41 |453.43| 2.46 | 32.1 F | 26] K3(T)-D13-L45—c1.0 76,26 |60231| 327 | 321 S

27| K3(B)-D13-L45-c15 [12.7[ 127|585 | 81.43 [643.14| 349 | 321 | ditto | 27| K3(T)-D13-L45—c15 86.52 |68334| 3.71 | 321 F

28| K3(B)-D13-L45-c2.0 [12.7]127 [ 585 | 89.06 |703.41| 3.82 | 321 | ditto | 28| K3(T)-D13-L45—2.0 8461 |66826| 363 | 321 | ditto

29| K2(B)-D13-L15-c0.5 [12.7] 113 [ 195 | 47.07 |416.64| 6.05 | 32.1 S |29 2(T)-D13-L15-c0.5 4899 143354| 630 | 321 | ditto

=

30| K2(B)-D13-L15-c1.0 |12.7| 113|195 | 59,16 |523.54| 7.61 | 321 | ditto | 30| K2(T)-D13-L15-c1.0 4899 143354| 630 | 321 | ditto

31| K2(B)-Di3-L15-c1.5 |12.7| 113 | 195 | 75.07 |664.34| 9.65 | 32.1 | ditto | 31| K2(T)-Di3-L15—c1.5 60.44 53487 | 777 | 321 S

32| K2(B)-D13-L15-c2.0 [12.7]| 113 [ 195 | 78.89 [698.14] 10.15 | 321 | ditto | 32| K2(T)-D13-L15-c2.0 5344 | 47292 | 687 | 321 F

33| K2(B)-D13-L30—c0.5 [12.7] 113 [390 | 68.07 [602.39| 4.38 [ 321 | ditto | 33| K2(T)-D13-L30-c0.5 | 55.98 |49540| 3.60 | 321 S

34| K2(B)-D13-L30-c1.0 [12.7]| 113 [390 | 79.52 [70372| 5.11 [ 321 | ditto | 34| K2(T)-D13-L30-c1.0 64,25 |56858| 4.13 | 321 | ditto

35| K2(B)-D13-L30-c1.5 [12.7]| 113 [390 | 86.52 [765.66| 5.56 | 321 | ditto | 35| K2(T)-D13-L30—c1.5 66,8 | 59115 | 430 | 321 F

36| K2(B)-D13-L30-c2.0 [12.7| 113 390 | 87.79 |776.90| 5.64 | 32.1 F | 36| K2(T)-D13-130-c2.0 9479 |83885| 6.09 | 321 | ditto
37| K2(B)-D13-1L45-c0.5 [12.7| 113 [585 | 8334 |737.52| 3.57 | 32.1 S | 37| K2(T)-D13-L45-c0.5 69.34 | 61363 297 | 321 S

38| K2(B)-D13-L45-c1.0 [12.7[ 113 | 585 | 96.06 |850.09| 4.12 | 32.1 | ditto | 38| K2(T)-Di3-L45-c1.0 73.8 653,10 316 | 321 | ditto

39| K2(B)-D13-L45-c1.5 [12.7| 113 [585 | 82.06 |726.19| 3.52 | 32.1 F | 39] K2(T)-D13-L45-c1.5 9415 83319 | 404 | 321 | ditto

40| K2(B)-D13-L45-c2.0 [12.7[ 113 | 585 | 83.98 |743.19| 3.60 | 32.1 | ditto | 40| K2(T)-D13-L45-c2.0 89,7 | 79381 | 3.85 | 321 F

41| K3(B)-D16-L15—c0.5 |16.0| 201|240 | 59.80 |297.57| 4.96 | 355 S 41| K3(T)-D16-L15-c0.5 3881 | 193,12 | 3.22 [ 355 | ditto

42| K3(B)-D16-L15-c1.0 [16,0| 201 [ 240 | 67.43 [33554| 559 [ 355 | ditto K3(T)-D16-L15-c1.0 55,35 | 27543 | 459 | 355 S

44| K3(B)-D16-L15-c2,0 [16.0[ 201|240 [ 7892 |392.71| 6.55 | 355 | ditto K3(T)-D16-L15-¢2.,0 8517 |42382| 7.06 | 355 | ditto

42

43| K3(B)-D16-L15-c1.5 |16.0] 201|240 | 7357 |366.11| 610 | 355 | ditto | 43| K3(T)-D16-L15—c1.5 73.07 [363.60| 6,06 | 355 | ditto
44
45

45| K3(B)-D16-130-c0.5 [16.0[ 201|480 [ 92.25 |459.05| 3.83 | 355 | ditto K3(T)-D16-1.30-c0.5 | 80.95 |402.82| 336 | 355 | ditto

46| K3(B)-D16-L30—c1.0 [16.0[ 201|480 | 129.78 |645.80| 5.38 | 35.5 | ditto | 46| K3(T)-D16-L30—c1.0 | 118.95 | 591.91 | 4.93 | 355 | ditto

47| K3(B)-D16-L30-c1.5 [16.0] 201 480 | 146.23 |727.66| 6.06 | 355 | ditto | 47| K3(T)-D16-L30-c1.5 | 130.18 |647.79 | 540 | 3565 | ditto

48| K3(B)-D16-L30-c2.0 [16.0| 201|480 | 158.12 |786.82| 6.56 | 35.5 | ditto | 48| K3(T)-D16-L30-c2.0 1675 |83350| 6.95 | 355 F
49| K3(B)-D16-145-c0.5 [16.0[ 201|720 | 110.22 |548.47| 3.05 | 355 | ditto | 49| K3(T)-D16-L45-c0.5 | 94.23 |46890| 2.60 | 35.5 S

50| K3(B)-D16-L45-c1.0 [16.0{ 201|720 | 126.44 |629.18| 350 | 35.5 | ditto | 50| K3(T)-D16-L45-c1.0 | 112.68 |560.71| 3.12 | 355 | ditto

51| K3(B)-D16-L45—c1.5 |16.0| 201|720 | 15356 | 764.13 | 425 | 355 | ditto | 51| K3(T)-D16-L45-ci.5 | 135,66 |675.06| 375 | 355 | ditto

52| K3(B)-D16-L45-c2.0 [16.0] 201|720 | 17519 | 871.77| 4.84 | 355 | ditto | 52| K3(T)-D16-L45-c2.0 | 146.48 |72890| 4.05 | 355 F

Note 1, specimen index: K2(T)-D13-L15—c0.5, K2 = K2KR, (B) = 3l (T) = A% D13 = A2 13mm, L15 = g7} 2152 154[(154)),
0.5 = LIEEARA 252 0.500.5d), u = BEHAAE, failwe moed, S=2ASRY], F=AL siek
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