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Abstract; [ Objective | To study the capillary water absorption characteristics of red mudstone and the change rtule of water
absorption with time, to put forward the prediction method of water absorption of mudstone, and to carry out the calculation of the
critical value of water absorption accordingly, so as to provide references for the prediction of water absorption, theoretical and
experimental research on the softening characteristics of water absorption and the analysis of disaster-causing mechanism of red
mudstone under the condition of groundwater. [ Methods ] The red mudstone of the Tertiary Mingshan Formation of Yaan,
Sichuan, the Cretaceous Guankou Formation of Jianyang, Sichuan, and the Cretaceous Jishan Formation of Chengxian, Gansu,
were taken to carry out the capillary water absorption test, and combined with the X-ray diffraction test, the pressurized mercury
test, the contact angle test, and the SEM test, to analyze the micromineral compositions of the red mudstone, the pore structure,
the microstructural changes before and after capillary water absorption, the characteristic curves of capillary water absorption law
and its influencing factors. [ Results | The results show that; the capillary water absorption characteristics of the red bedded
mudstone in different regions have some differences, and the capillary water absorption rate is decreasing; the capillary absorption
coefficients are positively correlated with the absorption rates; the absorption heights show a good linear relationship with the
square root of time; based on the L-W equation and the theory of capillary water absorption in porous media, and considering the
influence of mineral composition on the capillary water absorption, a time course model of capillary water absorption is proposed;
the capillary water absorption rate is negatively correlated with the content of quartz ( R*=0.79) and positively correlated with the
content of clay minerals ( R*=0.80). [ Conclusion] The capillary water absorption characteristics and influencing factors of
mudstone have certain regularity, and the capillary water absorption of red bedded mudstone is divided into water adsorption
phase and water migration phase at the microscopic level; the proposed time-course model of capillary water absorption can
effectively carry out the prediction of the water absorption of red bedded mudstone, and the error is small.

Keywords : red bedded mudstone; capillary water absorption test; capillary water absorption characteristics; water absorption ;

time-course modeling; influencing factors; scanning electron microscopy testing; microstructure
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Table 1  Physical characteristics of red-bed mudstones
A IR T KREE | RRE
i’ /m /g em”? /g em”? K/ %
MS-1 20.3~25.5 2.50 2.54 5.23
MS-2 20.3~25.5 2.49 2.56 5. 64
MS-3 20.3~25.5 2.51 2.58 5.78
GK-4 19.5~23.5 2.42 2.51 2.51
GK-5 19.5~23.5 2.36 2.60 2.57
GK-6 19.5~23.5 2.47 2.55 2.65
JS-7 17.3~20.6 2.51 2.58 3.20
JS-8 17.3~20.6 2.59 2.56 3.32
JS-9 17.3~20.6 2.45 2.63 3.41
SEHMH 2.48 2.57 3.81
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Table 2 Mineral composition of red bedded mudstone %
HE HAOT YN B
s e Ji A1 IR K Hzbk £ R A E1LZE)
MS-1 30.3 7.2 2.1 19.1 11.3 9.3 12.8 9.2
MS-2 26.5 16.9 1.6 12.7 17.1 8.2 9.2 10. 1
MS-3 31.0 6.5 1.5 12.6 8.0 8.6 10.7 9.5
GK-4 42.3 11.6 0.2 12. 1 10. 8 1.7 3.8 11.9
GK-5 46.8 13.0 0.3 13.5 11.1 1.2 2.8 11.5
GK-6 45.3 14.3 0.7 6.8 12.7 2.0 3.2 12. 1
JS-7 37.4 9.6 — 13.7 10. 1 3.8 12.8 11.1
JS-8 36.2 5.2 0.5 16. 4 6.3 2.7 15.6 11.2
JS-9 36.7 7.2 — 12.9 8.7 2.2 13.9 10.9
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Fig. 3 Real-time measurement device for rock water absorption
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Table 3  Capillary water absorption of red bedded mudstone

HAREA TR g W 7K i ]/ min Wk B/ g WK 2/ % a b c R?

MS-1 488. 21 4320 95.39 19. 54 -23.052 4222.771 26. 342 0.975
MS-2 492. 40 4320 77. 80 15.23 -16.170 2 635.583 17. 931 0. 981
MS-3 490. 74 4320 59. 47 12.12 -13.520 3 971.940 16. 040 0.954
GK-4 475.12 4320 27.31 5.75 -5.099 1 450. 520 5.704 0.980
GK-5 462. 20 4320 15.20 3.29 -3.167 1 503. 645 3.317 0.982
GK-6 423.96 4320 30. 44 7.18 -6. 820 962. 570 6. 860 0.990
JS-7 494. 11 4320 97.70 19.77 —-19.422 1 921.756 21.138 0. 988
JS-8 490. 00 4320 75.70 15.45 -15. 681 2 034.533 16. 694 0.991
JS-9 493.53 4320 93.00 18. 84 -17.352 1 214. 083 18.174 0.992
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Table 4 Physical parameters of red bedded mudstone specimens

LUBLIE 4 MS-1 MS-2 MS-3 GK-4 GK-5 GK-6 Js-7 Js-8 JS-9
IR % 16.97 13.74 12.25 5.32 4.15 6.27 20.35 10. 21 16.24
PEFLPEAR/ um 0.96 0. 87 0.92 1.61 1.12 1.43 0.25 0.12 0.65
e/ (°) 30. 15 30.17 30. 21 32.98 33.15 31.25 31.12 32.39 31. 67
0w % 33.23 29.11 31.42 21.88 19.41 17.91 29. 63 25.30 27.32

A+ b ra'cos@t (13)
m=u
P 2u T kgD
THEs, \
N N . o . N PAvE
R (13) , 24 WK ot 38 K 0% HTI | aRA
KEH
ocos 0
m, = aASlt + Spdp |- ;‘” (14)
L

K, S HEASKMEME,
3.2 1RESH

PRI E 20 C T, KMPBESECH. K (@) &I IMS-1
2 p 4 0.998 ¢/cm’, KKK T o R 72. T
107 N/m, DRAKRPIZE w4 1.002x107° Pa - s,

HARFLBCR N k4N
V. il £ 0=32.98°
¢, = (15)
X Vor b A \ KB
AOAELB R B
- L 16
LT (16)

X, v, E A NERLBR AR s v, s AR AR
V, JE A A A LBATR
SR FH S SR RN 2 fish A KA B 2L R e W S

Bange 4 pral, ML EA/NT 0.2 wm B, FLEEZE (b) #EM41GK-4
TR BRI, PR, (e AR PO
RIS, BT 0.2 wm M9LE AR .
WKL, O LA 0.2 pm E 0 0 K L2 9 T
IZE‘I‘J_\:.‘\O Pefih f56=31.12° P
PRI AR £ 5 AT 06 R sim O\ e
- 20, cos 0, < nitl

p=— " (17)

X, o RER K ST 6, oKk 5 [ AR R B4 fph
fi; PNAGKRIETT; r ABALLBIREAR

AT Y SR Al A, K o s R
R fil ffr, DR IR ST HROKME, WA 9 Fros, Horp

MS-1, MS-2, MS-3 i f9-F ¥ 4% fil f1 Oy 30. 18°, (©) WLIALS-T
GK-4, GK-5, GK-6 e’V HyiZfifi o 32. 46°, S-7, o ARiREEmMANKER
JS-8. JS-9 YA -l A ok 31. 732, Fig. 9  Contact angle test image of red bedded mudstone

KFIKBEA (REX) $56% 2025 453 8 209



B4, &/ REERRKESER KB NERAR

3.3 1REIGIE

R R, BRISES A A 0 )& & loa R
—ERR, WEAEA MRS —E A, I
T R A, X2 i B K YE m-r 4R
BTG IFIIE

mE 10— 12 iR, HETFRIELS X% MS-1 Fl
MS-2, GK-4 Fll GK-5 | JS-7 FI JS-8 i1 K 4 k47 #11
B, BORBIAILT, 730 o FH{E R -2.55%107
-2.69x107*, 2.87x107*, FH4ilft A MS-3, GK-6,
JS-9 185 m WHAE /4 2.91 g/em®| 2.91 g/em’
4.95 g/cm”, RENHNHN3.6% ., 4. 1%, 5.2%, BF
B R

= MS-IHRE E o MS2IABME 4 MS-3ARE
—MS- Al =———MS2 Al = MS-3Fi

W

~
T

BT AR K /g em 2

1 1 1 1 1
0 100 200 300 400 500 600
i ) /52

10 ZWLEAEARKBE
Fig. 10  Capillary water absorption fits for Mingshan

formation
2.0 - - -
* GK-4iAE{H o GK-5RHfE + GK-6ikB{H
F——GK-43 & ——GK-SH &Ml —— GK-6W{E
16F
T‘S -
12k
i
% »
=
® 08F
=
@ -
bis
0.4+
0 -
0 100 200 300 400 500 600
Hi /12

11 EOHEEARKBE
Fig. 11  Capillary water absorption fits for Guankou

formation

230

= IS-7TiREGAE IS-8iREAE 4 IS-9IREME
| = JS-THlEH IS-SHIAAH = JS-OFRMIL
5_
wg ne
|
1
% 3r
= |
=
=
ﬂ*‘ L
| -
0._
(') 1 60 260 360 4(')0 5(')0 600
i ) /st

B 12 BUAEARKAME
Fig. 12 Capillary water absorption fits for Jishan formation

XHHCOFTE A B : XA | 2 I AE D H =20 A
7 b X 212 Y 7 4 7 a0 K R 2 00 K4 B
ABAFRIAAICNE , BOZRBRENS A RO T AN R 3 X 4L
JEVEE B AR K R 2R 005 LA W oK

4 LRV THPOKEER RN R

4.1 ARREHMREHTWL

Gy MIAE AT BANROK AT G L2 e s a ke b, ik
BB AR =2 —m B E, HSCE S5 R 4F
AN M I U] B 240 XA T A2 m U0 iR SRS
AR (SEM) , FFEEH 2 000 54544 T 1T
SENZ AT LE AT, S A /K RIS A AOW LR
Ak, i 13 FiR .,

AL )R A BABOKHET, AR AEE)ZR
G5k, AR R, REMYAY, RSN
BB LB A, HEZLORIFL R &, AR %
fL; BHIOK)E, HIBUE M RAE, KRILBRAEET
ugzrh, PEHCE FORT WK, 52 EOK S
IKBEHEIRE a4 2 R EERG K, 2R Pyl kA
IrES, BUTHORZEE & AR

HECTAH 2T )2 WA B AWK AT, FL B 25 A 5 R 48
B, R BR EARTUR 734 | 5T 50 N AU B
TR S R o3 A A LB, % ALBR 2 LUK AL
RE, Dakigfl; BHWOKE, FLBRNE DA
HIF RS, BUS LR A BORALER,, 5
KIEfZ IS, &R A T 20508, JFICH] AR
LB A, SSHBEA RN

XS LT R A BAOKET, BRERES R, 45
FEONECE, BRI REREN, & TR SR Kk0

KFKEBEAR(PHRL) $56%5 2025 FFE3H



B, &/ RAEERARISIER KB RRATI

W A 10 P 58
EHT=10.00 kV Signal A=SE2 . g E
WD=7.6 mm Mag=2.00 KX H =8.1 mm Mag=2.00 KX

EHT=10.00 kV Signal A=SE2
Mag=2.00 KX

2 um EHT=1000kV  Signal A=SE2 ' 2 um EH Signal A=SE2
WD=13.8 mm Mag=2.00 KX H WD=13.7 mm Mag=2.00 KX

WOk W2 0004 7K &2 000£%
(c) IS-TW K 1T J5 &1 4

13 ARkEEHERKBIEHAETEHE

Fig. 13 Microstructural characteristics of red bedded mudstone before and after capillary water absorption
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Fig. 15 Capillary water absorption of red bedded mudstone in relation to different clay minerals
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