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Stability and tangential strain analysis of large-scale
compressed air energy storage cavern
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Abstract: Compressed air energy storage is a kind of technology to storage energy and generate electricity using compressed air as
the medium. Underground structure for compressed air energy storage(CAES) is a decisive factor to choose the location of
compressed air energy storage plant, in which artificially-excavated hard rock cavern is more worth researching for little restricted to
geology and wide adaptability. To select a scheme of underground cavern for compressed air energy storage, the stability of CAES
cavern under high inner pressure is studied by FEM. Plastic zone and tangential strain of CAES cavern with typical buried depth
(200, 300, 500 m), various layouts(tunnels and jars) and dimensions, are calculated by finite element software Abaqus. By analyzing
the stress and deformation characteristics of surrounding rock after excavation and inflation, suitable cavern form is achieved. When
surrounding rock class is I and inner pressure is 10 MPa, caverns buried in depth of 300 m are of good stability. Buried in the depth
of 300 m, the maximum tangential strain of 6 m-diameter round cavern and jar cavern are 7.55x10™ and 5.54x10™* respectively,
which lays a foundation for research on elongation and durability of sealing material in different temperatures.
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Table 2 Physico-mechanical parameters of concrete
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Fig.1 Sketch of FEM meshes of CAES cavern

(a) BB () K=

T TTO 0 3 0 55 128, WIaGHN -4 s
200, WEIE, NAEME; 530, R
1, Wi 10 MPa A Ik, 3RAG 78 Bl PR DO
FERINAZ o

3 FEEIR KATR

3.1 RARR=E
3.1.1 JFJE A A 1

FEF—HR T, ANFEEAR R = 25 5
PER JEREEREAR S, WX A 5 TR = A AR 2
FEREAAR, BEARA 15 m [ % T2 5 38X
WK 2. DLEARR 15 miFE NG, 438 200 m
I, RS FE R K2 A THIRES, RARREE
REZHIE 2 BHEX, 5 MR %N
0.97 mm. 4BV INE 300 m I, JFEESETE IR
B2 1 m, FRZ5HEMHEERDE A 1.56 mm. 4
PR 500 m i, S EE B HEUROR MK, I
ANHIAIE 1.8 m, FHZS IR DTE A 2.93 mm.

(a) YK 200 m (b) MK 300 m

(©) M 500 m

B2 ARZEERFER 15 m KRB SRR EEX
Fig.2 Plastic zone of 15 m-diameter round cavern
in various buried depths after excavation
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Fig.3 Plastic zones of round cavern in the buried depth
of 200 m after inflation
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(a) A 6 m (b) 47N 10 m
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Fig.4 Plastic zones of round cavern in the buried depth
of 300 m after inflation

(a) A 6 m (b) 47N 10 m

(¢) W42 15 m
B 5 R 500 m A FERZK R E S5 X
Fig.5 Plastic zones of round cavern in the buried depth
of 500 m after inflation
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Table 3 Maximum of major principal stress
of round cavern

LIR/N AR HAR T —F M J) e KME/ MPa

/m 6 m 10 m 15m
200 0.94 0.92 0.99
300 1.20 0.76 0.76

500 1.10 0.57 0.93
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Fig.6 Relationships between maximum tangential strain
and diameter of round cavern
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Table 4 Internal force values of concrete lining
of round cavern

R HAE MJIEOKME BYORORM SR
/m /m /kN /kN / (kN - m)
200 6 9305 397.1 147.9
200 10 11470 421.1 186.2
200 15 13780 4103 268.0
300 6 8 876 318.6 141.1
300 10 10 850 440.1 2103
300 15 12830 570.7 260.8
500 6 8447 398.5 189.0
500 10 10010 363.9 171.0
500 15 11650 363.5 2344
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Fig.7 Plastic zones of 18 m wide cavern in various buried depths after excavation
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(c) B4 18 m

B8 R 200 m A FIES R BB =70 U X

Fig.8 Plastic zones of horseshoe cavern in buried depth of 200 m after inflation

(a) #5EN 7m

(b) BN 12m

(c) B4 18 m

B9 R 300 m A FE K SRR S UG HEHEX

Fig.9 Plastic zones of horseshoe cavern in buried depth of 300 m after inflation

(a) #5EN 7Tm

(b) BN 12m

(c) B4 18 m

B 10 3R 500 m A FES R I S AR S50 <R X

Fig.10 Plastic zones of horseshoe cavern in buried depth of 500 m after inflation
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TableS Maximum major principal stresses
of horseshoe cavern

LIR/N AN R 2 — N ) S KE/ MPa

/m 7 m 12m 18 m
200 13.0 9.0 1.20
300 4.0 8.4 0.87
500 53 6.5 0.93
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I, d K JE AR Yl 1.7%, BR300 m 395
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FEE (R AR ARSI JE AR ) s B A o 7 200 m B
T BERE 12 m I & S R N AR LG ES FE 7 mi K
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Fig.11 Relationships between maxium tangential strain
and diameter of horseshoe cavern
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Table 6 Internal force values of concrete lining
of horseshoe caverns

R PERE MUK BrRORME SRR
/m /m /kN /kN / (kN-m)
200 7 9360 1293.0 492.1
200 12 11510 1815.0 514.0
200 18 13780 2567.0 584.5
300 7 9470 1 486.0 484.8
300 12 11510 1305.0 4753
300 18 13920 2473.0 523.0
500 7 9486 1249.0 454.9
500 12 11 640 991.5 452.9
500 18 14 040 864.1 353.8
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], 2 F0 10° m?® K = 2 P42 5 S IX L 125
MR LAE H, %A 200 m AT 300 m 3 %
FAETFS G AL TR RS, R /NER 43 SR IX
FEANT T RER T, MR 23328 0.29 mm
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T = RE A YRR X, RS 9 m, HiRIT
B4 0.90 mm.

(a) BEA 200 m (b) B 300 m

(c) HH 500 m
B 12 RFEEEF 10° m® KBRS ISR B R
Fig.12 Plastic zones of jar cavern with the volume
of 100 thousand cubic meters in various
buried depths after excavation



55

AW KU U R R PN J A 7 A 1397

3.3.2 AR ER G AR R

K G T = 1) 78 005 BY DI IR 98 1 X I [
13~15, KR A 200 m PRSI = 801 T LR
R, T ESO% JLFA s il 2 BEvE X Ja R
300 m 1 500 m HHEHLIR UL . FEAFA 10° m? I
FHET 200, 300, 500 m HER T, T D Tk
AN, HERARTE R4y A A B 0.32 mm. BEE 0.27 mm.
% 0.23 mmo.

(a) 5x10°'m’ ®10°m’
B 13 I 200 m AR ARARERE 785X
Fig.13 Plastic zones of jar cavern in buried depth
of 200 m after inflation
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Fig.14 Plastic zones of jar cavern in buried depth
of 300 m after inflation
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Fig.15 Plastic zones of jar cavern in buried depth
of 500 m after inflation
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Table7 Maximum major principal stresses of jar caverns

HR AN BT 3 — E N 7 d KAE/ MPa
/m . .,
5x10'm’ 10°m’
200 0.97 0.99
300 0.76 0.79
500 0.56 0.60

AN TR A PR R ST 5 e K] o I A8 A 25 A
K (WK 8, AL, 5 RT 1 S 6 8 N AR 52
WA K o AR TS HEVR P B KLE . %5107 m’
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I3 SN T 7.0%, 500 m BRI Jl & 5 K JE
A2 300 m BRI 73 58 T 10.5%.

R 8 KA B R N 5 = T HIR R
Table 8 Relationships between maximum tangential strain
and dimension of horseshoe cavern

i BT ki R A/ 104
/m 5x10'm’ 10°m’
200 5.86 6.07
300 5.54 5.65
500 4.99 5.05

R IR 3 78 TR AT ) dee K N {8
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SN ST EE N
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Table9 Maximum principal stresses of concrete
lining of jar caverns

R gl K FR )
/m /10*m’ / MPa

200 5 12.97~19.59
200 10 13.11~20.38
300 5 1221~18.53
300 10 12.38~18.91
500 5 11.82~16.31
500 10 12.01~16.45
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