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Abstract: Maximum scour depth is the most common index used to evaluate local scour around
hydraulic structures, but it does not fully represent the spatial extent of a scour hole. This study presents
a multi-criteria reanalysis of curved-nose pier models using maximum scour depth together with
dimensionless longitudinal scour-hole area and dimensionless scour-zone length. Fifteen clear-water
scour tests on five models were reconsidered at U/Uc = 0.75, 0.85, and 0.95. Equal, entropy, and
CRITIC weights were combined with TOPSIS and VIKOR rankings, and robustness was tested using
criterion removal and 20,000 Monte Carlo weight vectors. P5 was fully robust at U/Uc = 0.75, while
P4 became the preferred multi-criteria alternative at U/Uc = 0.95. The results show that the geometry
minimizing maximum depth is not necessarily the geometry minimizing the overall erosion extent.

Keywords: Local scour, Longitudinal bed profile, Multi-criteria decision-making, Sensitivity analysis,
Monte Carlo simulation

Introduction: Local scour around bridge piers and related hydraulic structures is governed by the interaction of
downflow, horseshoe vortices, wake vortices, and sediment transport near the structure. Maximum scour depth is
commonly used because of its direct relevance to foundation safety, but it represents only the most severe local
penetration and does not fully describe the spatial extent of the scour hole (Chiew and Melville, 1987; Ettema et
al., 2017; Bento et al., 2022; Rogers et al., 2020). In a previous study based on the same experimental program,
increasing the curvature of the upstream nose reduced the reported maximum scour depth and P5 showed the best
depth-based performance (Bakhtiari et al., 2024). However, the longitudinal scour-hole area and scour-zone length
were not quantitatively integrated with maximum depth, and the stability of the preferred geometry under different
design priorities was not examined. The present study therefore does not claim methodological novelty for
TOPSIS, VIKOR, entropy, CRITIC, or Monte Carlo methods. Its contribution is a secondary quantitative analysis
of archived bed profiles to determine whether a geometry that is preferable based on maximum depth remains
preferable when the spatial extent of erosion is also considered. This question becomes relevant when the depth,
area, and length criteria favor different alternatives. The research gap addressed here is therefore the lack of a
quantitative re-evaluation that jointly considers local scour severity and the spatial extent of the scour hole using
the archived profiles.

Methodology: The database comprised 15 clear-water scour experiments on five plexiglass models (P1-P5) at
U/Uc =0.75, 0.85, and 0.95. P1 was the physical control and P2-P5 were decision alternatives. The models had a
3 x 3 cm section in a 31 cm-wide flume, corresponding to a 9.68% blockage ratio; the experimental setup and
curved-nose models are shown in Figs. 1 and 2, and their geometric characteristics are summarized in Table 1.
Three cost criteria were evaluated: reported maximum scour depth, dimensionless longitudinal scour-hole area,
and dimensionless scour-zone length. The two geometric indices were obtained from the dimensionless
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longitudinal profiles using Egs. (1)-(3), and the resulting decision matrix is given in Table 2. Pearson and Spearman
correlations and leave-one-criterion-out analysis were used to assess information overlap and criterion influence.
Equal weights were a no-preference baseline; entropy and CRITIC weights were calculated from the pooled
observations and independently at each velocity. TOPSIS and VIKOR were applied at each velocity. For VIKOR,
acceptable advantage and stability were checked and sensitivity to v over 0-1 was examined. Agreement among
the six method-weight rankings was assessed using Kendall's W. Robustness to weight uncertainty was evaluated
using 20,000 Dirichlet(1,1,1) weight vectors; Monte Carlo sampling was not interpreted as experimental
uncertainty because independent replication was unavailable.

Results and Discussion: The three criteria were not fully independent. Across the 12 observations, Pearson
correlations for depth-area, depth-length, and area-length were 0.657, 0.408, and 0.825, respectively; the
corresponding Spearman coefficients were 0.753, 0.511, and 0.818. Thus, the strongest information overlap
occurred between area and length. Nevertheless, leave-one-criterion-out analysis showed that P5 at U/Uc = 0.75
and P4 at U/Uc = 0.95 retained the first rank after removal of any single criterion, whereas the intermediate velocity
was more sensitive to criterion composition. The longitudinal profiles and criterion trends are presented in Figs. 3
and 4. Velocity-specific entropy and CRITIC weights changed in magnitude relative to the pooled weights but did
not change the first-ranked alternative in the corresponding TOPSIS/VIKOR cases; the pooled and velocity-
specific weights are summarized in Table 3. In VIKOR at v = 0.5, acceptable stability was satisfied in all scenarios,
but acceptable advantage was not; P4 and P5 were therefore interpreted as close compromise alternatives where
appropriate. Sensitivity over 0 <= v <= 1 did not change the first-ranked alternative within a given weighting
scheme. The consensus rankings and Kendall's W values are reported in Table 4. At U/Uc = 0.75, all three criteria
favored P5 and the multi-criteria analysis mainly confirmed the depth-based decision. At U/Uc = 0.95, PS5 retained
the minimum maximum depth, whereas P4 produced a dimensionless scour area and scour-zone length
approximately 25.5% and 31.8% lower than P5. Monte Carlo first-rank probabilities are listed in Table 5 and
illustrated in Fig. 5. The multi-criteria framework therefore added the most value when local scour penetration and
erosion extent pointed toward different designs.

Conclusion: The multi-criteria framework should be regarded as a complement to, rather than a replacement for,
conventional maximum-depth assessment. Its added value is greatest when maximum depth, scour-hole area, and
scour-zone length favor different alternatives. P5 was highly robust at the lowest relative velocity, while P4
provided the more balanced response at U/Uc = 0.95 when erosion extent was considered together with maximum
depth. The analysis also showed that the intermediate velocity was the most sensitive to criterion composition and
weighting assumptions. The principal limitations are the absence of independent experimental replication,
correlation among some morphological criteria, and restriction of the decision matrix to three longitudinal scour
indices. The Monte Carlo analysis quantifies weight sensitivity only and does not represent experimental
repeatability or measurement uncertainty. Future work should include replicated tests, three-dimensional bed
surveys, scour-hole volume, protection length, constructability, cost, and project-specific expert weighting where
appropriate.

© 2025 University of Zabol, Zabol, Iran.
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Fig. 1 Experimental equipment and test procedure: (a) laboratory flume, (b) bed leveling, (c) test run, and (d) laser profiling
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Table 1 Geometric characteristics of the experimental
models.

Model R (cm) 0 (°) b/B (%)

P1 - 9.68
P2 28.52 18 9.68
P3 20.20 48 9.68
P4 12.90 79 9.68
P5 11.06 102 9.68
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Table 2 Decision matrix used for ranking the pier models.

U/Uc Model

Reported maximum

Dimensionless area, Dimensionless length,

depth Ag* L*
0.75 P2 6.10 2.288 9.000
0.75 P3 2.00 4.459 13.375
0.75 P4 1.10 1.400 7.000
0.75 P5 0.70 0.824 6.324
0.85 P2 8.50 4.875 10.500
0.85 P3 4.00 9.044 15.750
0.85 P4 2.20 3.500 8.000
0.85 P5 1.80 2.700 9.500
0.95 P2 10.00 11.091 11.625
0.95 P3 7.00 13.368 16.071
0.95 P4 4.00 4.827 7.938
0.95 P5 3.10 6.482 11.640
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Fig. 3 Comparison of dimensionless longitudinal bed profiles of P1-P5 at U/Uc = 0.75, U/Uc = 0.85, and U/Uc = 0.95.
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Fig. 4 Variation of ranking criteria with relative velocity: (a) maximum scour depth, (b) dimensionless longitudinal scour-
hole area (A*), and (c) dimensionless scour-zone length (Ls*).
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Table 3 Pooled and velocity-specific criterion weights.

Scope / method Maximum depth Dimensionless area Dimensionless length
Equal (reference) 0.333 0.333 0.333
Pooled Entropy 0.461 0.457 0.082
Pooled CRITIC 0.423 0.224 0.353
U/Uc=0.75: Entropy /
CRITIC 0.596 / 0.507 0.324/0.242 0.080/0.251
U/Uc=0.85: Entropy /
CRITIC 0.571/0.496 0.328 /0.245 0.101/0.260
U/Uc=0.95: Entropy /
CRITIC 0.488 /0.454 0.367/0.193 0.1450.353
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Table 4 Consensus ranking of the models and Kendall's coefficient of concordance.

U/Uc¢ Rank 1 Rank 2 Rank 3 Rank 4 Kendall's W
0.75 P5 P4 P3 P2 0.944
0.85 P5 P4 P3 P2 0.822
0.95 P4 P5 P3 P2 0.944
IS Zige Jelo 45 S sy S Jlain! B Jg
Table 5 Probability of achieving the first rank in the Monte Carlo analysis.

U/Uc P2 P3 P4 P5

0.75 0.0% 0.0% 0.0% 100.0%

0.85 0.0% 0.0% 34.1% 65.9%

0.95 0.0% 0.0% 80.9% 19.1%
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5- List of Symbols

As (L?) Longitudinal scour-hole area

A* () Dimensionless longitudinal scour-hole area
CGi(-) TOPSIS closeness coefficient

D (L) Characteristic model dimension

Ls (L) Scour-zone length

L* () Dimensionless scour-zone length

Qi(-) VIKOR compromise index

Ri(-) VIKOR individual regret index

Si (-) VIKOR group utility index

U(@ms™') Mean flow velocity

Us (ms) glr;ggil velocity for incipient sediment
U/Uc (-)  Relative flow velocity

W (-) Kendall's coefficient of concordance

wi (-) Weight of criterion j

X (L) Longitudinal coordinate

x*(-) Dimensionless longitudinal coordinate

z* (-) Dimensionless bed-level change

Az (L) Bed-level change

Qi (-) Dimensionless scour domain
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