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Evolution of Temperature Field and
Influencing Factors Analysis in Layered Surrounding Rock of Subway
Liu Siyi  Jin Ting Guo Zelang Zhou Qigui Jiang Fujian
(' School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  The temperature field of subway surrounding rock is influenced by multiple coupled factors. A three-dimensional
transient heat transfer model of layered surrounding rock for a subway station was established using COMSOL Multiphysics. The
effects of burial depth, environmental control temperature, climatic conditions, thermal conductivity, and layer thickness were
systematically analyzed via the control variable method. Results show that the five factors can be classified into two categories by
their modes of action: environmental control temperature and climatic conditions primarily affect the overall temperature level,
while burial depth, thermal conductivity, and layer thickness mainly influence the spatial attenuation of thermal disturbance.
Quantitative analysis shows that annual heat storage in cold regions is approximately 6.9 times that in hot regions, and increasing
burial depth from 18 m to 30 m reduces annual heat storage by 18.9%. Higher thermal conductivity expands the heat transfer range
in the lower surrounding rock by 24.6%, and variations in layer thickness reduce the annual temperature fluctuation amplitude from
8°C to 5.5°C. The results provide theoretical support for energy-efficient thermal environment design in subway systems.

[Keywords] Subway station; Layered surrounding rock; Temperature field; Annual heat storage; Control variable method
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Fig.3 Temperature field distribution and time history characteristics of surrounding rock under baseline condition



40 H5 4 1

KBAZ, S5 BRIy 2 A I FE i AR KU R R 0 B - 497 -

ME3 (a) ATLLE W, BIAERES 2RI EE
PR AR 50 o b LA [ By 52 4 38 < I 4 J S8
T h A A Y GR OW E Ro, SRR LR AR, R
FERRFERR s 0L 32 B 52 bkl AU R [ £ A
TEH, SEREMEL, sy s Ml EE
(A% BVRFIE AT BB S R ],

K3 (b) ~ (d) #t—BER T =AT7 A
PR AL IR R R . ATLAE Y, PEEE R G,
5L BN MR A R, X 30 5 2% A AR A 11 i 7 7 A
& BEEFR BN, BSIRAE BT S, AL S
RRER . BLbl J7 oM, Tm AbIAF I B iR e 1A
8.2°C, 3m AbPEZE 42°C, 5m ity 2.0°C, 1fj 10m
AN 0.3°Co al Al el J7 1A 2R, =
R R AL S

IR R R, FEREM 1m A TUTEEX, fE
% A i L g Rk b g B % TR 3 A Ak BB R FE )
g o (AT, e H A — R BE A7 B Wil A
AT LRAUEA [ PR 25 R B 23 B 25 SR el Ee ik, HoaZAr
BRARFT Y, 5 R IR I G o B DRI
Ja 82 2 TR 250 Lo M G — 3 BUEE BE T 1m AR AE N
BRI, & DR 2R IR B S A 5 ) AR R FL i
BEIEE
2.1.2 k5 e 87 (R R ) Y A SRR

BT 200 AR, BEREE 1m ALK& R R
AL PR B A BURE  ATTER X TR IR R, e EUH
fE aly bl cl =ANJy ) A B i A 2 2 (1 7 1A],
3 AT 85 DR 3R A By 12k 11 4 ) 39 o 7 AR A« €]
40 T HIRHEEREM 20 FHE AN, %R
FIT 3% B A4 T L7 R R R bR

ME 4 Ca) ATLUE B, X B EEA R
WA+ B2, IR 18m 38 % 30m K,
al J71A] Im ALAE R BNIRIE A 17.4°CZBA JR/)N, #h4R
BT V2%, R B 2R SO0 1 R A
WA R o SN S A T 52 e U 42 SO0 L2 P 2
et b B4 (o), AEFAFHRTEA (CD
] 9 # (C4) AFABI, o1 J71A) Tm Kb ih 28 B 4k
67, H Cl Lo ahiafa s 8ok T C4, B
SRR AN AR M T B R B B E e . B 4 (o)
FH, SIARBALXT al A Im Ab A RE R
P, & L PYRZEASLE 05°C, HIEMEZE
REEA Y8 b, L 2.13 1. 2 EEERE
i UL 4 (d) - bl J5A) 1m Ak, Case H1 (GEj#ifH

FEEEMER) FNZ 8°C, Case H3 (FMPHES
kL) 295.5°C, WANEMEEAGL 31%, Bl 5
AR BRGNS AR . B4 (e) ER
THEREREWN. R EELH T4 FF2 T1, bl
J71A 1m Ab % 20 R 2L 4.20°C, ZizEE
VA FlA A A R B

26

241
2t

ey

1

— M1 M2
M3 —M4
1 1

10 12 14 16 18 20
i 1e] (v)
(a) MK, al Al

1 1 1 1 1
0 2 4 6 8

ST
a LR

10 12 14 16 18 20
B 8] (y)

(b) SMEFAM, ol Jri

0 2 4 6 8

Ak

1m0 F

12.5 p \-/ —D1
2. DZ
s D3
wep ) M,

(% T P S I B Y
B Cp)

¥ ()

0 12 14 16 18 20
1] ] ()
(c) FHARE, al T

1 1 1 1
0 2 4 6 8



<498 » A 57 1 2026 £F
30F
24
2k 20 F
20 F o1k
:9 18 | 'ié
i r —
gl o
7.0 -10 b a3
14k _gm,s - —C4
;'% \5:1 = tIJ 1 é ; ‘It ;
12 6.2 BRI R FEE ()
]0 1 1 1 1 ' IN{MI’JZ 1 1 1 1 1
0 2 4 6 8§ 10 12 14 16 18 20 (b) A, al 7
R 1E) (y) ol
(D 7 ZERE, bl JiH
(I) 1‘0 2‘0 3‘0 4‘0 5‘0 6‘0
HE T BE TR (m)
(o) SRR, cl
0 2 4 6 8 10 12 14 16 18 20
R E (y)
(e) W¥EEE, bl %
4 FRRMEEAREFGE 1 m iR ERTZHENE =
Fig.4 Influence of various factors on temperature time
history of surrounding rock at 1 m in different directions
(I) ll(] 2‘0 3‘0 4‘0 5‘0 6‘0
2.1.3 35 I ) 2 ) A1 4 R @
TER AL BT B BERE |, A HE— 25 007 % (d) FHEJEEL, b1 Jr T
Rl 25 0T ] 7 U 2 ) S A ) sl o P S YA T
T2 R ZR A H A U m) b R 5 20 47 KU B2 ]
BT Ea
15}
S0t 12}
& . . . . . . .
8 ’ — 0 10 20 30 40 50 60
I iz it T RETAT I 4 ()
M3 s ,
ol — (e) HIEIRE, cl JrlA

5 FRERETESBEZES XL

Fig.5 Comparison of spatial distribution of surrounding

0 2 4 6 8§ 10 12 14
e - BETRTIE ) ()

(a) YK, al FA)

rock temperature under different factors



40 H5 4 1

KBAZ, S5 BRIy 2 A I FE i AR KU R R 0 B - 499 -

S L SR SRR A A A AR A R U - 1
5 (a) JBR TAFMIRT al J7 A R E /3 fi . 18m
TH5 30m Lot 2oy BN, IRIERIE
X AR E A o, PRIERT Ah 2658 2. K S
(b) &R TAFSEFLET al J7 R e A7,
BEEFHSEM 41°CHE 222°C, BIATEE ML
BAARERT, TEEXIRA AR . X—IHRIE
T b L [ 2t 3R 10 B R AR R X
VEFH , Hb 2 5L B U 7E 1R 3 iR A 25 1 R A 7T
g3, S DX PR ) I B 5 o A S I £ ) 0] ) A
NSRRI AR IR D 3R, BEIIEE Sm ik C4 5 Cl
M2 0.8°C.

R A AR ECR R AR B 5 (o)
R T AFESIAECT ol HRIMRE M. &
SIARHOGK, WA B R B, A
[F) 5 # 3R B2 T IR T AN [R) PR A 1) e KR 22
Ak ) 2°C . N EB AL VU El B 40.98m §7 oK &
51.05m, HMEIL 24.57%, &3 K T0H ) 10.28%.
KIS T B A AR EK, SIAEKT
PE A BN T I AR R ), A AR R e B
bz e = A N o | B = - P = <o ) 0l A A
Z 18] o SEERAR AL ) e ptf 28 A Bz, DRIz B
TR LD T EAERR AT T IR B K] [ £ 4
JEFEIEIE (10.3%) BHE/NTTE; 2B EER N
B A 1] T 2% 2 2 BE AR B R, Wi 5 (d) FoR,
Case H2 ARG RIECR, 228 5 R 7 i i o048
B 7 1) S5 AU R BE 2 e i 3 Y R o IR IR BE X T
LA R mEA —E#m. BS (o) &R
TAFRRIRET ol 7R EE . bEEHE
TG, FlA R SRR TR, ElliZ IR
W FA —B, R\ E FE SRR K
S, KRR BT ] AR 2 e AR A BR

LA KE, RIS R, S5
F5, THEAZNFEE (BRREO £, M
1) BB A T 35 2 18] B0 43 J2 T8 R o R UK 1x —
P 2V N b mE S T B LS U B A R )
FHXIOL BN, LR R KR 2 5 .

22 SR EN A A R A ) R

R E LT A S ks 2 A 4
AW (R, VPl A & B T S A R O
FRFE bR o AT I8 IO B [T AR 2 B AT A FE R ) AR
a5, TSRS RGUS B RE R % TR

G R R 2 B AT IR 5 T T
TR, (EAS R R 200 8 AR 25 S R 11
NRFAE R 2 72 5. B 6 ILA T &R T RGHE R
TH AR E R

600 |-
500 |- e
——2
= 0r =
g %60 X ——C4
Z 300l 3
e i o T S
fig 2001\
) . SO
100 \\‘%—k‘:; AAAAAAAAAAAAAAAAAAAAAAAA
oF / vvvvvvvvvvvvvv
-100

S R S S R S
0 2 4 6 8 10 12 14 16 18 20
IR i (y)

(a) KA

. L L . L . L L . L
0o 2 4 6 8 10 12 14 16 18 20
IRl (y)

(b) S#ARH
300

280}
260 |
~ 240}
Egzzo L
fg 200
g 180 |

T S T
0 2 4 6 § 10 12 14 16 18 20
B 18] ()

(c) I

[4) 2 4 6 8 10 12 14 16 18 20
B 18] ()
(d) FHFERE



<500 « il ¥4

G| 2026 4F

1‘0 1‘2 l:1 1I6 ll8 2'0
A (8] ()

(e) HEIEE
Eo6 HERZEWMARGERITHMAEMHEEEFRTHAIFI

Fig.6 Influence of various factors on annual cumulative

L L L L
0 2 4 6 8

heat transfer of the system with operating years

SRR E AR RN EE . K 6
(a) Pan, DLEE 20 fEEMET, FEAMIX (CD
BRPHIX (C4) =2 6.9 1, BRERITKT
FUAB TR R o 3 150 B T 74 b X R B o4 25 P ARk B
R, BB E R ENE R, FAR
S BRKEIEEZ R . B 6 (b) Zix, T}
0 D1 3G 2 DA I, 55 20 SR E RE IR 36.4%.
B SR A FABE 0 PR AE SRV A ) A
[F Ief s B VR [0 AR E (B U BICE 22 B 6 (c) R
Y, HEVRE 18 m 9% 30 m B, 2B 20 (EEAERE
184 18.9%, RN KHRIEK | HIA 5 R K #4
ALHERAE, AT SIREIRTT R, SEERSE
TR W MR S 0 2 TR L RS A
R o P2 I P58 PR AR A5 Pl £ B TR B4 P 3 R
T1 1) 47.6%34 % T4 1) 53.3%, WK 6 (& Fimw,
ARG E PRI BARE KT 02 B AR EE L
KRR K F, Case H2 25 20 fF & R EK
Case H1 F#KZ) 7.1%, WE 6 (e) Fir.

3 it

AR HE Tl Oy 2 o = AR A AL S,
TR I 4 1) AR B vk A AT TSI DR TR R 0T R A R
o, FELRWR:

(1) FREFIZERI AT 5 AW s
LT 5 2 A 2 @ SO SR RN, F2
Bl SR IE KT R SIARES 0 RN
F Bl OB R R SR, s
AR, BT R, HiREH T4 FF
2 T1 B bl W 1 m A IREFA 4.20C, FHiRH
4.1°CH & 22.2°CHf ¢l 77 1m AR FE 532 5

PR 18m 19 %2 30m fH4F & A EFF1C 18.9%: F
RBOG KA T I RGE R K 24.6%; 7 2R R
AL AK b1 J7 1A) T AL I BE A% B IR A 8°C 4
#5.5C,

(2) F R Z XA J7 7 [ 5 5 A7 AE 2 25
Ukt 22 . B SZ IR e BN B, VR
T al A Im A BIEEIL 17.4°C; FEB
Bl 2 SRR s R, ol J7 g #gE
HIRIA 24.6%, 23 m TR 10.3%; Ul m A
257 5 )R FE ARG FE 2 AE X R &R, b1 5[] Im
WA IR 2208 4.20°C, 43 J2 5 BE AR AR A 8 B R B R
G52 31% 0 1% 72 5152 45 77 0] 5 #3105 B N B A
FEX AT B AR 52

(3) AT BEA FE R ER MR RE,
FER X E B RER AR EHL 6.9 fi5, HiX
NG RAREEG IR o B4 I BT A R K
R RN B, RIZE W B RIS I H B .
A S A S IR S ) e A K A RARAR
FE, SIREN 3 T AR B 1 2 A HOTE

KAFAELL T A2 : =SS B R T
EnergyPlus B [ & 4L £ [#) 2005 4 # R TR F 4,
RAE T IR WL R A BRARHE Y 5t T (1 SRGFAE 5
A FOEH T A SO AL, R AT 3 1E T HE
J7 o AR TAE BT B AR, &k
ST I ENEE R, DU S 4 R IE
P

SE Rk

(1]  ZFWRAR, 8L 55 IR R, 55 M Bk B 1 A % A
I3 [9] 47 A3 6] 5 TR AE R, 2012,8(1):105-110.

[2] Zhao P, Li X, Liu J, et al. Monitoring and analysis of the
subway tunnel wall temperature and surrounding
rock/soil heat absorption ratio[J]. Building and
Environment, 2021,194:107657.

[3] Ampofo F, Maidment G, Missenden J. Underground
railway environment in the UK Part 2: Investigation of
heat load[J]. Applied Thermal Engineering, 2004,24(5-6):
633-645.

[4] Zhao P, Li X, Zhang D, et al. A simplified method to
determine the comprehensive heat transfer quantity in

subway tunnels[J]. Energy and Buildings, 2021,247:
111090.



40 H5 4 1

KBAZ, S5 BRIy 2 A I FE i AR KU R R 0 B

* 501 -

(5]

(11]

(14]

Liu W, Liang S, Huang Q, et al. Estimation of thermal
hazards in surrounding rock of subway tunnel under dual
periodic temperature boundaries: a case study[J].
Environmental Science and Pollution Research, 2022,
29(44):67063-67075.

Song H, Chen Q. Dimensionless analysis of soil
temperature field of shallow subway tunnel[J]. Energy
and Buildings, 2022,259:111900.

Song H, Li J, YuY, et al. Research on the influence of
subway tunnel depth on heat storage characteristics of
the surrounding soil mass[J]. Applied Sciences, 2023,
13(17):9534.

ZHU J H, ZHANG H Y, MA G, et al. Ground
temperature distribution and evolution of Lanzhou
subway in the Chinese Loess Plateau[J]. Case Studies in
Thermal Engineering, 2023,43:102803.

TR TR, A R A M R B TE [ R TR AR
T % 5 R 3R VR (D). 1) 74 2 41 ,2019,40(4):
135-143.

Wang L, Zou X, Tao H, et al. Experimental study on
of the heat

evolution characteristics storage of

surrounding soil in subway tunnels[J]. Procedia
Engineering, 2017,205:2728-2735.

Wang L, Zuo H, Kong M, et al. Study on the evolution
characteristics of temperature and heat storage of the soil
surrounding the tunnel with years[J].
Buildings, 2022,257:111804.

Sun T, Luo Z, Chay T. An analytical model to predict the

Energy and

temperature in subway-tunnels by coupling thermal mass
and ventilation[J]. Journal of Building Engineering,
2021,44:102564.

Zhang Y, Li X. Response-surface-model based on
influencing factor analysis of subway tunnel
temperature[J]. Building and Environment, 2019,160:
106140.

Zhang Y, Li X. Monitoring and analysis of subway
tunnel thermal environment: A case study in Guangzhou,
China[J].

2020,55:102057.

Sustainable Cities and Society,

Liu Z, Li R, Shi L. Multilayer quasi-three-dimensional
model for the heat transfer inside the borehole wall of a
vertical Geothermics,

ground heat exchanger[J].

[18]

[19]

[20]

[22]

[23]

[24]

[25]

2020,83:101711.

Raymond J, Lamarche L. Simulation of thermal response
tests in a layered subsurface[J]. Applied Energy, 2013,
109:293-301.

Shi Z, Zhang C, Cai C, et al. Comparative analysis of
ground thermal conductivity and thermal resistance of
borehole heat exchanger in different geological layered
sequence[J]. Journal of Building Engineering, 2024,84:
108541.

Jia L, Lu L, Cui P, et al. A novel study on influence of
surface conditions on thermal

ground boundary

performance of vertical U-shaped ground heat
exchanger[J]. Sustainable Cities and Society, 2024,100:
105022.

Boban L, Soldo V, Fujii H. Investigation of heat pump
performance

in heterogeneous ground[J].

Conversion and Management, 2020,211:112736.

Energy

Jin T, Jiang F, Liu S, et al. Interannual thermal behavior
of multilayer soil surrounding subway stations across
climate under thermal
boundaries[J]. Energy, 2026:141059.

Cleall P J, Mufioz-Criollo J J, Rees S W. Analytical

zones multiple periodic

solutions for ground temperature profiles and stored
energy using meteorological data[J]. Transport in Porous
Media, 2015,106(1):181-199.
Jiang W, Wang J, Yu B. Hybrid data-mechanism-driven
model of the unsteady soil temperature field for
long-buried crude oil pipelines with non-isothermal
batch transportation[J]. Energy, 2024,292:130354.
Yuan Yanping, Gao Xiangkui, Wu Hongwei, et al.
Coupled cooling method and application of latent heat
thermal energy storage combined with pre-cooling of
envelope: Method and model development[J]. Energy,
2017,119:817-833.
Yang B, Yang C, Ni L, et al. Field experiment on
influence of cold protection technologies on thermal
environment of subway station in severe cold region[J].
Building and Environment, 2022,216:109055.
Ji Y, Wang W, Fan Y, et al. Coupling effect between
tunnel lining heat exchanger and subway thermal
environment[J]. Renewable Energy, 2023,217:119165.
(&3 511 51D


https://www.cqvip.com/author/15742863?sign=ad12539e55e1b5936f066bf17ff14a0e10ba9d1e2e94d49a81ea9dd05f6cfe36&expireTime=1786006874942&resourceId=15742863&type=author
https://www.cqvip.com/author/27433168?sign=bea96c49dff01d0fbe869c2495f2aa8e68424e13d0b784267ce901f06377b4c8&expireTime=1786006874942&resourceId=27433168&type=author
https://www.cqvip.com/author/2657731?sign=9b21ced457f8d543ded37d434f30f8172c639a37e599e557fa67069f700745af&expireTime=1786006874942&resourceId=2657731&type=author

	0  引言
	1  模型建立与验证
	Fig.1  Schematic diagram of the 3D subway station-
	1.1  边界条件
	1.2  工况设置

	注：导热系数和分层厚度的四层参数按照从第Ⅰ层到第Ⅳ层的顺序，用斜杠分隔。例如“1.08/1.35/1
	2  结果及分析
	2.1  各因素对围岩温度场时空分布的影响
	2.1.1 典型工况围岩温度场分布及时程特征
	2.1.2 温度响应的时间演化特征
	2.1.3 温度响应的空间分布特征

	2.2  各因素对围岩年累计换热量的影响

	3  结论
	参考文献：

