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Abstract Slate is a common geological material in geotechnical engineering. Traversed by joints and schistosities
with clay minerals, the mechanical characteristics of slate are complex; and the existence of the numerous
microscopic cracks and voids aggravates the complexity. Using the loading equipment corresponding CT
machine, the CT real-time tests of two unsaturated jointed slate samples from Jinping-11 Hydropower Station under
triaxial compression are conducted. The typical CT images in failure process are obtained. With the obtained CT
images, the evolution processes of crack initiation, propagation, coalescence, and finally macroscopic fracture
formation are analyzed in the microscopic scale; and the differences of failure mechanisms with different strata
distributions are explained. Based on the principle of CT, the scalar damage variants of unsaturated rocks are
presented with the CT values.
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Fig.1 Original CT images of slate samples

AR AR FE 1, 2 FZE, MR K
& 1~2cm, HER % 3em, JEE 0.1~0.2 mm, H
i fh $1 90°,
22 CT

W PTH CT ML ERp =B FE X R X RS
TAEHFFTHT 1998 471 3K (1) 45 [E 75 ] SOMATOM-
PLUS 2 X S22 e CT HLOUILIE 2(a)), &ML 1A 7y
Hi% % 0.35 mmx0.35 mm, AR5/ MAT Y 0.12
mm®, BT R N 0.3%(3Hu). I L H
N A (UL 2(b)) S b B8 s 5 T 4 T
1999 SEWHEIININ, AR TR )2 400
kN, HilHk 20 MPa, #lim) TAEATHE 40 mm, {7
LI R 0~50 mm, K5 0.31%. A AR T
KA EBrArE R, b ¢50 mmx100 mm. X565 iH



F2sE 121

WK, ARABCS Y LS CT IR 5T

* 2539 «

(@ CT

(b)

K2 5w
Fig.2 Test equipment

SRR NS, Ha R 3x10 mm/s. 7EIR
FEm#EGS b, RA CT HLEAT TER S 5L N4,
EARWFEAERE /E TR A . XPIAFE 1 34
9K, BRR T WAE 2 St 6 Wk, FRIR T JE
FHZ R 3 mm, JZ1AIEE A 10 mm.,

TFE BN R4 Y ) - ARG R e &l 3
N, RN - NARXTEE R 1, 2,

70
60
50
40

ofMPa

30
20

10

35

£/10°®

K3 ARG SRl R 4N ) - AR 2k
Fig.3 Stress-strain curves of unsaturated slate under uniaxial
compression
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Table 1  Stresses and strains of various scanning sections for

sample 1
FES WARI07 NMPa || BRSO NAER0 RiJi/MPa
1 0.00 0.00 6 8.42 40.36
2 1.85 5.85 7 10.07 47.99
3 411 17.46 8 10.47 48.72
4 5.14 22.27 9 11.30 53.21
5 6.78 30.74
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Table 2 Stresses and strains of various scanning sections for

sample 2
FEs o WAEN0 NMPa || S RAE00 RJi/MPa
1 0.00 0.00 4 7.49 38.21
2 2.29 17.06 5 9.16 46.48
3 4.99 26.17 6 10.61 53.70
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Table 3 CT values and variances of the 2nd scanning section for sample 1

_ WL 1 Wi 2 Wil 3 HRIR
[iAEe /10

CT# JiZE CT# Ji % CT# JiZE CT#
0.00 21235 55.73 21523 41.48 21425 59.28 2162.28
1.85 2130.6 53.54 2158.3 42.53 21483 59.55 2166.73
411 21309 54.23 2160.7 45.03 2150.4 59.19 2170.70
5.14 21322 54.52 21595 46.66 2150.8 60.04 2170.17
6.78 21341 56.23 2160.3 43.58 21521 60.38 2170.84
8.42 2136.2 59.50 2164.0 44.79 2153.7 62.63 2171.92
10.07 2130.3 64.12 2164.7 47.29 2151.0 65.74 217255
10.48 2118.2 79.20 2165.1 44.14 2146.0 78.80 2174.95
11.30 21165 86.10 2163.4 45.81 21429 81.95 2170.39
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Table 4 CT values and variances of the 3rd scanning section for sample 1

JiA 5110~ Wl 1 Wl 2 HilAl 3 SMER
CT# T % CT# Ji % CT % Ji % CT#

0.00 2209.9 36.58 2268.6 56.97 2227.9 51.37 2252.14
1.85 22118 33.04 2270.3 56.30 2229.1 50.09 2252.39
411 22178 34.72 22743 54.89 22337 50.13 2255.11
5.14 22189 33.75 2274.8 53.38 2234.4 47.83 2255.27
6.78 22159 33.8 22747 55.66 22334 49.23 2 256.96
8.42 22135 33.87 22734 53.18 2230.8 49.09 2 254.09
10.07 2209.9 37.83 22743 53.27 22285 51.52 225354
10.48 2200.4 38.12 2272.3 51.76 22212 51.70 2249.21
11.30 21981 4213 22718 51.81 22192 54.09 224761
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Fig.5 Curves of CT values vs. strain of the 2nd
scanning section for sample 1

90 1
70 1 - 1
B 2
— —a— 3
° 50 ;"//,.I/-\./J/\/'
30
0 4 8 12

£/1073

K6 e 15 2 F940)= CT Jr e - AR ih2k
Fig.6 Curves of CT variances vs. strain of the 2nd
scanning section for sample 1
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Fig.7 Curves of CT values vs. strain of the 3rd
scanning section for sample 1
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Fig.8 Curves of CT variances vs. strain of the 3rd scanning

section for sample 1
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Fig.9 Damage evolution of the 2nd scanning section’s ROI3
for sample 1
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Fig.10 Damage evolution of the 3rd scanning section’s ROI3
for sample 1

AE S 4.11x10 °~5.14x10 3 UM EL, MRX
1 CT B Tl AR /), oAb X 3 CT £ #iks
&, PRI HMSAE LT, R\BIFGEL, +
FALTK RN 8 BE AT PN, RN 8T i g™
A, LA R E

[NAE K 5.14x10°~10.07x10° [HFT B, #X
W CT e ATt m, A 52 %, R
P2 FEAESE N A NREBRIX AL ISR T
T MG A B RN 5 BEARLE R I, T 72 AR L0



« 2542 « A2 T RE2ER

2006 4F

K11 B0 2 58 4 392 X6 DXl 3 ZRBR XL ]
Fig.11 Damage evolution of the 4th scanning section’s ROI3
for sample 2
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Fig.12 Curves of crack area vs. strain of ROI3 for sample 1

——
.
—a
——
——
——
——

~NOo O hs N

0 4 8 12
£/107®

K113 GURE 2 DGERIX 4k 3 BT AR - AR i 2% 14
Fig.13 Curves of crack area vs. strain of ROI3 for sample 2
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Table 5 Computed damage variance values of the 3rd
scanning section’s ROI3 for sample 2
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Fig.15 Curves of damage variance vs. strain of the 2nd
section’s ROI3 for sample 2
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