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Proposed Design Provisions for Bond and Development Length
Considering Effects of Confinement
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ABSTRACT

Confinement is one of the major concepts for bond of reinforcing steel to concrete.
Cover distance, and lateral reinforcement are the key factors for current provisions
for development and splices of reinforcement. However, the current provisions still
being complicated to calculate major variables need to be developed in the process
of design.

In this study. an experimental work was performed to examine the behavior of
bond using beam end specimens. The test results and previous available data are
analyzed to isolate the effects of confinement on bond strength. From this
reevaluation, new provisions for development and splice of reinforcement are
proposed. The provisions also propose some limits for confinement index. The new
provisions will help engineers to decide easily the simple but conservative way for
manual calculations or the exact approach for computerized design.
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Fig. 1 Beam end specimen
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Fig. 2 Splice specimen

Table 1 Bond strength by test results, OJB eq. and ACI

O A L est L OJB | ACT | ACT
Specl—y dy An ¢ es sst2

L el S o, ioog12.2:2
mens | (em)] (em) (em) | Cemd | (em) )
Cem) | (ep) | Cemd

1| 12 |213.81203.6/148.6/ 66.1 | 66.1

Nal
8V

N
i
s
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b
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Beam 1. 27.91172.6/ 99.2 | 99.2

end D7

ol
[§

3009.31239.3)220.61165.4| 99.2

1.6 1.99] 3.5 12 |347.0]285.2|268.5(231.5| 99.2

1] 16 1260.4]247.6/163.0] 88.2 |88.21
Splice 1.5 16 1293.6]295.71195.0{132.3{132.3
1.90 16 1334.1(329.3/220.6167.6[132.3

test]: Beam cnd specimen, /¢ = 375ke/on,
Splice specimen, ', = 360kg/cm
* test2: Beam end specimen. . = 650ke/ow

Splice specimen, ¢ = 603kg/cm
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Fig. 3 Bond forces of beam end specimens versus cover thickness
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Fig. 4 Bond forces of splice specimens versus cover thickness
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. 5 Bond strength ratio of test results and ACI 1222 eq.
versus cover thickness
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Fig. 6 Bond strength ratio of test results and ACl 1223 eq.
versus cover thickness
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Table 2 Bond strength of transverse reinforcement
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from previous test data

Lanet | Al C o] Ay fi s (s Ko | test (),lJB'W‘ ACL™ | ACE mﬁ K™
Cemd | femd | Cke/end | e | Chgfomy | Cemd | Gg/em) | Gm) | AT AUV T L AT Ay W7 | Ratio
800 |3 . 5.07 2,451 267.88[0.71(4916.07| 8.89 |3657.5212.446| 1132.98 | 259 81 407 .60 479.44 10 850
8CO (2 161.01255073.571294.539(0.71 6.07]15.24|3263.7912.140] 964.08 7.94 154,15 359.58 [0.428
810 |2 B 2515.07)134112967010.71 1120.3212578.9711.482] 759.08 50.91 236.76 165.98 |1.426
BNU 13 161.0 | 2.515.07[1.15] 269,28 | 1.27[5955.25| 7.62 |4898.49/6.184] 151343 | 92583 | 1110.14 | 1038.87 |1.068
BNO 12 1 61.0 | 2.5(5.07]4.62[297.4110.71 ¢ 1304813884 6210.988| 1142.03 | 26.56 156.29 165.98 [0.941
BNO (2 1 66.0 | 2.5]5.07[4.57 298 81[0.71 |« H133.0214137.7410.912] 1213.58 154.94 165.98 10.933
BNO |2 | 50.8 12.5]5.07]4.761298.81|1.27 51101614357 8169571 1278.12| 286.83 436 .41 973.94 [0.-448
SNO {2 | d45.7 | 2.5 5.07{4.68|307.95]1.27|¢ . 11.4314355.00(6.184| 1258.20 | 349.01 510.58 779.15 0655
ONO 14 1254 1.6[1.99]1.321289.6711.27| 201 12,7 13193.4812.782| 373.39 | 142,27 187.60 24348 10.770
SN0 |3 [ 254 11.6]1.99]2.64:280.67|0.7114538.51| 25.4 {3411.4410.790] 398.87 84 .29 97 .96 69,15 [1.416
ONO 13 1305 | 1.6]1.99]3.22: 268971071 (4538571 ,30.48(3944.39|0.658] 461.75 61.66 40.12 69.15 |0.580
SNO {2 | 30.5 | 1.6[1.9913.071295.30 [0.71[4538.51115.2414229.14{1.976| 489.75 | 100.49 83.05 207.47 10.400
LTINO |2 168.6 | 3.519.5713.73 :369.12|1.2715955.25| 7.62 [4421.79{9.276| 2202.53 | 813.71 1166.62 | 1753.10 10.665
TINO 2 1101.6]3.5]9.57]3.85.369.1210.71 1453851 | 10.16|4364 . 14{2.964| 2173.81 | 331.53 605.70 82991 10.729
1IBO 2 [101.6] 3.519.5714.68]364.20]0.7114538.51| 25.4 [4302.2611.185! 2157.42 | 102.44 354.63 331.96 11.068
LIBU |2 [96.5 1 3.519.57|4.73|33L.16]0.71 |4538.51{12.06{4639.05|2.496| 2439 .62 | 449.64 713.45 663.93 [1.074
LIBO 2 ©76.2 | 3.5]9.57 |4 84331161 1.27|5955.2510.89| 4128 60|6.486| 2171.18 | 472.97 786.54 | 1362.16 |0.577
L1BO |2 11016} 3.5|9.5714.75|330.4510.71[4538.51116.94|1663.6611.777] 2455.16 | 384.07 634.59 497.69 [1.275
la |2 07491251507 2.581278.32| 0324485 77]12.49/4975.13|1.082| 1511.95 | 581.82 721.10 223.45 [3.227
3a |3 0749 | 257507 (2.54]278.32/0.3214585.77112.4914628.50(0.721] 1406.61 | 483.96 624,01 148.97 14.188
da 3, 889 3.016.9312.95|283.4110.321- TT)22.50[4170.08|0.400] 1718.14 | 421.08 618.98 99.269 16.235
b |2 1 719125]5.07 267.1010.32 < 712,491 4710,7711.082) 1461.35 | 531.22 670.50 22345 13.000
b3 ] 74.9 1 2.5]5.072.541267.1010.32: ST12.4914190.47(0.721] 1299.95 | 377.30 517.35 148.97 .’3.472A
db 13 | 112.5] 3.0(16.9312.95[283.41]0.32 < 77122 5014608.11(0.4007 1898.61 | 367 .88 h23 .1 124.22 14,210
6 13 1560255071251 254.8710.49|5¢ 71701 3599.16(2.610] 1143.00 | 387.88 558,30 402.75 11 .386
T3 375 25(5.07]2.641254.87(1.99]¢ 32| 9.37 |3303.1616.338] 1049.00 | 457.36 657.43 654.88 11.003
803 1300 25(5.0713.79]254.8711.99 321 10.0012436.9415.936] 773.91 154 .88 357.27 490.74 0.728
9 13 185.013.016.93]|2.95|278.22|1.03]4842.60] 8 50 :4975.13(3.660| 2087.72 | 841.60 | 1048.80 | 857.26 |] 923
10 13 156.013.016.9312.95|287.2811.99[4791. h)[ S(l()[ ).45]7 425) 1935.86 1 989.31 | 1251.21 | 1146.05 |1.092
€ o Clear cover thickness
n © Number of spliced bars
* Bond strength of transverse reinforcement, oy, (5)
* Bond strength of transverse reinforcement. eq. (6)
*** Bond strength of K, by ACI provision, 0.877 n‘lydﬂ‘ljﬁ' M
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Ratio of bond strength of A, by test results to bond strength of K, by ACI provision (relative safety)
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