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Table 1  Judgment of strain time points in the experiment

Specimen Incident Reflected Transmitted . .

number strain wave strain wave strain wave Strain gauge | Strain gauge 2

Start/ s Peak /ps  Start/ps  Peak /s Start/ps  Peak /ps  Start/ps  End /ps  Start/ps  End /ps

D-0.5-1 0 177.5 468 640.5 461.5 639 239 426 232.5 419
D-0.5-2 0 180.5 478 654.5 470 640.5 238.5 420 234.5 416
D-0.5-3 0 183 454 633 453.5 626.5 237 406 237.5 406
D-0.54 0 176 460 632 450 626 238.5 407.5 237.5 406
D-0.5-5 0 174.5 450.5 620 475 642.5 242 423 235 416
D-0.6-1 0 171.5 459.5 630 453.5 605 238 407 -- --
D-0.6-2 0 175.5 453.5 624 453.5 589 248 415 241 408
D-0.6-3 0 174 454.5 622 451.5 605.5 244.5 420.5 243.5 419
D-0.64 0 169.5 452.5 627 452 591.5 244.5 407.5 242.5 405
D-0.6-5 0 169.5 454.5 624 449 608.5 240 395 249 404
D-0.7-1 0 171.9 454.5 626 446.5 578.4 246.5 397 249.5 400
D-0.7-2 0 193 451.5 644.5 469.5 632.5 247.5 395 249.5 397
D-0.7-3 0 181.5 455 631.5 472 623.5 231.5 390 230.5 389
D-0.74 0 183 459 628 457 600 247 385.5 249 387
D-0.7-5 0 173.5 453.5 617 464 607.5 257 403.5 243 389
D-0.8-1 0 166.5 450.5 627 458 594.5 253 377.5 253 377
D-0.8-2 0 180 453 630.5 455.5 605.5 257.5 384 249.5 376
D-0.8-3 0 174.2 453.2 627 456.5 590.7 254.7 375.7 253.7 374
D-0.84 0 188.5 452.5 645 456 584.5 247 371 258 382
D-0.8-5 0 171 454 629.5 461.5 587 234.5 356.5 273.5 395.5
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Fig.9 Quarter-point singular element on crack tip
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Fig. 10  The failure pattern of specimen (a) intact ,(b)broken ,(¢) fracture area
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Fig. 11 Dynamic fracture area near the crack front of the ligament
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Table 2 The calculation results of KId using RDB specimen

Specimen  Crack initiation The voltage at crack initiation time Maximum Loading rate/ Dynamic fracture
number time /s Incident wave/V  Reflected wave/V  Transmitted wave/V  load/kN ~ MPa - m"?s ' toughness/MPa + m'?
D-0.5-1 186.5 1.231 -0.641 0.362 785.59 1.37 x10* 2.548
D0.5-2 181.5 1.292 -0.775 0.376 736.06 1.32 x10* 2.387
D-0.5-3 169 1.253 -0.649 0.272 722.54 1.39 x 10* 2.344
D-0.54 169 1.306 -0.568 0.326 876.59 1.68 x 10* 2.843
D0.5-5 181 1.279 -0.634 0.348 818.48 1.47 x10* 2.655
D-0.6-1 165 1.062 -0.524 0.243 643.41 1.60 x 10* 2.643
D-0.6-2 167 1.085 -0.459 0.212 691.71 1.70 x 10* 2.842
D-0.6-3 176 1.060 -0.490 0.214 645.96 1.51 x10* 2.654
D-0.64 163 1.050 -0.458 0.162 622.14 1.57 x10* 2.556
D-0.6-5 155 1.097 -0.516 0.187 633.11 1.68 x10* 2.601
D-0.7-1 150.5 0.734 -0.3% 0.142 397.62 1.57 x10* 2.361
D-0.7-2 147.5 0.745 -0.324 0.156 475.02 1.91 x10* 2.820
D0.7-3 158.5 0.715 -0.312 0. 166 469.08 1.76 x10* 2.785
D0.74 138 0.700 -0.310 0.188 476.09 2.05 x 10* 2.827
D-0.7-5 146 0.794 -0.390 0.177 478.07 1.94 x 10* 2.838
D-0.8-1 124 0.430 -0.158 0.055 269.69 2.27 x10* 2.817
D0.8-2 126.5 0.410 -0.185 0.032 211.75 1.75 x10* 2.212
D-0.8-3 120 0.455 -0.193 0.027 238.79 2.08 x 10* 2.494
D-0.84 124 0.428 -0.185 0.038 231.45 1.95 x10* 2.417
D-0.8-5 122 0.466 -0.182 0.028 257.74 2.21 x10* 2.692
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TEST ON DYNAMIC FACTURE TOUGHNESS OF ROCK USING
RECTANGULAR DOUBLE BEAM SPECIMEN *

Li Zhanlu'  Wang Qizhi'”’
(1. Department of Civil Engineering and Applied Mechanics ,Sichuan University ,Chengdu 610065 , China )
(2. State Key Laboratory of Hydraulics and Mountain River Engineering ,Sichuan University ,Chengdu 610065 , China)

Abstract According to the static fracture toughness test method using short bar specimen presented by both A-
merican Society for Testing and Materials ( ASTM) and International Society for Rock Mechanics (ISRM) , the
rectangular double beam (RDB) specimen for dynamic rock fracture toughness (K,,) test was introduced. Split
Hopkinson pressure bar (SHPB) was used to get the tensile loading at the crack tip of specimen by incident bar
impacting the end surface of the specimen. Strain gauges were attached on the incident bar and transmitter bar to
get the strain voltage change of the incident wave, reflection wave and transmission wave, and strain gauges were
also attached near the crack tip of the specimen to get the time interval from the beginning of loading to the crack
initiation. Then the incident wave, reflection wave and transmission wave were used to calculate the loading his-
tory, which was put into the finite element model to calculate the history of the stress intensity factor K, and the
dynamic fracture toughness (K,;) was determined with the crack initiation time. The dynamic facture toughness

of marble was 2.6 MPa - m"? when the loading rate was 1.68 x 10" MPa - m"?s ™",

Key words dynamic fracture toughness, split Hopkinson pressure bar, rectangular double beam
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