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This report presents a fundamental solution for a double-curvature simply supported shell, incorporating
three concentrated forces and two bending moments. It introduces the reference domain concept and
formulates fictitious load boundary integral equations using both constant and linear elements. These
equations are developed in the Laplace transform domain for both static and dynamic problems. The key
contribution of this study is the development of the Regular Boundary Element Method (RBEM) based on
the new fundamental solution. The reference domain includes the real structure’s configuration, and a sys-
tem of linear equations is established with fictitious forces and moments as unknowns. These equations
are derived from traction and displacement boundary conditions. To obtain all physical values in the time
domain, the Durbin’s Laplace inverse technique is applied. The accuracy and reliability of the proposed
method are evaluated through four numerical examples, with results compared against exact solutions or

the finite element method.
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Advances of the Fast Multipole BEM for 3-D High-Frequency Acous-
tic Wave Problems

In this talk, we will present a new wideband fast multipole boundary element method (BEM) based on a
fast directional algorithm (FDA) for solving large-scale 3-D full- and half-space acoustic wave problems. An
improved FDA is developed to expand the kernel functions, enabling efficient matrix-vector product across
a wide range of frequencies. Using the symmetry of the half-space problem, we introduce techniques
to reduce the computational cost in fast multipole translations. Specifically, only an additional moment-
to-local (M2L) translation for the image part is required, bypassing the computation and storage of other
image-related translations. The iterative solver GMRES is used to further accelerate the solutions in the pro-
posed FDA-BEM. Numerical examples include large scale models with the nondimensional wavenumber ka
reaching to 800 and the number of elements to 10 million solved successfully on a workstation using the
developed fast BEM. These results validate the accuracy of the method and demonstrate its nearly linear

computational efficiency in solving large-scale 3-D full- and half-space acoustic problems.
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Fundamental Solutions as Basis Functions for Numerical Methods

Fundamental solution is a singular solution that satisfies a single or a set of coupled partial differential oper-
ator(s). Its existence is guaranteed for any linear partial differential operator with constant coefficients. For
problems governed by such operators, fundamental solutions can be the best basis functions for approx-
imating the solution. This talk discusses the availability of closed form fundamental solutions for various
physical problems governed by linear partial differential operators, and their use as global and local basis
functions. It also examines the pros and cons of the global and local versions of the method of fundamental

solutions.
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Modeling crack propagation in piezoelectric composites using the
multi-field coupled multiphase hybrid finite element method

A multi-field coupled multiphase hybrid finite element method (MCMHFEM) is presented to analyze and
model the interface debonding and matrix cracking in fiber-reinforced piezoelectric composites under com-
bined electrical and mechanical loading. In order to capture the stress and electric displacement singularity
at the crack tip, the electromechanical 6-fold enrichment functions are added in to the assumed stress and
electric displacement field in MCMHFEM. The least square method is employed to determine the general-
ized intensity factor. Particularly, the maximum energy release rate is suggested as a fracture criterion for
fiber-reinforced piezoelectric composites. Several numerical examples were used to demonstrate the ac-
curacy of the proposed method by comparing the piezoelectric Voronoi element model results with those
obtained by ABAQUS. At last, the proposed model is used to model the initiation and propagation of various

cracks in fiber-reinforced piezoelectric composites containing a large number of inclusions.
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Strong-form solution of high-order beam and plate theories using
peridynamic differential operator

This study couples Carrera unified formulation (CUF) based high-order beam and plate theories with peri-
dynamic differential operator (PDDO) in strong form and presents a unified CUF-PDDO approach for 3D
structures with thin features. The CUF-PDDO governing equations are derived by combining the principle
of virtual work and CUF, where the cross-sectional (for high-order beam theories) and through-thickness
(for high-order plate theories) characteristics are approximated by Taylor expansion/ Lagrange expansion of
the unknown variables. Since PDDO removes the requirements of symmetric horizon and smooth displace-
ment field, the application of CUF-PDDO is free of continuity assumption or boundary correction. Lagrange
expansion, for the first time in strong-form CUF analysis, is integrated with Taylor expansion for the au-
tomatic pre- and post-processing of structures with various geometric features. The present approach is
verified through comparison analysis with ABAQUS and CUF-FEM.
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On fast multipole method for weakly singular Fredholm integral
equations with highly oscillatory kernels

This paper presents a double-tree structured fast multipole method for approximating singular Fredholm
integral equations with highly oscillatory kernels. Following collocation discretization, a bidirectional fast
translation path is developed to algebraic and logarithmic singular kernels with absolution. This strategy
reduces matrix-vector multiplications from O(N~{2}) to O(N), leading to a considerable acceleration of so-
lution process with GMRES. To further improve the efficiency, the steepest descent method is applied for
evaluating oscillatory moments and singular integrals. The optimal convergence rates for the truncation
errors in both multipole and local expansions are presented. Numerical experiments demonstrate that the

performance of the proposed method enhances as the frequency increases.

67



5K
RO T2

zyh940511@outlook.com

KFHE, L, W, 2024 FEFRERPEIS TREAEL A, G EEE D 5 1 KR b
Timon Rabczuk ZHZHITEAE TR, KIAMNE B IEHEXRMT, EEMF 7T S TS EUETT
L TRERE S X 8RS B 1555 I AESRAEHREE — X TOP #IF]4T {Engineering with
Computers) {Applied Mathematics and Computation) &3 SCI B X -+ R . IHEEZ AKER sci
HIFIRMNZ RN, ERASE5ZTERKE. GHREATE, Bl B EEm
BRI R A,

—~Rlid FH A S B D30 R e PR A s R R

AWFITE T — R AL MR R ARk, T REr s, %07 R A RHE R
THIEBIAN 2 BEURITHEX ERIA SRS RATIML, TR R SC AR ST 00 5o AR I e e o
FrORGA S SRAFILERE, BEEARRAERE-EIRZ 2% (RBF-FD) SREZHE R, 1w A4 K
MREAERE MR & T RRCR, R TR 2R R IR FAEIYRASRE, o 77 ot
LG HEERBEIRZG LS, R H 7 PIARRDXS 5 AR . AT 550 12X 70 XU,
TIE S BIENARETTE, WHHAEL T AR ZE 72/ F AT ENO #8305 WENO A8 UEAR, J@id
A THUEEGIRAER, #rie thi75 AR 4o iR s A TR &, SR E T
EIRGHVRIR, FEUER 7 I%JR B A0 X AE RUR R A U S AT 51,

68



AR HAAR
PR

zoumings@126.com

ARAAAR, FRERAAEREERAE AN PERIERIER R OIS R, B MFAIAS e R RE
MBI SR, FELFUTEIL, IRShFE AR GRS TR, £ =40kt A B RS
RE T RO == PR EIE, WP T MIH = 4R 3P A KA THAFTS-Acoustic, ZRTGFEZINH B4
RIEERSTIHRY); BEPEDFFAIEFHER A TERRI AR,

IKHRGFIRAN P S T R BUER G715

AR XS KGR SRR AR GRS 1% M FH IS RS R 22 RN, /4R 7K S5 A IR 7= AT /4%
{EIR S TR T IR BRI W7 R MR K IR B 1% 77 1A S RSB /KA - R 4b A -2
BE-HURR G BIIRSN A A R OR R, BARBRREME, RPN, GBI,

69



v

ARER

linji861103@126.com

ek, 55, WIREREZ, MEAESN, PERENEE TERZEZREIRK, FEMNEITEREIAR
TIETTHRSR, ERFER AARYESHELS, W EIEEHATWRL EIE 10 R, AFRFEAR
W10 R, S5 2800 RR, HIARF XL 188, TSR 1EB, RBULIHEH] 2 . FRISIT
HEMREBEBCRRE _ER, (LARECERRE (GFHER) ZFX, (IR hEESR
FRRBEERRAE, BB NFFSEFIERZRSEFERA, LABNFEF2ERMLT
VERRSMBE, scl #AF] Advances in Applied Mathematics and Mechanics Bl #4m, AJE2EKAET 2%
TRBIER FEEREI )R, {LIAEINE, [LAEE B LEPHFEERT LA

70



zhengyt@ncu.edu.cn

KOoKFE, mERFLRERARARERR, PR FZETT AR TR A ) iR i BT o iE
L5t MRS E REZ N S B 1 O TS #AF] _E, 40 Composite structures, Interna-
tional journal for numerical methods in Engineering, Engineering analysis with boundary elements %, Ff

HETR T -IER AN ERSTEESIHE, 257 2UERAARFEERIHE,

HTEROTE R AR 2 3G 5 W R ) B

AR B RS AER T TR TR TR, BTkl il — Mg ARBIE 7k, 56&946
BRITTTIZAAIR], BATTH IRTR ZR SR SE B T80T, R TAIREYEE, HAIMEFES L
PR B S USRI R B DA e AN SR B 2 B R A TR, SAERTAFRRE, #
TUIHEAE BTN BRI BT AR B R BUR R RE, TR BT SR A AR 5 R i - s
o ERGNL, SAITHONERIE —E5ERTARIRE, B, ST ERER R
ARRTCE R, MEETARIT, HEMS NRTTMaTATTRER, HIR, BhriiEs 5550t
FHATREG, DR IRRAE, D2 RSN, AIRTTiRA 5t LR B R R AR E L
TR, TETTMoRL R BRI S, S35t —F R E EAME TR EN
ERERSY SRR R — ik S AT RO R SChRmlE, G EA EZ sH A =52 7190
M, EF4ERSRE SERREA T, SR E SR Z SR TSE.

71



ME%
AIET ALK

cjzheng@hfut.edu.cn

WEZE, ST RPER, WLASIN, IR T AR T A A A IR TR, FZMR
TR R 5 1A M RE BB T R 7 IR A SR i & . e ms SRS, TP ER 22
HWREBEYDRRR, BB NFFRESHE, AR TEESMHESE, AEFRERBAR
YEE, GF TR, HEFEAZOERIEFHEINIH RS AR 10 R, PAREZRE
M. Hff. fas Tk, N ERESIENE 10 R, 245K, WA FIAR TR AR ESE /5 TN
BOSAIN A, JFR T —RVR TR, FREFA T B FERY KA FASIM, FHERZ D TR
BEAL; 1E CMAME, JCP, JASA, JSV 55 1 I FE 22 GUB BT &2 RiIB L 70 &R, WSS EIEN
ANEIATT TZINAT, FHERIN - E g A\ T ISR T 246 NiHu H1,

IS CIRIA Rl Gk R R B 37 R 0T TA

R R I T A U 2 W P AR/ 5 R IR T O B Atk B 3775 TRV AR R 5 A0 R e e P Y — e
AROTIE, RENS S IRTRNA 2 77 IEMIBEGUE JT AR SEhR N F FRAFERY R R, HAN R B AR
FIRAHRRRSTRN, ik, AN EMERRE AR TR, HESH—MEMRTE
BRARIR AR5 222 T IR NI B A B~ A3 [RI = A 5 AR 5 12, SRR 1 3 8 A FE
PUR RN U AL B R AU RR IR RBE U T 5. O VIR RIERCR, M—P & T IcA
BEEUBRIAI IR B AR 2= 28 TN T ORI A R B S TR, @I S5 A 75 TRRIBUE R B, 30 T F
TRITIERIERE, Foth TRV, IRALE DR BORAL BN SOBER R RN, B, Eid
A SR — IS IE 1 AT 75 AR A R

72



*B

My

IR TR

hzheng@whrsm.ac.cm

K, AR T REERR, nt¥dE, ERANEEFERAESRGE, FENETEEIEM A
He, AIENEES LR TAE, 8T =k TARE N8 22 T SR R
G, B IR e RE T NARREM DAL 22 M TS, FE42 [ FRoAR S v AR PR RN, DASE — /i
WAIEE KRR SCLIRSOEE R, SCI 5| 9400 IR, 82 %2 BME/R E s [fEE 155, 2 TREAIN A
BN TUSIIRT 2% TR AR, ISR RERTMAREERHI TR NIEE, 5+ THFHRA Computers
and Geotechnics 55 [E N E Fr T2 R IR 2R,

T PIBR AL A - SIE LR T T PR

— 1B T AL — D TERIREHE R G, JIFAE VE T R IR TR TR AR A5 25,
(EN 7 (A ) R A A IO SR N 1 5 I — LB = P PR LR A BOE, AR A AN (7] AR BR -
%o RUERENSIH R M PSP RIRMB A IR P ikee M Z R EEHIATRET R, HIAE —D
JIERENS Jedu il i IV AT SR, X RETIABIN BRI CR R~ Bz s, FATIEIAsTEE
P A el AVAZE N — R B Ll A0, HArIRZS 75 R ARER AR BR - S5 A U R 70 T F2
AT ELZ R MR T BRI, AN SREGTE TR 22 2 R BRI T A B R (B IR B N T2 B
TEE N ZEZRE SNSRI E 2 2V E RIS R N E /5 5 AT RAMEIZ B SOV INE 2R, <5
o W RMZBAAERIEIE, A AEAS I NERL AN IRE BIRTHE T RIS S 8 VR A S AFRI N &R
BT AR Z 2RI, ITIRFABAE P 0 AR RRR . RS AT LM B3 m]
BT HARRA R, HAsRARLNE: R A AR CAE N B ISR TS 7 M,

73



FRJE

AR

zhenghui@ustb.edu.cn

KOHE, %, 2016 FIREEGIRAK A LA, 2016 F5 2017 FFAEEEF CT|AETAE, 2017 4F
SRR &K%, SeiEEEHIN, BB, i, 2025 FMAIEREL R AE R MR L 2R+
L, EEEASN, RTTEEEHNT ATEREAATE, (TAEREELEES, FREXRH
RESWH LE, MIXTEHMEFETE&— I, ZEMNIMREE 2 T, ZRFERILL 40 K.
T {Engineering Analysis with Boundary Element Method) #WZz, (N FS5 %) HERZE, 2022
R 2EE B TETRER IS EEE,

Je TR A 1P 3k PR R T EAE P 1 b A v ) i i e

AR N TR B EIAESS R, SRR PG N = HBUR I ZE T S8 LS, FFrlieat
JRIER A WIS, AN MDA SR s Z5 M A A B e R Gt T ARG AR
JURIFERON 7 - SRR RETF AT O — RO, (BT BUE TR IR AR, = PIERRU A2 (L
I, TEHATRIRSXISY, KA SR BUE T TATCTAN 22 2% LTARBI RO AR 1A S v,
HEZBREM S AR mrE, A, EEAREYERERIS TR, SRR S BREE
JEER X I R BTN SEEIBIAF IR . A AP AT E 2% LT IRBSHA,  DAR
[T 5 X B R A S MR SR AR PR a5 52 R TERT AN, A ST Ja SRR 1 B bR OB s 20T &
THEFRETREHARIET R, HHASTRERSH TR AR, 280 T R AL R
IR TR PR R TR

74



JAAURA
iR ST

edwalOzhou@163.com

RS — IV E e B REHNGE 2B, B, 1 (5), BWHEEILEK, mitAES00, ERERE
FHEE, WA ERARERESST RE HARRZEEITIFINE SR, SClJET] Engineering Analysis with
Boundary Elements, Mathematics ZE[EFRHATH R A, FREEER BARRIERE, EE B AR
fem bE, PEELER EEH, MEEEE TS EEESEFRMIE 5 I, P2 E M
MIH 4 T, &FKiLL 30 L, HPHE—EESIETIESE L3R SCI/E RS 16, FPUEIAER] 5
T, #imE S EE T8m

P RS S ZRPE 220 XU 533 ek

Rt 2 D TE SR HMB B 5 0 SR AREE & DORIER £, fEixMEBATS, EiuaEidxBas s
2R P 2R I 77 12— — I T R A — I W i o 7 R, 38T 5 AR 1 2R A ]
LR, BT TR, BRI AR 22 1% Adams-Bashforth-Moulton A% 2K AR R
WriaREdH : B ez RIMes- Rk RRT =P RV B {E; 4k Adams-Bashforth 75 7ATi
M FTP R R(E; RJFIEIT Adams-Moulton 77 15X P E A TAZIE, 183 FUil-A2 (B AR AIE A
HH, ARdER T RIENRERE,

75



Jal JbA
SIBT ALK

zhouhl@hfut.edu.cn

AR, SRR TN R AR EKF TREEREER, B4R, 1997 FHRIGENE T RFEE AL,
2000 FEFRIG AR TN R+ 2447, 2003 ARG H EREER K A0, 2006-2007 55 [FH
MRS, BRZEETEFEE TEN., ZEERMRSIEHE DN AN HERETRITE T
MBBEEFLEL, CREABARR ER, REEREEARE =R, 2EE = mEM N ETFEH
IR L FE —F 2 2EEBFERFENFRENFBIRSEONK, NALEN 2 RE RIS
X BB NFNFE LA eSS FBONERR, BETENFERFEME. TARGKF TR
BIfi . BHABLR S BN ER EEFRRBINDAE T, HFEPE S EESHE, PETY
Y RUWHENPRASFHBE RSO TR MSIEHR R, ZRE N PP ESHE, MATES
YRR AREEE, EREMNES TEMAMSEEER, NHBFEN YY) FIRmE W
RO BHENE, EHTE, YERERAAREESH FWHE 3T, FREAME RN EIE
FERMFR @ 40 300, & RENIMERIATIE S 160 2258, HAsciie 2 68 fE, EABLZEAIAT
WS 100 f&, SCI51HH 1600 RIR, HFE% 23, 2024 HIME#5 £ TOP5%.

VRIS STST MW A S A RS R e

4

TRt 7 — Rl & XA EHIC 2N 4% (Bidirectional Long Short-Term Memory Networks, Bi-LSTM) /1
Z3LBEFEEIVIH (Multi-Head Self-Attention Mechanisms, MSA) FUBTARIRE A STHEZE, FHFAd 1B
AL S RIAEREHRHRGER, 55, B ERITZERBEMB, REIGEdE; RErEdE
HATAREACAT I — A3, DARCRIIREE M. &a, RHREE IR E Y STREZR P B4 AR5
Mg, HEEENE TR M PRI TR, FElgdEA, RAZESY S REZ IR RIS 2 &
BRI ERE, R AFTEIR S Bi-LSTM REMS IR BRI £ H Y BT Al A f5 T o R o
MSA /] DU HAT AL FRE A F AN R ER 52 0 H A RIBTE R IAE, s s A 5
EERMER R E SRS ) . BUERBI AT T 20 5 A ZRAE AR L5 P4t SR A e e, 45 5 2R HA,
ZITER BRI R, thAh, I 5 H AR SRR PEREREA T LEAR, UERR TR &
2 STHEZR A Uk

76



A% e
TR TR R AR

707595099 @qg.com

PP, IR RS SRR ABOR ERBE U, LA S 0m, FNEEEEEKNERE
FERTIERRASWA, FEMTITIA N TC MRS BUE T 7R S BAR I TR S KA RPN, B
B F R4S B R IR RS ARIIEOR 5 N H SR S ORI H . i TRZERMF &
JREBUH, fAEM TR T IR S E DU 2 Wik F R £ N R TR, C1F
Engineering Analysis with Boundary Elements, Mathematics, Applied Sciences, Natural Hazards & [E A4h
SRR FIE5 10 o

Space-time collocation multiple -scale Trefftz method for two-
dimensional wave Equations

This research introduces a precise and efficient semi-analytical meshless approach for resolving two-dimensional
(2D) wave equations. It utilizes a novel space-time (ST) Trefftz basis function to improve numerical accuracy.
To tackle the problem of a highly ill-conditioned linear equation system, this study employs a multiple-scale
characteristic length (MSCL). With specified initial and boundary conditions, collocation points are strate-
gically placed along the ST domain boundary, converting the initial value problem into a boundary-value
problem. This technique enables the virtual reconstruction of wave propagation in a 2D domain. Several
examples are presented to demonstrate the method'’s effectiveness in solving 2D wave equations. A bench-
mark example validates the method’s feasibility and accuracy. In the numerical examples, segments of the
exact solutions for forward and inverse problems assess accuracy. The results are compared with other
techniques, demonstrating that the proposed method offers superior accuracy. The accuracy and conver-
gence of the ST semi-analytical approach are tested on various numerical examples with differing boundary

conditions and geometries.
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Peridynamic Modeling and Implicit Solution for Hydrogen Em-
brittlement Fracture: Coupling Diffusion and Deformation via
Multi-mechanism

Hydrogen embrittlement, a prevalent failure mode of metallic materials in hydrogen-containing environ-
ments, poses a widespread threat to the service safety of key structures in the energy, transportation, chem-
ical engineering, and other fields. This often leads to unforeseen brittle fracture of components, resulting in
severe economic losses and potential safety hazards. To address this issue, this study proposes a fully cou-
pled peridynamics for hydrogen diffusion and hydrogen-induced deformation and fracture. Specifically, the
peridynamic hydrogen embrittlement model integrates the interaction mechanisms of hydrogen-enhanced
local plasticity (HELP) and hydrogen-enhanced decohesion (HEDE). A hydrogen concentration-dependent
bond-based peridynamic elastoplastic model is developed, and a hydrogen concentration-related bond
breakage criterion is introduced to accurately characterize the influence of hydrogen on the mechanical
properties and fracture behavior of materials. To efficiently solve the coupled system, a high-performance
implicit staggered solution is further developed, for which the backward Euler implicit method is adopted

to solve the hydrogen diffusion stably and efficie...(more)
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Suliman Khan is currently working as a postdoctoral fellow at Nanjing University of Aeronautics and As-
tronautics under the supervision of Prof. Zhenghua Qian. His research interests are on highly oscillatory
integrals and integral equations with oscillatory kernels. Additionally, he worked on boundary integral equa-
tions that address potential and elasticity problems. Moreover, he implemented the physics-informed neu-
ral network for structural engineering problems modelled by partial differential equations, particularly for

Euler-Bernoulli and Timoshenko beam problems.

On Numerical Computation of the Cauchy-type Singular Integrals

To approximate Cauchy-type singular integrals with a high-frequency Fourier kernel, we suggest two dif-
ferent kinds of splitting techniques. We suggest modified Levin collocation techniques using Chebyshev
polynomials and a multi-quadric radial basis function to evaluate non-singular integrals. A multi-resolution
quadrature is employed to address the singularity-ridden kernel in the interval splitting scenario. In con-
trast, the singular component integral is evaluated analytically in the case of integrand splitting. The novel
algorithms convert logarithmic singular integrals with oscillatory kernels to Cauchy principal value integrals
and compute them. Benchmark problems verify both the individual approaches and the component algo-
rithms. We can easily extend the algorithms to other classes of oscillatory integrals, such as Hadamard

finite part integrals and hypersingular oscillatory integrals.
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A cross-scale CFD-DEM for particulate flow

Hybrid CFD-DEM, which integrates the characteristics of un-resolved, semi-resolved, and fully resolved
methods, is employed for high-fidelity multi-resolution simulations of cross-scale polydisperse particle-fluid
flow systems. Its core principle involves selecting appropriate methods based on the grid size to particle
diameter ratio ($\Delta/d$). For instance, the semi-resolved method is applied when $0.1<\Delta/d <3$.
This range covers a wide spectrum of particle sizes, with the maximum-to-minimum particle diameter ratio
($d_{max}/d_{min}$) reaching up to 30. In most studies, a uniform grid is employed to maintain the size
ratio $\Delta/d$, ensuring that medium-sized particles fall within the $1<\Delta/d<3$ range to achieve
optimal results. However, in practical industrial applications, the grid size is dictated by the Reynolds num-
ber and specific geometry, whereas particle sizes are predetermined by the operational scenario. Con-
sequently, some particles inevitably fall within the $0.1<\Delta/d<1$ range, where the applicability and
reliability of the semi-resolved method remain uncertain. In this study, we first develop and validate a

hybrid CFD-DEM model. Subsequently, we examine...(more)
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Y RER 5 1 HL 58 2 P BRI R & Tl 8 A BRI

Functionally graded magneto-electro-elastic (FGMEE) materials are widely used in engineering and sci-
ence due to their great importance in accurately simulating the static behaviors and dynamic responses of
magneto-electro-elastic structures. This report applies the Finite Block Method (FBM) of Lagrange interpo-
lation polynomials with Chebyshev node distribution for the first time to study and solve two-dimensional
FGMEE structures. The structure is functionally graded along the z-axis direction, and the discrete formula-
tion for solving the two-dimensional FGMEE coupling problem is derived. The values of the displacements,
electric, and magnetic potentials at the nodes are obtained through a set of linear algebraic equations es-
tablished from the governing equations and boundary conditions. And the FBM with the Houbolt difference
method is adopted to solve the dynamic response of FGMEE structures. The accuracy, convergence, and
robustness of the FBM of Lagrange interpolation polynomials with Chebyshev node distribution are veri-
fied through several numerical cases, including FGMEE plates, layered sensor, and energy harvester, and

by comparing with the numerical results of COMSOL.
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Cracking Analysis of Early-age Concrete with Chemo-Thermo-Hydro-Mechanical
Coupling Peridynamics

Abstract: During the hardening process of early-age concrete, the combined effects of hydration reactions,
heat exchange, moisture migration, mechanical deformation, and fracture generally lead to complex crack-
ing phenomena, significantly compromising structural performance and durability. To address this issue,
this study comprehensively considers dominant mechanisms, including hydration heat release, autogenous
shrinkage, thermal diffusion and expansion, moisture diffusion, and evaporation, thereby establishing a
chemo-thermo-hydro-mechanical coupling model for early-age concrete. Furthermore, a nonlocal peridy-
namic modeling approach is proposed, incorporating a bond stiffness evolution model that accounts for the
influence of hydration degree, temperature, and humidity variations on the material’'s mechanical proper-
ties, thereby accurately characterizing the time-dependent mechanical behavior and cracking characteris-
tics of early-age concrete. For the efficient numerical solution of multiphysics coupling problems, a fully
implicit solution scheme was established. The governing equations for the hydration degree field, temper-

ature field, moisture field, and mechanical field were a...(more)
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A Meshless Galerkin Method for Acoustic Problems

In this talk, a meshless boundary integral equation method, the Galerkin boundary element-free method, is
proposed to solve acoustic problems. The existence, uniqueness, and optimal asymptotic error estimate of
the solution are analyzed theoretically. In the method, the system matrix is symmetric and positive definite,
boundary conditions are satisfied directly and exactly, approximation and discretization only use boundary
nodes, and computational formulas are suitable for both interior and exterior acoustic problems. Numerical

results verify the effectiveness of the method and the theoretical analysis.
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RIE T —METEBEIVIRR (DSG) J7iAERSHRIRML R BITETY] B BB IETT 3R, I I E T
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TG; BEEEIYIRIRR T

106



1 3550)

EERHFHE T K2#, sqchen0508@163.com

3LT- voronoi 2 LIERIBRSR N RS T A

Voronoi 82 TLik B — M TERERU BT T B 5. AMPAETZ2ZEL 2 HE 5IASHRE,
PUBEIMRN 18, BAR T ARTTEEBSRNBE iR e H . @A AR
FHATA B, SR T FTR T AR A RER E R, BEIRIRRH, BIEAARTTE, i i ikeE
IR B IR TR B SR TRE S A B SRR,
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JEER AL B i) i ELA AL bR i i e ik (SCTBEM)

BEE ML R AR 1P R G55 TR =k RO 7 SR AURREE A4, ARG S IR = A8
(B SRR E RO T BAE R ETUR A 2 G ER A, ANSCENT T P RS SRS TR AR AR ER MR 34
T3 B LB AL bR 321 R 5T 7% (Scaled coordinate transformation BEM), B JE5k T H/REE R LG £
FRETAMATTIRIE S ARERIA scT Ressifl o 4 o9 ih 5 i oy &Ja 9| ANIRZRORFFRDNUZ R EROR,
TEIB SRS R R RAEIR S e R, SCENE BRI SR . BUELERRIA, Z7iEETE
LRGSR B T RS 5 SR AR AR 75 T TSSO EE R -
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WA )T R R N T B AR . E& ML BDF2 757k

FIURL IR 2R A2 S 9K 9K 3N S RYBCE (5 TR S0 (2 SR R IR e M SR i A1, HCEEE B (iR 7
JTi%, B ESFZEZIE S IR SRS, HREINENEIFLMERT cahn-Hilliard 772, &
1M, FTSR sy MR 22 MR B E S s NIRRT, Rt siEE P KT
P S THRRCERIT AR, i, ASHRH 7 — R BIE NN R KB = H a2
(BDF2) J5i%. 1%J57AMIH BDF2 FENIE AT EAURSE M S EILYS, HiEid R &2 (RIS
I TR A%, (ERIZUBEAR BRR @ PR, e PRI B BRI A, 72 SURURL (R 2R AT EL
{HEHIF, BHIEN BDF2 JTIARIMH M TEGIEIRNRE LSRR, DR, %A E 7% 5%
THITE ALK R R A T S B UEAESE, T T RORBCRE L. HH 0 B A At 2 A S T A I R A AL,
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A RS TAIN AT RE S 5T

AR T — RS — — ARG (FIM), OTEgEa TARILIE (FEM) I
U iE (MEM) B90RS, EUESRIR AR, JUMENIESE, MoRE0EMSR . LM ERY)
BIFF B IR 7L, R0 5 [ 2 IR & e A SRR SRR L, AR 852 200 FLM B
FATF B RAR, it — A5 LA AR SR & T, S8 5 SRR LR
B, FLM BOOREAN : RS RERRRE P S5 LAY,
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2B TINS5 2 30 TE R 4428 7T (VCFEM)

voronoi HITIEEE T REEZRAIN N1 #4270 (VCFEM), 1ERHIURIE Za5M 1A rh (Qn ks
s EEMRIITTR) B TEAMEERRITE SRR, HiR 2Bk LR 21l
%, HHEITTNERN 13 Al IER s B e . Rltk, EAE TR AT DRGSR A A R IT
HONFER A ICNER N 1137, SR, HT VCFEM & BE NSRS, SRR T HEEIRS T S0
. BIUhFNRE (EETE), Xt S8 VCFEM LB TR AT E, Wik EiE s
TR S TR BRI AR A, R 7 voronoi BRTTHINERNIAZ S, A SCLAFETARtTil R 2K
B SO Oy B, ETXORF TR, T XRERE. JUATHE. HETEFEAYHECR, K
EIRT BB AE bR 05 | AAH LI EL voronoi BLyTHR, A& A IR, MR NERAIRS 571 K
NRRENIRR, R MBEITTNEN A, MIMEERS VCFEM 7715 A] DA B BIT N ),
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a8 x| B2 g AR IR E S PR S

BUEBPUZ R AREMEARIR TR R A ) TR, 2R, BT Mg eoh 7 REE T RN EiAE 0
e, TEMRORILR RN SRR B2, MDA R SEIN i oK T2 (A (Gaussian Process
Regression, GPR) {E N —FHES BN #3777k, BAEATFRRM, RiEMHE. TLFRAMEE R
B, FHRERMIIIATE ST, A8 RO PR i RS FER MR U 28 T (A - Y — R ) 77
%, AR, HNZAE., Z2AE. SHESIEHARE T, BA gm0 RS =240,
EHTI AR B IFE RS AR, TIRCERIC T RRE, Jtk, ASCHRH T BRI 771 (Discrete
Learning Method, DLM), %77 51 fif 23 (A B RORIA RHEE B, RAAH SRR S 4E RREAR SR X 70
LS EROCHIRGE/ MEARSE, BT GPR BUIZRFNTIIN, fF2s Rl BB T A5t N, JEREARERREA
NIRRT MRS EGE TR R PR (R dnd . AR BEIRFEIRE), KPR
HImAEM RHSE BN 2 MRYE T8, ik, Fra A AE R R AR R U TAAR B 1 I8 A 2 ]
MR — MIR4E, EAHEREAE T8, AT ER0IG— SR ERN R GPR B, T Frd i
%, P T EERAR RS KRR TR IR, I S BUEMEAT T X LI IR, HRSIRRA, %774
RETE 1 9B INSEER T 77 B EH B Y R RIS R AR i 22 T [P R ) =i A FE T, IX A& 4 GPR J715
JciZ...(more)
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LT ISR PR E%  (SINNSs) R0 285 Hs L ) R AR 0L

RS ARSCHRH T — R R A f 22 O 288 24 — RE R - P2 4% (Spectral Integrated Neural Networks,
SINNs), FH 8 FH T~ - 40 — 4 H FRL R /A B S0 57 7347 SINNSs RE ) 5 B A2 25 (Physics-Informed
Neural Networks, PINNs) 5 I RIER 3 BORMESE & o v T RGN BRI B H R EBUE MR ENE, &
Fe N E RS T T ARHE S AN RIS SRR, I8 IR ML 1T A S 7R
[RS8 BES, HETIEIEREORBEINE 5T, YHYE BRI R E
BT AR SR A AR, WIMERM BRI RIS, X7 EEN BIRP KNRAEA
WENREESREE, &E, B =P HRREIRIE T AN ARE, - 5E5 PINNs TR 55t
1T TR EES#TS

KPR JEH,; TEROMAMLS, YGRS, %, MRS K
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=4k Voronoi /%32 MV J1 T AE 23 D B FEH R 1 st K Je 38 2 S PR 70 B b ) B
FAWFE, B 3D-VCFEM Ktk

25 D BB KTE S SR (HGMCC) SR ISR AR, U I B SR, |2 R 4
TR SRR, ELAIWL ) AT 2 BB A 23 M B T3, (55 R AR LIRS B 25
(MR B R, A AERR N = SRR A TRITRY, STBUAHRH N L9 R 1 i 2% R
fifthit. ST Voronoi ZHNIGEAIEEE T, HIEE—FIETHY (VCFEM) BT, HAptAKIR R AR 2808
TR A AT, 3 AZSS R TEEIOHESE, S MR BB B0 B 1 BRI, FE2A T S/ S
WY ST AR 5, SR PO 14 Hammer BCEAL S A0 B = 405 I, BR{E9B0 R0, BRI
TR/ I T RS s B I SR RS R, ELVH BN TRIAE N T FEM B0EEZE IR 67%, H A i i
B A B 7 1 SR, ARS8 S = 4 Voronoi 24738 B 1) TTASTI S T RN 2 6 (K B eAa
Hi, FZ ORI MR KT PRI 5 TR T RS R, IR AR T R, ¥
PHEMERER AL AR SN, SILAN, AR B8 SR LZF DI R (UF7% 3D-VCFEM
TT, STEMRUE AR/ 2R,
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DHURBRIR RGERK R EF S Pl & TR 7T %

AEET =4 EeEZe, 2 T —MEH T SHUFEIR R G 7K T S50 75 HRRE Mo S 5 ik
WHETTE. ETHASTENE, BERGEH NN (FEMAR, BB, BRI . ik
WIFR ARG, MEREASTERH RARBE ARG 5 KN BRA S MR g, SaBAS Mk, fs
AR ES R EIRE, WET EREWAERRKRINE FRERG 2718, RENE
FROTAAY RABSBIMEHITRE, RAMGSEOTIRELIRIRSSIIIRSNME AL 5] N B RIS
B, SR SIFERASAEERIL R LESHE R S 728 R EIRY) - 225 IR
FHATRE AR, TR 7T IR SR T M 2 RE ot P R BA A . TR RGH T —
AT, AN BEHON LW B R PR R P S T R R i, B3R T R S TARE R,
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JUSEIN AR 53 75 FRAR JC R 925 B L@ o7 b

w5 772 (Delay partial differential equation, DPDE) J&—2REZMIZHEM D IR, Efid T
KROUES AR RSB R, MUK T 4RI EAIRS, B2 T XD EE R e N4
RS, DRI B B 5 S 220 ) T STt 55t - 47 A Y 2 (B R ER RIS (RIS 2, T IZ 2 E T
BRSNS, WYY, A8 WY, (% &5 SRR TESE. |
TR, it HRMES 2 DPDE RUMENTE, T /205 DPDE NEUE T L+ B 0%, LT E
SEUETTTE (AERRIT . ARENTEE), TTMAETTIEEEFITERER, TSN H T
JCIN Y PDE BUEME RIS, {H)2, JoMIA% /515 4E DPDE RIEH N I A2 0L, Fit, AiRERE
DPDE WIS EUE TS, W TLRZeE RN IEL M DPDE BT B RIS 7715, IR AFR5T DPDE U JC
DAAS BC s 2 M EL R I S T T3 BRI, BE R Ok DPDE Y= kS BETC A& 77 15 S HOR ZZ 50 Mr B HY
SERAE, M, 9 DPDE HUEE K ARHR AL = R A JC RS BUE 7T AR R BB, NHES Te Mg
FETEENSAI N H LR R EATRER R
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I REHL-IX MR S A e PRI IR & RS UM T I2 5L
TR, PRECNET AR THE (FEM-BEM) HFEIRIRME S RGRIMULEF— RS
W5 1,2 (BARGETSH, IFMEACERIS MY UAISEL B, TIN5 MR S 4
PRONE L 8, RELRTETFERERERME. ZWEIRE, REER, §iE L2885
Wi, EIRSEARRAAENAEE, GibheeRng, FfeaiRIRA Al REoikin e Sehn L%
R, FIAEF RIS RGIMUC R ARE RN B R EGEER L, SEAIE
R A REAL S AT ASE - BEHLAIE M a0 A R R AL TSR LA TR R A 2 s
ASERE DA A MR R AL, FEBIARIA e B Ie A, WA B X RS, Ik
e, BMIRIICSE, SR TP AREED AR A EERN A E, Tk, AR5
LB IR T REAL-IX VR & S TR A R 9ERE & RGN, B0 G S AR A S A s S AL 1 7
RIS RS, AWFHRH 7 —ERMHTR G A HE ESEC N REINIMEAESR, R
%) ELAR BRI BABOZE R Dy 7 Aik B2 G 2 R P (E A A 22 A _E SRATANAR, WPk TR i 22 I T — 1)
FEEERIXA (PCCl) J7ik45 G FEM-BEM, THEFIRARGHIE G AWE NN, 51 A DUH 4 &
IR (3], M T —EMBL PCCl 7R, PORRIRER Vit nsMutkid s, RE e tRLr
WREEA, ERAERES, R AT IS ... (more)
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(LB S PR TR s "R 20 250 53

AR T RIS T 45 AR DRSNS IR B 700 %7 IR Krylov 2E
SRREHAATI I, 7EG— IR AR — R A ENE, BaE, MR
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SRAFMENGHNS, WAL T SERE ., SEPUA A RIS, RUERTHRT A0 R
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WREGAE 22 BRI 30 Stk o B
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BN, FRIX— R, ASCFIH PINNs I ARTT IR 7T REAVRHR, s R 08 R 250 (oA 2 1 A e,
R IR RN EMHIFTRIEI, R BEM N FHIRER I REATSRAE, MR X B HL, PRy T
BEM ISR ESHRAUIL S iR @ RINERE, ASCAEMEZR A 5| AR sinh 2248t Reifr &y A o i 2
WHARARZR,  SEILBRA R B IR AL TE, %75 IR A RURR T 155t BEM 1EAL P B2 55 M (m) 8 mh 1
AR M STEEDR R, BUERGIIRIE 1 AR /AR SRS SR, RIZIR SHESE RS,
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I 1] 53 BB ek 3™ LT R JE ST Galerkin %

I BN XY BT R E RS ORI B, BRI IR B Y Bt i, XA fE s
AT RORE AR, MR AU ARS S SRR RS EY BOIR. T80 S50
FHME, WA B R BT AR BT I8 =M DS 2R, IEF SRR 2L EUE T B
TRARI B EN Y BOTR. AH HRIE I B 2 E00 ki BOT R A 7 IR RN 5D, AR
& FEANGTCHIT Galerkin J7 5K BRI [ 738 XY BT 18, B I@EE A L2-1_\sigma FTHRIH
L2-1_\sigma B R BT FEL, FF ot 77 IERERENE; @I TCHIT Galerkin 77 A1 BB AR S,
FHor A R RS A S,
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e SRR LTI E R E

MR RIE TR LR 2 AR 2E, FUNPRBINST — BRI B, A S TEME— MBI TA%
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B LSRR BLEHEZE R 4k 1 iEociii it 5 Jeid e M s

WENRE AT AP E BRI RSO, XHEGUESEN ISR T #PkiR, IRt R
JERONL, R ARREEEEE (SGT), HN e (CsT) FmEs M pEieMiam A, (BEGTHRTTT
IREMEINE C1ESSRIFRIRATTN, FAERRBIEERFEAEE, 52Mt, Btk (VEM)
FEfE X BT LR B m B IE R, ARSI 4L BT 77 AR LSS, VBix — N 5s
TRt THUERS, AUTRET 4B AN IS, ST T 2K CIESR R TTR, M
ARETRITCRRE B RS e BRI TR ST B 7 Ho—, B AR T A 7e 5
BEAEICAEZ, ERME R Ta R, € XRERBREE T, HRIEINZITTALE L2 TEEC N BRI
M H EiEdsss T, SIAESIRZIE 12 BEEHATAHR, WRITRETHEN, H=,
BN RN TR, TR NIRRT WUCBIAE SC B R BUE SC IR iR, Y, @i
73 FriNgs, Cook RSFILMERB, RIUIUEIZITIAFETIRNEIE, WIRSIE R PN SOH 1 <5 77 T Y {1 R
MERE, R HAEMANRELER A RIS .
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S iR D RN EER iU EAY U E VG SV

Fa2: 5430 )1%: (Peridynamics, PD) TEy— a2 YRR ERERIE, T 72 B T Fiust ka4 i
EIHEY R, S8, EARMETHE S, PD HHIGR SRR, Bl WA TT 2% PD
HHEMESHEETEME (W PD-AIRITTHE) , HIXEFFREAIEAR R A > 8] A3 i X35,
R CARUE S AL A SRR A — B, ik, ARSI T —MZ 0 PRiE381 /1% (Multiresolution
PD, MPD) 77i%, HIOAHE4E: (1) 1EREXIBEIE X 8% FAH A PD AR MTHE
bR T RS AR R AR S WA S AN A ITEC A, RS TR PD BICR — 3 (2) @5l
NI XCERRTTIZ BREGEE, MPD 1ERVMES B HERIRIN, ARUER T PD H R YL SN A,
S S A AR, AR AR RERERRNRIE, J 5185 PD JTiE#ITA L, 4

A MPD JTIATELRT PD B — B SRS RE I RURIN, B REIC T HH R A IR A T2
EME, IRER T MPD JTIETE KA A 5 8 R B9 1, vARR B s AR R AR AL T
EREEESE,
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EHIRIRST 1 RS R A EIIW R 2o

IR BRI S IS 5 N 2 B ) s 4 3L SCE A TE RS —, TR T
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JE 518 T,
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ARG B A — R (S B4 (PINNs) S12MI%EREL (RBFs) HHLE & I E EHEZE,
AT fRIE SRR =4 (2D) EAFI AL SR, %77 A A PINNs B EAL
b RBF FINTR S AR S EL, B RIR A —4E (1D) MAAFRENEIA, ZEZLET 2R W
LR PR IMEE RS, R AR AR i B 2P s B, (5 B) RBF RIAF B EoR, FHFE6l7T
FERNIA SR TR BRI R TR ) BORE R i A A G 4R TR /R AR ARk 21— 4 1 28 FR,
FRIN IR SRR SEL, MITTRIR T 77 AR ERRPERNRCR . BUESEIRRA, IZHEZR Pk E
2 RIRZEME TEARR MR EELE /T IERIR T 2 2] 5 MUED, XT3 5% M YT Cauchy A
A, P77 T2 NRERREE (EMNRZE <3%), Wik T HAERNGERER SREE. 5
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“BiERE FPM S H

JeRL T HUASN J17£ 75 1% (Smooth Particle Hydrodynamics, SPH) J& T8 1A JC A% 77 1A H IR 72 R4
A, BFRKFI% (Finite Particle Method, FPM) J& SPH N — Rl 751%, BRSNS REIEREIT
NG CERRGE S, 15 TR FEEEN RSN EREE, BARMEH77 20 TR -+
SHEDL, HZE YRR ER G R BIWRHER, £458 FPM AR T RS SOF B, BT, At
X —H A Roe BUER & RARARA I FPM BLIEFF RIS, EETAEWT: (1) PAZ4E=S[A 00, #E
SFEMEE FPM AR, BE, B REIERE MR TR R RE R R A S8, H—
2H H O BRI B AR B B PR B S B B R s SR A (RN AR 73, 1531 AR Ak bR BB R
—. W SBOVARMBIILMETITEH, HSSH T rPM A HIR, SE KT 2K EE,
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Analysis of thermal stress singularity for sharp corner in a rotating body

Based on the geometric characteristics of the rotating body, the displacement and heat flux at the notch
tip are asymptotically expanded as periodic functions in the circumferential direction. These expansions
are then substituted into the three-dimensional elastic equilibrium equations and the heat flux equilibrium
equation, yielding equilibrium differential equations containing only physical quantities within the axial
cross-section. Subsequently, a Williams asymptotic expansion is performed at the notch tip, leading to
a singular characteristic equation. Solving the singular characteristic equation yields the stress singularity
exponent and the characteristic angular function. The finite element method is then employed to discretize
the notch in the rotating body. The thermal stress intensity factor at the notch tip is obtained using an
extrapolation technique. A comparison is made between the thermal stress intensity factor for the notch
in the rotating body and the stress intensity factor for a notch in a flat plate. It is found that when the notch
depth is shallow, the stress intensity factor for the rotating body notch is smaller than that for the plane

notch. Furthermore, t...(more)
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Evaluation of stress singularity orders and generalized stress intensity factors for
axisymmetric V-notches

A detailed linear elastic stress state analysis around the vertex of an axisymmetric V-notch depends on un-
derstanding stress singularities, eigen angular functions, and generalized stress intensity factors. This study
introduces a numerical method for determining the stress singularity state at the singularity of the axisym-
metric V-notches. The displacement field near the axisymmetric V-notch tip is expanded asymptotically
and substituted into the equilibrium equations of the axisymmetric structure, yielding a system of nonlin-
ear characteristic ordinary differential equations that govern the stress singularity orders. The nonlinear
ones are linearized by introducing two variables, and then the interpolating matrix method is introduced for
solving the established characteristic equations, which simultaneously determines the stress singularities
and their associated eigen-angular functions under different radial boundary conditions for both single and
bi-material axisymmetric V-notch configurations. The generalized stress intensity factors of axisymmetric
V-notches are computed using the finite element method by postprocessing the stress results. The results

show that there are two s...(more)
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