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Numerical study on stress and deformation characteristics of structure of
underground gas storage for CAES in Suichang
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Abstract: In order to understand the stress and delormation characteristics ol the structure
of underground gas storage for compressed air energy storage (CAES), taking the under-
ground gas storage of a planned CAES plant in Suichang, Zhejiang Province, as the research
object, the stress and deformation characteristics and their variation process of sealing lay-
er, lining and surrounding rock of gas storage under operating conditions were studied based
on the thermodynamic coupling theory. The results show that the heat exchange between
the compressed air in the gas storage and the sealing layer causes the temperature of the
sealing layer to rise greatly, while the temperature of the concrete lining and surrounding
rock rises slightly under the condition of circulating inflation and deflation. Where the

structure is close to the tunnel wall, the stress and displacement of the structure under high
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pressure is larger, but the stress and displacement decreases gradually with the increase of

the distance from the tunnel wall surface. The stress and deformation of each structural layer

are in the allowable range and the stability of the surrounding rock of the gas storage is good. The

temperature, displacement and stress of each structural layer all show the periodic changing char-

acteristics under the action of circulating pressure, and the closer the distance to the tunnel wall,

the greater the changing amplitude. While the temperature and mechanical response of the sur-

rounding rock far away from the tunnel wall show obvious hysteresis.

Key words: CAES; compressed air; underground gas storage; mechanical characteristic;

structural deformation
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Fig. 1 3D simulation model of gas storage
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Fig. 3 Variation process of temperature and

pressure boundary
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Table 1 Physical and mechanical parameters of the structure
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Fig. 4 Temperature distribution when the air pressure is 10 MPa for the 30th inflation

40

40
35 35&

30
301 250

20 "
257 L

15
500 06 12 18
20{ B = = =
15
0

A 8 h
=G 5E N 12 h
A SEM 16 h
i E R 24 h

LEE/°C

5 10 15 20 25
1 9l B B BT /m
B5 30AAKAMEEMNEREE
L 2R B BE B 0 K R ol 2R
Fig. 5 Relation curves between temperature of

monitoring point and distance from tunnel wall

after 30 inflation and deflation cycles

3.2 fESELHNHNTRSHE

Kl 6 M 30 REREAESKES N 10 MPa it
fitt S A W) % BBl 2 1A 5 — 2 0 Ty RS = 2 W 1 oy
A L R R R R, B e . R 6 (a) ~
6 (b) AT, M 7R 225 KK J1 28 10 MPa B, i<
V2 R B Ao RO 5E — 2 N 7 B R Bk R N ) LB
B H M i Fe B g BEAS AR R A — 10. 08 MPa
Lidr AMUARARAE —9. 36 MPa A 45, (HAEGES )%
55 58 3 3% B e 0 2 A T DA R i R T s 4
i Ak BRF T 1 S 3 DX 3 B TR S AR B & L 1
B— TN N RMEES] —11. 97 MPa, B 7E IR 5
Ak B BB BR 5 (20, 1 MPa) {8 BBl 2 4 L i
VIR BE A6 )N 2 & A A2 R IR . TR BE 14 1)
MEE = F 0y 3 F B RN 1, FEAR B REFE —0. 55
MPa Ze 47 s HMI 22 A+ W vif 22 80k FE 7 7 5 1T 1 o
DL 5 38 3 % 42 1 A A AE BN g XL B R g B
ALRFFAE 0. 55 MPa A7, AHAE % 45 1) Jag 38 X 3 i
N R K, e KAE A E] 2. 13 MPa, #8 H T IR 5

AT AR BR B B (2. 01 MPa) , % X 8 A7 1E
TR BE Ao B0 2405 K 19 0T RE L (H A2 R AR /N, 1
A5 TR 7R 34 2 1) T0JEC 5 14 100 A7 L BT LA A 1) 45 4
ARG TR

HE 6(c)~6(DRHL, YA EESIIENN
10 MPa B} A< REF A 095 — 0 ¥ R BN TR
N7 7 A S BN DX L 5 — BN R,
ARLEFEFE—9. 24 MPa 47, ifi % T BE Bt 5l 4
N B 25 1 56— 2 7 g 38 2 B0 Sk TR N 0 il T
T AEAE NS B R ) R X, B R (E A
—7. 38 MPa; ity S Bk 3T 1= 35 AR 350 BB 7 A9 56 =
TN F AP ST AT ER AR ER K2 2 m
SR BT N I IR B KA 5 B
3.04 MPa, 52 $ii I 77 /I F Bl 25 1 4% B 4 7 ot
(4. 2 MPa) , It L fit <0 P8 L 6 BE AR R 48 I - &2 &

K7 F7s 30 A FE TR R A AR T A
MBS HEEREBERSMXRINE., B 74 A.B
YL A D SR S T 1 BRI RS . C L il
S R K ) AL S T v BB Y R A B 1Y
KN AR E . HE 7 o, Rig R A
SEJ1H 10 MPa ik 2 i <32 SR J1°8 5 MPa,
G5 JA L RS 0 AR AR A AR Ry - A B A R N
FEBAL AL R 5K, B 25 BE 25 1 3 £ 7% 18
W /0N 5 7 B A S B A L A B W AR A A%
ZH I R3S A L S L TR SR R A R
AR PR AN A S 1) 22 (8 Bl A IR 19 184 00 3% ¥ s
AN, HTREATRAKE TR R, RIEEN
FE LB S L T B2 RS RN A2 A B iR T
IR A SEINER (A 4D M BB RF (B 41) i
P (C 1) Bk,



i KU m TR R CE KA R

2021 %9 A

-2.0040E+05
-7.2000E+05
-1.4400E+06

' -2.1600E+06
-2.8800E+06
-3.6000E+06
-4.3200E+06
-5.0400E+06
-5.7600E+06
-6.4800E+06
-7.2000E+06
-7.9200E+06
-8.6400E+06
-9.3600E+06

-1.0080E+07
-1.0800E+07
-1.1520E+07
-1.1968E+07

(a) REE LW — T8 )

-3.0373E+06
-3.0800E+06
-3.5200E+06

-3.9600E+06
-4.4000E+06
-4.8400E+06
-5.2800E+06
-5.7200E+06
-6.1600E+06
-6.6000E+06
-7.0400E+06
-7.4800E+06
-7.9200E+06
-8.3600E+06
-8.8000E+06
-9.2400E+06
-9.6800E+06
-9.7389E+06

(c) FIHH— N1

A7 : MPa

2.1254E+06

1.6500E+06

1.1000E+06

5.5000E+05

0.0000E+00
-5.5000E+05
-1.1000E+06
-1.6500E+06
-2.2000E+06
-2.7500E+06
-3.3000E+06
-3.8500E+06
-4.4000E+06
-4.9500E+06
-5.5000E+06
-6.0500E+06
-6.6000E+06
-6.7171E+06

(b) TR&E L ATHIH = TR )

‘B 3.0407E+05
2.6400E+06

1.9800E+06

1.3200E+06

6.6000E+05

0.0000E+00
-6.6000E+05
-1.3200E+06
-1.9800E+06
-2.6400E+06
-3.3000E+06
-3.9600E+06
-4.6200E+06
-5.2800E+06
-5.9400E+06
-6.6000E+06
-7.2600E+06
-7.3772E+06

(d) BIEEE = FW T

Bl6 H30RAXEZAAENN L0 MPa WA LMY IR A A

Fig. 6 Distribution of principal stress of each structure when the air pressure is 10 MPa [or the 30th inflation
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