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EXPERIMENTAL RESEARCH ON DEFORMATION PROPERTITIES OF
RED-BED SOFT ROCK
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(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of
Sciences, Wuhan, Hubei 430071, China)

Abstract: Taking the red-bed soft rock as investigative subject, which has caused many deformation failures
during the West-section of Shanghai-Chengdu construction, the deformation characteristics of red-bed soft rock are
analyzed through indoor triaxial test, field load-bearing plate test and rheological test. With the triaxial test on
natural and saturated red-bed soft rocks, the elastic constitutive equations of red-bed soft rock, considering the
closing of structural surface, are established; and the deformation characteristics of water-bearning influence is
analyzed. By performing load- bearing plate test, the deformation characteristics of two kinds of red-bed soft rocks
with different argillaceous contents are analyzed. Meanwhile, the rock characteristics under cyclic load, and the
stress and displacement distribution and the influential range and depth are studied. With the rheological test, the
rheological constitutive equation considering the closing of structural surface is also established. Through the
tests, the deformation characteristics of red-bed soft rock are further understanded, and it can provide the basis for
further research. The results can give some advices to the design of counter-inclined red-bed soft rock slope, and
can also offer references to the research on the reinforcement effect of prestressed cables.

Key words: rock mechanics; red-bed soft rock; deformation characteristics; constitutive equation

Weks HH#A: 2009 - 07 - 14; f&E BH3: 2009 - 09 - 21

BEWB.: EFAKREAIL4 LI H (10872207)

1EHEr: BRAHi(1962 ), 55, 4, 1982 4B\ FHRKKRZERY TREL, AT R, M EAESH, FTMNFAE TR, BRSBTS
D5 e 505 TAE. Email: cxchen@whrsm.ac.cn



©262 ¢ AR TR

20104F

][l

1 3

i a R T L TR ST AR E MEP
i a2 AR O  fA ) SER HERAE E
PR3 T AR 2 2 0T AR, A T K
Ko Hil, &b TR 2 DUA R AR
ATRGETEVPI AN T, SR, SEFR TREFRRZ A 1k
(CHOEHCA ) AR TEAR AT R HEA TR BEAE PE
PUE N o

LRHCEAE TR E VR . PEAE S Lz 0y
Aii, TR RS 2%, U KBRS+ T
FEREBEMAIRK, A RLLJZ H o T RE TR AT K
FURRE T T ST RIS T HEAZ 0 R0, o1
JE A AT RS T R YR e 1 )RR 2 0 T
B, AEER YR R AL R O M BUA SO R
T RS R AR K 2 B th 1A A2 e
NPNIBIZAPR S 87 RSP S AN S € S5 R V]
T RFIRAT R > 19, (H B R i 1
Ho—J5 IR PEAIT T, 6t LLE Y = Al R 4
T, BRI A AT A K R A TR
IR GEH T

AR VY R X = 8 28 AR AL 2 A i ons
%, MRk AN AR I AR AR R AR S AR IR
B, MHZRLAJRHCE WA TEREAT T A R 4L
IIMTIFTT. A =R 20 0 A SRR AR
BN 2 AERAT TR, A E A
RATESHONAE, JFeath T % B A& 21
FRPEARRRY s D7 AR I ARS8 7 0] 2 JE e i
AR R A A TR PEREAT T XL 4T, IFEH
Forpr— O S A A Y. g oA BSEME R AT T 4R
s [ G A A TR e AR A A T
TorHrs AR HAR S AR 0 ) it E g Ferp— ik
17T =R 8N R A Ak g, AR 45
R T LR B S R TP 5 A T R AR AR
Eite

i RINREAT T, X EARAE LR A
WA TREA T 2R SRR, dHZIEE + TR
B, JUHSE ML B BAT IR SR A
L A IO T4 B8 AE A% S IR RN I 25 R A e i 35
FARKIRCE PRI TR T 2% W

2 ERZHERFERAR
21 RENR

RIAEERT MTS B4 1R RS, %A%
HIEE MTS AR 457, FEHTAA. BB L5
ol F YR A A o R 2R, T A A o ) 4
H 3 =R EMI = RS, T 2000 4584
ot 2B SGE . ARG H LN R4 (L)
IRy HBEYR . SRERAESE . =R fE
s FRIE. BEHRESEA G (2) WREr: H
g i B NARMAEAE ARG (3) 5
RSy BRI RS iR THEHLSE
IR (4) RRPEds o ARG B
Fo WA 2RI RBURERS
P

TRFE K B FE I (450 mmx100 mm), il 1 fr
e RKAY 2 HAAT, 4l 6 MAFE, —dlh AR
R, 4N MRNRE . BRS04 0, 1, 2, 4,
8 1 16 MPa. IAFE AR T H AR KA, B SEHE
IRFEONAHE, ek Sl va &b, LG
BERE 2 h 23 i K 2R = LI /2 R0 314 ik, 6 h
JE AR BOARE, AR AT KT RK 48 h 5
AT RS, R 50 AR5 B R K R N
2%~3%.

KL T sg s alh

Fig.1 Rock sample after being artificially manufactured
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Fig.2 Complete stress-strain curves
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Table 1 Calculation results of deformation parameters
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Fig.5 Photo of test apparatus
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Fig.7  Curves for the whole process of pressure-deformation

33 RBLERDT

YRGS B AT G IR, 20 A 2 A3 R
ATEREE B SR A R ) R RS 2 A LA R A
AT A FH R AR TR 46 5 TGS 25 4 () AR T e
i
3.3.1 AFEIW WA e R AR TR

WAL 1R 2 DAL AR A B 2L 2 A, (R
WA RLE 2)AF, W 1 F Ly a s
BAK, AR, KAERCT e ERqS, St
W 8% ke 2 ARE T Y& sEE, &
RN B2 . 2 AR AR e T
P AL TERF I S AP AR — 8 22 5, IRE R 2 IR 2
e, BERATEAGI 3 IR, AR A B
AT 2045 A5 AR AR, 23 Sl 2 1 Ak 2 1 T
T 5K R MLULIE 8(a), (0))IEATXT LA #T.

T L 8(a) R (b) AT LA H DL L A 4 18
(1) Ve EmORR QWA RRIER, R E



* 266 HA S TREAER 2010 4
50 - 0.50
sl y=31538 045F == H— I
: : - 0.40F - BB IRAEER
4.0+ \ ’ E 035f
Y y=1.199%s" £ 030l
o \”/ = 02sf
§ 300 7 / Z( 020F
S 2sp y = 0.869 7x ® 015t
£ 50l - 0.10+
20 . —=— LA R (BN ) 0.05F
15F ¢ — AL O 72) 0.00 :
Lok 4 —- JUA IR (3R TE) 0 1 2 3 4
05 f fif#&/MPa
0.0 S . P K9 AFIEIR TRRETE Sk R E
Fig.9 Relationships between residual deformation and pressure
{7 F/mm .
under different cycles
(@) ka1
. J1E AT AT P25 3 523, V. Boussinesq) itk
asp Y=35276x e A 0 PR 22 ) 12 g AT R S A4 P I ) 7 AT EA T R
40+ /7 s 191
35k ;/y:0.591 x ¥ P
€ 30p / >
§ 25+ l >’ o, :acp (4)
iz 204 e —a- P4 IR (EN L FE) . 0o w "
sl 2 + oL Rofs @ WNIREG B IR K 2R BB A
L2 I S S (EIE: A . s . = Ny
10f 7 y=oses CIER ma ek, 3oh, R WS ARG,
o_luclr '2 :l ls ;; ||0 r AN EE A M B 2 B, p AR
s CEA A IR
(b) o 2 EWHARIE S R JPREHEHEVINECR, Bk
B8 WG - BB RE K2 N, SR AN [l A T MR R A T [

Fig.8 Figures of pressure-deformation after third cycles

BN (2) (EIRISINENEAE G, A AT
B e, VA i e (e 2) A A ngy
16.6%, T Ye i AR AR A AR G 1) 3G il
37.9%, U WIRD I it i (A AR LR PR A 2 A E
MREAL ORI R s (3) AV & A 1A
SRR A AR A A, A G ISR AR TR A
EEAS R 2, HR RS ERAR S DS
PAAE 7] S5 407 VR FH T 11 350 Aoy 5 A 28 T R A e T
R GRA 2)MER K.
3.3.2 THIATEAE T NIRRTk

EHGRA AT 2 FEA s SOl BEER T S, 4
HAS R B AE T 2 IRAGERAE T I R AR A T AR 1 K
AE(LE 9). WE 9 rTLIFR H, AR i
DA T IE RKs FE— AT R, 2B IR
Far B A FH 7= A2 AR AR A0 T LU S5 — UR A B fr 54 7
R AR AR TN
3.3.3 BN ) o3 AT SRS R MR B R 1)

MATTAREG 25 KT LUR H, 3R5 N ) KF A
PRI AZ T IEAR KSR B, Rk, nI 2% EE A %+

AN FIALE HIUTRE IR (WL 10), 7] I 2 AT VG 2% i
se fENT TS S 10 6 A B Y g 43 A
ezl 11, XFEeE 10, 11 T RUAE H w2
I A TEARIEAAT ), o] DA AR AE SRR R B R
A& A PG 23 v A SRR TN

3 /em
—80 —60 —40 —20 O 20 40 60 80

0.62 MPa
—-1.24 MPa
—+1.86 MPa
-=-2.47 MPa
—3.09 MPa
—-3.71 MPa
——4.33 MPa

{7 FImm

K10 A7 A% 20 A I (iR 1)

Fig.10 Distribution map of displacements(test values)

W AT Rl LU Y, AR AR BU
VR EL AR N g 53 A1 n] AT Af P4 2% e 56 1~ B
25 (8] g b ORI, T AR AR T 5 FE K
PEVIMRIN, A A TR B,



F294% M2

BRMORT, 5. ZLRHCA B PRI 5T * 267+

B g5/em
—80 —60 —40 —20 0 20 40 60 80

——0.62 MPa
-=—1.24 MPa
—+—1.86 MPa
——2.47 MPa
- 3.06 MPa
——3.71 MPa
——4.33 MPa

11 N A 5E)
Fig.11 Distribution map of stress (calculating values)

SFEAAAE, PR RT LAE I 23 A Y S e v R
[ 122 S5 W AL 7S IR S IR B . S (4) AT EA
s RN 73 A R E R B N ) R B oo X
r=00%, B A b AU BRI TGRS H
2N ) R a, TR 2R G R MR (LK 12).

1.2

104,
08F\

y =1.030 5¢ %92

S 06 (R?=0.994 4)
041
021
0.0
0 2 4 6 8 10

zIR

K12 a 5 2R KAK
Fig.12 Relationship between ¢, andz/R

MIEL 12 T B Y, i A R O R
F BRI AR I DL AR BOE IR E S, 1 ZIR~8
I ) REOULF-BEA 0, B LAY g 56 W vR B 5 A
BAF AR OEE, B KR E 2~
8R, r RAR T KSR JEE R X — 4 F

4 BURESRRERE

41 RENA

TR0 AE HT T AT AR BRI s 2 AR
b, B T 3.1, 3.7 F14.3 MPa fif# K 24 h
ARG, HAS R SR o R - 13
o WL ESSROTLIEH, A EEKIAE/E- T
SR A Y B A BT, 7R 2 AR I
e PR REAT J T I 06 200 2% R AR MR AR R T &

24r

231 ‘/‘\‘\n—-—l"
221 rﬁ—*—‘/‘—"/‘/
21F e NP
£ 20 VK:.;/:::‘/H—(:“.\P»”—I/
£ 19F
E\i 181 —-31MPa
L7 =37 MPa
1? —~ 43 MPa
14f
1.3

0 2 4 6 8 10 12 14 16 18 20 22 24 26
I TE)/h
K13 AR A e ek
Fig.13 Full curves of rheology

SR SE, 3 Rk AR 2k AE 21 h BTG
BIEBEE R, WAL LRI LY, PRI
PG S AL A R T BON NI [A)7E FR A B,
I TR R R, MR AR S AR ik, 5
ES Gl A R (ER R AN [ B SN TR 5 & g NI
25 T S (8 I i A by, T AR R R AT
GG IE 2445 1E LATY BRIX 50 B o
42 BEME

R A AR RIS AS B2 R ) S5 A R AR
W2 AIRER, AR R T A R %
SR RN AR S ASH R, AEREG N S AKCE R b T
FEER B, 4 @), HN - NARX R RN

g, =i %P (5)
E. E.

Krf: E, AE LR RGN E), o AR
TEE RN, g AT | R NAR
FRHETT 3 3 A Al FAR AT B )R T A
2 07 e R Y G R 2 1R Y ) e 2OR Rk, ARtk T
S ST R A PR AR R SR g oy 28,
g _*(@-x)pd
° 4 S
K S, WAEEATE, d NAEKRER, u MiAfk
tto
FARAEARES B ) A Ab TR B, HA AU
i OB M5, 456 aN(5), (6)nT LIS 2N AR [F] 4 H il
WIEZ AR

(6)

4a.S,
5 =—-0
'on(l-p*)d

A TWHRAR I TRAARI R, IR

()



* 268 HA S TREAER 2010 4
L ROABFFON G, R E(T), 19301 506 B R AR, 100 .
MiZSKIN D E a, =1, NIKPEAKR L ol T B ;
TN A A p AHAE, Bk R4 E] N ) -
AR IATIRAL AR I 347 vl
43 RERWIERE T B R?=0.996
431 BIALEE R
)7 2 SR AR B AN, 0 AR O I F,=566.23 MPa
VAR R R TT LA P IR 2 i e 4 o3 : . . . .
ERARBRRAER, BATEAY oIMPa
1 ,EL% o, (c) 4.3 MPa
ETE 7T (1‘3 N }*7‘ ®) 14 RIEFBACT T A B4

e oy WA BURINATEL 7 A R R AL
LAZX(8) A AAith, 3 J9%f I 1373 b £ in 28 i Be
ALK BE AT A 70T, TR RN R
eeE gty Al RER FA RN ) St
4.3.2 RIS HHEA
IR E(8) T W T I B fe A T
HARR B, RE @) Fr e s\ o i AR 1k 6 — 4
ANFATECE N N Borii Az Badt A T 94
SR BB BUUG (LK 14) Fim A2 B Bedth
A (LA 15), Ml 45 R e T LA r £
F AN IS S H( K 3).

8r = R
T A gk
6F
5 -
4t
g
< 3 R?=0.999
2t E, = 799.69 MPa
1k &0 =0.004 03
ok E;=514.54 MPa
_] 1 L I I ! I 1 J
-05 00 05 1.0 1.5 20 25 3.0 35
o/MPa
() 3.1 MPa
10 -
= RGN
gk A gk
e 6F
s
S o4l R?=0.999 7
E, = 655.03 MPa
oL &0 =0.002 23
E; = 443.67 MPa
O L 1 1 J
0 1 2 3 4
o/MPa
(b) 3.7 MPa

Fig.14 Fitting curves during loading under different
loading levels

157

1ot -
y=1X10 *x+0.0094 ;7%

10.5 F \}_ e

7 100¢ LasasT * g%ma
— =" " —wFE a
T 9Spe JH....-.-;:‘”K + 43 MPa
00k y=5X10x+0.0091 .
8.5+ e

y=5X10 "x+0.008 3
8'00 260 4(.)0 6(I)0 S(I]O 1 oloo 1 ﬁoo 1 :400 1 Iaoo
t/min
15 AR B A ith 2
Fig.15 Fitting curves during rheology

®3 WAEAMIG S

Table 3  Fitting parameters of rheological constitutive relation
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