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Characteristics of the Progressive Brittle Failure around Circular Opening

by Scaled Model Test and Discrete Element Analysis

Seong-Ho Bae, Seok-Won Jeon and Eui-Seob Park

Abstract Progressive and localized brittle failures around an excavated opening by the overstressed condition can
act as a serious obstacle to ensure the stability and the economical efficiency of construction work. In this paper,
the characteristics of the brittle failure around an circular opening with stress level was studied by the biaxial
compressive test using scaled specimen and by the numerical simulation with PFC?™, one of the discrete element
codes. The occurring pattern and shape of the brittle failure around a circular opening monitored during the biaxial
loading were well coincided with those of the stress induced failures around the excavated openings observed in
the brittle rock masses. The crack development stages with stress level were evaluated by the detailed analysis
on the acoustic emission event properties. The microcrack development process around a circular opening was
successfully visualized by the particle flow analysis. It indicated that the scaled test had a good feasibility in
understanding the mechanism of the brittle failure around an opening with a high reliability.

KeyWords Brittle failure, Scaled model test, Acoustic emission(AE), Crack development stage, Notch shaped failure
region
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Fig. 1. Stress induced failures around excavated openings in Korea
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Fig. 3. Schematic diagram and photo of main frame unit
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(a) 0 = 31 MPa (b) 0* = 35 MPa (c) 0 = 38 MPa

Fig. 7. Close up view of the stress induce spalling around the circular openings at the similar 0,/0.* level for three test
specimens(01/0c* = 0.65)
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Fig. 8. Progressive brittle failure around a circular opening with gl/oc*(o.* = 31 MPa, 03 = 5.50 MPa)
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Fig. 9. Occurring location and shape of stress induced brittle failure around a circular opening formed by biaxial compressive
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Fig. 11. Crack development sfage by accumulative AE hit and AE count with 61/0.* for circular tunnel specimen(a.* =

33 MPa, 03 = 5.5 MPa)
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Fig. 12. General procedure of material genesis for PFC
analysis
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Fig. 13. View of bonded particle model before and after
simulation of uniaxial loading with PFC®™
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PFC™ simulation resuit

-

Laboratory test resuit I
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>

Fig. 14. Simulation result of deformation behaviour of
synthetic material by PFC™ and its comparison
with laboratory test result
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Table 1. Micro-properties that define parallel-bond material
Parameter Description Value
0 ball density [kg/m’] 2060
E. ball-ball contact modulus [Pa] 5x10"
kalk, ball stiffness ratio [ ] 1.0
2 parallel-bond radius multiplier [ } 1.0
E. parallel-bond modulus [Pa] 62.5x107
n/i parallel-bond stiffness ratio [ ] 1.0
“ ball friction coefficient [ ] 0.50
76 (mean) parallel-bond normal strength, mean [Pa] 3x107
TC (std.dev.) parallel-bond normal strength, std. dev. [Pa] 7.5x10°
Tc (mean) parallel-bond shear strength, mean [Pa) 1.5x10
Tc (std. dev.) parallel-bond shear strength, std. dev. [Pa] 3.75x10°
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(a) Contact chain force(g,/o.* = 0.45)

(¢) Displacement field distributions at the final loading stage (d) Close up view of failure region

Fig. 16. PFC?® analysis results for circular opening model

Fig. 17. Simulation of crack growth around a circular opening with 0/0.*(close up view)



262 S wAUT AL 0k HH T U

Fig. 18. Comparison of failure region around an opening simulated by PFC?®
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