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EXPERIMENTAL RESEARCH ON MECHANICAL PROPERTIES OF
DEEP-BURIED MARBLE UNDER DIFFERENT UNLOADING RATES OF
CONFINING PRESSURES

QIU Shili, FENG Xiating, ZHANG Chuanqing, ZHOU Hui, SUN Feng
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of
Sciences, Wuhan, Hubei 430071, China)

Abstract: In order to understand exactly the influence of unloading rate on mechanical properties of rock, the
unloading confining pressure tests under different unloading rates are carried out, which use new loading path and
operation method. Thus the disadvantageous effect on test process of the results is reduced. And the deep-buried
marble samples cored from Jinping II hydropower station are tested. Based on a new description variable
presented as strain-pressure compliance, the influences of the unloading confining pressure path are analyzed on
the axial and volume deformations and strengths. The results indicate that the unloading rates of the confining
pressure have significant influence on the deformation of Jinping marble, and the initial confining pressure levels
mainly control the corresponding influence rules. There are obvious differences in the dilatant processes between
the unloading confining pressure tests and triaxial compression tests. In unloading confining pressure tests, the
limited bearing loads under the range of unloading rates between 0.01 MPa/s and 1.0 MPa/s are higher than those
in the conventional triaxial compression tests under the loading rate of 0.5 MPa/s. Limited bearing capacity
increases along with the rise of unloading rates, and increases 10% - 15% at the rate of 1.0 MPa/s.
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Fig.2 Schematic diagram of stress path in confining pressure

unloading tests
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Table 1 Unloading rates of confining pressures and initial

stress conditions of axial compression

N SEA YA Y
/MPa-+sy /MPa /MPa

EIFE IR YIRIEE Y
/MPa+s ') /MPa /MPa

0.01

0.1

0.3
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20
40
60
10
20
40
60
10
20
40
60

150
180
220
320
150
180
220
320
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180
220
320

0.5
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40
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20
40
60
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220
320
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220
320
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Fig.3 Complete curves of marble T,y’ under uniaxial and

triaxial compression tests

FOANIE R sl =Rl g A R i (it 2 i)
B WY T, Tay” KELH AR~ %5 4%
PETF RO METERIAERAE . 24 [ 35 %] 40 MPa &,
FEMARTEARFAE W s, SRSV TR 220k, TR AR R
WA VAR SRS, FE R RIAE] 60 MPa JEitE 1t
TURHERSE, PN IS . AR AR
(R ZBIATE AW 4 iR . Bl R4 iR Iy A
WIE R 1~2 2l B 2R, A SRR R
M BRI, RRE R AU XA R
HIVER o AEARFEuG SBT3 A2 T 0 SR £ A
A B, X UH R TR Sk 5 2 A i 11
PR AR NE,  3k 2H BY U T A 1 LAl e R B
ERERGTR, PR R, X5 e R pr A
AR . FEEAE 10~40 MPa J0 [ P DLW 555 1)

TSR 2 32, BB RO, R A (BT DDA T
1F 5 il s i S A PR AR ) AT K LK T

—

(a) il (b) BlE10MPa  (c) Mk 20 MPa

(d) FHJE 40 MPa (¢) [HJE 60 MPa (f) [/ 80 MPa (g) [FlJE 100 MPa

Bl 4 Ty’ KRELEAFESE . =Rt S pan i
Fig.4 Photos of samples after failure under uniaxial and
triaxial compression tests with various confining

pressures of marble T,y’
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Table 2  Stress conditions of volumetric strain reversal under

uniaxial and triaxial compression tests

SRS FIE/MPa WA SRS /MPa  ARFR[BIE N f3/MPa [N HL/%

jpl-0-1 0 134.721 119.100 88.41
jpl-0-2 0 137.684 112.390 81.63
jpl-0-3 0 144.694 103.290 71.39
jpl-10-1 10 187.428 153.516 81.91
jpl-10-2 10 184.367 142.539 77.31
jpl-10-3 10 187.854 158.358 84.30
jpl-20-1 20 229.884 169.864 73.89
jpl -20-2 20 215.450 168.382 78.15
jpl -20-3 20 229.624 165.553 72.10
jpl -40-1 40 288.850 227.820 78.87
jpl —40-2 40 298.477 226.050 75.73
jpl-40-3 40 273.393 205.360 75.12
jpl-60-1 60 403.916 340.640 84.33
jpl -60-2 60 396.279 328.360 82.86
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Fig.5 Complete stress-strain curves of marble T,y’ under

different unloading-rate tests

FbaT 2, AR A Gfy B s 280 i B U J ot 28 NI 3 /N T
Il R AR A B T 2 R NI, 1 B 2 L Al IR
Jei N )RS AR P AR B SR AL AR TE

EVFE R AR N, Toy® KL AN[R] ) ) s 3 44
B IR UL 6, PRT R MR A U S T )
SEFR 235004 10 F1 60 MPa R A7) 51 [l s 48 () 25
B DLUEHMIG, ey B 450 S0y I R T S
(1125 5. 7E 0.01~1.0 MPa/s 1 [ R GHE N, &
P S B ATy UL 22 BT DI THI R B B 45, (A
A AR FE R T I, g AR B 2Ar, ] 6(a)
iR, JoHUELE 0.01 MPa/s 18 EIRTIN,  HHE5EE (1)
oy ) B SR B D R e s EE RS DAY, f T B D)
R A FAL LS BY D) P 8% 285 1 1 il il i b
FNRSORE, 5 R N AV S AR BT D)as S M B/F
2 REERLL, TR WILA R EI R, — B A

0.3 MPa/s

0.01 MPa/s 0.1 MPa/s 0.5 MPa/s 1 MPa/s

(a) HE 10 MPa

0.01 MPa/s 0.1 MPa/s 0.3 MPa/s 0.5 MPa/s 1 MPa/s
(b) HE 60 MPa
Bl 6 Toy® AHLLEAS [ ) B s 3ok R 1k 0 L AR 7l IR T
Fig.6 Photos of samples after failure under various unloading

rates of confining pressures of marble Ty’



* 1812«

HATD1 S TRESR

Xt HLE RN —BYDDTR, AN n DL AR A )
B, WK 6(b)Iin. 7E 1.0 MPa/s AHXY iy 34 H i
i, AT DL PRI ) B 7 2 B R [ .
AR B = A F 3R 2 WLAHR TE 25 1 22 1 i DRI A
TR U AR Tk PRSI A i, T s W 4 T
FEAF) T RG0G i A R0 # .

4 EEEERN KBS ERFIER
izl 53 £

4.1 HEEERWNXBEE TR IR E

AT oM i RE R A A R, AP
T AR AR —— NS SRR AE, o PN
AR P R 2R A, o i A ) ] R U s R g R 9
8] b 20 P T 3 1 A 1 L ] s PR
b, R R

A€
AE =— 1
Ao (1)

3

L Ag (i=1, 3, v), ZHFRHI AL, ]
IV AR FIARFR N AR 1 5

S AR ] s 2 e A g, 2 s AT S B s I % AR
TEIG ARG (R A, e B A b S e T AT
T P S AR AR TR R s 248, Wi ] 1A
G RANT N IR ZS PR AR Al Tk R P V3 o AR ]
FEZREE A& R, RWIRTS 10 AR TS il s B AR
&

LA B Toy® KA 45 Py DR AR 0 45 SR 1) 43
B, B 7 g TR PR FARR N AR R A,
L TR ROl R M C R AT A

(1) Fliieg o B4 i R AAC AR A ] A 52 S ] s a0
ISEmR,  HSE AU S A0 00 B s 7K1k Z b )
wiE 7 Frow.

30r ©¢10MPa o20MPa a40MPa x60MPa

)5 X 145 14560 MPa)
L 20f
I
S 15t
R
< 1ot
0.5+ A A a X N
' L4 (10 MPa)
0.0 , , , , , ,
—0.1 0.1 0.3 0.5 0.7 0.9 1.1

Il s 3d 2 /(MPa s 1)

(@) A&

2010 4F
I Bl s34 2 /(MPa s 1)
0—0.1 0.1 0.3 0.5 0.7 0.9 1.1
—1 A o A >
N o PIA L (20 MPa) 4
To2r
=
g
—4 + X
LA (60 MPa)™ B {10 MPd)
o ©10MPa ©20MPa 440 MPa x 60 MPa
(b) A&
B 2 /(MPa + s ')
5ol 0.1 03 0.5 0.7 0.9 1.1
_1 - N
N S R4 hZk(20 MPa) A
Too3r
= J
= —4
3 ,
< —5 3 TG gk
A g o (10 MPa)
o AL >
7 [ HiE(60 MPa) A 45 1h%:(40 MPa)
—8L 610 MPa 020 MPa 440 MPa x 60 MPa °

(c) Aég,

7 Toy® RHLE AR R 2 it 5 0 R 4 0K AR
Fig.7 Relationships between the rate of strain variations and

unloading rates of confining pressure of marble T,y

(2) WG R ACEAHNT A 10, 20 MPa Efif
I, AR EI AT 2 il ) B AR s 2 1 Ag R E
PPz, W 7@, U N AR
A&, 52 EVr R M/ o W46 Bl KP4 v 3]
40, 60 MPa J&, HIfFEZEM 0.01 MPa/s Hi2 1
MPa/s 2 8l g 9 AR ) 52 5 52 IS 19K sk >
ke, 1 0.5 MPa/s 2545 ¥ [l ) 45 281 Bl s
FN R BT MEHEER, 0.5 MPa/s B ) 3 AR
[ 2 B2 0.01 Al 1 MPa/s IF) 1.5~3.0 £, X3t
A5 i D D ko 5 268 vy 0 L P 3 23 ) A ) AR T A
FHIEH .

(3) EWIUEFE AT, AHI B ) FAAFR
AR T s 2 2 (Ag, T Ag, ) B SED Bl Hs 3 22 AR A0 AU —
o BEAEWIAA s b v AR, G s 2R 0] B
1) MR RS AR T 1) 5% Wi AR A A0 A RS (1 i 7
WA K 40 F1 60 MPa Inf, I FE 3% M 0.01
W45 1 MPa/s EFEH, B )RR R AR ] R 22
(A& FTAE )R TR/, B2 A 45 8 [
T8 ZE G DO B [ FAFR AR TR AR b, SLs2
FEBEARRT SR . 20040 B s B 42 20 MPa I, Aég, #1
A&, BAHATAT-LE 15 I A D ] 38 56 3R ) A



F29% FHoW

IR, A% AN[R)ED R A ORI E ) S PR R 5T

AFASTE S AR AR /N o (HRIUG I FE % 10 MPa
Ji, A& FTAE, AL FIAE S 40 F1 60 MPa I )32
WA IELF AR5, IR BRI . 0.01 MPa/s
(PN E A R 1.0 MPa/s ik 4 34 I RER i) R4
FARTE ARG R, JUHIE 1.0 MPa/s 1) 1wy 1 1
KON IR N AR [ R S AG, A R T 12 %,
AR AR [ R 22 8 Aé, 3 T3 3 £, DL 7(b) Al
(©)o

(4) XL 7(a), (b)RI(c)mT %N, i AR K
1 LUBA ) RO AR [ s 2 20 B ), 150 3
B s Jet e v, A [ S ] R T8 236 %ol 1) A T 1) s i
FE BN TR R [ FARF A TE IR e R A, BIVEA )
PARRUAR TR A S i b o PR G B K
42 HEEREXNABRET SFEOZmME

AR TP KB . X I
LT EN RS IRIG AT, B R IAE ) sl A s
FEH B B0y L% . IO T 22 AP,
) S ARZSAR S TAE R A IR B T —
AU RN S, T IR . RIS
WOR, BRI INBERAT N AR AR, A
JEAR R R s Pl RS S E
T A IR DR BRL 3 A 45 R H i 2 R LB AR 4
W ARSCHE RO ARG AR R 5 BT AR 1R O
Ao

eSS, G0 F BYIK ARy kR AR ARSI
ATk, FRE P. A. Vermeer Fl R. de Borst! ®4 13
R BT w Rl

V= arcsin( .é‘f - j 2)
=2&8 +¢v
FH & R &P 3 R AARARRI Al 1) 5 1 1 A4 1 o X6
TH R =05, BE/EHA A A E A, R
g =¢€. TRRQEKRN

[ & +28)
¥ = arcsin [ﬁ} )
—&F +2€}

e &r S ER ) BRI AR I

E. Detournay 517 g i B Ik 11w S 901 240
R R — e, SIPESHOOR BN AR, I
y =gl —eb o B, ASCRAMFE AN R E
FEHCR NI A w BESATE BN AR o (R AR R

T T S R AR TR B RO A I
W E FNAAA L ve (B Sy b i v v o B PR
AN, R L B TR A ) AR e AN A
FARNAR €€ o ANV 10 958 11 AR FH s AR ol 2 3L A

* 1813«
320, B
o, —2vo,
== @
o = (1-2v)o, -2(1-v)o, 5)
E
& =€ —¢, e =¢,—¢ 6)

B 8 45 T AN RN EIAF I A A A T, ANEENA T
2 B PR AR 2 i IS B AR B — A R B R AR
BT Ay /Ay, SRR, 8 T 5 =it
X E, B9 2 HY T R Rl R A AR [ %
IV 73 2 AR 5 B AR (Y BY I A Ak . L8, 9
CIF:IE

(1) AN [0 R 3 e g A il R b, BT K A1 o
KNG YIR B KA 5. WA BN ) /K P e
BYAK Ay (R ERAR, UL 4s B R 25 ok Fe
mﬂﬁﬁ,mE&@~@%%o

501
45F
5 4or
& 35t
3
R 30k
—A— |0 MPa —B8—20MPa
25r —%— 40 MPa —+ 60 MPa
20 1 1 1 1 1 1
—0.1 0.1 0.3 0.5 0.7 0.9 1.1
SAP /AP
(a) I EHE 0.01 MPa/s
50
45}
40}
. 35f
S 30b
& A
;é 25+
= 20f —A— |0MPa  —8—20MPa
u
15¢ —%—40MPa =+ 60 MPa
10 1 1 1 1 1 J
—0.1 0.1 0.3 0.5 0.7 0.9 1.1
SAP /AP
(b) FIHIEHE 0.1 MPa/s
60 -
50 F
g 40r
&
= 30t
=
20k —A— |0 MPa —8—20MPa
—%—40 MPa —+—60 MPa
10 1 1 1 1 1 —
—0.1 0.1 0.3 0.5 0.7 0.9 1.1
SAP /AP

(c) EVHEH# 0.3 MPa/s



HATD1 S TRESR

2010 4F

* 1814 «
601
50+
40t
>
&
® 30r
E=N
20 —2&A— 10 MPa —8—20 MPa
—>—40 MPa —t—60 MPa
10 Il Il Il Il Il ]
—0.1 0.1 0.3 0.5 0.7 0.9 1.1
ZAY AP
(d) I EI#Z 0.5 MPa/s
60
50
5 4or
&
=2 301
=R
20k —A— 0 MPa —8—20MPa
=40 MPa —+—60 MPa
10

—0.1 O,Il 0.I3 O.IS 0f7 0.I9 Tl
LAY AYru
(e) I IEZE 1 MPa/s
Bl 8 Toy® KT S [l s ik 0 S i 4 o A B A 6 Ao 2
Fig.8 Changing processes of dilatancy angle under confining

pressure unloading tests of marble T,y’
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Fig.9 Pre-peak changing processes of dilatancy angle under

triaxial tests of marble T,y’
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Fig.10 Limited bearing strengths under different unloading-
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Table 3  Cohesions and friction angles under different unloading

rates of confining pressures tests of marble T,y

R e it K co  FiEI o/MPa WEEEES (°) R
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PR R4 1 MPa/s 4.932 161.380 36.334 41516 0.964
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Fig.11 Cohesiones and friction angles under different unloading

rates of confining pressures tests of marble T,y’
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