555 KOF oK B TR % M No.5
2017 4F 10 H HYDRO-SCIENCE AND ENGINEERING Oct. 2017

DOI:10.16198/j.cnki. 1009-640X.2017.05.016

OfaoR, IG5, B . BORREIf Ik e 6 1 5 AR e Rt 2w i g P9 [ D ] K RIK I8 TR 2240, 2017(5) : 109~
116. (MA Furong, ZHANG Xingui, YI Nianping. Experimental study of unloading impact on deformation behavior and strength of
mudstone in sampling state[ J |. Hydro-Science and Engineering, 2017(5) ; 109-116. (in Chinese) )

B 1 S B A D 4 5 5
BB 0 19 150 B

LigR, KET, HEF
(P PR ARSI, [T #T 530004)

R WA SR AIE SRR TR S TR IR bR, ST I A PR PR B K A2 8 25 38
JERVE AR A R e R L, 06 R T 2 s SR R SR D e I S X R, BEAT 1 a0y 59 7] 6 0 TG g2 i X
B PRI b S0 AT T I U A R R A ML, TR T KA R X e e s AR T AR i e AR, iR R
FRW] VT 5 R U o 06 B ARG, PR P DR A L T 46 0, AR A T e iR 286 R 0 W e e, T oM B
AR NARAS /N 51 ST RIS B 45 % 4 3 17 3BT 08 S 1) o J3E 22 A ML AR , S04 0 6 F2 400 2 < B 00 77 L
BEITAIE I, I LR 0.7~ 0.8 I, Yl 5 BEA R SR ae R MR T #IAT A5 T, AV F XU A AL FE R P 1) 52 )
BOR W BT 2 1 30% ~65% , WFFEAS RAWIHIGRAE J1 27240 rb A BE 2008 URE 1 R 0 e o o 2 AL I
FEPER R

X I A BUEEIRT, BOOKRAR, R, A
FESES; TU43 MEARERG: A XEHS:1009-640X (2017) 05-0109-08

WORERS R T A A = 28R, RHURRAE 3l 0 Ty B AIKCE R W IR P i T 35 1% =264k
SRRSO RS S O I SRR R R WU Sl 0 B S s e A 2Rk, ok
FAERITREEIE T8 HA BRI I K s BRI KPR DR 51 A a2 R IR i i B 2= 984k,
FORARAG ISR A R — 2 ], S BCIE R i TR ST ot S5 DU o B9 g 2 M B A A
PEAAAE BB ARIR] 270 DRI, FE 7K AR Sl T 20y o 2 A 0 A I 94 52 i R T BT S £ 3K
BN T TSR,

AR TRAE B S EBR T AR BOA AR V52528 0 A B A A TR R | A K
WERBEA AT TS U T — RO R . ERAE S5 A4 5 R G K BRI TR R A AT TR
LRI = Jal i | A BV IO IR R 1] AR A5 HURZS /N, N BRI BRAR, R B AR R TR BILAED A
AU 3R A AT T S T A B 5 B )RR, 415 H PR 0 i o AR, S e it R A g, AT A T SRR
IRl P, 073 B A o B FEE P SR AN A, R IR A5 O X R A A T S =, i AR T RS
EI RS MR IR RAIE W ORRR 2 I S A5 D IBORE A5 195 14 Sy B, 5T R e ) DX R R
Dk R T RN BURE D7 i | BB B HORE | T LA A8 i R SR B 22 A5 AR TR L g B AR 1
FAREXIAE RS H AT T = RhE T 48 A HR S T A B BSR4 R B AR Al — oK
U S A B B8 2R 8 S RD e AR AT i R P 2 P I A ST I, 53 1 A T A R ) AR AR A

W HEA: 2016-08-31

EEWA: )70 ARRA RS IIIH (2011GXNSFB018002) 5 )™ P AL H 7 AF UMl BE 1 $2 71T H (KY2016YB586)

EE® N DWoR(1978—), B, JTVHBHRA, MZEE, W LFRA, FENFHCA TR IR TR S5 1 i # Akt
BFTAE, E-mail. mfrong2004@ 163.com



110 kKoOF ok B TR ¥ W 2017 4F 10 H

5}

Y, SRERIF AR A A dn it T R U TR AT R = A T R R A R A I )
AR AR RVETEAFAE . AMRAR A 3 3o S 6 45 i A2 1 2R 1) = 0 D) a6 Dy e AL 0 e 5 A8 T T4 o
R PR, A TR SRAAK Ty AR RS LR A S B D B A R R
137 =R AR I, RS T A IR A L XA AR D R A HEAT T =
WFFE T Ve N VBT s 56 FEE HU(EL TR AT, 318 1~ X RSO 7 A 12 7 B S

VA _EWF5E S BRI B 7 g 2 R RV FE U EA T W, X B R 0 i 0 o ) g 2 P o 5 I
PERIBESEIF AN Z L, JEHIE S AT IZ IR R D RO W 8 M b . PRt DT K A A AR TR T 98 6 1244 T
NSRBI T B L, AR SR A R T R K (U K PR Ve o, 8 UL EORE S A O R S £
BTYIER MG KRR, BT e 08 e 1Y) i B R AT Ak B R AR AL

1 RET F R AT
1.1 REER

TREHC T R T R SRR, R IR D 8~ 15 m , 7E
LG RN TIHZIERURE o R PRSI L B 53¢
TITIHARE AR AL R A iz, A B 22 B A o) +
TIVVBGARE AR Ve & i, BEAT N 128000 B
SNSRI IR R, R AR §
KM 73 B AR P sCE BT AR SRR BT 50 T 3% K HE

(ETRB 7 BRE) ( GB/T 50123—1999) ( LA F ik @it (b) T RE L
(ARUEY ) , BTN R 0. 8 mm/min, JG1af K R 1 56 K1 Rk

KB EEA, A+ B PR UE ) i TR B 4% 61. 8 mm, Fig. 1 Samples of mudstone

15 20 mm B9 PR JEEAE A ANE 1 PR

L2 REAHE

(1) Ingaakss: . w1 7143510 100,200,300,400 kPa 1FF F A7 ERETRLS , SRAF IR A T 7-0
RGBT R B FR R
(2) BIEGRE . B SexT Ve A U o A [ i B 25 (100,200, 300,400 kPa) /T #E47 14550, 48
JE RN, R R 5 EA T B VRS SRR H RS T 7o Ih R MY s Fe br . HIZRRK 50 H
RAEHLILE 1,
®1 HHLBER

Tab. 1 Test conditions of unloading
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Fig. 2 Stress phase in drilling of point A Fig. 3 Mohr’s circles in unloading stress process
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Tab. 2 Physical and mechanical parameters of mudstone

RIRE K w0/ % R y/ (KN -m?)  fLBitbe WHES/% WK o /% WIR wp/%  WHEREEL,  BEEREL,

19.6 21.1 0. 565 93.0 41.9 20.3 -0.05 21.6
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Fig. 6 Intensity curve of mudstone under conditions of
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Tab. 3  Shear strength index of unloading samples
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Tab. 4  Deformation under consolidation and unloading
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Tab.5 Deformation of mudstone under unloading
- ?ﬁfj/ﬁfnﬂ@ﬂﬁ 3Hﬁﬁf’r¥ﬁﬂﬁﬁﬂj& EIJTETIEHE 35?%4)%#5‘:% KA FER /% R %
I i/ mm 5 1/ mm A2 I/ mm A4/ mm
1 1.93 3.56 0.16 3.72 51.88 4.30
2 2.63 3.93 0.61 4.54 57.93 13.40
3 2.10 2.72 0.49 3.21 65. 42 15.26
4 1.27 3.32 0. 88 4.20 30. 24 20.95

JEOPRAE it R A i B T A I K AR Fr W3R 6
®6 TEMAKERXEIER

Tab. 6  Physical parameters of unloaded swelling ratio test
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HE o amw O e noE LB
% (g+cem™) % (g+em™) KR/ % % (g+cem™) k%%
1 27.16 2.10(1.65) 0. 666 36.12  2.23(1.64) 0. 682 9. 65 36.63  2.18(1.60) 0.723 18. 63
2 22.96 2.11(1.71) 0. 588 33.30 2.27(1.70) 0. 600 13. 16 36.24  2.24(1.65) 0. 654 20. 62
3 24.26 2.11(1.70) 0. 622 30.69 2.15(1.63) 0. 687 9.52 31.04  2.19(1.65) 0.671 14. 15
4 21.84 2.11(1.73) 0.588 27.26  2.23(1.75) 0.570 6.33 29.29  2.21(1.71) 0.612 16.75
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Experimental study of unloading impact on deformation behavior and
strength of mudstone in sampling state

MA Furong, ZHANG Xingui, YI Nianping
(College of Civil Engineering and Architecture, Guangxi University, Nanning 530004, China)

Abstract: The strength and deformation characteristics of mudstone are important reference indexes in the
engineering design and construction management. In order to analyse the effect of water-rock interaction and
unloading on the strength properties and deformation characteristics of expansive mudstone, the sample of typical
expansive mudstone in Nanning basin is chosen for the loading and unloading shear test and unloaded expansion
ratio test. The intensity change rule of unloading mudstone is analyzed. And the influence of water-rock interaction
on the deformation characteristics is discussed. The deformation and the curve of unloaded expansion ratio test are
obtained. The experimental results show that sampling unloading has a great influence on the strength and
compressibility, as well as the expansion deformation. Due to the unloading, the strength of mudstone decreases and
the compression ratio of mudstone increases. The internal friction angle under unloading condition is smaller than
that under the loading condition, while the value of cohesion increases. The unloading ratio and the loss strength
rate are used to analyze the variation law of the strength of unloading mudstone. With the increase of the unloading
ratio, the loss strength rate of unloading mudstone also increases. When the unloading ratio is between 0.7 and 0.8,
the loss rate of mudstone strength is the largest. Compared with the unloading effect, the water-rock interaction has
a greater influence on the deformation characteristics of unloading mudstone, and its structural damage to mudstone
is up to 30% ~ 65% during the sampling progress. So, the influence of sampling process on the strength and

deformation characteristics of mudstone can’t be ignored.

Key words: mudstone; sampling unloading; stress path; strength; deformation



