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Disintegration characteristics and mechanism of soft rock

under water immersion condition
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Abstract: The disintegration characteristics of soft rock under water immersion condition are closely
associated with various geological hazards. To further investigate the disintegration properties of soft rock, this study
focuses on the soft rock of the Pinglu Canal. Indoor soaking disintegration experiments are conducted to observe the
disintegration behavior of soft rock at different soaking times and analyze its disintegration patterns. The study
incorporated X-ray diffraction (XRD) and scanning electron microscopy (SEM) to examine the mineral composition
and microstructure changes of the samples. Additionally, the discrete element method is utilized to simulate the
disintegration process of the soft rock and explore its disintegration mechanism. The results indicate that soft rock
undergoes significant disintegration in the initial stages of soaking, followed by a deceleration in the disintegration
rate. As soaking time extends, the internal pores of the samples gradually enlarge, and changes in mineral
composition exacerbate the disintegration. During the disintegration process, friction and collision between particles
lead to a rapid increase in kinetic energy, while elastic potential energy also rises due to the deformation of the
internal structure. This study reveals the disintegration patterns and microstructure changes of soft rock under water
immersion condition. Combined with discrete element modeling, it analyzes the disintegration mechanism, providing

some reference for engineering construction in the area.
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Fig.3 Variation curve of slake durability index
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Fig.5 Microstructure of soft rock samples
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Fig.8 Water content and displacement variation during disintegration process

4.2 fembERE AL

BOE SRR - R R, X2
T LE 3 i ot AR A AR AL TR RS, T
FENFRA AR SXOE il i A 2= A 4, T LY
HREZ BN IERL, Ak L RS REdL
W RHEAE; Ji4h, A& R AR A AT, UK
T AH iz gl (BE4g et o ) DA R % 2> i 15 3
REFNFVRE A A U

9 i fiad B iy g = A2 1k, A AT LA
B, EEADHMLRT, ShEeRAL T REN
Wehngs, S ZWE TR, X R WITE )

FIRFL%
0.45
0.40

i 0.35

| 0.30

| 0.25

0.20

0.15

0.10

0.05

a) fKE

{7 £ /mm

I 0.030

‘ 0.025

v o B 0.020
: 0.015
0.010

WY, BURLAY EE SRR 2 S, ShRE A
(ELRE A A g o R B AT, JBORE 22 (1] A 2 458 701 R 43
BT, ShREZE WA, [FImE, S R R
AR AR I, 3R R e UL TE A i
Ferf, NERESH R SR PRSI N, fEAF T E 2
SEPESRE. MR, I EBENZEBUR RS, W
DENFBREFAC N BIRE . FEAAE, B A
KRSl O BEEZHTIN D

gib, BCRTEmME P AN T RE MR
AeAL, FE AR ST Sl RE A B A AR AY 1 0 LA K
TRERIE BRI, BURLE BRI, ShAE



- 182 - K oiE L A2

2025 %

EEIG N, TR O ] R HERS, ShREE T TR
Feo SRPESNAE A A8 N N S T PN B A AL B A P
RE AR, T E T FRE A e U TBURL A T DO
Jiivk , A A X BER

0.5 -

PG e hhE - - - EAHGE

0.4
03 -

02 -

ftt/m)
<
T

0 30 60 90 120 150
A )/

B9 eERERETL LS

Fig. 9 Curves of energy changing with time
5 #ig

1) BRI 5 3 BB i ffk 49 30
FIH PRI T, A DS AR R I B,
KYCAARTTFSE, HME R R, 0RLZ 40
b, T AP S B AR, E A AT 3] 15~ 20 min
AAERIZ

2) YA I SR B R M)

SEESREE R R, AR N AR Y &
TR, RAKER TS E TR 7.8%),

JE PSR A B K BIFEFIE, T2 07 ) A s A
AORRIRTE, BRI = Ak, X PR
PRSP ARSI Ty, SEALB B0 . ™ A
PABORL I, B s AR

3) SRHTES BT A HE L HOA 1 2 i A1
XA A R PEAT IR, B0 78 i i o 7 vh 2 B
WERIG BV AT, PR SR TS KR, =
FOMNZ R GH v O 10 Shaz gy, AP XS K
RAK, FHMRFFRE ., BEE R R 3,
an A & KRG W BT, BURLARAE T T U,
A T ER IR I AERE

4) oAt R P Re i kR T RFEZAM. 3
REMIBRIESBERE N, B R fE
ﬁﬁﬁﬁmﬁﬁg ZhRE R F W, b5 T

o MSRPESRESAR I, By S AE UMUK B TL

Al Sy shre M pEFAae

SENW:

[1]

[2]

[3]

[4]

[5]

[6]

Trerse, SRR, RER, . TG AT L2 E
AR OB ESE []. A BESCEFHE, 2023, 40(4):
94-102.

YIN H L, WEN L D, WU G Q, et al. Study on
disintegration characteristics and rule of red-bed mudstone
under action of dry-wet cycles[]]. Journal of highway and
transportation research and development, 2023, 40 (4):
94-102.

AT, R, W, & HOR LD 2R i A e
B Je 2 BB AT 5T (). A 727, 2023, 44 (S1):
99-106.

CHENG S F, ZENG Y W, YE Y, et al. Slake durability
test and mineral inclusion effect of Gansu red-bed clay
rock[J]. Rock and soil mechanics, 2023, 44(S1): 99-106.
EF, B, A, 45 SK R I AR BB A AL
RB AL ST [J]. A0 He 5 TR R, 2024,
43(7): 1621-1635.

WANG Y, XIA H L, DENG H F, et al. Numerical
simulation of unloading creep and deterioration mechanism
of water-bearing mudstone [J]. Chinese journal of rock
mechanics and engineering, 2024, 43(7): 1621-1635.
BRI, WO R, W, S5 e ki R e s TR
R E Y [1]. A+ TR, 2019, 41 (10):
1936-1942.

CAO X S, E LS, LAl X Y, et al. Factors for strength
during  slaking  and

attenuation of  mudstone

disintegration [J]. Chinese journal of geotechnical
engineering, 2019, 41(10): 1936-1942

Bk, 220, BB, S AR PR - g - %2
ST DG B s RO Iy [J]. A A%
THEEIR, 2024, 43(5): 1241-1254.

LIAO J, LAN C H, WU Y T, et al. Micro-meso-macro
interface correlation processes and cross-scale cascade
effectsin red-bed soft rocks softening[J]. Chinese journal
of rock mechanics and engineering, 2024, 43 (5):
1241-1254.

b3, XUSINE, L, 55, TIRAEPRVE T T50 5 2k
e A OUL 2 AL B R /KRR PR 5T (0] g R 23
(FSRBIFIR) , 2023, 54(1): 292-304.



% 4 3

EIXE,

F. OKBREMHTH®RS

FA SEAF AT R B AU AT - 183 -

[7]

[8]

[9]

[10]

[11]

FUY Y,LIU Z H, GAO Q F, et al. Microstructure and water
holding

characteristics of pre-disintegratedcarbonaceous
mudstone under the action of wetting and drying
cycles[J]. Journal of Central South University (science and
technology) , 2023, 54(1): 292-304.
RERS, B, O, AF. TIRAGEME T UM R e s
SR BERFIE S AL [J]. e A2 4 (A AR R
Ji2) . 2023, 54(9) : 3635-3646.
ZENG L, QIU J, KUANG B, et al. Strength characteristics
and  deterioration mechanism of pre-disintegrated
carbonaceous mudstone in wetting and drying cycles[J].
Journal of Central South University ( science and
technology) , 2023, 54(9): 3635-3646.
FEREHE, BT A, 2, 4 %‘?FM)E%V#HT@J‘I‘I-%?
B b X AT 2 A o e S B S A R 1 (] st B4
JER, 2024, 43(1): 253-261.
DU Z X, BAI D W, SHI B ], et al. Disintegration and
strength weakening characteristics of red-bed soft rock in
the Shengzhou-Xinchang area under dry-wet cycles [J].
Bulletin of geological science and technology, 2024,
43(1):253-261.
SRR, FeAh, WA, A5, KT IR BIAE R XTI €0 DI
B XU 7 A 30 23 5 iy ) S B IS [0, M e 2 4l
2019, 44(12): 3859-3864.
GUO H (, CHENG W, SHANG Z, et al. Quantitative
determination of the effect of moisture and freeze/thaw
cycles on coal gaugue decay rate in severe cold mining
areas[J]. Journal of China coal society, 2019, 44 (12):
3859-3864.
X, Y, A4k, AW pH 55T 36+ 3855 it
PO EAL LR [J]. [R5 R4 (H AR
2014,42(10): 1480-1485.
DENG T, HUANG M, ZHAN J W. Fractal evolution law of
clay rock disintegration under different pH conditions[J].
Journal of Tongji University ( natural science), 2014,
42(10): 1480-1485.
Zeuk, ELe T, ZERE, . JRBUA AT pH HE )
AR I I BT ST (U], BRI S PR T AR,
2015, 37(2):23-27, 59.
LIANG B, TAN X Y, JIANG L G, et al. Expevimental
analysis of slaking characteristics of mudstone in
different pH solutions[ J]. Journal of civil, architectural &

environmental engineering, 2015, 37(2): 23-27, 59.

[12]

[13]

[14]

[15]

[16]

[17]

A, T, EURRY, S5, R DX /N LA U8 2 A
ERRPE BGOSR AL [J]. BH R 5 TR, 2022,
22(3): 1137-1146.

FU G B, YU Y, YAN S Y, et al. Mudstone disintegration
characteristics and slope failure mechanism of xiaoba
area [J].
technology and engineering, 2022, 22(3): 1137-1146.
K, B, R RIE. IR AR T BT A T o it
P R PN FLBFSE [ J/OL]. K T #2233, hups: //
doi. org/10. 15951/j. tmgexb. 24010014

ZHANG T, YANG Y L, LUO J H. Slake durability

formation in baihetan reservoir Science

behaviors and predictive model of carbonaceous rocks
intrusion [ J/OL ].
https: //doi.

China
15951/j.

exposed to water civil
engineering
tmgexb. 24010014,

IRz, 8, B, A5, VG L2505 1 i v AR 4
RS8O0 e 7 ML P 8 B 9 (0] 1R M BT 2 AR,
2022,30(5): 1597-1608.

LIU F Y, XIE F, QIU E X, et al. Experimental study on

journal, org/10.

disintegration evolution characteristics and microscopic
response mechanism of red-bed soft rock in western
Sichuan [J].
30(5): 1597-1608.

WA, 2. BRI AR T R R e s — 4R B R
FRERRST [J]. 8%, 2018, 63(11): 21-27.

HU Z J, LI G Y. Research on seepage characteristics of

Journal of engineering geology, 2022,

one-dimensional carbon mudstone disintegration under
rainfall condition[J]. Highway, 2018, 63(11): 21-27.
BB, BRI, TRk, 212 O i e ad R ) 4
W00 B e BB AL (D], P Rl (A AR
Jil), 2007, 38(2): 351-356.
ZHAO M H, CHEN B C, SU Y H. Fractal analysis and
numerical modeling disintegrate process ofred-bed soft
rock[J]. Journal of Central South University (science and
technology), 2007, 38(2): 351-356.
T, Sk F 0, KRAE, 45, BT 08 B B0 21 )2 30
R 5T [1]. R 2R, 2022, 39 (2):
350-355.
YANG F F, ZHANG J F, ZHENG C, et al. Experimental
study on disintegration characteristics of red bed soft rock
based on fractal principle[J]. Chinese journal of applied
mechanics, 2022(2): 350-355.

(TF#% 203 )



