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weathered siliceous slate under water-rich environment, the immersion test, scanning electron microscope test and
X-ray diffraction test were conduced on the strongly and moderately weathered siliceous slate in Jiuzhai Tunnel of
Yuxi-Chuxiong National Expressway. The results show that the water absorption process of strongly and moder-
ately weathered siliceous slate under water-rich environment can be divided into three stages: rapid water absorp-
tion (0-2 hours), slow water absorption (2—24 hours) and dynamic equilibrium water absorption (more than 24
hours). In the stage of rapid water absorption, the rock structure becomes loose, and pores and microcracks gradu-
ally extend and develop. During the slow water absorption stage, the cement dissolves and falls off, and rock fur-
ther loosens, producing further pores and cracksand forming obvious penetrating cracks gradually. In the stage of
dynamic equilibrium water absorption, the looseness of rock structure and the development of pores and fratures
basically reach a stable state. The main mineral components of strongly and moderately weathered siliceous slate
are quartz and clay minerals. In water immersion test, the relative content of quartz increases, but clay minerals
decrease. Clay minerals, such as illite and illite-montmorillonite mixed layer, are extremely unstable when ex-
posed to water. They can not only react chemically with water and transform into quartz and other clay minerals,
but also react physically with water, showing the characteristics of swelling, crushing and decomposition. The
research results can provide reference for the theoretical research of water absorption and softening of strongly-
moderately weathered siliceous slate.
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Fig. 1 Immersion test
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Table 1 Water absorption rate of strongly-moderately weathered siliceous slate in different soaking time
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Fig. 3 Electron microscope scanning (left) and image
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Fig. 5 Water absorption characteristic curves
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Fig. 9 SEM images of strongly-moderately weathered siliceous slate at different soaking times
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Fig. 10 Microscopic distribution of pore and fracture structure of strongly-moderately weathered

siliceous slate at different water invasion times
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Fig.11 X-ray diffraction patterns under different conditions

x4 TRIRKEE T EAY IMARR LRSS
Table 4 Mineral composition of rocks and different clay

under different immersion time

Bk e &% AREE A5 &' %
MIh frge ks e L 1 US K C Py
0 539 06 1.7 438 472 201 88 203 3.6
6 576 0 0 424 402 164 117 265 52
72 684 0 0 316 318 80 183 419 0

Farp IURPAL; USKREFZFIRE; KICE
RIS CIRER AR A PyREB .

MR AT A0 5 KRR AR 2 5 0 2 %
NASEMF LT, E£FEH0T, PRA. 5
RIZ. Gl A MEIE A S A, R
FIVEP SRV 2 5 8 Bt 5 V2 /KT TR PR 388 i T B, i
WAy AN SRR A 2 B 5 1R K I T B 388 g 88 o £
FAT Bl A 02 K R [R] AR 3E A BIT o LU T k), e
FREEJE A BT 7 LR TG, SR RE 5Kk
A SN JE R I AR, T Ve AV R RN . B
B K, R i 43.8% T [ 5
31.6%, [F]INFiE T 45 & SEM FL A F i W &2 2 i B 5.
SPTRIL, XEHTHRA. PRIRZE. mIE A%
BB R e, BERE S KR AELER
R B A SR A Y, R
2[5 5 18 7K B T) F 256 T i S 2 48 I 4 R AL kAR,
PRA. BFHRIEE. M ASE LTI X aEEK
KRAEE RN, RO A R A5 R,
FE X B R SR AR S P S i B R ) 2 B i

A
3 SH5e

X A EAREG 4 AT 256 Ml A, R
IKREAE #h 2R (BIS)REZR AW /), BN /K3 2 AN W7 %
ik, HBEFE AT i LR LB AR R OF -0 W47
fE. BRI YWEFRBIIIKYE, bR KE
[ g3, & EARFEZIK S B s E R4,
R KGHE R % HRE Y B BRI LR
L AL K, BEE R AT, s
A EAR SRR E &, AP RRKE 2, [,
LR ) 5 W AR AR, 4R ek 225 £
EPAE AL 2 S BUE 2, EPOKER TR, @
FLBRIARAL . BHE9FT R, WK A A N2 AT
N H R EARAIFLER, LB AS 5 1776 FL A B 4TK,
WK IBIE @Y, WAGERE K, Z )5 TR AR
SEWEEKIZIK . WA R IER, SUESLERE
K2 B =MAIEAAIN Z 14T (E9(Db), (c)Fi(d)), It
i 5 75 LA AT AL A BTk, HET S 8L 2%
SARBEAR, AEIR G RN,

5317 1 5(b) il 2 4 I SALL R 3 R R L, W]
X EEIR S KSE ARG, S
A J2 [R) AR TH T B B0 L2, 00 HEL 2 3 )R A2 3
2, AR IK 71, K ) RS R SR AR
HAEYEPHE, LR, WOKEREKR, 25T
RS EEFETOKFE R, FEALRE N, T’
K R, B A TR i 1O, Sy b I
5(c)AIf5: SRk K 25 R B 7K #2.(4.44%) 5 5
TIANR K 2.(4.85%) 22 - 0/, ANR0.41%. N EAE
H AR K S A T HME DLk 31 15 3250 AH 7] 1 52 il 1 A
A, TR I 2 WOOKs 2% T8 IR K 45 R B BRI R K R
(4.44%)ME Hysm— RAEE R ARCA 78 B SRR K &4 T
AR R 7K 2R

T I WK R RIS A T - KU T R A
(158 8 S22 KA F R s e i A AR AROK 1 e, HLI
7K 8 B AR AR AR 55 2 T R KRR 1 7 A B A K R
FRIE]; A 3 F B2 4 36 (SEM) AN XU 28 AT 5 i 56
(XRD)Z FE IR AN R /K I 8] 58— rf R Ak o AR
PR ZKAE T FLAOM 46 40 A2 A T 72 R AR AR A0
;I BRI T R B T ACE EROK IS AR
I IR 5 H Ak, RIS B R K, S8
RMIMPVTBAEIG R, TR TR, #— DR T H

0130369



MEALS%: R 55 EHEH LR Vol. 6, No. 1(2024): 013036

R T K A 1 6 A5 81 P R A 2 T AL (W 7K 3
B BY); K FIPCAS A X 4 FfeiR 25 ) SEM I 1% FL B
FZIBR G IO 53 A B — 2B o0 A, 1381 T HCE
WK B AROWATLEE, 5385 XRDR 5645 2138 56 BT B
FRE R B N A SRR T, B AEIRK
R, KENEAKING, SESEHERNE L
VP RIZERA . S, mIRAEERAERMN, 724
AR FH ANV fRAE ] S 80CE A LB S i, 3
M-S BCE AR SR ERFRIC. 286 WK s
BB, HR T 8 ACRES T 5 KA R
5 IR A LB

X EIRREG S R G b, 1931 DL RCE ROK
WGHLEEL: OWCE N BRS040 & A T A e g
KAER . BCa & idiiE 2T R Z LR, &
TR A FIAE 5 A AT IO RR, VAR AR S Ik
B L R RS & 7 A 2 5 8O0 oK A 3L AR i —
ANEBERRF . F 05K R RN T EE T
EEE] 7 za = Ly i) ] 2 S N 8 1 & =
oA EHE ML, @PRE A5 FLEUIR
BN WKL SR B HT, KR
TERREAR, B R R R A A 2R AR, i
L] (1) AH LA F 70320 8 AR, JURL R TR B /K ) 45
G IIBA KRB, HHFRE, 5 A WS
BRI, Rk 2 B, SEE A
[RIBRFE PR, KA. MRS J7 ORI FLER AR 1L A
FE b, TETHRIRASET, BRA RN 2 8] i 45 &
FORFLR A, LB R R AP M, 4R
%o I PCASEAF AT IO BUE 2 BT 15 BIHCA =
KIGFLBRII AR AR, fERI)E, B2 T
KRR, PRI ), BEIK B A58 A
HERLE 17BN, AR EL, FEMCE R, O
IKRERRE P2 A T B A SR . K SRS BT = A=
PIPEAE R Z KNS A EHETH R, TR
W2 = A AN, T H 2 5 KR A2 RN,
XA BT AR BRI s, BRI AR Ak,
IKIEIRNE A Gk 23 7= — e i, {3 2 B
WM N 26 BTN, 5540 58 25 5 R AR U 2 B T 1Y) B
PIWEIR . @/KEER IR IR G . KERREE
F & RBlE N T =4, KB mAE R K T 5
FA Ry, B I BY )58 B 2 B 2 BRI, 7K
F IR G D) R 2 s AR A 1) 2 B ) S
Mo ME AT BRRER, S AHATK,

FERIZ A, K& LB EEN S A NS, 1A
Ko AL A ST, HERIA A . D
FERKEEF RS BTARE HAEE. 50
BURE A 32 B P RURE 18] F) 6 45 7 7T DAL 5 R
Z IR IR 5] J0, UL 5 K 22 18] A R 0 (AR
1~ BSERID BANE T ORI ). A AR
HFAEEVFZ LRI SR, T HiX eeidst 5 fL IRk
P Ai Fafnzd. BEalkTEARER, K
TR A7 2K B SR ANALRR 2 o 224500 3 A i o A8
I, &4 N ERSLBR AR SR R AR I 4, S BUE A
R AT B A PR

4 & B

(1) & KL 58— AT BT A T K R ]
I NBEMK . SRR K P AT TR K S 3N B
TE 2R K B BE(0~2 h)A A RK R B K, RS2
W KB Bt (2~24 h), WRACGHEZE KR BEDS, £ P
KB (GEEIE24 h), A AR AR E K, AT
HAFHERACRE .

(2) & KNG 5i—r KUAGTE BT AR S R oK i A2 1Y
O A A SRR K I B, B 0k 25 44 F
B M BONIATCIRAS AR, LB RN BIE A0 4
K&, SZIEWKH B, &Mk — 2 m i BOR A
1oy FLBRATSERL BRI — 0 & B IFIE T DU, TER T
BE W T R, P EEROKE B, 9 AL
JRARCE R D RIORL  FLIR S LB 46 A e A AN FE AR
b, ERBARERE

(3) 3 AL TR A 2 B A o A e
B, A SR A R K T P 3G T 3G i,
T 26 T8 F R Bl IR K B B3 A T R RE; 7R
Lo, HRA. HERZE. Sleafimiea
9 R LA

(438 35— KUATEE AR TR K o B2 i e 79 28
TR Bl e e AR L A i R KR (R A
TRt sER—H XA AR A B VA AR B 5 IR 7K I [A]
TR, - KA AR T ARCE WK 28 R 2 i 3
PHEABE B I B A e SR

(5) Ik W ARCE IR KRR MRS . WROK R
FEARIE AN O RS AF 25— XUA Fek ol A 2 IR K
LB 32 A WA YR AR S R
KA - BRI A5 FLBUIRAS B2 40 . 7K XT
WA= AR EAE R . KAEERTRN IR A% L

013036-10



MEALS%: R 55 EHEH LR Vol. 6, No. 1(2024): 013036

5 T I o

(6) 58— A TR AR BV K B LR D 7K

BENE A BT b AUl A A R JZ P g T, K
HANGAAMIE, 2RE—EHDE, HFAEH,
R AR = FECE AER R —E RER, N
FRRE R 1B 0 T I, B KA RE TR A A
W3R RE R B

S E ik (References):

(1]

(2]

(4]

(3]

(6]

P W R R ARG IR AW T[], R 2 4,
2022, 53(7): 227-234.

LI Wei. Study on instability mode of double weak layer
burnt rock slope[J]. Safety in Coal Mines, 2022, 53(7):
227-234.

Pl KU R RO 3RS e V23 M 55 0 B AT S8 [T].
RV SR, 2022, 44(10): 44-50, 55.

HOU Min. Study on sope stability analysis and treatment
measures of Dafeng Open Pit Mine[J]. China Energy and
Environmental Protection, 2022, 44(10): 44-50, 55.
RITR, BENT, XRAG, 55 ST L2 HARS
REBOAEIE]. R 58 2426 TRR¥ 1k, 2022,
4(4): 043037.

ZHU Wancheng, DONG Hangyu, LIU Xige, et al. Re-
view of bearing and instability of multi-pillar in metal
mines[J]. Journal of Mining and Strata Control Engineer-
ing, 2022, 4(4): 043037.

LI Zhen, LIU Huoxing, DUN Zhilin, et al. Grouting ef-
fect on rock fracture using shear and seepage assess-
ment[J]. Construction and Building Materials, 2020, 242:
118131.

LI Zhen, LIU Shangge, REN Wentao, et al. Multiscale
Laboratory study and numerical analysis of water-
weakening effect on shale[J]. Advances in Materials Sci-
ence and Engineering, 2020, 2020: 5263431.

SRFFE, W, BOOM, S BRI RSN
WK R AR [D]. AR 24, 2018, 43(9): 2452-
2460.

ZHANG Xiulian, HAN Zongfang, HAN Wenshuai, et al.
Water absorption and strength softening law of chlorite
amphibolite in Nanfen Open-pit Mine[J]. Journal of Chi-
na Coal Society, 2018, 43(9): 2452-2460.

O, JF, FEE, S, WOV E oK R IRt
A BHA 15 TSR, 2008, 27(6): 1113-1120.
HE Manchao, ZHOU Li, LI Dejian, et al. Experimental
research on hydrophilic characteristics of mudstone in
deep well[J]. Chinese Journal of Rock Mechanics and
Engineering, 2008, 27(6): 1113-1120.

GUO Hongyun, HE Manchao, SUN Chonghua, et al.

Hydrophilic and strength-softening characteristics of cal-

(9]

[10]

[13]

[14]

[15]

013036-11

careous shale in deep mines[J]. Journal of Rock Me-
chanics and Geotechnical Engineering, 2012, 4(4): 344—
351.

FREE, R, T, SF A A ROKRRE KX HALER
LR TE[A]. T E A TR SR AR o 5 P2 WF 7T
1 FE—25 VU Jm R B A 0 2 5 TR O T 42 ) 2 AR B
o B LR L) B PR AR 2 W SR [C.
2009: 260-264.

WANG Guilian, LI Dejian, HE Manchao, et al. Study on
water absorption characteristics and pore structure chang-
es of rocks[A]. Research Progress of Soft Rock Engineer-
ing and Deep Disaster Control in China-Proceedings of
the 4th Symposium on Deep Rock Me-chanics and Engi-
neering Disaster Control and Centennial Celebration
Conference of China University of Mining and Technolo-
gy (Beijing) [C]. 2009: 260-264.

MENG Lingdong, HAN Lijun, ZHU Hexuan, et al. Study
on the influence of formation temperature on the water
absorption and weathering of swelling rock in Marine
Coal Mines[J]. KSCE Journal of Civil Engineering, 2021,
25:4207-4220.

I, XICTF, FERUT, . BERIRIBIE N RS AR
KEFIERIGHT 7L [I]. kRl 224, 2016, 1(3): 228
235.

ZHANG Fang, LIU Wenfang, HAN Zongfang, et al. The
water absorption test of rock in the rainy and humid envi-
ronment[J]. Journal of Mining Science and Technology,
2016, 1(3): 228-235.

BAP, BN, 2ER, AE RFEER SRR RS
MORFFERSE BT F[T]. ARAKIT, 2019, 50(6): 188191,
224.

ZHAO Erping, JIA Xiaobing, GONG Zhanglong, et al.
Experimental research on absorption characteristic of
sandstone under different unloading damaged degree[J].
Yangtze River, 2019, 50(6): 188—-191, 224.

FME, ER. E A PER N s SRR
FRAE R RE LR AU D], 0040 42, 2023, 54(7): 163-
170.

QI Huaiyuan, WANG Jianwei. Mechanical characteristics
and energy evolution law of sandstone failure process
under post-peak cold and heat cycle[J]. Safety in Coal
Mines, 2023, 54(7): 163-170.

MRy, EREL KR, 5 KRS RS A )
IKEACR AR IR AT 7T [T]. Bk RF2 23R, 2017, 2(5):
432-438.

YANG Xiaojie, WANG Jiamin, ZHANG Min, et al.
Study on strength softening of surrounding rock in deep
roadway at Dagiang Coal Mine[J]. Journal of Mining Sci-
ence and Technology, 2017, 2(5): 432-438.

WE =, Fhe, INGE, S5 AT IS5 0US oK R



MEALS%: R 55 EHEH LR Vol. 6, No. 1(2024): 013036

[16]

[17]

[18]

[19]

[20]

PEIRIGHEFL[T]. BERBFEH A, 2013, 41(11): 103-107.
GUO Hongyun, LI Bing, SUN Chonghua, et al. Experi-
ment research on water absorption features of calcareous
shale in deep mine[J]. Coal Science and Technology,
2013, 41(11): 103-107.

EELE, Bk, Vrig, S5 DREEIET SR &K Z T
b 25 1k R AL R PR RS AE 20 T (0], REUR 5 EA AR, 2022,
44(7): 67-72, 80.

LYU Qingxu, YANG Maolin, XU Feng, et al. Analysis on
lithology and porosity characteristics of top formation of
ordovician limestone aquifer in Baode Coal Mine[J].
China Energy and Environmental Protection, 2022, 44(7):
67-72, 80.

ki, THATH, L, SF. S PLTEAAIE IR AR TR RIE
SCIGRITFE[T]. W2 42, 2021, 52(8): 9-14.

ZHANG Xi, MA Yankun, GAO Kui, et al. Experimental
study on deformation characteristics of water imbibition
of coal body containing gas[J]. Safety in Coal Mines,
2021, 52(8): 9-14.

AR, AT R 1R KIS TERHE K TR 4G B BRI
ISEIR[T]. Mk TR, 2021, 53(12): 136-139.

ZHANG Lei, ZHENG Wancheng. Influence of immer-
sion time on initial spontaneous combustion characteris-
tics of immersed air-dried coal[J].
2021, 53(12): 136-139.

HEIHHE, SR, mIR A HOE K R BN AR SR AT 7T
7). BB 5T R, 2011, 31(6): 53-55.

LIAN Qingwang, CHAI Zhaoyun. Experimental research

Coal Engineering,

on scale effect for absorption of soft rock with high Kao-
linite content[J]. Mining Research and Development,
2011, 31(6): 53-55.

MG, bR K A ) B A A 2 R S B T[]
B 2242, 2023, 54(10): 182-188.

[21]

[22]

[23]

[24]

[25]

013036-12

LI Peng. Experimental study on mechanical properties of
composite dam in underground water storage space[J].
Safety in Coal Mines, 2023, 54(10): 182—188.

ks, FRUIE, MR, 55 BRI
PERE RO EERIT]. REIR SRR, 2022, 44(3): 200-206.
KOU Ruitang, GUO Mingzhi, CHU Honggiang, et al.
Mechanical properties and microstructure of mortar
mixed with dredged sediment[J]. China Energy and Envi-
ronmental Protection, 2022, 44(3): 200-206.

SR, WHE, Rk, & FRARY RS A ROK AL
25T ) IR 3 BOCARAIT). ZK FRLRETRRL2E, 2021, 39(5):
151-154, 150.

WU Chengzhou, BIAN Kang, LIU Jian, et al. Particle
discrete element simulation of water absorption[J]. Water
Resources and Power, 2021, 39(5): 151-154, 150.
YA, RedE, VPR, 5. BEEBOKK R 58 IR A A
AABERE MERIRE[)]. BOET S TTR, 2020, 40(7):
32-36.

ZHAO Weisheng, LIANG Wei, XU Mengtang, et al. The
influ-ence of water absorption of surrounding rock on the
roadway stability of weakly consolidated argillaceous
rock[J]. Mining Research and Development, 2020, 40(7):
32-36.

Wi &, TROR, TR, S5 PR RE A KR
PERIGHE L)), &8 1, 2011(9): 49-53.

LIU Peiyu, ZHANG Na, HE Manchao, et al. Experi-
mental study on water absorption processes of sandy
mudstone in Pingzhuang Coal Mine[J]. Metal Mine,
2011(9): 49-53.

MARTIN C D, LANYON G W. Measurement of in-situ
stress in weak rocks at Mont Terri Rock Laboratory,
Switzerland[J]. International Journal of Rock Mechanics
and Mining Sciences, 2003, 40(7): 1077-1088.



	12-2023-1244-杨志全-富水环境下强–中风化硅质板岩吸水特性及微观演化规律

