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ANALYSIS OF THE IMPACT OF PLATE ELEMENT SELECTION ON THE APPLICATION
OF THE FINITE ELEMENT METHOD IN MODELING LARGE CONCRETE SLABS WITH HOLES
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This study addresses the challenge of stress prediction under forced deformation for
large concrete slabs with holes (e.g., industrial factory floors, nuclear power plant equipment
foundations) by analyzing the influence of plate element type selection on modeling accuracy and
computational efficiency. Based on experimental data from a 4x4x0.25 m large slab with holes, the
performance and characteristics of various plate elements (including triangular, quadrilateral, and
polygonal types) in simulating the shrinkage stress field are compared, elucidating the influence
of element type on stress concentration around holes, the behavior of zero shear stress points, and
computational efficiency. The research results indicate that using higher-order quadrilateral elements
(such as eight-node isoparametric elements), combined with a contact interface spring model to
calculate stress around holes, can satisfy engineering calculation requirements, with stress calcula-
tion errors at hole edges within 8%, however, the computational speed is considerably slower than
that of neural network models. Based on the above research findings, this paper proposes an element
selection strategy for plates with complex geometries and introduces a hybrid computational
framework combining finite element coarse calculations with neural network refinement.

Keywords: finite element method, large concrete slabs, hole effects, element type, contact
interface.
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ZaHHoe uccnedosaHue nocsAau,eHo npobsaeme nNPo2HO3UPOBAHUA HANPAXeHUU npu npuHy-
dumesnbHol Oehopmayuu KpyrnHoOpasmepHsix 6eMoHHbIX NAUM ¢ omeepcmuaMU (Hanpumep, nosos
MPOMbIWIEHHbIX yexos, hyHoameHmos nod obopydosaHue A3C). B pabome aHanusupyemcs 6aus-
Hue 8b160pa MUNA KOHEeYHbIX 371eMeHMOo8 MaAACMUH Ha MOYHOCMb MOOEAUPOBAHUA U 8bI4UCAU-
mesnbHyo agpdpekmusHocms. Ha ocHose aKcnepumeHmMasnbHeIX OAHHbIX 044 NAUMbI PA3MepPoOM
4x4x0.25 m c omsepcmuAMU NPo8edeHO CPABHEHUE XaPAKMEPUCMUK PA3/UYHbIX KOHEYHbIX S1eMeH-
mos (mpey20s1bHbiX, Yemblpexy20/1bHbIX U MHO20Y20/1bHbIX) MU MOOEAUPOBAHUU M08 YCAOOYHbIX
HanpaxeHul. BbiagneHo eauasHUe Muna 31eMeHmMo8 Ha KOHUEeHmMpayu HanpaxeHul 80Kpya
omeepcmudl, nosedeHue Mo4yeK Hyse8bix KACamesbHbIX HanpAXeHUl U CKopocmb 8bl4ucaeHud.
Pe3ynbmamel ucci1edos8aHuA MNoKa3biearom, Ymo UCrnosnb6308aHUE Yemblpexy20abHbIX 3/1eMeHMos
gbicuwie20 MopAOKA (MAKUX KAK 80CbMUY3/108ble U30NapamempuyecKue 31emeHmsl) 8 co4emMaHuU
C NPy#UHHOU M0oOesbto KOHMAKMHO20 UHmMepgelica 047 pacyema HanpaxceHUl 80Kpy2 omeep-
cmuli no3sossaem yo008s1emeopums UHXEHepHble mpebo8aHUA: No2pewHOCMb Ha Kpasx omeep-
cmuli He npesbiwaem 8%. OOHAKO CKOPOCMb MAKUX 8bl4UCAEHUU 3HAYUMENbHO HUXE, YeM Yy MO-
Oeneli Ha 6a3e HelipoHHbIX cemel. Ha 0CHOBAHUU MO/yYeHHbIX OGHHbIX 8 CMaMbe NpPeodnoHeHa
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CmpoumesnbHble KOHCMpPYKUUU 30aHUl U coopyxceHul, coepemeHHble MemoOobl pacyema U NpoeKmuposaHus

cmpameeaus 8bibopa 3nieMeHmo8 048 NAACMUH C/A0OXHOU eeomempuu u npedcmasaeHa 2ubpuo-
Has 8blyuUCAUMENbHAA CXeMa, coyemarou,as 2pybolli pacdem memodom KOHeYHbIX 31eMeHmo8
C yMoYHeHUeM npu nomouwju HelipoHHol cemu.

Kntoueeoble cnoea: memod KOHEYHbIX 31eMeHmMo8, KpynHopasmepHsie 6emoHHble naumel,
enusHuUe omeepcmuli, murn KOHeYHo20 31eMeHmMa, KOHMAaKmMHbIl uHmepgelic.

1. Introduction

Large concrete slab structures experience significant nonlinear stress concentrations during
temperature-induced shrinkage due to the presence of various complex openings (including pipe
holes, equipment holes, etc.) and strong foundational constraints. The traditional finite element
method is one of the primary analytical tools, with accuracy dependent on the selection of plate
element types and mesh configurations. Currently, most research on large slabs with openings
seldom involves selection analysis of plate elements. In cases with asymmetric openings or nonlinear
contact interfaces, using inappropriate plate elements can easily lead to stress prediction errors
exceeding 25% [1].

This paper integrates experiments on a 4x4x0.25 m large concrete slab with holes (including
central and eccentric hole conditions) to compare the performance of different plate elements in
simulating the shrinkage stress field. It focuses on analyzing the influence of element type on the
stress gradient around hole edges and the displacement of zero shear stress points, and compares
computational efficiency with a convolutional neural network (CNN) model, providing a theoretical
foundation for engineering design.

2. Plate Element Types and Their Application Scenarios in Finite Element Modeling
2.1 Comparison of Basic Element Types

Element type

Typical Applica-

Advantages

Limitations

Computational

tion Scenarios Efficiency
The constant stress
- Strong geometric | assumption results
. Mesh Transition g Bec assump
Triangular adaptability and in singular stresses
around Irregular . . L. 0. 8. ¢
Elements Holes convenient auto- | at hole edges, with
matic meshing errors exceeding
15%
. . Irregular meshes
Modeling of regu- High accuracy &
. - . tend to cause
Quadrilateral lar rectangular of bilinear inter- .
. . shear locking, ok kv
elements plates with sym- | polation and good .
. necessitating mesh
metrical holes convergence .
refinement
. . _ Complex shape
Polveonal Complex multi- Flexible fitting functisns increF;se
v8 hole coupled of arbitrary geo- . LB 0 8% O%e
elements computational

regions

metric boundaries

time by over 30%

2.2 Engineering optimization of higher-order elements

Eight-node quadrilateral isoparametric elements: by adding nodes at the midpoints of each
guadrilateral edge and employing quadratic interpolation functions to compute stresses at corre-
sponding coordinate positions, this method effectively captures the stress gradient at hole edges
(stress concentration factor K=3.2 for center-holed plates), consistent with photoelastic experi-
mental results.
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Contact interface spring element: When simulating plate-foundation constraints, replacing
all bonding assumptions with nonlinear springs (here, K11 =4 x 10A5 N/m and K33 = 1.2 x 10r7 N/m
are selected) corrects the error in the offset of the 'zero shear stress point' (for an eccentricity
of 0.8 m, the simulated offset is Ax = 0.96 m, differing from the measured value by less than 5%).

3. Key Issues in Finite Element Modeling of Large Plates with Holes and Experimental
Validation

3.1 Model Setup and Mesh Strategy

Specimen parameters: C30 concrete large slab, central hole diameter 0.8 m, eccentric hole
offset 0.8 m, slab bottom connected to foundation by ®16@200 mm rebar mesh (simulated shear
stiffness K=1.2 x 1076 N/m).

Mesh Discretization:

— Triangular elements: mesh density of 0.2 m around hole edges, global mesh density of 0.8 m,
total number of elements 2400;

— Eight-node quadrilateral elements: refined to 0.1 m around hole edges, global mesh size
0.5 m, total number of elements 1800 (Figure 1).

a - triangular elements; b — eight-node quadrilateral elements

Figure 1. — Comparison of mesh discretization for eccentric hole slab

3.2 Shrinkage Stress Simulation and Experimental Comparison

Boundary conditions: Cured in a constant temperature and humidity chamber (20°C £ 2°C)
for 28 days, with an applied equivalent shrinkage cooling AT = -35°C.

Stress results:

Element tvoe Maximum stress at hole | Zero shear force point Computation time (h)
P edge (MPa) offset (m) P
Triangular Elements 2.15 0.68 (Measured: 0.92) 1.2
Eight-nod drilateral
'gt-node quUadriiateral | 5 g9 (Measured: 2.91) | 0.90 (Measured: 0.88) 3.5
element
CNN model [3] 2.85 0.89 0.01

Note: Measured data are from fiber Bragg grating (FBG) sensor monitoring results.
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4. Collaborative strategy between finite element method and neural network model

4.1 Limitations of Traditional Methods

Efficiency Bottleneck: When simulating complex porous slabs using eight-node elements,
the computation time for a single load case exceeds 6 hours, which does not satisfy design itera-
tion requirements.

Insufficient Geometric Adaptability: In scenarios involving randomly distributed holes and
polygonal holes, the cost of mesh reconstruction is high, and the risk of stress singularities signifi-
cantly increases [4].

4.2 Construction of a Hybrid Computational Framework

Coarse Calculation Stage: Triangular elements are employed for rapid mesh partitioning to
capture the stress distribution trend (error < 15%);

Refinement Stage: Data from a 5x5 laser displacement meter array surrounding the holes
are used as input to a pre-trained CNN model. The model prediction yields a 16x16 pixel stress
contour map with an RMSE of 0.048 MPa.

Verification phase: Calibrate high-stress regions using acoustic emission localization tech-
nology (accuracy up to 0.2 m), establishing a closed loop of 'modeling-prediction-measurement.

5. Conclusions and Outlook

Element selection recommendations: For symmetrical holes, it is advisable to use eight-
node quadrilateral elements with a priority on accuracy; For irregular holes, triangular elements
combined with local mesh refinement are recommended (efficiency prioritized).

Contact interface modeling: The introduction of a spring—bond element combination model
yields smaller errors (<8%) in predicting the 'zero shear force point.'

Technical integration direction: Utilizing a hybrid method combining the finite element
method and neural networks can increase the speed of preliminary engineering design evaluations
by more than 50 times, representing a highly efficient model.

Future research may investigate element selection methods for three-dimensional holes
(including elliptical and multi-layer holes), incorporating concrete creep effects and coupled modeling
integrated with neural networks.
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