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Experimental study on physico-mechanical effects of high temperature
dehydrated gypsum rock
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Abstract: In order to investigate the effect of high temperature dehydration on physical and mechanical properties
of natural gypsum rock, standard rock samples contained different crystal water were prepared at 220 ‘C within a
certain time and tested with scanning electron microscope, ultrasonic wave and conventional triaxial compression.
The influence of the dehydration time on physical and mechanical behaviors of gypsum rock, including
microstructure, porosity, longitudinal wave velocity, conventional triaxial compressive strength, elastic modulus,

peak strain, cohesion and friction angle, was analyzed. The results are showed as follows. High temperature effect
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on gypsum rock is an extreme complex physical and chemical process. Gypsum rock can be obviously weakened
by high temperature dehydration. With increasing the dehydration time, the crystal structure and shape of gypsum
rock change gradually and the numbers of micro-cracks and micro-voids increase gradually, which leads to the
deterioration of the physical and mechanical properties of gypsum rock. The dehydration amount, the apparent
density and the porosity are nonlinear with the dehydration time. The dehydration rate of gypsum rock is larger
within 6 hours while decreases within 6 to 24 hours. P-wave velocity of gypsum samples decreases to some extent
due to high temperature dehydration. The damage factor decreases linearly with the porosity within 6 hours but
changes little after 6 hours. The deformation characteristics of gypsum rock under triaxial compression are
influenced by the confining pressure and the high temperature dehydration time. The influence of the dehydration
time on the deformation parameters of gypsum rock samples including the elastic modulus and the deformation
modulus is far greater than that on the confining pressure within 4 hours, but the confining pressure has little
influence on the elastic modulus and the deformation modulus. With increasing the confining pressure and the
dehydration time, the brittleness of the specimens decreases but the plasticity increases. Triaxial peak strength of
the samples increases monotonously with the confining pressure, which accords with Coulomb strength criterion.
The strength of gypsum rock material is negatively correlated with the dehydration time without considering the
influence of the confining pressure. The failure mode of gypsum rock samples has no direct relationship with the
confining pressure and is more complex with longer dehydration time.
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Table 1 X ray diffraction test results of samples

W (731 30 TR %
CaSO, * 2H,0 95
SiO, 5
5000
518 &
4000 £l 2 2 )
= - = @) o
@ < 6‘ T = O « I ~
S3o0k3 | 2130 2 &2 ° S
i 3 S SEN QQ & - -
# ¢ S0 Q0 odo ad ax 4
& 20007 2ZZZ £QF 22 22 ¢
= FXTT Z2IX I I T
022 3356 T3 55 =
1 000 2 35F 202 99 00O o
F 58 FLE L L ve a
OsY ¥ % ¥% %
\.6 O OO0 00 O

10 20 30 40 50 60 70 8 90
s ac)
K1 AERE X SLRAT K

Fig.1 X-ray diffraction pattern of gypsum samples
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Fig.2 Gypsum samples before and after high temperature
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Fig.3 Structure of gypsum crystal'™
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Table 2 physical parameter test results of natural gypsum

rock before and after dehydration

No. Th Wig 5% Vi(m=s YV/(m+s ) p/(g*cm ) p/(g* cm )

Al 0 0.00 000 4469 4 469 2328 2328
A2 0 0.00 000 4599 4599 2.326 2326
A3 0 0.00 000 4523 4523 2334 2334
A4 0 0.00 000 4378 4378 2.331 2.331
A5 0 0.00 000 4591 4591 2332 2332
YIME 0 0.00 0.00 4512 4512 2.330 2.330
Bl 2 2474 1279 4562 3158 2.339 2213
B2 2 3571 18.60 4569 3281 2.359 2.174
B3 2 2551 1299 4630 3546 2.346 2217
B4 2 31.55 1607 4652 3290 2335 2.175
B5 2 3072 1574 4624 3270 2.346 2.189
Y 2 29.65 1524 4607 3309 2.345 2.194
Cl 4 55.65 2867 4597 1670 2317 2.031
C2 4 59.83 3047 4405 1718 2312 2.009
C3 4 6497 33.15 4579 2151 2322 1.992
C4 4 5457 2780 4523 1983 2319 2.042
C5 4 60.13 3085 4553 1939 2322 2.014
¥ 4 59.03 30.19 4532 1892 2319 2.018
DI 6 70.80 35.84 4615 1671 2281 1.924
D2 6 78.19 39.70 4419 1524 2.305 1.908
D3 6 78.55 39.85 4309 1277 2311 1.914
D4 6 84.60 43.70 4462 1548 2364 1.928
D5 6 76.34 38.84 4390 1538 2320 1.933
¥ 6 77.70 39.59 4439 1512 2316 1.921
El 24 89.55 46.72 4519 1175 2372 1.906
E2 24 8137 4159 4656 1214 2321 1.906
E3 24 81.49 4261 4509 1304 2.363 1.938
E4 24 81.68 41.60 4505 1171 2317 1.902
E5 24 80.19 41.80 4267 1226 2.340 1.931
YIH 24 82.86 42.72 4491 1218 2.343 1.917
3.1 BK4FE

Kl 4 25t E A B WREAE 220 °C i Bt 7K =
AR, T2 R B b LR 2 R e i K
IR ALECR, ANE A RGILER R .
Kl 4 ATRAEH, fERR 220 CHE A B/KEGLERR)
HispE] AR R 7E 0~6h LA BiKE R e,
it K B (FLIR ) S [a) KB R 2k M9 R, /£ 6~24h
YO N 4 S K BRI KO R A k2, 2w e B
2. it 24 h VSRR R A EE, il KR
AERE KRR, 2K EL.



©258 NS TSR 2019 4F
261
241
PR
'Fa A B KRTHAE
o S 22 A JBAHTE
= 2 * BKJE
2 o i /K JE ¥
20r — B
¢
1'8 1 1 1 1 1 1 J
L L L L L L ! 4 8 12 16 20 24 28
0 4 8 12 16 20 24 28 Th
Lo (a) W03 R Sk i
(a) T Sk ] 50
*
sor 401 o
> * * e
40 30l
< A JRKHT A
. 30 s & R KRETAIE
g 20 o KR Y
20+ & Y A 10 i ggzy/‘ﬂa
& P
10 o, - ﬁ%gﬁ 0<{ 1 1 1 1 1 ]
0 4 8 12 16 20 24 28
1 1 1 1 1 1 J T/h
0 4 8 12 16 20 24 28
- (b) FLBRZE 5 K [a]
(b) FLBRZ 5 Bk [a] 2.5

4 EIRAEBKE. FLBR S BRI K FR220 T)
Fig.4 Relationships between the dehydration and the porosity
of high temperature gypsum with the dewatering time

when temperature is 220 C

3.2 MEESFLEBREEHE

MEE SRR ESAFEMHESH L —, M
PR EAR A FLBAAE P AR B RE R &, FLRR
SEARIREE N B ILBR AR S B AR R L . BT
KA E A FE R IR K S B gD AL I, 3
W SRR R A, B S N KR
Je A B AR REAL 2 P S AL R e 45 R

NAEFERE, 2R 2 4 25 N B AR ET
WL BEAMGLE 2.281~2.372 g/em®, “FHIME N 2.330
glem®, BHUARBN 091%; WK 57 LLEH: &
Ji 220 C i B K 18], 76 0~6 h LLPY L2 i
P 7K ISF [E) 3 It R PR, P KRR MR R
7E 6~15 h Ju Bl L% AR TP 4%, 15~24 h
M & ek SHOKAETIEMEL, £ 2, 4, 6
F124 h BKJG 4B A AR BE 4 R 2.194,
2.018, 1.921 A1 1.917 glem®, P340 %5 B B 1 43
M 6.5%, 13.0%, 17.1%F1 18.2%.

M Sb)RTLLE H: wmim KR R R 5
Jit /KIS TA] S AR 2R 1 . 2217 0~6 h LA i K S iR EE R
FLBG R i /K B TR 354 i i SR B, P KB R 26
MRR, 1F6~24 hLHENILEEAET T4,

y=—0.01x+2.332 4
o (R2=09848)

e 21
R .
QU

17}

s . . . . .

0 10 20 30 40 50
/%
(c) ME L FLERA

BIS i K A JE R L 5 LR ARl 4 R
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Table 3 Triaxial test results of gypsum rock before and after

dehydration

No. T/h oyMPa oy/MPa Er/GPa Es)/GPa &/10 ° c¢/MPa ¢/(°)

Al 0 1 56.75  23.54  22.01 2.90

A2 0 2 63.74 2821 25.24 2.88

A3 0 3 69.63  21.74 13.96 530 13.12 381

A4 0 4 67.77 2670  25.25 3.00

A5 0 5 75.81 24.85 2747 3.69

Bl 2 1 31.47 7.77 3.22 8.49

B2 2 2 35.30 10.05 9.90 5.25

B3 2 3 40.88 7.71 6.45 8.12 7.12 36.1

B4 2 4 43.54 6.39 8.27 7.78

B5S 2 5 46.68 7.67 7.04 10.22

Cl 4 1 24.16 1.20 1.57  24.16
C2 4 2 27.86 1.70 2.04  21.00
C3 4 3 30.69 1.60 220  33.62 4771 317
C4 4 4 36.02 1.57 194 3141
Cs 4 5 40.85 1.16 1.56  40.72

DI 6 1 32.06 1.04 1.17 3595
D2 6 2 36.29 1.11 129  29.61
D3 6 3 41.49 1.19 134 37.85 4.31 48.2
D4 6 4 53.86 1.48 145 4417
D5 6 5 57.50 1.43 1.62 4555

E1 24 1 28.67 1.07 0.94 3493
E2 24 2 32.56 1.25 135 3429
E3 24 3 38.39 1.14 1.29  40.75 3.71 48.3
E4 24 4 44.10 1.24 120 43.57
E5 24 5 57.42 1.35 145 4578
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Fig.8 Complete stress-strain curves of gypsum triaxial
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FE =3 T 4 W A 5 E 5 Bl P LA R AP A Ok

1%50(3), (@)THE H B K S A B A R B
R c MNEEMe, WKL 3. B 11 4HA8AR
FEMIBN SR J1. N BEHE A S ORI RIS R . A 11
RETDLE Y, ERR 220 THLK 4 h LN A B S
L N R A B AR S, B BIREAE 5.3% LA
W, ZE RIS TR 4 h 3803 6 h Py EEE A RIS
BN, 5RRAE AAHIEIEIAR] 26.42%, ZkaLi
TN A [8) 2] 24 h i Py BE 8 A RS A 140

601

501
404 o

301

/()

201

¢/MPa

T/h
(b) BRI 5 BRI 8]

B AEAUHREERES . WESASBUKI RS R

Fig.11 Relationships between the cohesive force, the internal

friction angle and the dewatering time of gypsum rock

samples

e e AN A I R A R R, B
K 0~4 h B4 B A RS U R, R
IKIFE] 4~12 h YGRS RESE TR Brsik . 5

63.9%, 65.7%H1 71.9%. & miRMKIE A5 S
FE R 5. 1 HRF S AR, 10 P EEHE A1 B A B B3
KXQ)TH O W LAy 576 B0 B A R S R 4
G 2B UIIRRT AR SR, v DAE A B Rl
FERFE o 1 Bl i 4 i A I A L — BY DI IR
ZHON R B A WINE R, SLhREEAC TRl A,
R UL O A ATRE M —IRFES 2], LauE 2 A
EEEEAT AN RIFELE T = R4 3 [ g 2
= R AR VB 9 B oy IR B R B R 2 S A T LAAR
B ERR LK S A B SRR EE O:
O=o0,-ko, (5)

Aok AR K G A B A R = R 4 Ve 5
FEEmlﬁmm%ﬁ AR () T RH JBE K

FM R

@12 R B K S 0 R S B A A
BRI RE S5 BRI T IR R . WA 12() ] LA H,

HTAEA B SIS, {EHiEaSEi, H
1~5 MPa [E A48 A PR 5 I 7K B )
60
= | MPa
* 2 MPa
“ 4 3MPa
o 4 MPa
401\ X 5 MPa
& \ O
S 30f 3
Q
201
10F
0 1 1 1 1 J
0 4 8 12 16 20 24 28
T
(a) MRS L5 K )
80T

RIS/ %

28

(b) FHRESR R 5 [ 7 B[]
12 A B A RRERORL R 5 0 7K I 18] A 9% 3
Fig.12 Relationships between the strength of gypsum rock

sampls and the dehydration time



«264 . FA IS TR

2019 4F

BB FER - RIRAE AP EEE S
54.10 MPa, 7EfiR 220 C4&AFFHiK 2, 4, 6 Al
24 h J5 A B AR R 27,
19.45, 23.71 A1 19.52 MPa. w3 85 EA
B IGWAER, Bk R s ma f5 a8 A A Rl
558 5 o 7R [) 522 B 5% o AN 3 4 Bt K BT [R] 7E 0~
4 h LA X PRL SR R SRR, oK (B 7E 4~24 h
XA B A MR RS RS R R . R
BaIGEME, mEBAK2, 4, 6 F124 h SEM
KIG, BB E SRR 42.22%,
63.96%, 55.97%H1 63.89%.
4.3 FEIRHFE

IR K G B A R = A R R IR E RS,
DL 13, AWK 13 iTBLE H: A SR RIS
5RESKEABEEXR, M55k R, B
I A ISR 2% . Sl 220 CHE/K 2 h
(1) B HilFE S A HRARGFEINRHEREAEE, 2
HeaURE Y YISy sk IR, BT DI TH 46 TR v T
Ak 5 M BT YRR (U A1 A B2 i),
I3 RFE R LT IR v K R RR (n A3 Rl AS iR
FEY, AN BRI E /KT 1435 78 5 AN I
(AT - AR H It 2 2 AN B U)TH 2 Y B 8Tk
PEBE IR B3~BS5 1FF), T8IV A 408k
VIR, AR BRI, T i AR 2R T A A

Bl B2 B3 B4 BS cl C2 C3 C4 G5

D1 D2 D3 D4 D5 El E2 E3 E4 E5

(d) WK 6h
B 13 KA A WA = R AR S

Fig.13 Triaxial compression failure pattern of gypsum rock

(e) Wik 24h

samples after high temperature dehydration

KIS TE] 4~24 h JEEI N A B A C~E dik

FERORRHE S A F1 B B BAE, 2 H00ERR S
SECYIREIRAL, 12 MBS InEE 7 1A 36 LK KT B
M. XALUAR N C~E A4 miR Kk,
FE S REALBRFRIES] 25.7%~42.7%, {E=HE4%
FAE T IR P AR BRI B T, — B
I 73 Tt U A i X 4 SR Bl ) AT D A, AL
588 P U R IR A ADRL I L, WA
TEE S AR IR PR3, S EORE LS gy
Iv) 2 B PRI KT sk ME T 3R T (W €2, D4 FES Ff).

5 ¥ i

MR TSR LLE Y, s Bk R
BHHEWE R E — 2 A WER, N THR
RIS A B A S ANH], ASCREB) FEI Quanta
250 FEG-SEM 3 Hiik 4%, 345 1 220 CHLK 2,
4, 6 M124h 5 EAEK SEM K, WK 14,

i o S

St

(b) ik 2h

(c) 7k 4h

(d) Wik 6h

Bl 14w BOKETE A E S SEM (3 000X)
Fig.14 SEM maps of gypsum rock before and after high
temperature dehydration(3 000X)

(e) ik 24 h

M 14 TR H: TR E A N85 i
B, WRLECE, R R I GORIFLIR, Sk
OGS PR, RABRIAE, RE2PuRm AR,
L 14(a). 215 2 h K S RE P9 S8 OW Bk
gk AR, R URTY B 1) ] 2R 45
P, AT ORI AR AR A RATL, SRR WY DB, SRt
SRR EIL, WAL E R, WA 14(b).



FE38E F2

JRARZREE KA B A B ) S RN B T T *265

MR 4 h K S IREE PR OB 2R B
Wz, JHIH IR, ZORGWN R, kb
BRI, REPIRZS, A REHDITE AR Ak,
LB 14(c). & JJimniR 6 h Btk 5 lRE P S e B /e
F LK PE R AN R 51, R RE K
A, AT S5 an R A R A, WA 14(d). M
i 24 h MK URE P A KBRS O A
R, SR MMRE, S I T 47
WrE g, WrEiEmier L, MELESE RS Z, W
K 14(e).

RGN B
RIS Bl e, RIRAE 04 oK
FAE 2 P AR HIK,  RIGEF KA A K BT 40
JPY, KA E (CaSO, + 2H,0)1E — 5E i BE ot
e, AE BB S AT IRTGESE S, B
B, CaSO4 7 F /305, MG R K I 15 2 it 285
K3 20 1 A8 0y 2 KA B (CaSOy » 0.5H,0) I it H 1
K, T A 7K U £ BE 7 2 /K A B (CaS O, + 0.5H,0)
o, R MBS AE] — B E MR, KA
# (CaSO, + 0.5H,0) A4 Rt 58 & H B R LK A H
(CaSO0y), Mt /KJGJER AR FTIERINL B4 2 LA
B, SCACRFH I 2 AOW 45 S KRR AE IR BE A 22 4
MELER, BEIRAKMER, (HRTE— e R RAE
FEE KGN R PR AIE . B A S iR K
BR300, B N0 B AR 2 R R TR RO i A
Ak, AFE AR S AR BRI £,
B Ly R TE, AR . KEME S
TR, RGBT R E, SEEYE )
FYEREAWT B 1L

6 4 it

R RO B A TE MR 220 CHUKEHHATHEH
HLBE 7 I AR = R 458, T i
IR A B A O A FLIRR . PP, =
PR DR, AR WR(E AR, BhLE APy EE
BEMPIsem, SR LS R B wR

(1) SR AE XA E W R AR L 2 434k
PR, mR KB S B A R ER,
i KBS TR 3N, A A R SS M AT
R R A, R NS, AL
B L, SEILYE SRR L.

(2) TR 220 CHEABI/KE. 5L
B R 5 i K 1) AR LR TSGR, 7E 0~6h DLl K

HARELRGN 2, fE 6~24 h Vi [ 9 45 K 2
LA A BT 2% -

(3) U e 7K A B R R BBOE A AN [ AR
FEF#AR, 7E 0~6 h LA 47 P55 Bl LIRS R 1 i
AR, PIERECRLMER AR, UK AT 6 h
LLJE 15475 I8 B LR R B M AR AN K

(4) 118 = Jh S A0 4R (1 A2 T ARFAIE 32 ] s AT
e i A K I 8] (3 (RIS, i 7K I 18] 0~4 h 36 4
FR AR S B s I K0 B S A RE i,
4 h LU WK 8] BB A 8 s s A R A AR FE A
B IAK, (L 0 Il S AR S B2, B
I 455 P 7 ) 187 8 A A2 ik 3 28 P 4 5

(5) A7 B o A = el e i 5 P2 I ] s 08 A v
I, £5E Coulomb 3 EEHEN o il Bt /K0 1
A HAYIRISIER], MERE R R 0 B A+
R 2 5 i 7K I 1] £ AR 5%

(6) A F A AFEBREE 5 H ks A Bi%
KZ, WK BB A MR % .

£ ik (References):

(11 BEmM, ZIRE, S0ARM. b EEHE R T 6 AT AT PR ).
B 155 TR 2R, 2005, 24(24): 4 409 - 4 417.(YANG Chunhe,
LIANG Weiguo, WEI Donghou. Investigation on possibility of
energystorage in salt rock in China[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(24): 4 409 - 4 417.(in Chinese))

21 BFEM, RV, T, 5O RREE SRR R R S
EHERE, 2008, 38(4): 484 - 494.(YANG Chunhe, LI Yinping, QU
Dan'an, et al. Advances in researches of the mechanical behaviors of
bedded salt Rocks[J]. Advances in Mechanics, 2008, 38(4): 484 -
494.(in Chinese))

B3] REHE, BHEM, BT BRI Y 2R 5 RS
ITEAD]. EA %5 TR 2008, 27(1): 22 - 27.(LIANG
Weiguo, YANG Chunhe, ZHAO Yangsheng. Physico-mechanical
properties and limit operation pressure of gas deposit in bedded salt
Rock[J]. Chinese Journal of Rock Mechanics and Engineering, 2008,
27(1): 22 -27.(in Chinese))

[4] i ¥ RLE, ML BRIk B AT P R S AT
. FOEFR SR, 2013, (4): 10 - 15.(MENG Tao, LIANG
Weiguo, DAI Jinzhou. Numerical simulation study on the usability of
horizontal storage cavern[J]. Mining Research and Development,
2013, (4): 10 - 15.(in Chinese))

[5] XUk, SRR, BEAE RS A A i s e (0], oh I
Bk, 2000, 9(2): 53 - 55.(LIU Muyu, XU Changyou. Rheological

properties of anhydrite and determination of its long-time strength[J].



* 266 ¢

HA1E S TR

2019 4F

(6]

(7]

(8]

(]

[10]

(1]

[12]

China Mining Magazine, 2000, 9(2): 53 - 55.(in Chinese))

SOPPE W J, DONKER H, GARCIAC A, et al. Radiation-induced
stored energy in salt rock[J]. Journal of Nuclear Materials, 1994, 217:
1-31.

PEE, BT, R%EE. 240 Cpydhia WE ) 8 T K Sc 50 BT
R HASFE TR, 2004, 23(14): 2365 -2 369.(LIANG
Weiguo, ZHAO Yangsheng, XU Suguo. Testing study on physical and
mechanical properties of heated salt rock within 240 ‘C[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004, 23(14): 2 365 -
2 369.(in Chinese))

T, WKERE, B 4 & SR PR I R A
BRFE[)). A 1% 5 TRESAR, 2014, 33(5): 865 - 873.(JIANG
Deyi, ZHANG Junwei, CHEN Jie, et al. Research on softening law of
insoluble interlayer during salt cavern building[J]. Chinese Journal of
Rock Mechanics and Engineering, 2014, 33(5): 865 - 873.(in
Chinese))

ZWESL R W R4 S SRR A MR R R
T[N, A F1% 5 TRESAR, 2012, 31(9): 1797 - 1 803.(JIANG
Deyi, REN Tao, CHEN Jie, et al. Experimental study of mechanical
characteristics of molded salt rock with weak interlayer[J]. Chinese
Journal of Rock Mechanics and Engineering, 2012, 31(9): 1797 -
1 803.(in Chinese))

AL RDE, BRE, & sl SmRRIEEN T A E S 1%
R ]. AR 1% S TSR, 2011, 30(5): 935 -
943.(GAO Hongbo, LIANG Weiguo, YANG Xiaoqgin, 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.(in Chinese))

RIE, skeik, @, & sSARIER N HEE 2Rl
WHETLD] A4 %5 TR, 2010, 29(6): 1 156 -1 163.
(LIANG Weiguo , ZHANG Chuanda, GAO Hongbo , et al.
Experimental study of mechanical properties of gypsum saturated in
brine[J]. Chinese Journal of Rock Mechanics and Engineering, 2010,
29(6): 1156 -1 163.(in Chinese))

SRENTF, AR BEATE R R i R A A T AR T 1 s
L], 715, 2016, 31(6): 1776 - 1 780.(GUO Yintong, YANG

Chunhe. Experimental investigation on strength and deformation

properties of anhydrite under conventional triaxial compression[J].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Rock and Soil Mechanics, 2016, 31(6): 1776 - 1 780.(in Chinese))
SRENE, BATCRL, FNEAE, S IIRRCT He B AR KA
FEMERTF7T[I). A 1%, 2011, 32(5): 1353 - 1359.(GUO Yintong,
ZHAO Kelie, SUN Guanhua, et al. Experimental study of fatigue
deformation and damage characteristics of salt Rock under cyclic
loading[J]. Rock and Soil Mechanics, 2011, 32(5): 1353 -1 359.(in
Chinese))

W, REW, FORL S TRIEMER N AE S SRR
RIGWFFL). KILRFABE ek, 2017, 34(3): 63 - 66.(L1 Ya, YU
Hongming, LIKe, et al. Laboratory study on degradation of gypsum
rock with dry-wet cycles[J]. Journal of Yangtze River Scientific
Research Institute, 2017, 34(3): 63 - 66.(in Chinese))

fEOR, AR, SR, & AE E R ARSI ).
+71%, 2017, 38(4): 943 - 950.(REN Song, DENG Gaoling, WU
Jianxun, et al. Immersion tests on gypsum Rocks using fresh water[J].
Rock and Soil Mechanics, 2017, 38(4): 943 - 950.(in Chinese))
AR, BT, KM AR AR AR ELE AT SR
M. B 715, 2013, 34(6): 1 621 - 1 627.(LIU Wei, LI Yinping,
HUO Yongsheng , et al. Analysis of deformation and fracture
characteristics of wall Rock interface of underground storage caverns in
salt Rock formation[J]. Rock and Soil Mechanics, 2013, 34(6): 1621 -
1 627.(in Chinese))

A N RICAN RBER TV AR, 54 AT B 224 B 5 7 VA M.
dbat: A EFRE T R4, 1988: 32 - 33.(Coal Industry Ministry of the
People’s Republic of China. Measuring methods of physico-mechanical
properties for coal and rock[M]. Beijing: Standards Press of China,
1988: 32 - 33.(in Chinese))

WP @@ ML JERT: A T fREE, 20060 162 -
163.(CHEN Ping. Crystalline mineralogy[M]. Beijing: Chemical
Industry Press, 2006: 162 - 163.(in Chinese))

TR, GRS BRI R RD]. AR % 5 TR
%, 2003, 22(1): 53 - 60.(YOU Mingging. Effect of confining pressure
on the Young’s modulus of rock specimen[J]. Chinese Journal of Rock
Mechanics and Engineering, 2003, 22(1): 53 - 60.(in Chinese))
BT, PRIEIE. A E BRI M. ALt s EEA Tl gt
2016: 1 - 5.(ZHAO Yunlong, XU Luoyi. Technical question and answers
of gypsum application[M]. Beijing: China Building Materials Press,

2016: 1 - 5.(in Chinese))



