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Micro-meso-macro interface correlation processes and cross-scale cascade effects
in red-bed soft rocks softening
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Abstract: The water-rock interaction at micro-meso-macro interface is closely related to the catastrophic changes
in red-bed soft rocks. The study of the correlation process and cross-cascade effect at micro-meso-macro interface
of water-rock interaction is of great significance to reveal the catastrophic mechanisms of soft rocks under water
reaction. At present, the research on soft rock softening mainly focuses on the external characteristics of the
meso-macro interface and its cascade effect. The correlation properties and cross-scale cascade effect of
micro-meso-macro interface in red-bed soft rocks are in the exploration stage and still need further improvement.
To address this problem, in this study, the correlation process of water-face interaction within red-beds soft rock is
established by the analysis of micro-scale chemical reaction, meso-scale physical properties and macro-scale
mechanical action of interface reaction process during soft rock softening. Based on the energy flow theory and the
concept of cascade, the cross-scale cascade effect during the failure process of soft rocks was analyzed. The results
show that the correlation process of water-rock interface can be well explained by three factors as follow: the
cation concentration of aqueous solution, proportion of pores outside the framework of soft rock particles as well
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as quality of soft rock disintegration. During the softening process of soft rock, the micro and macro cascade

factors show a gradual increasing trend. The imperfect correlation process of water-rock interface and cross-scale

problem of cascade effect during the process of soft rock softening was solved and the references for revealing the

deep mechanism of soft rock softening was also provided.

Key words: rock mechanics; red-bed soft rocks; softening; micro-meso-macro; interfacial correlation; cross-

scale; cascade effect

][/

1 35

AR AE RN E ZAATER R R A, 8K
ARSI R R ERMZ . HER, S TEER
Wk T EEE, HRARR AT AN TR E A
AT EEECEE, F, BaBAyLH—
AR TR SR R SO A L B AR e A A
5 7KORE 7 2 fio 5 T A R A AR - 4l - i R R R
e, R EER R, RIBSIETES T
TG K, AR R SRR, IR 7 EK
BT s 5 H A, 7T RE S ECA R HAhE AL
GO K R AE RN, 3300 5| A R — 50 1 1 o fk i
HHESA, IR SRR B s
BALIG S L FR AR 7T S BUS A BER, HREAR
WL - 41 - T AMERHIE T ® ERAE, DA
OO AT RR I T, X T AR A B KL
(1) S TH DR 2 55 PR R (1) SR AEAFAE R IR A
WAL R A AN, R A A 2,
VAT FEU - A - 2 WS O AR ) (1 P P DR B S
5 R IR . X2 s TR %4 5K E
P (0 B T TE

CLJZ WA A T FE A 7T 3 AR R LR RO
W5 77 MR 3 AN . RO 5T AT
S NEAS RIS I 7L . BB ST, R AE
ANERTEE B E . BFIER. EL ks E S
W, KGR - KSR ST B s . S RS TR
B EEEAT I AL, AR ST A R e A 1
W B E R AE; L. P. Qiao ZU-ELF i i 5 HL i 5F
8, 454 PHREEQC i, XK - & Ftih A 1
B sy R A S KBRS AT
WHoE, DI ica Rt fE M 255 . (3R H A2,
WAFHMUER—WE LY, ARMTY. 5
FIH G, NHCE AR R 7 EE
BEeh o RIS AT T, 2 AT S B A
pH A S AL S TF B, ST HCEIR AR TR
HMR IR . R AT . U2 SR 5 M R
MR RBATIE RS, K - AR Rt —

;/5%[12-1910

AT 7T FIRESE A PRSI S ARG I 7T . PG
W7, JRFRGEEROBIR HERAEE . . RE
WL, WPCE A S AR T A, £
AR RERNIK - A FHRRIMERRFE. 7K - A FHH K
AV AR A A I 32 SR RIPY, o
JATARMK - ALIOER, ik, KEHFFE N RTERK
A RIS LR, SR SEM 3. %
WEAEIR AL A LI B =55
Jiik, WK G R IR RS RE . LR
FE. RE, WABESESEO TR, e &l
K - A TS R R A PR R SR A T R S
(R R AR 3 B [ A s B30,

BB AR . RIS Bl
BRI TT 3 51 . BEARHFFE 10, Y. Pan 2013303
FWr %, HBRIRGE N ST (R AR S
W, BN T PCH B K VR AR SR AL, s 5t
AR R . QY BT @ ERAE, (HIFRE
NER L SIS T AR A B DGR AV B30
SEARERFEEL. I FIREEEN AT S
SR, NHRCE SN M SRR AT T,
737 FLiH P 2R BT R R AR, AT SO
SR R B b T . RIS T, R4
BEBTO T o = RhiRE . RIS 1R
JRAGIREE:, S SRk T R R AR F LB . 4H A
B3 5 W1 S A 3 SO AT T, Xohidk—2
WA - 4 - Z A AR A e 5
WAME, (HARENER = H A 5R; M. Huang
LLBORIZH] SEM. BT ACEEINR T B e
T Ik 2 H A 2 O 43475 5 A AL IR 45 4 1A T 25
GuitIF KRB, (HARBESZWAHERENRR. B
R 77T, T8 S 3 8@ PFC,
FLAC?®, MIDAS, ANASYS 2585 E, SHcs 7t
T 3ok 2 P PR ARV 2 Je 2 W 15 PR RE IR B AR . 400
RGO AL B 7 W P R 1) G I P 25 5 ThI k4T
WFFT, GRS 7 ARIGHTE 7T AR ] R BRI, (HEE SR AR
e T AR AR - 4 - 22 A BV F AL AT B
B, RGO RE T . O AR, R



F436 H 5 B AR LR BCE AR - 40 - S ORI R S e R IR

° 1243 «

— G R BT TEIAN REXS R AL A AT A
ROERE, AR ST AR R R G )
Bro LR ERrR, HAHCa BN Fmd T, £
WRIGZH - WL AME R BEAT 8 BRAL, DA
XU S T R B FE, e DU XS s AL 5 i
I - 2 - 2RI e 5 i RUBE GBS ¥ 70 #r
ST, EENHCE BACKI Al R, L AUE R -
2 - 2 WL T IR 8 AL AR SRR

BERS L i, ASCUALL )RR AL RE K -
HAHEAON R FL, LR HCE AR AL
RN AR 5 W S A A A R B S
AR, BAERNLIK - E SRR - Al - R R
R, JFERERETES, FIAGBRME, XLR
A B K BIR A RE L - 4 - s RO R
HBEAT 7307 o

2 WRBERSHE®

AR VLA L X 2 o R SO E J R —
WO IR Ve A RFE AR TN B, SRR RO 400
T T MR () ST FE AT A0 0T, A3 K - S5 ST
ik - 40 - EA BT R, E—2, A
RIGHT IO R, XL T REE L0 2 POs 18K R 4
REFE - 4 - WS RS RIS AT ER I .
PR LT R ICE O R R RN 5 1, Tk - &
REMRE R SRR, 75 B0 R E 2%
B A5 BE FR HSOR i o 3T RE B X 402 O SR B AR
SRR - g1 - S R R AT A b, 15
BT - 4l - s R T A fE . AR
TN BT 1 R

KT, R HCEE R ERI > EEAR IR
S BT IR AR (1) RST T 2 7

WO (<10 m): EEWFFERER] 05
BIghkg . W pH AT FIREE AR 2. R EER
FAAE B AR e AR AT A AN . 3 A pH ik
FIERENRTF B, T4 2 5 BRI R -

UM EE (10 6~10 3 m): IR 5L 2 (8]
(A BEHE . FORL 2 IR AR K . FLIRZLSU R
iR AR R FE SR . BT O S B A Bk
FH 1 S A W LA R

FEMREC>10° m): EEAFEENLZHA
WAEMHUMAG . 2R . R A i s . R
FENAMRIG N R L AL R 5 AR AT 5K
FXF AR TE AN ) 2 RE AT S0 b7 o

[ B A - 20 — DT TR 5 5 R BB
U
R D D R e e

|k - o e stmiL R
]

i ] ) 1 ,
Do | | e | | ensm |
i | ] | !

i
- 4 - EAT IR AR

BT BER AL B IE K IOA 4 1L 7
T - 4 - s RSB RS

| ke kom0 |
I

3 ¥
OGBS | R L)
I J

RO A TR

|%T%%m%lﬁﬂﬁ%ﬁw|
|%F%§%M$£Mﬁﬁﬁﬁ|
K1 B mE krisnrE

Fig.1 Research content and method flowchart
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