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Non-Fourier law-based peridynamic thermo-mechanical coupling model and
simulation of thermal damage and fracture in granite

ZHOU Luming" 2, ZHU Zhende' 2, XIE Xinghua®, LU Maolin'-?
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210029, China;

2. Jiangsu Research Center for Geotechnical Engineering Technology, Hohai University, Nanjing 210029, China; 3. The National Key

Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: It is of great significance to study the thermal damage and fracture characteristics of rocks for deep rock projects,
such as geothermal exploitation. Within the framework of the traditional classical ordinary state-based peridynamic theory, a
thermo-mechanical coupling model based on the non-Fourier heat conduction law is proposed by introducing a dual-phase-lag
model. The model is validated through the transient heat conduction problems in the plate and thermal damage and fracture tests
on LdB granite. It is found that the simulated results accurately reflect the thermal damage and fracture characteristics, as well
as the discontinuity in temperature distribution, of LdB granite. Furthermore, through numerical analysis, it is observed that the
temperature gradient relaxation time promotes heat conduction, leading to an increase in the degree of the thermal damage and
fracture with an increase in the temperature gradient relaxation time, while it decreases with an increase in the heat flux
relaxation time. This research provides valuable insights for a better understanding of the thermal damage and fracture behavior
of rocks and offers beneficial explorations for optimizing the geothermal energy extraction projects.

Key words: granite; peridynamics; thermal damage and fracture; thermo-mechanical coupling; thermal relaxation time

51 B
AR ERT T AT R R

SRR AR TR, T DL
RFRAMCE. IR, MR T X TR

AR A R R B s A PR N T O i,
FERES BRI RIS RE S 50 AR AT AR i T
IR 2%, RN AR R ShiEE . i

PR ARG 7T . AROR-TAEPHE R0 A K A AT

EEWME: ERARRFELTH (51878249, 41831278)
fEBER: 2023-08-14



2392 "+ T OB % M

2024 4E

Ao AL, B T LG ) 2 M I P AR 5
Wang 25BVF| ] SEM F1 CT FiAR M 7 I A 1% 18]
Sty PERE; Yang SEMF T 1 T 2B iR AR
FIEERREGE N )15 ERE; Zhang ZEPWEFL T ik
KA L FE N A 5 5 P B 2714 e DA R A S0k 1)
RN SR, HT R PR, IR SRAS A A g
KRR EC R M. [FBS, A [FEUE
(AR 5 BT B AT KB PAT IR, A -

FUE B DAL W8 RO % e e
FIFIT AR TE (FEM) ] RFPA R4iHHD, 7 & 5
A HRFIRL A A TR ZAT N . Jiao SR H AEIES:
B ML (DDA, PR EE T4 IR e -2 Bt
R T BB AV S A AR R . AR, R RE
SEAN R A1 BUE T, i FEM, ERDL S A A )
R AEAE R )3T e AR S5 R B . 5 LI
BN R RUE T7 v, s EoniE (DEMD) P, &
FHTEB SR E, XX TR BRI )2

S, DDA FEERIEE: (NMM) 5% E 71 M
FEARIINE RSO RE Y 2 31 50 N 3055 SR PR o

Silling ZFUTUEE W T SR AR 40 T g i) 5 #2110
WEh 11% (PD) BEAE . SAEGUESEAN /122 FE 1 “ R
7 BAARE, PD HESH B4R B HON 2 IR — &
YIS AT S BRI A, e B — S A
I R B 57 B PR AR XA N e BT E P s )
o, RIAXR—Fh “dER” Bt . AT RERRRTE
1 A ROEE S T B E e . RS AR M2 R PR » PD
HE S M B 4] REARAUL ] 2 VA A EE A R B PD AR A
R 2 S SRANSZ AR L BIR 1] 1) 5 B A FE A% 2 R i AR
BHEBA, Gao 5, B CEMMHACUER T PD
R AT RO r 2R F T 25 A W 2 i)t 1

PD LA [A AL IE H TR AT RS VR R R AL Rl
L . Zhang SEUSHEH T —Fh 5 FE AR 1)
WA PD B, RRIHTII T P U R B A 1)
AR AR . Wang SFUCTIELL 7 8Ol LRI
AR FR OB FLA A TE RS IR 347 9 DL %
Wi 2 A K ARG I S B RN 2 TR PR RRALE
Yang ZFUS Ry TR TR A 2L PD #HUIS RIS
PR, BIFFT T S e A A AL B S AE K S TR
Gt BAE ] R I 2L . 324 A1k, PD B RS
PR R AR S A e L I A AR 1

8 e Al SRS — R BT N, BRe T
IR AL REEE R TIR KK, & TR SE
U I (E DS i o e T B2 S N O i 2 e Y ST P
WIE T PR HAGE T R A, RIRA /K S B R
MM ZER K, —F b A AR R R 2R, B
PRSP 7 37 T B — s R, RIS 3 5 A 3
A7 14D B 1) B - I st n AR R ) O — IR ] Z2 R A 4

B RN IRDD, SO R B E AR B RROL I . AR
A YIRS S K AR FERR FEROAE T et
T R AEAR R AR I 18] A A A, DR L o5 A BV
8 A IR I R T Sa A R R R R
N5 R A B g A JR PR, Cattaneol®” A1
Vernottel 1 1 7 FAGT ML EEAF B 2 [R) 4778 #y it
[ PO R 2R A 7 R, (ELRAZ R I S ke 1 A
JETUREEREE, ELAESRBEASHE RN IR F AT
REANIEHETF . Tzoul? 151 N AL RS FE i Jim TR 26 FE
R T, S TS A B S LR XU i
(DPL) A, 3X— AR ACZ A IR T A4 RO
SERAEAR /ISR IS E) RURE PN X #u A% S R2 T o AL-Nimr
SERIEL T AR A IVE R R R, 36T DPL AR
(22 EARFAME RRFE . Wang S5EPAM AEAd HLIH- 2 45
A PD ARFABRE T, EIL TR A T R IRAE T
IR L AR ME—VE. HAREF TR, HATMoAR W TR
A LI E 2 T a0 A D R R R ) PD BT 7.
BT, Bl SRR R, SR T —
AT AR B RL SRR AR SR, A
I8 T B BB SRR . BL Jansen SE PG 45
RNZMW, RAHBIAE PD BB T Lac du
Bonnet (LdB) fEixi A MBI R I E LU I E 37
BACIERE . A5, WEFC TR EERE R st IR I 1] . FARiot
TR T o5 AT AR A B SRR Sl P 73 AT (v, LA
WPNER T A b IR TR R LR 2%

1 S NHFERADBEERIER
1.1 PDEBEAIE

W 1 s, s 1 F AR AR — I % ¢,
YA X3 R WA — 052 st x 5 35 8 Bl — s X3k . A 1)
FHARAT B0 5 x i A AR, X3 H ORI
B, AR 5 NN BT RN S ORAH BLAE RS
EXNH, :{xeR:|x—x’<5|} o

Fe(x—x', )R Fe(x'—x, )73 B S x SF0)5 A
xVEFFIP L i x5 e x AR R A B8 IR LA
HIX i 12 PR & T Fr (x —x', )F1 Fr(x'—x, )2 H
TR ZE =AW R x R A ' 2 1) AH EAE FH
MV ERE

< T
, o \ \
]
F;(x—x’)—l‘xﬁ;(x—x')
Fi(x'=x)~Fx('~x)

~ . —

1 RS HFREER RS

Fig. 1 Material points of peridynamic interactions
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Table 1 Discrete parameter values for transient heat conduction
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