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Abstract: In low-temperature environments, the physical and mechanical properties of rocks, as well as their
engineering behavior, differ significantly from those at ambient temperature, primarily due to water-ice phase

transitions. These differences become more pronounced as the temperature decreases. Considering industry-specific
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low-temperature classification standards and the environmental conditions of geotechnical engineering, a refined
low-temperature zoning framework tailored to geomechanics is proposed, defining the threshold for “deep low
temperatures” and further subdividing it into “extreme low temperatures” and “ultra-low temperatures.”

Based on findings from laboratory experiments, theoretical analyses, and numerical simulations, this study provides
a systematic review of the physical and mechanical properties of rocks under deep low-temperature, with a particular
focus on the temperature-dependent evolution of key parameters such as porosity, elastic wave velocity, thermal
conductivity, elastic modulus, and mechanical strength. Furthermore, by employing the thermo-hydro-mechanical
(THM) coupling models, the mechanisms by which frost heave effects, thermal stress distribution, and water
migration contribute to rock damage are analyzed. Numerical simulations reveal the coupled evolution
characteristics of the temperature, stress, and seepage fields, as well as their underlying roles in the accumulation
and progression of rock damage. Additionally, key scientific and technological challenges associated with deep low-
temperature rock mechanics are examined in the context of engineering applications, such as underground energy
storage, liquid nitrogen-based waterless fracturing, polar infrastructure, and deep-space resource extraction. Finally,
based on current theoretical advancements, technological developments, and engineering demands, several future
research directions in rock mechanics under deep low-temperature conditions are proposed. These include
investigations into the micro-scale phase transition dynamics and multi-scale damage mechanisms of rocks in deep
low temperatures, the development of non-equilibrium multi-field coupling theoretical frameworks, and the

spatiotemporal prediction of long-term rock performance under deep low-temperature conditions.
Key words: rock mechanics; deep low-temperature; thermal stress; frost heaving pressure; multi-field coupling
effects
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Table 4 Overview of major low-temperature LPG storage

facilities in Norway!*%!
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Fig.5 Schematic diagram of liquid nitrogen fracturing!'2’]

BT T AR (2) BUIAMNART B B 20 4 90 4R
s AR ZEERTE AR Hh S 2 1 7 B 15
FNIALAUE . B. W. McDaniel 252815 FH B IS E N
MR R, BEh St 5 IR R R, ¥
K4 DRESHM 1 THRBIED S, Hrp 3 g
BRI . DA R, WA N ERA
Al IR I HE DTG . S. R. Grundmann %512
136 [E B IEE N TUA g BRI, KAt T
Ji5E, AE 1000 m R TUA S RO St v U
H, HHE TWREER TR . MR ARER,
B IERETHL) 8%, W= SRMABRIUE. (3) B
FAEHEI B 20 T4l 90 4K, EEBEIRIE
TERIZG R T TR, I ER SRR
E R WA IR AT R S H A,
TR AN B -

AR, TR s R 2 Sos MR RS 1) 77
SRANWTIE N, YU 2 53T O [ P 90 25 3 (P
FE . ERIGHT T J7TH, M. Cha ZEIB30-BUFRL T —
P A T I =HmBSR A R R R 4. B
AR, TIXHEESREREER, WerEE
RmaaBER. K, RERERERRA b
Alfg G 5 IR SRR RIE 40%. R. Yang Z5U3207E = k24
WL 7R 6 A [ B A B A AR AT T R4
55, XECAHT T AR B R S A A ARAE, I
BOUE T VR R AT s A 2 s s e AT M R
i s =R O RS B A R, P Huang
LGB T — M B A SR 3 E, %R H
mER AR . S EEE RS H=AnES
RIS VBRI SE REKW, 1223 E 7
Fe R R AR A TR SRS R R ST AR TR AR

2, BARGuIRIE e EEMERT T, S.
Zhang FERLNL T il A R = SRR L i
QN ibES N TANTALI RS-/ g p | U LS P RS € A2
H. 200 CHAAEFHAE TR 3 N F1 70 A
SEITATEARSE 3 il e B . H. Wen S5LSII 5 £R
TGRSR R T SR B R R, SRR A K
B - SR H A SR RNIE AR, IF4h ik
IIOUE, 13 R IARRUE  FRARSCHRIRIE .
AINREAR R 5 L Y5 RT 0P VRS s 2R 1 S 4 7 L A
R, RIPREERURE ). HHh, ERERBERE™ T
ST, - ERNR T A T, B
fE R EMBISEZ IR, B “ B A
TR SN ST IR TTE” o 2 AT
SR T AT R R - R BERGE Ty
%o BLZHMWE S ULBEEM, AR T
WARBCR LB R — LRGN RIRYE, (e it
BRI R B LARTT K

LR EPE, MRS RBARE N — Ik R
Tk, EERATIT. KA UE S TR A 5
37 EE . IR, ZEORW A SA A
WERGEM Y e, St RBEN, JHERZEA.
AR AR = 2OE B R TS SR,
ZAU AT I 1 2 AL S TRk . IRIRGER
A R 52 PR T MR AL R 5 i 2 A 2
P, RFEIT R AL P IE SR, DALAR IR 2
RN RIS IR RN T 3 Al a7 A AR
SR S IEPERRER, (HIAEA IR IE 6 A T HIREL
i R BB R v A L ) AN T B, R o i gk
T - TG R s BRI ST
A B I R EE L RE 4R R AL 1% A7 R
H, mfpas G IR AL CT WS Z AR IR AT
Fo LGHEITIH, WRRIMBALH % s LA A
P A A 8 R 2800 30%~50%, Frilid T
AL 53R REALPEAIG L. AR, WRIEREAR
HIRBA BT MRRL . $O02 5 5 A 1R
B E, JFRRAE T HE AT R S5 B U S BN
BAIE, DARASLEAE “XU” AT30 NI Z BuE H .
3.3 RIEERFTFEF L FA

W AEERBEIR TR R AE K, SbBEIRIT K Uk

KR TR HINE B . SRTT, ARt X 45k
ML RAET, AT RURME-50 CULT, BF)E
AR AT 10 C A WM, A2 ilok
I 72 R R R AR PR ARG UL 26 1 3 SO 1 1 3 55 R



Ha4t H 1 YRS RREMEUE A 185 TR Uk R

* 1685«

FINE T A AEMNSN, SHE S L TR
SERR RS e TSR TR BB K

ARt X AT =5 B9 S e BRI, A ek
A% 735 AR e K 5 SR 4T R £ 45 R 3K e B R )
ATRETEAN T BT, RO B PRt 2 (1 ooy i o 0l
BoR, b X S BRI AR AR A 454 4,
FrE RN 1599 10HH, RINSEEIL 1654 Jifl
ST 7 RN, AN SR AR X T e P U5
TER LRI EA &, 140 2020 £ 9 H, SEE REJR T
FERTH TGS, T AL AR I A %, BTEVMAIbI
X EEE 14730, HAEER 355 R E R, [F
i, 2020 4], B WAk kA T (AL piE TR
A 2035 FHTEKICHIEARBUR), BRI HE
B0 AR F AR TR SR A U4 H A, Hlihge
TR R IEAE RO P HERE, U AEALHLIX, K
SR TS SRR DA f 5 38 At 152 it 5
W H IZET T . 2021 4, HRIE SR RIAS
WHBAT “UK LMz ik” MET M, WK 6
e [FAE 8 H, wEAS @& T T2 Hsise
I B R AL R AR R T, 1X — T H (E 1545 i
WAL AR 2 e B e R M i . [F
B, SRR DG A lb 7R AR AR AR 28 X AR b o 55 34
B RS TAEPRAR,  DURA (R e 1 it 76 B i A< A%
ZAF T RefE SEI KRR R I AT .

PR Gis
K6 JLHBML R 2 ZI

i 145 H(GBS)

AL
Fig.6 Concrete gravity-based structure(GBS) platform of the
Arctic LNG 2 Project!!
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