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Effects of Crack Velocity on Fracture Properties of Modified S-FPZ Model
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ABSTRACT

The fracture energy evaluated from the previous experimental results can be simulated by using the modified
singular fracture process zone (S-FPZ) model. The fracture model has two fracture properties of strain energy
release rate for crack extension and crack close stress versus crack width relationship f..(w) for fracture
process zone (FPZ) development. The f£..(w) relationship is not sensitive to specimen geometry and crack
velocity. The fracture energy rate in the FPZ increases linearly with crack extension until the FPZ is fully
developed. The fracture criterion of the strain energy release rate depends on specimen geometry and crack velocity
as a function of crack extension. The variation of strain energy release rate with crack extension can explain
theoretically the micro—cracking, micro—crack localization and full development of the FPZ in concrete.
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Table 1 Average experimental results of TPB and
CLWL-DCB tests'"?

Period | Peak load Work Gr

Test # (s) &N) | (Nem) | (N/m)

TPB110 | 1,952 2961 0.579 112

TPB120 | 20.06 2.994 0.607 117

T 0.164 3786 0,691 134

}; TPBI0 3.683" 0.691" 134"

0.00345 5.462 0.797 154

TPB140 i . .

5.053 0.646 125

DCB110 | 1,302 10.66 4.027 208

E DCBI120 | 3574 12.66 5.370 277

W | DCB130 | 0.441 1251 4138 214
L

. 0.0432 13.97 4112 212

8 DCBI40 1353 4,058 210"

B 0.00518 16.28 4631 239

DCB150 i . .

15.49 4424 229

* . Responses not including inertial force
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Table 2 Average measured crack velocities and applied fracture properties

Property TPB test CLWL-DCB test

110 120 130 140 110 120 130 140 150

@ e (/)Y 0.00016 | 00134 | 192 658 | 0.0008 | 00589 | 495 56.3 215

£ ceso (MPa) 181 1.86 1.84 1.90 185 185 1.83 192 1.90

w, (mm) 00991 | 0.1067 | 0095 | 01245 | 0115 | 0143 | 0114 | 0115 | 0.109

G ppz (N/m) 898 99.3 838 1180 | 1065 | 1333 | 107.2 | 1100 | 103.1

G i (N/m) 1.93 1.82 158 9.81 10.65 8.48 19.65 9.56 24.10
G oy (N/m) 9.11 1331 | 7233 | 7373 | 4424 | 7460 | 8336 | 9422 | 12049
Standard error (%)% | 3.00 217 252 1.02 2.93 2.18 2.01 198 259

(1) : Average crack velocity during crack extension

(2) : Standard error of the computed fracture energies to the required fracture energies for tests
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Table 3 Crack extension and load-point

displacement at each step (unit: mm)

TPB test group CLWL-DCB test group
Step Expected behavior
110 | 120 | 130 | 140 | Ave. | 110 | 120 | 130 | 140 | 150 | Ave.
a : 0.0
® Micro-cracking
u, | 0.024 ‘ 0.0204[ 0.021 L0,028T0.023 0.027 | 0.026 | 0.027 | 0.037 | 0.034 | 0.028
® a 25.4 254 | 381 | 381 - 279 | 324 Micro—crack
® .
u, | 0.056 | 0.054 | 0.068 Lo.oees } 0061 | 0.044 | 0054 | 0062 | - | 0.062 |0.056 localizing
a 635 80.7 | 1044 | 90.1 |58.4% | 734 | 87.2 Maximum
© i
u, | 0.102 | 0.104 | 0.138 | 0123 | 0.117 | 0.086 | 0.111 | 0.112 [0.094F | 0.107 | 0.104 | fracture criterion
| @ | 836 | 83 | 762 | TI0 | 793 | 1778 2129 | ITL6 | 1647 | 1516 | 1664 ] py evelopment
u, | 0145 | 0.168 | 0.177 | 0.161 | 0.163 | 0178 0.226% | 0.194 | 0.196 | 0.185 | 0.188 of FPZ
a - - 133023302 |292.1F | 3175 | 326.0 Decreasing
® e
u, | - - - - - -] 0379 | 0.372 |0.319% | 0.351 | 0.368 | fracture criterion
a 1016 3810 Maximum
® .
u, {0403 | 0.391 | 0.360 | 0.345 | 0.375 | 0.437 | 0455 | 0.434 | 0.405 | 0.414 | 0.420 | crack extension
¥ .
The values not included for average
25 T 0.25 150 ) r r T T
— CLWL-DCB test TPB test
g Fitted line Applied data Fitted line Applled data
20 1.87 MPa - 0.20 215 *  Gimax
T . - ». ) ]
- ] 100 ]
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2 [ N 0414 mm o 5 S 7 ]
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m/s)

Fig. 11 Applied crack closure stresses and crack

width relationships
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