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ABSTRACT

This paper proposed a crack spacing calculation formulation which is an important parameter for calculating the crack width, that is
the main factor for verification of serviceability limit states and durability performance evaluation of reinforced concrete members. The
basic equation of average crack spacing is derived by considering the bond characteristics which is the governing equation for the
analysis of cracking behavior in reinforced concrete members. In order to consider the effect of the cover thickness and concrete
compressive strength, the crack spacing measured in 124 direct tensile tests performed by several researchers was analyzed and each
coefficient was proposed. And, correlation analysis was performed from 80 specimen data where the maximum and average crack
spacing were simultaneously measured, and a correlation coefficient that can easily predict the maximum crack spacing from the
average crack spacing was proposed. The results of the proposed average crack spacing equation and maximum crack spacing
correlation were compared with those current design code specification. The comparisons of proposed equations and the Korean design
codes show that the proposed formulation for the average crack spacing and the maximum crack spacing improves the accuracy and
reliability of prediction compared to the corresponding provisions of the Korean Concrete Structural Design Code and Korean
Highway Bridge Design Code (Limit States Design).
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Fig. 1. Effective Concrete Tension Area
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Appendix
Compressive| Bar | Cover Measured Compressive |  Bar Cover Measured
Researche Specime strength | diameter | thickness crack spacing Researche Specime strength diameter | thickness | Ccrack spacing
T 1men T 1men
P f d e (mm) P f d, Cc (mm)
(MPa) (mm) | (mm) | g | (MPa) (mm) (mm) | ¢ g
UC-10 16 39 | 167 | 200 Lee H4-D22-A o) 1436 | 223
56 50
| ucs 349 19.5 40 | 214 | 205 | (U999 | mapooa 29 1902 | 284
Abrishami
etal. UC-20 113 40 | 375 | 430 NI10-A 20 188 | 260
(1996)
HUC-10 16 39 | 167 | 300 N10-B 20 136 | 191
90
HUC-15 10 40 | 500 | 750 NI5-A 30 167 | 218
L-A-0 20 | 79| 105 N15-B 30 115 | 245
L-B-0 21 50 | 150 | 205 N20-A 40 136 | 177
L-C0 70 | 214 | 250 N20-B 40 150 | 190
254 19
M-A-0 20 | 71| 100 N25-A 47 188 | 245
M-B-0 41 50 | 167 | 220 N25-B 47 150 | 286
Hong M-C-0 70 | 250 | 370 N30-A 58 214 | 314
19
(1999) HI-A-0 20 | 79 | 100 N30-B 58 250 | 341
H1-B-0 58 50 | 188 | 220 N35-A 65 300 | 436
Lee
HI-C-0 0 300 | 380 | o0 N35-B 65 214 | 286
H2-A-0 20 | 8 | 160 MI10-A 20 125 | 205
H2-B-0 74 50 | 214 | 280 MI5-A 30 115 | 191
H2-C-0 70 | 375 | 440 MI15-B 30 94 | 205
N-CV-R 322 | 416 M20-A 40 100 | 191
Kim N-CV-B 250 | 357 M20-B 40 100 | 178
ol 27 29 85
@011 N-WA 177 | 319 M25-A 60.7 19 47 125 | 246
N-WB 181 | 339 M25-B 47 100 | 205
L3-D22-A 2 150.7| 230 M30-A 58 107 | 232
L3-D29-A 29 170.7| 265 M30-B 58 150 | 273
23
L4-D22-A 2 1704| 215 M35-A 65 136 | 259
L4-D29-A 29 170.4| 265 M35-B 65 167 | 286
Lee M3-D22-A 2 190 | 240 CA-10 10 45 192 | 250
50
(1998) | M3.p29-A 29 1692 211 CA-12 12 44 210 | 270
35
M4-D22-A 2 1702| 295 | Lomain | CA-16NYS 4 16 42 190 | 250
et al.
M4-D29-A 29 138.1| 230 | (j998) | CA-I6HYS 16 42 22 | 250
H3-D22-A 2 1785 | 243 CA-20 20 40 26 | 320
56
H3-D29-A 29 1739|299 CB-10 52 10 45 160 | 270
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Compressive| Bar | Cover Measured Compressive |  Bar Cover Measured
h . strength | diameter | thickness crack spacing h . strength diameter | thickness | Crack spacing
Researcher | Specimen L dy . (mm) Researcher | Specimen o ds . (mm)
(MPa) (mm) | (mm) | g | (MPa) (mm) (mm) | o g
CB-12 12 44 | 173 | 220 PC-200/30-S1 95 155 /
Del‘zl;i;’t al. 299 | 8505
CB-16NYS 16 2 175 ] 220 | @013 |pcoooso-s2| 956 146 /
52
CB-16HYS 16 2 | 167 ] 230 Goto 19mm “ 19 40 125 /
CB-20 20 40 | 155 | 200 | (197D) 32mm 32 44 125 /
CC-10 10 45 | 125 | 210 HI0-A 20 125 /
CC-12 12 44 | 131 | 200 H10-B 20 100 /
CC-16NYS 85 16 42 | 128 | 200 HI5-A 30 88 /
CC-16HYS 16 2 | 142 ] 200 HI5-B 30 88 /
Lorrain €C-20 20 40 | 141 | 190 H20-A 40 94 /
et al.
CD-10 10 45 | 138 | 210 H20-B 40 88 /
(1998) Lee 80.4 19
CD-12 12 44 | 139 | 200 | (200D) H25-A 47 115 /
CD-16NYS 92 16 2 | 143 ] 200 H25-B 47 100 /
CD-16HYS 16 42 | 129 ] 200 H30-A 58 115 /
CD-20 20 40 | 133 ] 190 H30-B 58 150 /
CE-10 10 45 | 121 ] 170 H35-A 65 115 /
CE-12 12 44 | 125 | 170 H35-B 65 107 /
CE-16NYS 101 16 2 |125] 7 NSC30-D25 40 145 /
CE-16HYS 16 @2 |17 180 NSC50-D25 56 153 /
CE-20 20 0 |120] 190 |P e;;)al?)al‘ HA80-D25 102 25 40 128 /
Fields et al. 15M 16 2 |12 HA120-D25 125 126 /
2004 62.8
(2004) 20M 195 40 | 148 | HA160-D25 145 116 /
PC-50/10-S1 50 / TS-N-1 200 /
91.8 1935
PC-50/10-S2 48 / TS-N-2 25 150 /
11.3
PC-80/10-S1 98 / TS-N-3 150 /
91.7 3435
PC-80/10-S2 97 / TS-M-1 171 /
Deluce et al.| PC-100/20-S1 100 |/ vun TS-M-2 66 150 /
o013 922 4025 09 16 42
(2013) | pc.100/20-52 102 | (1999) TS-M-3 133 /
195
PC-150/20-S1 134 |/ TS-H-1 109 /
92.6 65.25
PC-150/20-S2 126 |/ TS-H-2 150 /
90
PC-150/30-S1 121 / TS-H-3 133 /
91.9 299 | 60.05
PC-150/30-S2 144 |/ TS-H-4 120 /
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