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Numerical Simulation of Fracture Performance of Concrete Three-Point
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Abstract: Based on the extended finite element method (XFEM) , the fracture failure process of con-
crete three-point bending beams with different widths was simulated, and the load-crack mouth displace-
ment curve ( P-CMOD) was obtained. The fracture process of three-point bending beam with different
width, crack height ratio and span height ratio was simulated, and the stress intensity factor under dif-
ferent width, crack height ratio and span ratio was obtained by using the double K fracture criterion.
The influence of these three parameters on the stress intensity factor was studied. The results show that
the initiation fracture toughness K;" and unstable fracture toughness K" of three-point bending beam with
span-depth ratio and crack-depth ratio equal to 0.4 basically remain unchanged when the beam width
changes from 100 mm to 250 mm. When the beam width was constant, the span-depth ratio was 4 and
the crack-depth ratio increases from 0.2 to 0.5, the initiation fracture toughness K|"and the unstable
fracture toughness K;''increase first and then decrease. When the beam width was constant, the crack
height ratio was equal to 0.4, and the span height ratio increases from 2.5 to 3.5, the initial fracture
toughness K| remains unchanged, and the unstable fracture toughness K|"will gradually increase but the
amplitude was small. When the span-to-height ratio was constant, the crack-to-height ratio was equal to
0.4, and the beam width changes in the range of 100~250 mm, the initial fracture toughness K}"and

the unstable fracture toughness K\"all increase first and then decrease, indicating that K;"and K"with
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small span-to-height ratio have a certain size effect in the beam width direction.

Key words: XFEM; double K fracture model; three-point-bending; fracture toughess; size effect
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Fig. 1 Diagram of three-point bending beam
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Tab. 1 Parameters of finite element model

Hig PR VIMGAERLL  BURSRE SPERRE R ENS A
(LXWxH)/mm a /MPa E/MPa /MPa Gy /(N-m™)

W100 1 400%100x300 0.4 52.4 22.94 1.25 167. 45

W150 1 400x150%300 0.4 52.4 23.39 1.25 179. 04

W200 1 400x200%300 0.4 52.4 24.88 1.25 170. 18

W250 1 400x250x300 0.4 52.4 20.99 1.10 179. 56
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Tab. 2 Comparison of experimental and simulated values in Reference[ 7]
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¥4 RBER I K}
P,/ kN /( Mpa » m** ) P.. 7/ kN CMOD,/ pm
@, /mm /( Mpa - m®®)
W100 1.32 0.25 5.01 108. 70 158. 30 1.17
. W150 3.54 0.40 7.80 101. 04 160. 55 1.24
RIHE
W200 3.53 0.32 10. 19 82. 40 152.03 1.11
W250 3.41 0.26 11. 12 107. 40 163. 44 1.10
W100 1.47 0.27 4.97 95. 00 159. 90 1.16
i W150 2.50 0.30 8.05 100. 00 159. 60 1.24
T
W200 3.35 0.30 10.70 90. 00 157. 50 1.21
W250 3.77 0.28 11.70 100. 00 161. 10 1.12
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Fig. 2 3-point bending crack propagation cloud map of 200 mm wide beam concrete
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Tab. 3 Fracture parameters corresponding to different fracture height ratios
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Tab.4 Comparison of fracture parameters of model beams with different widths and span-depth ratios
TR o P
/mm pP./kN P__/kN CMOD, ‘ ‘
" " °  a./mm  Ag/mm  /( MPa-:m"?) /( MPa-:m®’)
/ pm
W100-2. 5 750 2.79 7.82 49.0 122.0 2.0 0. 246 0. 690
W100-3.0 900 2.27 5.93 48.0 130.3 10.3 0.248 0. 696
W100-3.5 1 050 1.74 5.10 58.7 140.5 20.5 0.230 0.790
W150-2.5 750 5.50 12.75 55.7 130.9 10.9 0.321 0.816
W150-3.0 900 4.58 9.65 61.3 140. 6 20.6 0.330 0. 837
W150-3.5 1 050 3.84 9.06 67.6 140.0 20.0 0.333 0. 930
W200-2. 5 750 6.50 17.34 65.3 142.3 22.3 0.285 0.933
W200-3.0 900 5.50 12. 60 73.5 155.0 35.0 0. 298 0. 955
W200-3. 5 1 050 4.30 10. 60 76.2 157.0 37.0 0.282 0.977
W250-2. 5 750 6.30 19. 10 71.6 141.0 21.0 0.223 0. 846
W250-3.0 900 5. 60 15.05 75.8 150.0 30.0 0. 250 0. 864
W250-3.5 1 050 4.70 12.85 77.0 150.0 30.0 0.248 0. 879
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Fig. 9 Fracture toughness at different aspect ratios of 150 mm width
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