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Scale Models Design of Stiffened Plates Under Longitudinal Compression
Considering Collapse Modes and Number of Stiffeners
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The similitude criteria of stiffened plates subjected to longitudinal compression are studied based on the analysis of the
collapse modes and the number of stiffeners. Five dimensionless numbers, including the plate, overall, column, web, and
torsional slenderness ratios, are applied as similitude criteria, accounting for the ultimate strength of local panels and the
typical collapse modes of stiffened plates. The relative stress and corresponding strain of models in the initial yielding
and ultimate limit states, the relative stress and relative strain curves, and the collapse modes are used to distinguish the
similitude of scale models and a prototype. The similitude criteria of models with different yield stresses are verified by
nonlinear finite element analysis. The results indicate that the similitude criteria are useful to guide the design of small-scale
models of stiffened plates.

INTRODUCTION

Stiffened plates are widely used in engineering structures as the
fundamental load-carrying units. The assessment of the ultimate
strength of stiffened plates is always an important issue. The ulti-
mate strength of stiffened plates under uniaxial compressive load,
which is induced by the sagging or hogging of the hull girder in
waves, is one of the primary strength design issues.

Many studies have been carried out using analytical or numer-
ical methods to study the ultimate strength of stiffened plates.
A semianalytical formula (Zhang and Khan, 2009) was proposed
to calculate the ultimate strength of stiffened panels. Based on
a large number of numerical simulation results and regression
analysis, an empirical formula was derived to assess the ulti-
mate strength of stiffened plates by Kim et al. (2017). Combined
with the analysis of the collapse mechanisms, an approximate
method based on analytical expressions was derived by Ozdemir
et al. (2018), and the results were in good agreement with those
obtained by the nonlinear finite element (FE) method. In general,
many studies have been carried out using FE analysis, and the
accuracy and applicability of simplified methods have been veri-
fied by FE analysis (Tatsumi and Fujikubo, 2020; Tatsumi et al.,
2020).

However, the accuracy of the results of the FE analysis is
influenced significantly by the skill of the researchers. Accord-
ing to the investigation by Zhang and Khan (2009), the difference
between the FE results for the same model with same bound-
ary conditions and initial imperfections could reach 15%–20%.
Therefore, the FE modeling technique should be verified by effec-
tive methods, such as the benchmark study of the International
Ship and Offshore Structures Congress (ISSC) (ISSC Committee
III.1, 2012) or experiment. Experiments are a good way to verify
the results of FE analyses when the uncertainties in tests, such as
the initial deflections and welding residual stresses, as well as the
correct boundary and loading conditions, can be determined to
an acceptable level. Chujutalli et al. (2020) tested several small-
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scale stiffened plates under uniaxial compression, which had the
same slenderness ratios as full-scale stiffened plates from ships, to
verify the accuracy of FE analysis. A good arrangement was pre-
sented in the so-called numerical–experimental correlation study,
and the subsequent research work was based on this fact. Liu
et al. (2021) also verified the accuracy of numerical calculations
of the ultimate strength and collapse modes of stiffened panels
with openings and then discussed the effect of the initial imper-
fections, lateral loads, and various openings by FE analysis.

The longitudinal compressive tests have been mainly carried
out on small-scale stiffened plates because of the limits of exper-
imental conditions. Single-span stiffened plates were compressed
by Choi et al. (2009) to verify the proposed formula, which
defined the minimum required stiffness of stiffeners. Eight three-
span stiffened plates were tested, and some of them collapsed
at the side span instead of the middle span (Gordo and Guedes
Soares, 2008). To avoid this issue, the compressive tests of 41/2+

1 + 1/25-span models were performed by Xu and Guedes Soares
(2013a), and the experimental results were compared with the cal-
culations of nonlinear FE analysis considering different boundary
condition configurations (Xu and Guedes Soares, 2013b). In many
tests of stiffened plates, the similitude criteria between the tested
models and structures used in ships were not taken into account.

In some cases, the ultimate strength of actual stiffened plates in
ships needs to be assessed in tests, or the corresponding numerical
calculations should be verified. The most ideal situation is that
the tested model contains the same structures as those in ships. A
full-scale model was tested under cyclic axial-compressive loads
(Paik et al., 2020), and the same model was compressed at low
temperatures (Paik et al., 2021). The geometric dimensions of the
tested model, especially the thickness, were not the same as those
of the reference structure in the ship. The thicknesses of the local
panel, web, and flange in the reference structure were 12, 13, and
17 mm, respectively, and the thickness used in the tested model
was simplified to 10 mm.

As the experimental conditions will limit the sizes of models,
small-scale models are widely used to study the ultimate strength
and collapse mechanisms of ship structures when the tested model
is designed based on similitude criteria, and they can reflect the
features of the reference structures. Under ideal conditions, the
geometric sizes can be reduced with the same scale factor, and
the material of a small-scale model is the same as that of a pro-
totype. However, the scaled thickness might not be obtained, as
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