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[Abstract]

This paper presents an integrated pipeline that combines interior augmentation with piecewise rigid fracture simulation to
address the hollow cross-section problem in 3D Gaussian splatting, where surface-centered representations often reveal empty
interiors after fracture. The proposed method generates auxiliary interior Gaussian points using a signed distance field and
reconstructs plausible internal appearances for exposed cut surfaces using slice-based coordinates and neighboring Gaussians. A
proxy mesh reconstructed from the Gaussian distribution is used for fracture simulation, and the resulting piecewise
transformations are transferred back to the Gaussian primitives through rest-frame binding. In addition, cut-aware pruning retains
only the interior Gaussians required for cut-surface representation, thereby reducing computational cost. Experimental results
demonstrate improved fracture continuity while achieving a practical balance between cut-surface quality and computational

efficiency.
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Geometry—aware
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Fig. 1. Overview of the proposed Gaussian RBD simulation pipeline
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Table 3. Key hyperparameters and configuration settings of
the proposed pipeline

Param. Sym. | Stage | Value Unit Description
Surface Excludes
Tourt | Aug. | 0.038 | [W/N] near-surface
excl. thres points
Slice thick | fgce | Slice | 0.05 | [W/N] Slice interval
# Neighbors K Attr. 1 cnt NO'GOf reference
aussians
Dist. Inverse—distance
exponent b Atir. 1 0.015 weighting strength
) Avoids
E;t;'tl' € Attr, 1e-6 - zero—distance
: instability
Retention Cut—surface
thres Zeur | Prune | 0.0015 | [W/N] retention range
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Table 5. Quantitative evaluation of cut-surface quality

Method SSIM PSNR %:tre?]ztti”
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P1 0.7675 28.83 0.057
P2 0.7642 28.80 0.055
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Table 7. Comparison of fracture-surface representation
between the 2DGS mesh baseline and the proposed

method
Interior Surface—to—Interior Cut-surface
Method Material Continuit Detail
Authoring Y Strength
2DGS Mesh Required Low 0.0028
Ours Not required High 0.0083
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Fig. 6. Comparison of cut-surface detail strength and mean
detail maps between the 2DGS mesh baseline and the
proposed method
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