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Fig.1 Shimazu universal experimental machine and original three-point bending device
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Fig. 2 Overall structure of three-point bending device for fracture size effect test
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Fig. 3 Structure and size design of indenter (unit: mm)
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Fig. 7 Shale specimens with different sizes
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Fig.8 Loading equipment and self-developed three-point bending device
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Fig.9 Size identification and loading

condition of shale specimen
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Fig. 10  Deformation process of shale specimens with different sizes
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Tab.1 Fracture strength of shale specimens with different sizes

H= P./ N oxi/ MPa Y K1/ (MPa* m'?)
5-1 508. 471 7.561 5.702 0. 856
5-2 577. 229 8.598 5.702 0.972
5-3 598. 552 8. 851 5. 702 1. 008
10-1 847. 589 6.294 5. 702 1.010
10-2 947. 589 7.055 5.702 1.129
10-3 915. 359 6.799 5.702 1.090
20-1 1145.520 41.284 5. 702 0.965
20-2 1491. 250 5.562 5. 702 1. 256
20-3 1395. 100 5.205 5. 702 1.175
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Fig. 11 The nominal strength and apparent fracture toughness of mode | of shale specimens vary with size
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Tab. 2 Calculation results of Fracture parameters based on size effect analysis

A C Gio/ (Nem™) ¢f/mm K./ (MPa+ m"%)

0.00073039 0.00029826 66. 568 0.408 1. 369
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The development of testing device and
experimental study on size effect of rock fracture

ZHANG Anlin', ZHANG Zhaopeng®, LI Cunbao®, LIU Yang?,
Al Ting®, REN Li*, ZHENG Liangjuan'

(1. College of Water Resource and Hydropower, State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan
University, Chengdu 610065, China; 2. Key Laboratory of Deep Earth Science and Engineering for Ministry of Education, Sichuan
University, Chengdu 610065, China)

Abstract: To meet the needs of experimental equipment for the study of size effect of rock fracture, a
three-point bending device which can be flexibly applied to the testing was developed, for solving the
problems of poor adaptability of three-point bending device to multi-size rock specimens and
insufficient testing range of minimum span in the existing technologies. The design of “two-body
separation” was adopted for this device, and three different types of rollers were used in combination
with the indenter body and the supporting body to avoid the test accuracy problems caused by using
rollers with the same diameter for specimens with different sizes. At the same time, the device
realized the setting of different experimental spans with 4 mm ~ 100 mm, which simultaneously
satisfied the needs of fracture testing of multiple groups of specimens with large size changes. With
the help of this device, three-point bending fracture tests and the relevant numerical calculation of
shale specimens with different sizes were carried out. Fracture parameters such as apparent fracture
toughness of mode [ and nominal strength of shale specimens with different sizes were obtained. The
study results indicated that the rock fracture size had a significant effect on apparent fracture
toughness of mode I and nominal strength of shale. The calculated results were in good agreement
with the Size Effect Law (SEL) proposed by Bazant. It can be concluded that the fracture strength of
shale can be predicted effectively by SEL curve, and the device has the advantages of high
experimental efficiency and high precision.

Keywords: rock; size effect; three-point bending device; fracture toughness of mode [ ; nominal

strength; ABAQUS



