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Strength softening pattern of shale lamina under CQO:-water interaction based on
scratch technique
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Abstract: Due to the small thickness of the laminae, traditional experimental methods such as single triaxial based
on standard cylindrical samples are difficult to respond to the effect of strong inhomogeneity of the laminated shale
on the mechanical properties. In this paper, the laminated shale of the Qingshankou Formation was selected to
conduct scratch and CO, soaking experiments, and the softening pattern of different laminated strengths under
different immersion times was analyzed. The results reveal that as the soaking time increases, induced cracks form
around the scratched area, with the shape of a “Y” . Supercritical CO,-water had the most significant effect on
calcite-rich lamina. Compared with the original shale specimens, the compressive strength decreased by 48.1%,

57.3%, and 60.3%, and the elasticity modulus decreased by 39.3%, 49.2% and 50.5%, respectively, with the
increase of the soaking time(1, 2, 3 d). The compressive strength and elasticity modulus of the clay-rich lamina
first showed a rapid decreasing trend with increasing soaking time and then remained constant. The compressive
strength and elastic modulus of the quartz/calcite lamina first decreased and then slightly increased. This study
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provides a new perspective on the softening behavior of shale under supercritical CO,-water interaction.

Key words: rock mechanics; shale; lamina thickness; supercritical CO»-water-rock interaction; scratch test;

mechanical properties
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Fig.3 Schematic diagram of the static soaking test setup



* 560 A TS TR

2025 4

JRES Sy . RNIRE N 65 C, JE /1N 15 MPa.

EHZHET, COy A TFHBIGFIRES . BARRSZED
B

(1) HBIEA COy AHLRT, X AHATIHE .
() HHEF A TUA A E TRIG R Co, 3=
o (3) K COENEI—ZMET, FetliR
£, Al CO ENBIGFURE . (4) REFELIH 2%
I Er, FRFE 1, 2 13 d B s EE . 5) &
G, KA FEACER AR AT KRS . Rk
B9 X B 4 a i o it
2.2 RIJRSCEE

NEHHASUZ TR (1) 154, {1 HADHJ -
25/100 - IVEI T A RPJR M R L0 5 E (LK 4), Wl
TE UL FE S ) D154 MR RE N I IE B2 AR IE, R4t
W 78 SUZ TUR G 2 RRAE DA SR Y SR M R 4% ) T
(19 1 e Ve AL FEEAT KR SR80 2 /T, 75
B TR IR TR . 2¥5, TEVIEREEE
SE N HEEEEMAAE N, WE OO ERTZEE

it
BT

K4 RPRSCRAES
Fig.4 Scratch test apparatus

R%
i ]
Rl

FTRIREES . A VIEIRE N 0.5 mm. A T3k
AIEEREE, WRKERDMNETJUEK. JJH%E
FER 2 mm. RIJR IR 7 38 i 5 LR JLAS e i
;J/':g%

(1) fEAFEMAEES R, BB RE 4
RIIRTH, S8 )5 i e ABORE 5 0o [ e A s (2) 7EIERR
TR Z 1, 75 Z} O R AT TS 1) RIR Ak
H, @2k EXNIR, #iRJ) R 5E 0K
BIS s (3) XA FEA R AT VRS, BE
SRR BEFIVR RS, TH N SER SRR TI F %2
B KD 1) F7 R0 3 ) S S5 AH S HE s (4) ORI
JRIAIA M. R IREAEE R, A5
BATHIF R (5) fEsERERINAZ 5, B3
UCRNIREAR P, FEx X S 34T f5 2L (1 &b
HARN T

FERIIRIGRIE], TR R A EE
SRIGICFAE FTEDI I8 BRI m RN, B 5 ARR
MR RE . Hd B oAERE T KT,
Fy, NYERAE PR EEE ). K, )51 A#
VAT, |E(F)SIIHEEER. NTELRE e
SRR AR RV AT R AR, e BN AR —Fh
5550 T BR B R 58 FE BB AR S I M SRR AE o 6 T
R J) AR R RB,

F, =e(1- u&)wd +F, (1)
u=tang @)
E=E,+uS 3)
Ey=¢e(l—pus) “4)
F
E=11 5
od ()
F§ Fe
| 7 v,
Vo
' FT
Fil\o

K5 s

Fig.5

Schematic diagram of scratches
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