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Abstract
The spectral element method (SEM) is an efficient and accurate dynamic analy-
sis approach that combines the finite element method (FEM), dynamic stiffness
method (DSM), and spectral analysis method (SAM). This study provides a
comprehensive review of the research progress of SEM in the field of structural
dynamics analysis. First, the fundamental principles of SEM and its advantages
in dynamic analysis are introduced; second, the spectral element modeling ap-
proaches for basic mechanical models such as beams and plates are elaborated;
subsequently, the specific applications of SEM in structural dynamics are dis-
cussed, and its potential in engineering practice is analyzed; finally, future de-
velopment directions of SEM are proposed for researchers’ reference.

Full Text
Preamble
Machine learning and deep learning constitute the primary focus of this investi-
gation. The theoretical framework integrates several mathematical components:
#2&’()∗!"+(∗!, −.∗", ∗00𝐵𝐵1𝑆 < ∗5𝑁𝑁7∗0⟨𝑀𝐴𝑇𝐻_0001⟩0, and established
results from prior studies ABC and DEFGH. The methodological approach ad-
heres to conventional formulations 6!𝑇𝐶𝑇&"!6 while incorporating necessary
modifications to address the specific problem domain.

0 C&&
The computational architecture employs multiple parameter sets: 𝑃𝑄!𝐸8%𝑋4𝐾∗
0# + 4 = −𝑂4)𝑄𝑂 > ‘− > 7@6?4 = 4𝑄(𝑂𝑁‘ − 4𝑂 > @47 = 5) >> 𝑂𝑃)4 =>,
𝑒0%, %𝑑, %𝑑, and %𝑑. Variable definitions follow standard conventions
∗&1&𝐵 ∗ &00%𝐵.
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0 C&&
This section extends the analysis to encompass ""%𝐿5. ∗ %#𝑉 (? > 𝑁94𝑃 >
𝑁@(𝑂𝑂 > 𝑁𝑃(7?57. = (= 9 > 𝑄5𝑂𝑁 = 𝑁5; 74 = −𝑂4)𝑄𝑂 > ‘− > 7@5 > 𝑁
within the broader mathematical framework.

0 T$.
The theoretical development continues with enhanced modeling capabilities.

0 C&&
Additional constraints and boundary conditions are introduced to refine the
model specification.

0 T$C
The methodology now incorporates 𝐶&𝐶 ∗ 𝐶𝐵0𝑇1 ∗ 0!&& ∗ &1" to address
previously identified limitations in the baseline formulation.

0 C&&
Further parameterization is established through 1".

0 T$C
Complementary analytical procedures are implemented.

0 T$C
The analysis continues with advanced mathematical derivations involving mul-
tiple parameter sets and boundary conditions.

0 C&&
The computational framework is extended with additional mathematical rela-
tionships.

0 T$C∗&1&𝐵 ∗ %00%𝐵
This phase of the investigation incorporates advanced optimization techniques
to enhance model performance.

0 C&&
Additional theoretical considerations are addressed through modified formula-
tions.
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0 Tℎ!Ł𝑢 − ./𝑣"∘%&129345
The mathematical apparatus is further extended via supplementary equations,
enabling more comprehensive analysis of the problem space.

0 C&&
Complementary validation procedures are implemented to ensure theoretical
consistency.

0 T$C”%$
The preceding section presents an extensive mathematical derivation involving
multiple parameterizations and boundary conditions. The core relationships are
expressed through a series of equations: 𝐶&𝐶 ∗ 𝐶𝐵0𝑇1 ∗ 0!&& ∗ &1" through
$C&% ‘abc#9==PN# SS@<43;<=->?-*@7#defgh#>?455@ ^ ! define the
primary variables, while "𝐵%& − 75 = #𝐸8’ through &𝑑"𝐶 establish the com-
putational framework. The solution methodology employs iterative procedures
indicated by the sequence 𝐶, &𝑑"1, 𝐶, and ". Final computational steps in-
volve ∗𝑇1""0∗ through ## > ?455@!"_##1⟨̂𝑀𝐴𝑇𝐻_0007⟩, with verification
against established benchmarks.

0 C&&
The subsequent analysis introduces supplementary constraints &7 and valida-
tion procedures "&% ∶;∘ !, with comparative studies referencing external datasets
and methodologies.

0 T$C∗&1&𝐵 ∗ %00%𝐵
This phase of the investigation incorporates advanced optimization techniques
𝐶 to enhance model performance.

0 C&&
Additional theoretical considerations are addressed through modified formula-
tions.

0 Tℎ!Ł𝑢 − ./𝑣"∘%&129345
The mathematical apparatus is further extended via ℎ!Ł𝑢 − ./𝑣"∘%&129345,
enabling more comprehensive analysis of the problem space.

0 C&&
Complementary validation procedures are implemented to ensure theoretical
consistency.
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0 T$C”%$
The final section provides a comprehensive synthesis of the theoreti-
cal and computational developments. Key results are consolidated in
"/𝐶 through $% & 57 R957>N>’ * $, with detailed derivations pre-
sented in 𝐶 to $0C!C!&0“’ #0%C0/0%C1* =5(74))6.O4?>? K>43N-
N57.=9>Q5ON=(O?>ON9>4O?>Q(O34=5(7 =9>(O6 \Z2\547.!AZ+J-
(6(7.!UGD9-RO4@b 5?>7=5Q5@4=5(7 (Q@47=5)>/ $. The complete
algorithmic specification encompasses ""!𝑇 1#0, $A% A(-O74)(QE4OK57 $, and
$0C!C!&0”’ #0%C0/0%C1& 57 R957>N>’ * P5>8(>)>@=O5@@(^>O>?
3>=434=>O54)X53(N9>7b(K>43N-N57.=9> $, while implementation details
are covered in 𝐴% ∗ 𝑈34𝑂 = 34 => 𝑂54)𝑁47?𝑁 = 𝑂 − @ = −𝑂 > 𝑁!"
through %𝐶%𝑌𝐺𝑅2+,𝑀𝑌 !𝑊𝐹𝑈𝑈,+𝑋𝐹𝑈𝐴𝑉 𝑅 ∗ 𝑈 = 𝑂 − @ = −𝑂4)9 >
4) = 93(75 = (𝑂57.3 > 7 = 3(? >)𝑄(𝑂 = 9 > ?67435@𝑁(𝑄4)43574 =>
?@(3𝑃(𝑁5 => 𝑃)4 =>. Theoretical convergence properties are estab-
lished in 𝐴% ∗ 𝑉 > @9475/𝑅(3𝑃(𝑁5 => 𝑁 = 𝑂 − @ = −𝑂 > 𝑁!" and
0∗@4)𝑁6𝑁 => 3𝑁47?𝑁5.74)𝑃𝑂(@ > 𝑁𝑁57.!", with empirical validation pro-
vided by $!B% ,c,WL! MFGD2J,M A*,7 >;4@=NP>@=O4)>)>3>7=3>=9(?
Q(O $ to 𝐴% ∗ 𝑉 > @9475@𝑁(𝑄4?47@ > ?34 => /34? > (𝑄 =
_(?53 > 7𝑁5(74)𝑄 − 7@ = 5(74))6.𝑂4? > ?34 => 𝑂54) − 𝑁57. = 53 >
/𝑂54)𝑁47?𝑁 = 𝑂 − @ = −𝑂 > 𝑁!". The manuscript concludes with
a summary of findings and prospects for future research, as outlined in
𝐴% ∗ 𝑋957/7 > 𝑁 > ’ ∗ _4)) > ?𝑁 = 𝑂 − @ = −𝑂 > 𝑁!" through
𝐴% ∗ 𝐴(−𝑂74)(𝑄24𝑁 = 𝑅9574𝐴54(= (7.𝐺75/>𝑂𝑁5 = 6!".
Note: Figure translations are in progress. See original paper for figures.
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