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Experimental Study on Deformation and Failure Behavior of
Limestones under Dynamic Loadings
Myoung-Soo Kang, Hyeong-Min Kang, Seung-Kon Kim, Dae-Sung Cheon,
Katsuhiko Kaneko, Sang-Ho Cho*

Abstract Information on the deformation behavior and fracture strength of rocks subjected to dynamic loadings is
important to stability analyses of underground openings underground vibration due to rock blasts, earthquakes and
rock bursts. In this study, Split Hopkinson Pressure Bar (SHPB) system was applied to estimate dynamic compressive
and tensile fracture strengths of limestone and also examine deformation behavior of limestones under dynamic
loadings. A micro-focus X-ray CT scanner was used to observe non-destructively inside the impacted limestone
specimens. From the dynamic tests, it was revealed that the limestone have over 140MPa dynamic compressive
strength and the strain-rate dependency of the strength. Dynamic Brazilian tensile strength of the limestone exceeds
21MPa and shows over 3 times static Brazilian tensile strength.

Key words Split Hopkinson Pressure Bar(SHPB), Dynamic compressive strength, Dynamic Brazilian tensile strength,
Limestones
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Fig. 1. Underground limestone mine, Chonbuk province
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Table 1. Physical and mechanical properties of the limestone specimens

Uniaxial Brazilian
.| Young's modulus | _ . | . . . . .
Density E Poisson's ratio | P wave velocity | S wave velocity | compressive strength | tensile strength
(g/em’) (GPa) 14 (m/s) (m/s) S’ S’
2 (MPa) (MPa)
2.8 34.25 0.21 3,454 2,096 76 7.3
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Fig. 2. Measured strain signal-time history(A-35-17-3 specimen)
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Fig. 3. Dynamic stress-strain curves of limestone specimens
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Table 2. Estimated dynamic compressive strengths of the limestone specimens

Specimen No. Length Diameter | Impact velocity Strain rate Peak failure stress Remarks
(mm) (mm) (m/s) (1/s) (MPa)

A-35-17-1 35 17 6.32 56 88 Surface exfoliation

A-35-17-2 35 17 7.13 103 92 Surface exfoliation

A-35-17-3 35 17 10.34 145 172 Complete failure

A-35-17-4 35 17 11.01 179 108 Surface cracking

A-35-17-5 35 17 11.48 95 166 Complete failure

A-35-17-6 35 17 11.62 167 142 Complete failure

A-35-17-7 35 17 13.37 370 160 Complete failure

A-35-17-8 35 17 13.37 370 154 Complete failure

Table 3. Estimated dynamic Brazilian tensile strengths of the limestone specimens
Specimen No. Length Diameter Impact velocity Peak failure stress Strain rate
(mm) (mm) (m/s) (MPa) (1/s)

A-45-BD-1 22 45 7.24 21 9.47
A-45-BD-2 22 45 7.12 29 9.02
A-45-BD-3 22 45 11.48 29 12.26
A-45-BD-4 22 45 11.23 36 15.59

(d) 3 ms (e) 4 ms () 5 ms

Fig. 4. Fracture process of the dynamic tensile strength test (1000 frame/s)
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(b) A-35-17-2 specimen

(c) A-35-17-4 specimen

(d) A-35-17-5 specimen

Fig. 5. Cross sectional slice images of center in the specimens
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(a) A-35-17-1 specimen

(b) A-35-17-2 specimen

(c) A-35-17-4 specimen

(d) A-35-17-5 specimen

Fig. 6. Frontal cross-sectional slice image of the specimens(upper side closer to incident bar)
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