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Experimental research on softening in mudstone interlayer
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Abstract: Based on orthogonal test, the softening mudstone interlayer effected by three factors, i.e. temperature, brine density and
immersion time, is studied. The extremum difference analysis and variance analysis are respectively applied to analyzing the results
of the test. Any two factors are the binary liner regression; the relative importance ratio according to the standardized regression
coefficients for the uniaxial compressive strength and elastic modulus of mudstone interlayer is used to build judgment matrix;
analytic hierarchy process is used to calculate weights of various factors. The results show that the temperature and the immersion
time play a decisive role on the softening process of mudstone interlayer; and the weights of analytic hierarchy process are more than
98%. The greatest influencing factor is immersion time whose weight is about 80%. The change of brine density has hardly any effect;
therefore it can be neglected in the practical project. With the immersion time extending and the temperature increasing, the cracks in
mudstone interlayer are gradually intruded into solution; meanwhile, the uniaxial compressive strength and elastic modulus show a
decreasing trend. In view of the insignificant role the brine density plays in the whole experiment, only temperature and immersion
time are taken into consideration to establish the equations.
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Fig.1 High temperature triaxial test equipment

2.2 AFEHI&

TRIG AR AT AL 2 B 3h2A B R o L
H )R Z R ALt b e 5 5 0 o Ve 2 2R AL
By Bl B Ay S LR 1, AR (NaCl,
Na,SO4) 5 T 4.41%, M) (CaSO,) 15 T 2.36%,
AN CBE L) AR R 5 T 93.23%, 44
K& HFE L. WFEIN T HAR R 30 mm, &
24 60 mm (PIARVE AT AA, SR IR EOCRE R I T 7™ 4%
e ORI e AT, W T TR s, e
U B RS RS PR ZE R UEAE20.2 mm BAPY, e
WK 2 s
23 RETE

YGRS IE FH IEAZ R Be vt 7, BFgilie s
JALEURE KR FE S it i) 3 AR L [
AL, R PR R

R1 RAERERRS (BAL: %)
Table 1 Components of mudstone specimens (unit: %)
NaCl Na,SO4 CaSOs  FitH W RN Y
3.81 0.60 2.36 93.23
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Fig.2 Mudstone sample
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Table 2 3 factors and 4 levels of orthogonal test
KF BALIEES
W/ C KK / (g/mL) AN /d
1 30 0.0 7
2 40 0.1 14
3 50 0.2 21
4 60 0.3 28
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Table 3 Orthogonal experimental results

R3 IEXRHLER

WK W KHEE R SEMPUR R SRR
a4 /C /(g/mL) /d /MPa /GPa
1 30 0.0 7 12.04 3.802
2 30 0.1 14 8.86 3.243
3 30 0.2 21 6.90 2.572
4 30 0.3 28 5.95 2.154
5 40 0.0 14 8.34 3.024
6 40 0.1 7 11.38 3.667
7 40 0.2 28 5.88 2.095
8 40 0.3 21 6.84 2.356
9 50 0.0 21 6.16 2.430
10 50 0.1 28 5.37 1.808
11 50 0.2 7 10.92 3.721
12 50 0.3 14 8.39 2.753
13 60 0.0 28 5.03 1.632
14 60 0.1 21 6.08 2.181
15 60 0.2 14 8.06 2.802
16 60 0.3 7 10.56 3.417
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Table 4 Extremum difference analysis of the influencing
factors of uniaxial compressive strength

W HKIREE BEINTE]

IKPHME s /(@) /4 PR REI
AP 1 8.438 7.893 11.225 8.098 8.078
K2 8.110 7.923 8.412 7.912 7.865
K3 7.710 7.940 6.495 7.793 7.925
KT 4 7.433 7.935 5.558 7.888 7.822

(& 1.005 0.047 5.667 0.305 0.256




5511 3] 1B R Yo RIZBACRIRIT ST 3113

RS5 EHAMEENSRRREITR
Table 5 Extremum difference analysis of the
influencing factors of elastic modulus

W HKIREE  BEINTE]

IKPHME s /(gL /4 R R
AP 1 2.943 2.722 3.652 2.708 2.692
K2 2.785 2.725 2.955 2.738 2.796
K3 2.678 2.797 2.385 2.705 2.656
K- 4 2.508 2.670 1.922 2.763 2.770

Wz 0.435 0.127 1.730 0.058 0.140

YET5 ZE AT I8 B R DX 20356 Bl TR0 4 1R
A0 RS P Bl e B R pl TR 2 5 RS I B
U, DTG 6. 7 i, MR F L
5 FGFAE R b rboa] DU, B85 N 0.99 B,
T R IS TR PR A TR B AR v BE S, 1 T 7Kk
FEI FHAEAR N, e X e aa e 2 Ak ok EE A

R 6 PR RREN SRR EMTR
Table 6 Variance analysis of the influencing factors of
uniaxial compressive strength

SES SRR A F Lt F IS
L 2343 3 13.622 9.78
WS 0.005 3 0.029 9.78

I [ 75.110 3 436.686 9.78
iR 0.340 6
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Table 7 Variance analysis of the influencing
factors of elastic modulus

M WEmETHIM HlE F Lt F IS
i 0.401 3 13.148 9.78
WS 0.033 3 1.082 9.78

I [ 6.688 3 219.279 9.78
iR 0.060 6
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Fig.3 Relationships between immersion time and
mechanical parameters of mudstone interlayer
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Fig.4 Sample comparing chart on
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Fig.5 Relationships between temperature and mechanical
parameters of mudstone interlayer
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Fig.6 Relationships between brine density and mechanical
parameters of mudstone interlayer
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Table 8 Standard regression coefficients of
uniaxial compressive strength

SES finye i KR ]

L -0.173 00 -0.173 00
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Table 9 Standard regression coefficients of elastic modulus

i5ES bintica 7K VIR [H]
i -0.236 0 -0.236 0
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1.000 0 235374 0.180 4
A=(0.0425 1.000 0 0.007 7
5.5433 130.476 2 1.000 0

1.000 0 169784 0.2456
B=0.0589 1.0000 0.0145
4.072 0 69.136 7 1.000 0

25K A4S 2K W AR B A 1 B KRR A 2
3.000 02, XM IARFAER N (-0.177 5, -0.007 5,
~0.984 1) T, XML [ U — 15 15 30 4% S i D 2%
fRARLTE ] @ =(0.152, 0.006, 0.842)": B (1) K4
TEAEJE 2.999 94, % N AFAE ) &4 (0.238 5, 0.014 0,
0.971 1) ", SHEFAE [ U 4 J5 73 B4 54 mi R 25 11
R[5 0=(0.195, 0.011, 0.794)".

43 —HHERE

FEVHEFAE N HEP AL ) BN, AT 3L
PERSSS o k20 (1) PRSI BRI — S0k L)



5511 3] £ A% Yo 2 BRI ITT 3115

CR, 4 CR<0.1 B, Ak ) H B AT Wi = 1 — 2
Mo A RE A PIBENL— B E s, &RMA2EY
n=73MW, RI=0.52,

R = o (A) =1

max

(n=1)RI

e A APIBTRERE ORI s n AT
B (PB4

21151535 CR(A4)=0.000 02, CR(B)=0.000 05,
FIWTEERE 4 1 B (1) CR A N T 0.1, B,
FITRE RS A F1 B F AT 10— S0Pk o BRI o] i R
<] 7R R R VLIS i) 3 A DRI 3806 Bt s i s
SEMAAUE K NMER R . 0.152. 0.006. 0.842; *iiift
PERL R B /IMK XA 0.195. 0.011. 0.794,
L Il R R ) ) A A ERL 2R e e R R AL R
B HIA 2] 98% LA I, vV I [ A R # i A 2
80% A7, AT UL i KR B o I 2 Ak LT ARk
AEAIFER, 58 58 AR T AR 2= A R 7 225y
r—%.
5 s RZHATIIE

AR HT AT, RV 5 2 A i 1Y) DR 2%
KR BEAE AR, FEAR TN IR A T Rt
BWEATE . e I = BT R s s 5 o Ay
Sl 6o ek P R LI TR P A PR 3R A e Rk ml e, 5
XA 28 AT F A

Q)

6 =14.189-0.0342a - 0.27b (2)
Kb: o WA RZRHPUEMRE; o HEE; b
i WIS TE]

E=4.804-0.014 1c - 0.082 3d (3

AP ENFPERCE, ¢ WL d R,

vt ET AR, X (2) FAEA 123.928,
X (3) FAHA 302.683, 1Lit KT BAE5X 100 95%
W F G SUE 3.8, RIDA IR 574 o B 3, iE
il 58 R332 L B 1) 79 A DR 355 Bl s i 5 N sk
B A R IR PE LR . MBI T RR K55 i R 25
() 2R B0 AR TR R I SRV T AT o e 2 b
2R EMER
6 4i W

(1) TEREGATFT 3 ANBIFE T, IR E e
FIZ A DT R . BEFE R T K, %
TWIRFER HZWHR N B LT, 59084 1)
S, M0 S I I S R T 12 ok 280 Bl 1 L2

B, AEe s e = R D R

(2) PR AR A ZAT LW SR
R T s o JSE AN S AR BRI LU 2

(3) BRI K 2 AL BORAN W] S, 5K
s b 3 e R P T AN R IS

(4) e MRS TR TR AR I
I TR e SR AT RS, A5 IR (e 4k J= s b
PRI TEdR ft—E I PR Sl .

2 % 3 M

[1] YOSHIDA N, MORGENSTERN N R, CHAN D H.

Analysis of softening effects in mudstone and

over-consolidated clays[J]. International Journal of

Rock  Mechanics and Mining Sciences &
Geomechanics Abstracts, 1991, 31(1): 121 —130.

[2] YOSHIDA N, MORGENSTERN N R, CHAN D H.
Finite element analysis of softening in fissured,
over-consolidated clays and mudstones[J]. International
Journal of Rock Mechanics and Mining Sciences &
Geomechanics Abstracts, 1991, 28(1): 51—61.

3]  BCEAR, P YA BK AR LT FT[T]. SR
sty CHARBIARRD | 2007, 35(7): 866—870.
HUANG Hong-wei, CHE Ping. Research on
micro-mechanism of softening and argillitization of
mudstone[J]. Journal of Tongji University, 2007, 35(7):
866—2870.

(4] HlE%E, WENE, Tek, & Fi AR KR

RPN T, A%, 2010, 31(9): 2723—2728.
MAO Hai-jun, GUO Yin-tong, WANG Guang-jin, et al.
Evaluation of impact of clay mineral fabrics on hydration
process[J]. Rock and Seil Mechanics, 2010, 31(9): 2723
—2728.

(5] JAZRIE, XSReHy, WARE, 4% WOKBCE s AL

R I T 9E 5 NI (7], A A 25 TR AR, 2005,
24(1): 33—38.
ZHOU Cui-ying, DENG Yi-mei, TAN Xiang-shao, et al.
Experimental research on the softening of mechanical
properties of saturated soft rocks and application[J].
Chinese Journal of Rock Mechanics and Engineering,
2005, 24(1): 33—38.

[6] JAzRge, ARRE, sk Poa MK S AL IG IS
W[, & 112, 2010, 31(6): 1709—1715.



3116 b +

71

2 2013 4F

(8]

[10]

(11]

ZHOU Cui-ying, ZHU Feng-xian, ZHANG Lei. Resesrch
on saturation testoftening and s critical phenomena of soft
rocks[J]. Rock and Soil Mechanics, 2010, 31(6): 1709—
1715.

A RS, FERYE. B 38 K AL R RE B G TE L
D). HuERRF2E——rp [ MK 2222 4], 2009, 34(3):
525—532.

ZHU Feng-xian, ZHOU Cui-ying. Forming mechanism of
dissipative structure in the softening process of saturated
soft rocks[J]. Earth Science—Journal of China
University of Geosciences, 2009, 34(3): 525—532.
sk 2, B, R LR K E AR R AERT ST,
TR R AR, 2008, 16(1): 22—26.

ZHANG Yong-an, LI Feng, CHEN Jun. Analysis of the
interaction between mudstone and water[J]. Journal of
Engineering Geology, 2008, 16(1): 22—26.

AR, ATRY, 2B, A5 JOMBEIE SO KA I
RWEIED]. a5 TRESAR, 2010, 29(1): 2657 —
2662.

TENG Hong-wei, REN Song, JIANG De-yi, et al.
Experimental

study of mechanical properties of

water-saturated weaken shale in gonghe tunnel[J].
Chinese Journal of Rock Mechanics and Engineering,
2010, 29(1): 2657—2662.

M, B R Y B K i AL RIS [,
+ 712, 2000, 21(1): 28 —31

LIU Chang-wu, LU Shi-liang. Research on mechanism of
mudstone degradation and softening in water[J]. Rock
and Soil Mechanics, 2000, 21(1): 28—31.

WA, B, E5l, 5. BCA BRI I O 4
e S D) RS ERR D). 12002, 2006, 27(12): 2090—
2098.

YANG Chun-he, MAO Hai-jun, WANG Xue-chao, et al.

Study of variation of microstructure and mechanical

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

properties of water-weakening slates[J]. Rock and Soil
Mechanics, 2006, 27(12): 2090 —2098.

UM, B, LA, A AKTEYR A N - AR
KAMRIEIT L[] 557127, 2007, 28(1): 107—110.
LI Hang-zhou, LIAO Hong-jian, KONG Ling-wei, et al.
Experimental study of stress-strain relationship of
expansive mudstone[J]. Rock and Soil Mechanics, 2007,
28(1): 107—110.

AL, R, Bbess, & i e e R
AEE T FR BRI D] A0S TR,
2011, 30(5): 935—943.

GAO Hong-bo, LIANG Wei-guo, YANG Xiao-qin, et al.
Experimental study of mechanical property of gypsum
rock soaked in hot saturated brine[J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30(5): 935—
943.

TR, BT, B, 55 KRN Tk 2 T
RS IR T SU[T]. A7 055 TREAAR, 2000,
28(11): 2301—2308.

SHI Xi-lin, LI Yin-ping, YANG Chun-he, et al. Test study
of influence of brine on tensile strength of muddy
intercalation[J]. Chinese Journal of Rock Mechanics
and Engineering, 2009, 28(11): 2301 —2308.
CQEAZRE NI G4, EACREAM]. dbst: EE5 T
AV RRAE, 1976.

4, FRGE EE5. Hog S MATLAB L%
HEHTIM]. AEst: 35 HR R, 2006.

Wbk, XUBEH, B HEGe M. bt mSEEE 1
fiztt, 2010.

EFESF, VIR, Z G ATiES e ML st R EA
PR i RiUAE, 1989.

TIGERE, XSO, BHIEA A M. bt AR
R RRAL, 2011,



