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Burst characteristics of rock under a high internal air pressure
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Abstract: In rock-lined caverns with compressed air energy storage (CAES), the hoop tensile strength of rock is an important
parameter for calculating the ultimate bearing capacity and long-term stability of the cavern. The existing methods for measuring the
tensile strength of rock are direct tensile tests or indirect tensile tests, such as Brazilian splitting and point load bending tests, which
cannot truly reflect the circumferential stress of rock under high internal air pressure. Based on this, a new measurement method is
proposed. By injecting high-pressure air into the drilled rock sample, the rock burst pressure is obtained. Then a calculation formula
for the rock tensile strength is proposed considering the rock pore stress. In the experiments, the inflation rate and the temperature are
changed, and it is found that the rock burst pressure is negatively correlated with the inflation rate and positively correlated with the
temperature. It is found that when the number of cycles is relatively small (n<100), the rock burst pressure is positively correlated
with the number of cycles. The results can guide the design and calculation of rock-lined caverns for CAES, which is conducive to
the promotion and application of CAES technology and has important engineering application value.

Keywords: compressed air energy storage; burst pressure; tensile strength; pore stress

1 8 = fagisfr iR B Bk, R EEREUCE
fEBEROR . HAT, KRR BEIRAT it 7 N il & BE

W s S, REIDERNAE . Jefk MRS . K E R E RN R,
KRR BIPUER RN, BRI RS, XA SRORBHEEE, AEMH T RER A RS,
FHEREBAFEENE . B EEoh A, X mmE  (ERESUKMTTIEIXEL. KB BARZ TIER

WeRs E Y. 2024-11-28 SEHH M 2025-04-29

BEUH: FERE A RIBUT IR E L0 (No. 2024YFE0105800); 5K H AR #2648 (No. U23B20145, No. 52278402); P [H @ AR HIZ LI
KIiH (No. DJ-HXGG-2023-09),

This work was supported by the National Key Research and Development Program, Intergovernmental Key Special Project (2024YFE0105800), the National
Natural Science Foundation of China (U23B20145, 52278402) and the Core Research Project of China Electric Construction Group (DJ-HXGG-2023-09).
BAEFERAN XA, 5, 1994 454, LR, ETMNG A KM R ST AHTA . E-mail: nblsh1995@126.com

WIRER: BAY], B, 1963 44, fit, #Hz, WLASm, FENERESH T LR TM Y. E-mail: txiaccb@126.com



3432 Fe - o

J o 2025 4

FH R A AR L DL R 2 SRE I TR S A7 AR R
P, X TE RS SRR E R AN m . i,
JEAMERERARE X — X B B KRR,

Hh T il SR I ) S A B PR B 1Y) 2 R
S RERE DGR 2R . BB ) S R T i S
BV CHFREMMAR. G ED, R
FARZEE, ERUSL g R, N T2 T
FAENAE [ 4 MR TRIR IS, 7R
KAfE KPHAEEE o A—EF7E. Fik, AT
FEPAI A7 T 2 M5 A I B b 7 A R RE e 15
TR

NI A AT = N RS — R R =2
TREE A ) Bl AR R3] 25 )2 R R ] =5
RN, FEHEERRZ K. EEE
Y N AR RS Y S hek e A S = oY A E T i
fER—ANEESH. B, Ry REMETRR S
1 PR B R S R = PR R R, BRE
AR AN Hock-Brown N . 117 A T L5 FE 5l A2
Hock-Browm H1—/NCHES4: ¥ B ISR
ShEREEE B SR, AR PR R R
HE = ZRBGBERN EES T, B2
FUCIE R FHBUE 2 B8, 40 Abqus. Flac®® 5%,
X FE A Re BN T 2 AT R - N AR BT, B A
Uiy sm & W INE L FE ). TILA 1A A i s
FEME 7%, 2 B R -20 s A f b fif
R, PR S kPG, A
BB B S0 S W A TE SR AE R R A 2 0
Olo

BT, T Mo A AR I R
P B AATILA RN SRS, R RIS A
HIETy, HREAAILRN ), $&H T & A PihiE
Pt E AN fERE R, FETEZM TN, Xt
AR BE R RRIREE ST T 0
Fio WA T AR SR SE R A A AR = 1%
TR, BB TN AN E.

2 Ik

2.1 JEAE

KRB HEWAFEARE THENNEATE.
L X H A IE R, R AEELE B
TITTARFEZ) 100 km —Abg3E B, HRESE, H)Z
AT ERNEBE R T RMEE . AERE . b
FReE, KA, M-, H-EER .
HEFERAYE., RIRERT Y. RS, &
A R 1 EH T HDEEFERYET IS4

®1 WAENYEESH

Table 1 Physical and mechanical parameters of sandstone

PR R R WA WAL RS NEEEEM
/GPa  /(kg+m?) /MPa B MPa )
83 2356 608 028 15 45

2.2 EFERI%

K HBACHE R WA S PPEGE, Hl&BER N
50 mm M RAETE 75085, SR VIEI R 100 mm 1K FE .
TERCE TE R s SR WA ST BE PRAT A0 0T B
(I, R TEAS B /NF 0.02 mm, X—D 5%
XTI G B2 S AR S Ty L, R
M EAAN 10 mm W& 885 ke AR 0T EL, LR
REEN 55 mm. Pl AR B 1 fos.

B1 $THER
Fig.1 Drilled rock sample

N T HEBR AR R, RIS AT A R
N 110 CHIYEFEFHHT 24 h, JEEUH RN T152%
WA EIE =0, W 2 FR.

B2 MTAEH
Fig.2 Drying rock samples

2.3 RETE
AR K I i RALHLAE P2 1 QW-200 476
TS RN, 38T 2 4 B v v A SR TR F



511 XS E WA EE T A A iR A 3433

15 MPa. 2 EHLBEE AP0, 77 LLE B Ak
FAER . RIS R R
RIEHUIE N R BHR T KN K 3.89 MPa, Jyfsifil
MR g A B B A R, 7R R A R A 7.64 KN
SR 2R LA KA 28 ) 3 A 7 14D R A IR T A A 42 1
EGIR T, s R A B DREE FE IR 200 C .

FBREESERIN S 3 BT, B 1P, S
FEMIZR T AL AL E B AS e 1 FIRAR B 2.0 BN AR F A
FAEFRAE e AL S, PSS AT 10 mm,
W 3 B ARES R FH AR Fr A v e FE
AMERNAR B, AR R TR IR AME . 25 2 25,
NIRRT R 2 B, EEREMSRERNEZ
[ERIRIN SR R, K& B IR S A PP R,
mE 4 for, B, FoREhE, wASLIHER, h
AR EE o 124 @ A R A0 12 32 B e i
HEAEIE S SIER . 28 3 25, R e T A
o JE, A RN, 0l FE OR AR E
W RS P R RAEAL,  FTH 2 L% 2 <o
TRIE Ik A 7 i I W 552 S 1 SR 5 U ) R R R AR
A4k, ik 5 B

B3 MR A
Fig.3 Attaching strain gauges

B4 HHEAR
Fig.4 Splicing rock samples

s HEWE

Fig.5 Data measurement

3 ek

3.1 RIRBRRE SRR

Bl 6 NEAMRIEN SRS EEXAZE. HE
ALAL SRR R AT DL R A A AR ), W
FHRNFAHRK R AR =S A3 Jnhd
R, AFT 5 A BSehuhom B &, 1 780K
18 2 BRAR ARG R 5 [ B X o B 1 3 e i R e v o
Bt Eekidied oA R AR —RE, 4
—3%F 1 MPa/min )78 # %,

3% 71/ MPa
S = N W A N ©

0.3 0.405060708091.01.112131415
FSEH/ (MPa + min™)

Be WRENER[ERXRE
Fig.6 Relationship between burst pressure
and inflation rate

Bl 7 NEARESRERZE. HE 7]
A, A AR BRI R e AR E R A
#o 1£30~120 CYEH N, AR IR E
[HES o el N 3D W Y S PSP s =y e
FEF iR ANy, H B i A KRR, [
U R AR A K . A ARE =120 CJ5,
BRI IR T R B, X
BH A o PR B R B S T i R B I

Kl 8 A5 HIFE 35460490 1204 150,200 C
MR ZE . B 8 A, ARG T



3434 = L % 2025 4E
A A RN 9 3 BB, 43 Tt n i s 60T .
. . - 551
FHER N BL. (EMINMIERS, & HZFIE S, Sof -
N, . . _ 45F
FEAEBUNOHINAR, RORFRREE, WA 8(a)iN; S a0
V= N1 y 1= 28] y E 3sp | l:(u\n/n\
FHRBT B, H TR R B, A A BE TR ) 230t
b e s . o P Zost
FrE KR A, E LR RR: g0l
> : = M 35 Lsr
S BIN, Ar B AR B U T R T K, 1o}
05
o YA fl—] W A Y j: J 3 v A ‘:’Ey , E B 1 1 1 1 1 1 1 1 1
Eﬁ{f':xﬂj J“L?}E{%i EETE—FMB’”’% ot i%fgﬁ 002020 60 80 100 120 140 160 180 200
TEIX—I 2R SR, "kittEE, = R/ C
REIFE AN S TR s NAR ARk 2k BT BT SRR R
A} iy N . N < N— 23 N
ORI LR, E AR N )7 A B AR B K Fig.7 Relationship between burst pressure and
SRS R temperature
100 I 150 7700 100
90 [ , A {145 | 90 |
g0 HEBBIEL ik Fitat 140 1000 g0 b IR THE
70 T 13.5 S 1500 - 70 b
O 60 -3043_40()&3 © 60 f
w50 [ -2.553_30()%( = 501
540 [ 120 B mAL
30 f . 115 %4200 30
20 110 | 20 F
10 | 10.5 100 10
0 S L g 4o 0 =i b igg 4
01 23 456 7 8 910111213 0 2 4 6 8 10 12 14 16 18 20 22 24
i 5]/ min I5F B8]/ min
(a) HAWEN 35T (b) HAIREH 60 C
100 . 7150 71200 150 1 15.0 11400
90 | Ly 41100 140 + THi A J45 11300
g0 HE&B B THE lao 11000 I 7& 4o 1200
70} 135571 %00 r {355 {1000
©6or {3021 S I 13021 %00¢
g : 700 2 r V51 8002
&S0 12521 600 7 [ 12521 700 5
zE 40 | -2.05%' 500f§ - -2.0'@: gggg
30— 11.5 ] ;‘88 i 11584 200
20 F {110 500 11.0 300
200
10 | 10.5 100 10.5 100
0 1 1 1 1 1 1 1 1 1 00 0 0 1 1 1 1 1 1 1 1 1 1 1 0.0 J O
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 24 26
fi 8]/ min B 1]/ min
(c) EAEEN 90 C (d) HFIRE 120 1C
200 15.0 72200 240 1 , 16.0 72200
180 F THiE %5 445 12000 220 F THE R 455 42000
160 {40 11800 r 15.0 41800
140 43511600 i 143 {1600
P S © - 140 =41 400 ¥
© 120 1305714905 L 1552 5
= R41200 = i 132 Rq1200 =
i 100 12341 000 & 39411 000 B
5 80 120074 go0 I 15201 g0 &
60 1158 600 i 13244 600
40 11.0 400 110 1 400
20 F 105 200 105 200
0 1 1 1 1 1 1 1 00 0 O 1 1 1 1 1 1 00 n 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Fif 18]/ min i 18]/ min

(e) HAWEN 150 C

() ‘HAEHN 200 C

B8 ARHEE M T AR AR 42

Fig.8 Rock strain change curves under different temperature conditions



11 W

HAEEE e U AR R A A iR T

3435

3.2 35 CHMTREIARBRAR

JE A e B AR AR — R — N ARBSE
BATHE, A2 AN E 2SN .
AU A AEPE IR SRAE R BRI ) f R AR A
B, WE TR 2 Frosrlie Til. fE5 AEH
R F, ARHEHE N 1 MPa/min, HAHEHE

xR2 BEHABRRAE
Table2 Cyclic inflation and deflation tests
AT /C / MPa S
1 35 0.0~6.0 1
2 35 0.0~3.0~0.5~3.0~0.5 10
3 35 0.0~3.0~0.5~3.0~0.5 30
4 35 0.0~3.0~0.5~3.0~0.5 100
50r : : - 900
4.5 HESRPTBE TENEE fivat 1800
L Aor i : 1700
g 35T 1600 <
=30} 5
= 4500 =
25} =
w50l 4400 ¥
s 1300 &
‘[\H 1:0 | 1200
0.5} -4 100
0.0 0
) 18
i 18]/ min
(a) TEHIKEL n=1 Ik
6.0 i 11200
55 Hiti 11100
50 (i e Gt 11000
o 45 Fi 1 900
S 40 1% 1 800
Z 35 b 1 700 ©
ﬁ 30 1 600 3
Hos i 1 500 %
g 2.0t 1 4002
Vs H 1 300
1.0 F{ 1 200
05 1 100
0.0 1 1 1 1 1 1
0 20 40 60 80 100 120 140

i 18]/ min
(c) TEHIREL n=30 X

4 5 MPa/min, fE FRRE IR 7111 80%,
TR AR T 10 %.

Bl 9 8 35 CH#M A AR E M
ek o el B AT, AN I FE v] 2 v S B B
it R el R ANE R AR B o 75 IR HE A I BT
FANNAREER 0; EHNAE, EEJIMERT,
HAMIL T RPN, RS TEH AN
KB, A R N AR AT A SR S L LTS Y
“EF =Tk BT MR, fERENE, AT
JRA H IO e 2 R R, RIE A . B8 9(d)
ALVE N, ERERRBARR, AARNRRESIES
URZARYFN 3 MPa, 17 A1 (1) Kz B AR BEE A 78
S E I 2 2T B .

71200
11100

25 % 1/ MPa

[
LB

TEH TR

71000
1 900
1 800
1 700
1 600
1 500
1 400
1 300

E
=
B

1 200
100

0 5 10 15 20 25 30 35 40 45 50 55 0

Fif A1)/ min
(b) TEHEL n=10 X

OO =N WLIA S L Lo
Scuououououwouwo
— T

233 i 11/ MPa
SO NNWWA RN N
SDUNOUNOUNOUNODUNDSDULO UK O
T T T T T T T

0 50 100 150 200 250 300 350 400
5 7]/ min
(d) FEHKEL n=100 Ik

B9 35 CHRMUETAONEMBSE L UHLE

Fig.9 Change curves of rock strain and air pressure at 35 C

33 60 CHMHTREARBIAL

JE S A BRI = AU, TR N AR LS
TAREIVEVIRR . HICBR[25)HW T A1, 7S
F| 10 MPa i}, NI = ATk 65 °Co T
] 5 B A 2RIV L AT RO R AR, L UL
SRR, 1E 45~60 C [,

TR E AW e A A B, AT
FATE 60 CHE, JEHSEAEH T 2 Sk A F AR
AL, WE TR 3 st Tk SAiRE

#1460 'C, 7RAEZEA 1 MPa/min, HESHZEA

K3 EARRRRAR
Table 3 Cyclic inflation and deflation tests

ERE /DEILE TR ﬂﬁﬂ‘(ﬁ(ﬁ n
/C / MPa /K
5 60 0.0~6.0 1
6 60 0.0~3.0~0.5~3.0~0.5 10
7 60 0.0~3.0~0.5~3.0~0.5 30
8 60 0.0~3.0~0.5~3.0~0.5 100




3436 et +

VAl ¥ 2025 4

5 MPa/min, & LRI N0RE I 80%, T
PR IS S B 109 10%, 43 33T 7 1. 104 30
100 XAEH 7RI o

Kl 10 24 60 C &A1 T 5 AR S 1) 324k
K. B 10 740, 5 35 CE&F MRS RE
ZERMF, ARG T 5 AUHEE R B, Hn
JEFEA 7S B, 5 35 C 44 N A A AR AR AL,
L. XL 10(b)FIE 9(d)RT %1, 60 C4&fHF
N ) B KR B AR I 78 ISR B D I
DL, T35 C A T R EAENEM IR B 2
Aot

50 ; . 41000
45+ HESIE MR f 7SR 4 900
4.0 : 4 800
£ 35 1 700 _
=30} 1600 &
E 251 1 500 3
]L? 20t 1 400 &
IH 1.5F 4 300
1.0 b 4200
0.5 F : i 4 100
00 T 1 1 1 1 1 T 1

0 2 4 6 8 10 12 14 16 18 20 22 24
i 18]/ min
(a) TEHIKEL n=1 Ik

601 . 11000
5.5 [t TEIA TR 1 900
Z(S) ‘EEEEE { 800

< .

S40r 1 700,

5 351 1 600 =2

N 301 1 500

=3 u um | i B

ol |
ok 1 200
05E 1 100
040 1 1 1 0

S

80 100 120 140
HJ []/ min

(c) TEHIKREL n=30 Ik

WK 10(d)frR, TEHRRBR, HAREE
100 min FREHIL T —BOal, A VAR [FD
BLCRBE— LT (ARG X R B BN AR X IR
B AR R . 7R RS RE A A AT = R
THE R, LN 6t R 1RSI AS BT 208

K11 45 THE 35 CL 60 CHME N EARE
TEMERRE KR R E . HE 1 AT, R 7R
RIREN <100 REFAET B AR ST S5TE I X3
FEIEMRR R JRERIEIER KB, HATE
TRIEERT, FLBRERRR, BN HAmEIE

B 10 60 CHRMTAARBMESEHZRE

Fig.10 Change curves of rock strain and air pressure at 60 C

—0—-60TC ——=357C

1 10 30 100
TEAIRHL ik

B BREHNESEARERRE
Fig.11 Relationships between burst pressure
and cycle number of inflation and deflation

WL 1/ MPa
S = N W kA LN 0 0

KIIFLRR 2% (8] AFAFFLER A T35y, MK 1%

50F . 11000

4.5 Pt nhE; TEH 7RI 1 900

40t : 1 800
£ 35} 1 700
E 30} 1600 &

N 25+ {1 500
f; 20F 1 400 3
H15r 1 300

10} {1 200

0.5F {1 100

0.0 L 0

0 10 20 30 40 50 60
i 18]/ min
(b) TEFFREL n=10 X
80 8.0 1800
7.5
70 70
, 165
60 6.0 600
55 &

50 50 = -
40 1432 {400 2
= 13514 oy
o= 30 f 30 5

I 220 1y =

20 20 200

15
10 10
0.5
0 L L L L L L L 0.0 0
0 50 100 150 200 250 300 350 400
fiF 8]/ min
(d) TEHEL n=100 X
Vel eI A
4 AT
4.1 EAXEp
FI AL FELE AR 2 N 50 23 U 7 Al ) g 2T
R DA FEALRETT IR, TE Rk i 21, AR
RN, W 12 Bos.
ANFLAT 5K 11 JE B [ 5 B AR POV ST T R A2 g
A RSO RAE 5, ik 13 B, FE4A

1M IBRE AR Al 21250 R A AR R R o, Y
61 11 o, MU R T o, B3 A R, 40 30 R



511 XS E WA EE T A A iR A 3437

Bl12 WA
Fig.12 Fractured rock sample

B 13 F R

Fig.13 Hollow cylinder mechanical model

2 2
0'r=;1—Prz(&—lj (0
Rz_rl r
2
a,,:?—az[iﬁll 2)
Rl_rl r
o,=P (3)

Lb: o, WEMRT): o, MUIRRLT): o, Nl
[iJ1s POAFLNARIE ) v BB A O 1 BE
B PORENME ST n NEFENFLEAS RONEHE
SRt AR AR, RS R N FLEE
(r=r) BWERITH

O-l=o-r=F)r (4)
0,=0,=P, (5
2+r2
0-3:0920-]':'::;22 r12 (6)
h

R o0 0,0 o, B ER . R
Jis BEERA: oy BRI GRRE . 7E0
)7 DE RS RO LR R, 20 (6) W5
4T PR FIURARIE o, . 7k R B
b R 28),

(Bl RE TR = A2 LA SO o AR A
HZEME . AR MEZAREN T, 1
S AT, HALBER ) 20 R4 e i 1)
ZAERL. DRI, AR RV B A B AR AR R K
Ko, NAZHRESLERR T p, MIAERT, s SR

c,=0.+p, V)
2+r2

O'Tzeizzz_rlz—po (8)
1

42 HKHE1

7 COMSOL Multiphysics H 4 37 % 4B 1) = 4
AOFEFAER, WA 14 Fs . 1A b R A7 B EAE
BISIBERL A e E,  R/NEIE R A R, T R
A Fisher 74 B % HURBREE Y 20 5%, RRK
FEH 5~20 mm, RE485E %19 60°, i 10° .

LA

B14 ZREB=HHET
Fig.14 Multi-fissures 3D model

i IR AR TE 5 A Z4BR P s o 3 AT RL A
Brinkman 77 FEPOHEIR, HisHTREN

%(pep)+V-(pV)=Qm (9
PN __ 1L T 2w Lo
e ot Vp+V L}{ (Vv+(Vv) 3u(V v)IH

2
p

[ux1+%Jv+F (10)

Kb p WIRIAERL: e AL v N ERE;
| N Fr sk s Q, ABTEII t NITE; p iy
TR u ARSI IR« N2 ALK
BER: F NI

B SHEINE 4 Frs. NALBERE A
FUR I3 549 4 MPa, [BIFESMEE B E HY F S 730 57



3438 b +

2025 4F

N0 MPa, WJUHEAS BB E N A i,
K 15 Fizs.

®4 HHESH
Table 4 Calculation parameters
SR - IR BIER
/ (kg - m?3) ARE /(Pa-s) / pm?
1.20 0.25 1.8x107¢ 1.0x107
JERL A3/ 10°Pa
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
B 15 ZREREN 4 B
Fig.15 Compressive stress distribution of fissures

B 15 ] %, [ FLAS SRR o B AR o B T 8%
R AT, 1K SR BFLRR R ) 4% e (1) B
W77,

42 iE2

SCHR[271HEAT T 28 O [ RE AR R0 B3R 56
KHZKAVE NI RN, 193] 7 A AR 578K
HOERR, WK 16 fis.

16
£1at
En—
]ﬂlo—

00 05 1.0 1.5 20 25 3.0 35 40 45
FEKIEZ/ (MPa » s71)
16 BRENESHRKELRRE

Fig.16 Relationship between burst pressure
and water filling rate

H1 P 16 RIRI, A AR R 0 5 78K = 2 1A
KR Z, kg as Kol UK (6) 1RGF A EAT R -
FEACER IR, BRI SE K, IR 2K
HAOAPUHLGEEERTR, W PR

quTR%%% an

KB SAEAN TR S AERIE I S5 RS

AR KR, WE 6 fn. Zikkg R 5

(6) AHfE, (A (8) HIwyAAH MR, 7ok

IR, FLBRILS) p, GRS 1N, R
THREAF R A A BTN, R

2 2
iq:ie%+;—%T (12)
—h

X YEHIAE LA A 5 1 s o (54 AR
1, NAZEREALBN T p, KPR, 30 (8) &AL
EAPHLRE T R A SR A

5 4

BEXTEUA A0 DURL o8 B I 8 VA Jo iR S Sk
HATE RN AUEAE R S I R, R T
MBI E TS I AT fLA FEEA R R 2
FIEZ RO, BT T 2 AW, JFEAT TR
T, FEERWT:

(1) $RH T —FB A A0 2 R i o 2 0
Jiik. R FATLARETIEARIETS R, BEE A
WAL T, BREAEAILNTT, $EH 1A Pid on
BRI A,

(2) ZlE A AR SR BRI, A
AR S SR TERRIMRRR . HOHRE
IR T TG R, XML A A AT =120 1C
N SLEETE

(3) 2o A G AT A DR i B L 7 77 2 (L 2 A
BT 2RI A MR NAR, T RET & X
VTS N2 R R N 70k B 7 A AR R

Z % X W

(11 RE, 2wk, B, 5 W7 His kb Ea R

RIS ReIR 2 A T e R (). ERRA I ERT, 2021,
29(11): 1-8.
YU Guo, JIANG Xue-feng, DAI Jia-quan, et al
Reflections on several issues of China’s energy
development and energy security under the “dual carbon”
goal[J]. International Petroleum Economics, 2021,
29(11): 1-8.

(2] SKENIE, WHEERE, R, & MUK EE N FL I Y
FAIR IR R A )], AP I UL T A2 244, 2010, 30(25):
1-9.



2511 XD ARURAE AR A 0 R ATT 5T 3439
ZHANG Li-ying, YE Ting-lu, XIN Yao-zhong, et al. [11] KIM H M, RUTQVIST J, JEONG J H, et al

(3]

(7]

Problems and measures of power grid accommodating
large scale wind power[J]. Proceedings of the Chinese
Society for Electrical Engineering, 2010, 30(25): 1-9.

MELIKOGLU M. Pumped hydroelectric energy storage:
analyzing global development and assessing potential
on Vision 2023

applications in Turkey based

hydroelectricity wind and solar energy targets[J].
Renewable and Sustainable Energy Reviews, 2017, 72:
146-153.

VENKATARAMANI G PARANKUSAM P, RAMALINGAM
V, et al. A review on compressed air energy storage—a
pathway for smart grid and polygeneration[J]. Renewable
and Sustainable Energy Reviews, 2016, 62: 895-907.
GIRAMONTI A J, LESSARD R D, BLECHER W A, et al.
Conceptual design of compressed air energy storage
electric power systems[J]. Applied Energy, 1978, 4(4):
231-249.

MATOS C R, CARNEIRO J F, SILVA P P. Overview of
large-scale underground energy storage technologies for
integration of renewable energies and criteria for reservoir
identification[J]. Journal of Energy Storage, 2019, 21:
241-258.

LI Z Z, SUO J J, FAN ] Y, et al. Damage evolution of
salt under multilevel

rock amplitude creep—fatigue

loading  with  acoustic  emission  monitoring[J].
International Journal of Rock Mechanics and Mining
Sciences, 2023, 164: 105346.

HAN Y, MA H L, YANG C H, et al. The mechanical
behavior of rock salt under different confining pressure
unloading rates during compressed air energy storage
(CAES)[J].
Engineering, 2021, 196: 107676.

XU Y J, ZHOU S W, XIA C C, et al. Three-dimensional

Journal of Petroleum Science and

thermo-mechanical analysis of abandoned mine drifts for

underground compressed air energy storage: a
comparative study of two constructions and plugging
schemes[J]. Journal of Energy Storage, 2021, 39:
102696.

KIM H M, RUTQVIST J, RYU D W, et al. Exploring the
concept of compressed air energy storage (CAES) in lined
rock caverns at shallow depth: a modeling study of air
tightness and energy balance[J]. Applied Energy, 2012,

92: 653-667.

[12]

[13]

[14]

[15]

[17]

Characterizing excavation damaged zone and stability of

pressurized lined rock caverns for underground
compressed air energy storage[J]. Rock Mechanics and
Rock Engineering, 2013, 46: 1113-1124.

QIN S K, XIA C C, ZHOU S W. Air tightness of
compressed air storage energy caverns with polymer
sealing layer subjected to various air pressures[J].
Journal of Rock Mechanics
Engineering, 2023, 15(8): 2105-2116.

KEY, A, EHW, & LA T WA ERE
SERAT B AT R S I R AT D). e s
TAESEAR, 2024, 43(18F) 2): 1-18.

ZHANG Guo-hua, XIANG Yue, WANG Xin-jin, et al.

and Geotechnical

Analytical solution and influencing factors of load sharing
of underground lined gas storage for compressed gas
energy storage[J]. Chinese Journal of Rock Mechanics
and Engineering, 2024, 43(Suppl.2): 1-18.

IR, EAY, R, 55, BT AR bR e 2
10 15Uk RE T = DR R HE (D). A A 02 5 TR
2E4R, 2022, 41(10): 1971-1980.

XU Ying-jun, XIA Cai-chu, ZHOU Shu-wei, et al.
Anti-uplift failure criterion for compressed air energy
storage caverns based on upper limit theorem of limit
analysis[J]. Chinese Journal of Rock Mechanics and
Engineering, 2022, 41(10): 1971-1980.

Wb, ROt R AU R N 6 U L RN
WA R A T )], A TR R, 2020, 42(2):
230-238.

JIANG Zhong-ming, QIN Shuang-zhuan, TANG Dong.
Numerical study on cumulative damage characteristics of
surrounding rock of compressed gas energy storage
underground gas storage[J]. Chinese Journal of
Geotechnical Engineering, 2020, 42(2): 230-238.
HAX), PR, BB, & KBS Uk A 52
SE AN JE RIS - AT [T]. 5 =775, 2014, 35(5): 1391-
1398.

XIA Cai-chu, ZHANG Ping-yang, ZHOU Shu-wei, et al.
Stability and perimeter strain analysis of large-scale
compressed air energy storage caverns[J]. Rock and Soil
Mechanics, 2014, 35(5): 1391-1398.

e, RIVEIR, R, S T RER IR SR
AW Eh LT & L1, 2019, 4003):
1149-1157.



3440 EE -

71

& 2025 4F

[18]

(20]

[21]

JIANG Zhong-ming, LIU Li-yuan, ZHAO Hai-bin, et al.
Study on dynamic boundary conditions of thermal-
mechanical coupling numerical analysis of underground
gas storage[J]. Rock and Soil Mechanics, 2019, 40(3):
1149-1157.

BE o, WK, B4V, 5. AYeiun kiRt E
A BE IR IR = R ST TR (D). s 1%, 2024,
45(12): 3566-3575.

LU Qing-yun, XU Ying-jun, XIA Cai-chu, et al.
Mechanical response of fiber reinforced flexible concrete
for compressed air energy storage underground caverns[J].
Rock and Soil Mechanics, 2024, 45(12): 3566-3575.
OBERT L, WINDES S L, DUV ALL W 1. Standardized
tests for determining the physical properties of mine
rock[R]. [S. L.]: Bureau of Mines, 1946.

e N R [ 5O R RIS ZR P&, DL/T 5368 —
2007 7K H KA TREA A IR (S, dbat: T EE )
iR AL, 2007.

National Development and Reform Commission of the
People’s Republic of China. DL/T 5368 —2007 Code for
rock tests of hydroelectric and water conservancy
engineering[S].
2007.

it N RSN E 53 FO 2 i, GB/T 50266 —
2013 LREA RIS T iARAE(S]. Abat: o B vhR A
#t, 2013.

Beijing: China Electric Power Press,

Ministry of Housing and Urban Rural Development of the
People’s Republic of China. GB/T 50266—2013 Standard
for tests method of engineering rock masses[S]. Beijing:
China Planning Press, 2013.

it NRSERIE KRR, SL/T 264—2020 /KF7K L LFE
FATAIEHRE[S]. AEg: A EDKRZK R H R, 2020.
Ministry of Water Resources of the People’s Republic of
China. SL/T 264—2020 Code for rock tests in water and
hydropower projects[S]. Beijing: China Water & P ower
Press, 2020.

WREERS. 25 ks A PUhrsm (D). TR oL 22 4k,
2008, 16(35 T 1): 317-319.

CHEN Jin-min. Measurement of rock tensile strength by

(24]

[26]

[27]

[29]

bending method[J]. Journal of Engineering Geology,
2008, 16(Suppl.1): 317-319.

Pz, R T, SO, IR T a0 R pTh
FERIHJTIA D] N A5 AR 23R, 2018, 14(6):
1452-1457.

LU Ai-zhong, WANG Hao-yu, CAI Hui. A new method
for determining the uniaxial tensile strength of rock by
bending test[J]. Chinese Journal of Underground Space
and Engineering, 2018, 14(6): 1452-1457.

HAX), =R, &MY, 55 SIS
eI N4 I 57 ANE[)]. RI5F RS2k (H AR
ki), 2023, 51(10): 1564-1573.

XIA Cai-chu, QIN Shi-kang, ZHAO Hai-ou, et al. Fatigue
durability of steel lining of compressed gas energy
storage cavern under cyclic thermal action[J]. Journal of
Tongji University (Natural Science Edition), 2023,
51(10): 1564-1573.

YU Hai-sui. & A F/MLY BEG M) BE K, &
JeiE, RAEE, k. Jbat BlaEdiat, 2013

YU Hai-sui. Theory of small pore expansion in rock and
soil media[M]. Translated by ZHOU Guo-qing, ZHAO
Guang-si, LIANG Heng-chang, et al. Beijing: Science
Press, 2013.

CHANG C, JO Y, OHYY, et al. Hydraulic fracturing in situ
stress estimations in a potential geothermal site, Seokmo
Island, South Korea[J]. Rock Mechanics and Rock
Engineering, 2014, 47: 1793-1808.

HAIMSON B C, CORNET F H. ISRM suggested
methods for rock stress estimation—part 3: hydraulic
fracturing (HF) and/or hydraulic testing of pre-existing
fractures (HTPF)[J].
Mechanics and Mining Sciences, 2003, 40(7-8): 1011-
1020.

ZEIREN, VEANSR, REAHSE. SRAET AR SRR K
COMSOL #1EMF[I]. B4R, 2012, 37(6): 967-971.

LI Dong-yin, XU Can-rong, XIONG Zu-qgiang. Gas flow

International Journal of Rock

model in coal mining face and COMSOL numerical
solution[J]. Journal of China Coal Society, 2012, 37(6):
967-971.



