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Indirect Crack Controling Method Affected by Variation of Material
Characteristics in Reinforced Concrete Flexural Members

Seung-Won Choi” and Woo Kim”*
YKCI Research Center, Korea Concrete Institute, Seoul 135-703, Korea
*Dept. of Civil Engineering, Chonnam National University, Gwangju 500-757, Korea

ABSTRACT Crack formations are inevitable in reinforced concrete structures. To estimate crack widths, empirical formulae are
used widely and indirect crack controling methods of limiting bar spacing and bar diameter are also used due to their simplicity.
In EC2, the characteristic crack width is calculated by multiplying maximum crack spacing and average strain. In this study, limit
values of maximum bar spacing and bar diameter are examined as the material characteristics are varied. Two models of tension
stiffening effect and maximum crack spacing and their effects are evaluated. The obtained results are compared with the values
obtained using KCI method. The results showed that a significant difference is found when two tension stiffening effect are
employed, and an under-estimation is found when 2nd order tension stiffening effect and maximum crack spacing limit from Part
IT were implemented. Therefore, a rational indirect crack control method attained using the tension stiffening effect of 2nd order
form is needed. Also, a consistency in serviceabiliy analysis in flexural members needs to be secured. In order to achieve these

goals, two crack controling models are suggested.
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Fig. 1 Tension-stiffening effect
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Table 1 Combination of base theory in current codes

Tension stiffening effect| Max. crack spacing

Code Ist order | 2nd order | Part I Part 11
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Fig. 2 Geometrical variables for crack width calculation
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Table 3 Results of maximum bar spacing (s) (mm)

p=0.5%, w;=03 mm
. f;=270 MPa f;=330 MPa
(mm) | MC90+|MC90+| EC2+ | EC2+ Gergely- MC90+|MC90+| EC2+ | EC2+ Gergely-
Partl | Part2 | Partl | Par2 | NC! ng,l‘[Zy Frosch | povtt | Par2 | partt | Pz | K ngltzy Frosch
20 216 | 203 150 | 162 | 233 | 298 | 173 87 120 54 95 189 | 163 137
40 55 126 25 81 192 | 114 153 25 74 25 51 139 63 109
60 25 91 25 55 142 60 115 25 54 25 36 89 33 44
80 25 71 25 42 92 37 25 25 42 25 27 39 25 25
100 25 59 25 34 42 25 25 25 35 25 25 25 25 25
150 25 41 25 25 25 25 25 25 25 25 25 25 25 25
p=0.5%, w,=04mm
20 450 | 361 | 368 | 288 | 233 | 450 | 238 | 234 | 214 | 161 169 | 189 | 387 | 191
40 183 | 223 76 144 192 | 271 | 223 62 132 25 92 139 | 148 173
60 64 162 25 98 142 | 142 | 200 25 96 25 63 89 78 141
80 25 127 25 75 92 87 164 25 75 25 49 39 48 81
100 25 104 25 60 42 59 102 25 62 25 40 25 32 25
150 25 75 25 41 25 28 25 25 43 25 27 25 25 25
p=1.0%, w,=0.3 mm
20 274 | 310 | 189 | 255 | 233 | 298 | 173 113 197 75 165 189 | 163 137
40 49 193 25 149 192 | 114 153 25 122 25 98 139 63 109
60 25 140 25 106 | 142 60 115 25 88 25 70 89 33 44
80 25 110 25 82 92 37 25 25 69 25 55 39 25 25
100 25 90 25 67 42 25 25 25 57 25 45 25 25 25
150 25 63 25 47 25 25 25 25 39 25 31 25 25 25
p=1.0%, w,=04mm
20 450 | 450 | 450 | 450 | 233 | 450 | 238 | 334 | 351 | 244 | 293 189 | 387 | 191
40 214 | 344 119 | 264 | 192 | 271 | 223 71 217 35 174 | 139 | 148 | 173
60 54 249 25 188 | 142 | 142 | 200 25 157 25 125 89 78 141
80 25 195 25 146 92 87 164 25 123 25 97 39 48 81
100 25 161 25 120 42 59 102 25 101 25 80 25 32 25
150 25 111 25 83 25 28 25 25 70 25 55 25 25 25
elA LA = BT F 2ol 9k gro] wig- 2} T}, Part I19] Hw#A7H4S ARE-gH HjE 2272 Part
Al ol S E Bl mE HWHEZAA Y zfo] 12] zroll sl 9 72~100% FE=o = Yebdth =, Part
= A9 HAEA %= o= AtsHTh ne] HAa#E7H4 e AHEs o] 22 H A4 e 3
Fig. 112 HFE7H4d m& HAE 284S YeRd & FoEx ReAds o 7 A
th o] W JAFFHE = 234 FH ZIdS AHE-SHA

Table 4 Results of maximum bar diameter (d,) according to steel stress (mm)

y w=0.3 mm wi = 0.4 mm

: + + + + - + + + + -
00 | M 0| e | et | e |t | P | ot | P | pant | b | s | PO
140 78 56 78 56 57 27 108 74 109 74 88 32
160 57 42 57 42 44 24 80 56 80 56 68 28
200 34 26 34 26 28 19 48 35 48 35 43 22
240 22 18 22 18 20 15 32 24 32 24 30 18
270 16 14 16 14 15 13 24 19 24 19 24 16
330 10 9 10 9 10 11 15 12 15 12 16 13
360 8 8 8 8 9 10 12 10 12 10 13 12
400 6 6 7 9 9 8 9 8 11 10
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Fig. 11 Maximum bar diameter relationship according to
maximum crack spacing
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