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Micro-mechanism of water stability and characteristics of strength
softening of rock in deep mines

DUAN Hong-fei, JIANG Zhen-quan, ZHU Shu-yun, XIAO Wei-guo, LI Dong-lin
(School of Resources and Earth Science, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In order to study the properties of water stability and the rules of strength softening of rock, systematic hydrolysis
tests are carried out on rock samples from deep mines of Juye Coal Field at depth below one kilometer. The results show six
types of hydrolysis deformation and failure. Based on the limit expansion quantity feature, four types of water stability
properties are summarized, to demonstrate the rationality of classification by voidage. On this basis, the micro-mechanism of
difference in water stability is analyzed, and the main reason lies in the difference in micro-structure and the other reasons
include the relative quantitative contents of clay mineral of kaolinite, illite, illite/montmorillonite mixing layer. The strength
softening feature of rock samples changes obviously after saturation and is affected by the type of their water stability
properties. Moreover, it has good consistency. Layered failure mainly appears in the saturated tensile strength tests. Change in
internal friction angle ¢ is the key to change in shear strength softening feature. The tensile strength tests on saturated rock
samples show that the tensile strength of rock samples decreases with the increase of saturated time with a trend of an
exponential decline and has a stable value at the end. The repeated immersion compression tests show that the final failure
stress drops on condition of repeated immersion compression of rock samples, and strength fatigue appears. Its value is less
than the failure stress of saturated samples under one-time pressure condition, and is much less than the failure stress of natural
state samples. This is because the expansion effect of the internal structure of rock samples after immersion makes their internal
structure soften, which reduces the connection strength of rock structure.
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Table 1 Immersion deformation and failure characteristics of

complete I -type rock samples
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Table 2 Immersion deformation and failure characteristics of
complete II-type rock samples
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Table 3 Immersion deformation and failure characteristics of no

crumbling-type rock samples
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Table 4 Immersion deformation and failure characteristics of

pyrolysis-type rock samples
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Table 5 Immersion deformation and failure characteristics of

broken pieces-type rock samples
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Fig. 1 Six types of hydrolysis deformation and failure
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Table 8 Natural moisture contents and voidages of rock samples
with different types of water stability properties
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Table 9 Results of clay minerals in relative quantitative analysis
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Table 10 Compressive strength results of four types of water

stability properties of rock smples

Wi opp  OOUVRIRIMPA gL kRt
Ttk ARE KA

7-6 R 6578 56.00 0.85 I
7-7  RAfMYIRbE 4725 3230 0.68 I
79 KAtPRE 4413 3230 0.73 I
56  KEfuRE 5817 2257 0.39 il
6-1 HMUIRETEZE 4173 3975 095 il
6-7 KBS 13.04 1107 085 il
7-10 WA 3110 28,69 092 1

25.72 6.69 0.26 11T

7-5 KBEJS 1425 839  0.59 1
7-8 GRS  16.30 062 0.04 \Y

F 11 4 3 ETEAR 12 4 4 FRKFRPERHMEA R
SRIRE HHACIRZS (R7K 240 h) i o il a6 i 45
R, ATLVEW, SR MK IR0 G 2,
o T AT S R B B2 AE 30% A F, )ik
JEEA —EhihnR g It H 5K R R A AR AR
—HME, A ATKARTER SR ALIOR, R BRI
K, Ky 85%, A7 HIE & M E/K B, K
FPEIVE S AP R IR R, SEERRK
IR o R 11 FRBOARRHIE AT L A 2 AR a2 2 )2
REIR, KRBV A 2 8 TURE, MG
N B A 1 A

F 14 OKBRMEMRARE RGN ESER
Table 11 Tensile strength results of four types of water stability
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Table 12 Compressive strength results of rock samples
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Table 13 Test results of tensile strength of three types of rock
samples with different saturated time
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Table 14 Parameters of formula of tensile strength softening with

time
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Fig. 7 Fitting curves of tensile strength of three types of rock
samples with different saturated time
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Table 15 Elastic modulus of rock samples with different

immersion-compression processes
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Fig. 8 Repeated immersion-compression tests on mud stone
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