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Abstract
This paper numerically evaluates the effect of the crack position on the ultimate strength of stiffened panels. Imperfections such as notches and 
cracks in aged marine stiffened panels can reduce their ultimate strength. To investigate the effect of crack length and position, a series of 
nonlinear finite element analyses were carried out and two cases were considered, i. e., case 1 with thin stiffeners and case 2 with thick 
stiffeners. In both cases, the stiffeners have the same cross-section area. To have a basis for comparison, the intact panels were modeled as well. 
The cracks and notches were in the longitudinal and transverse direction and were assumed to be in the middle part of the panel. The cracks and 
notches were assumed to be through the thickness and there is neither crack propagation nor contact between crack faces. Based on the 
numerical results, longitudinal cracks affect the behavior of the stiffened panels in the postbuckling region. When the stiffeners are thinner, they 
buckle first and provide no reserved strength after plate buckling. Thus, cracks in the stiffeners do not affect the ultimate strength in the case of 
the thinner stiffeners. Generally, when stiffeners are thicker, they affect the postbuckling behavior more. In that case, cracks in the stiffeners 
affect the buckling and failure modes of the stiffened panels. The effect of notch was also studied. In contrast to the longitudinal crack in 
stiffeners, a notch in the stiffeners reduces the ultimate strength of the stiffened panel for both slender and thick stiffeners.
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1  Introduction

Plates and stiffened panels are the principal parts of 
marine structures, and they are subjected to various severe 
loads. One of which is the in-plane loads from hull girder 
bending stresses. To investigate the effect of these forces, 
ship structural designers face many challenges. On one 
hand, nowadays, due to new manufacturing methods and 
higher-strength materials, the structures are becoming thinner 
and more prone to buckling and consequently, the structural 

design processes emphasize more on buckling and compres‐
sive behavior of the structures. (Ikeda and Morota, 2022) 
On the other hand, marine structures are exposed to harsh 
environments, which may cause corrosion, cracks, and other 
imperfections. In marine applications, improper design, 
structural defects, or repetitive loading can cause cracks in 
stiffened plates. These cracks can reduce their ultimate 
strength and safety factor. The decrease in the ultimate 
strength of marine structures causes danger to human lives.

Considering the importance of the ultimate strength of 
stiffened plates, many researchers have studied the ultimate 
strength of steel and aluminum stiffened plates. Experi‐
ments to understand the compressive behavior of stiffened 
panels are scarce, i.e., Aalberg et al. (2001), Ghavami and 
Khedmati (2006) and Xu and Soares (2012) conducted a 
series of experiments to investigate the effect of different 
parameters on the ultimate strength of stiffened panels.

Kim et al. (2009) and Liu et al. (2020) numerically inves‐
tigated the ultimate strength of long-span stiffened and per‐
forated panels, respectively, and concluded that the design 
formula for critical buckling strength in both cases is appli‐
cable. Ozdemir et al. (2018) and Zhang and Khan (2009) 
also re-evaluated the existing formula for designing con‐
temporary large ships by using the nonlinear finite element 
method and proposed some other empirical formulas in that 
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field. Putranto et al. (2021) suggested an equivalent single-
layer plate theory to calculate the ultimate strength and 
compressive behavior of stiffened panels and model local 
and global buckling behavior.

Many parameters can affect the ultimate strength of 
stiffened panels under inplane loads. Anyfantis (2020), 
Hosseinabadi et al. (2021), and Li et al. (2021) studied the 
influence of residual stress, load distribution, and initial 
imperfection on the ultimate strength of stiffened panels, 
respectively. Song et al. (2019) investigated the effect of 
the test scale on the failure modes of the stiffened panels. 
They reported that the plate slenderness, the stiffener slen‐
derness and the torsional stiffness are more important than 
test scales. Khedmati et al. (2009) investigated the effect of 
construction methods and showed that the ultimate strength 
of continuously fillet welded stiffened panels is less than 
the ultimate strength of staggered intermittent fillet welded 
stiffened panels.

Like intact stiffened panels, there are two approaches 
adopted to investigate the effects of the cracks on the ulti‐
mate strength of the stiffened panels. One is to test a stiff‐
ened panel under compressive load; the other is to model the 
cracked stiffened panel using a nonlinear finite element. To 
date, several studies have investigated the strength of intact 
stiffened panels. Thin-walled structures are prone to buck‐
ling and their ultimate strength under compressive loads is 
less than their ultimate strength under tensile loads. Conse‐
quently, in many studies, the strength of the stiffened panels 
has been investigated under compressive loads. While, for 
cracked panels under tension, the compressive stress field 
near a crack or a hole can cause local instability. In this 
regard, Brighenti (2005) and Shaw and Huang (1990) studied 
the effect of centered cracks and holes on the local buckling 
of the plates under tension. Although cracked plates may 
buckle locally under tensile load, it is more probable that 
they buckle under compressive loads. Babazadeh and Khed‐
mati (2019), Cui et al. (2016, 2017), Khedmati et al. (2009), 
Paik et al. (2008, 2009), and Xia et al. (2018) investigated 
cracked stiffened panel ultimate and studied the failure mode 
changes and strength reduction due to the existence of the 
cracks in the plating. Bayatfar et al. (2014) and Margaritis 
and Toulios (2012) studied the effect of transverse crack, 
either on the plating or in the plating and the base of the stiff‐
eners. In addition, some researchers have investigated the 
effect of the crack orientation and length on the strength 
of the stiffened panel. (Han et al. (2021), Khedmati et al. 
(2010), Shi et al. (2017), Xu and Soares (2012), Yu et al. 
(2018), and Zhang et al. (2022))

The concept of the ultimate strength of stiffened panels 
with cracks in the plating is studied to the full extent, while 
studies on the effect of cracks in the stiffeners on the ultimate 
strength are limited. Moreover, the compressive strength 
and bucking modes of stiffened panels mainly depend on 
the stiffeners’ features, and the stiffeners’ imperfections and 

defects will directly affect the ultimate strength of stiffened 
panels. Thus, it is of great importance to understand the 
effects of imperfections such as cracks and notches on the 
ultimate strength of stiffened panels. In the present study, a 
comparison of the ultimate strength of intact stiffened panels 
and the panels with various cracks and notches under uni‐
axial compression by using nonlinear elasto-plastic large 
deflection is investigated.

2  Nonlinear finite element model

2.1  Model description

To study the effect of crack position on the compressive 
behavior of cracked stiffened plates, two cases of stiffened 
plates with different stiffeners’ slenderness ratios are mod‐
eled using the nonlinear finite element method. In both cases, 
the cross-section area of the stiffeners is the same. In this 
paper, the notch and crack terminology are used to describe 
the crack on the edge of the stiffener (named as N specimens-
Figure 1) and the crack in the plating and stiffeners (named 
as C specimens-Figure 1), respectively. Notch length is 
defined in the z direction which is along the depth direction 
of stiffeners, while the crack length is defined in the longi‐
tudinal direction.

Figure 1　The studied cracked and notched stiffened panels
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These cases consist of a 300 mm×300 mm plate of 2 mm 
thickness stiffened with 60 mm×2 mm (Case 1) and 30 mm×
4 mm (Case 2) flat bars. The extent of the model is limited 
to a (1/2+1+1/2) bay stiffened panel model based on Xu and 
Soares (2012) who recommended that a (1/2+1+1/2) bay 
model of stiffened panels is more stable than a (1+1) bay 
model in testing.

For both cases, an intact stiffened panel (I), a series of 
cracked stiffened panels with a crack in the plating (CP) or 
a crack in one stiffener (CS), and a series of notched stiff‐
ened panels with a notch in one stiffener are considered. The 
models are named based on the cracks and notches posi‐
tions and the stiffened panel cases, i.e., CS1 is the cracked 
stiffened panel case 1 in which the crack is positioned in 
one of the stiffeners. In all cases, the cracks and notches 
are assumed to be in the middle of the plating or the middle 
of one of the stiffeners (Figure 1).

In calculating the ultimate strength of the stiffened panels, 
the loading is monotonic. Many researchers have investi‐
gated the ultimate strength of cracked stiffened panels.

Crack initiation and growth depend on the loading con‐
ditions and the joint details. Since transverse welding is used 
to connect the longitudinal stiffeners in ships, there is a 
possibility of crack growth in the middle of the stiffeners. 
Babazadeh and Khedmati (2018) reviewed the literature 
and concluded that “crack propagation is generally ignored 
by most researchers”. In this study, the cracks are assumed 
to be locked with round tips, thus the crack propagation is 
ignored. The effect of the crack’s position and the crack’s 
length on the ultimate strength of the stiffened panels are 
investigated. i. e., the effect of cracks and notches lengths 
of 10 mm, 20 mm, and 30 mm are studied. The crack gap 
is considered to be 2 mm.

The stiffened panels are made of mild steel, which is com‐
mon in shipbuilding industries. The material properties have 
been specified as Young’s modulus, E=200 GPa, the Poi‐
son’s ratio ν=0.3, and the yielding stress σy=200 MPa by 
Xu and Soares (2012).

2.2  Initial imperfection

Initial imperfections have significant effects on the ulti‐
mate strength, and buckling behavior of stiffened panels. 
Due to the uncertainties during manufacturing stiffened 
panels, its initial imperfection is very complex; yet it can 
be described by a double sinusoidal series, (Fujikubo et al., 
2005a; Fujikubo et al., 2005b):

W0 = ∑
m = 1

∞ ∑
n = 1

∞

A0mn sin
mπx

a sin
nπy
b

(1)

In this case, only the first term (n=1) may roll a play, and 
simple form of initial imperfection is expressed in below:

W0 = ∑
m = 1

∞

A0m1 sin
mπx

a
sin

πy
b

(2)

Many researchers have used this deformation formula‐
tion to describe the initial deformation in stiffened panels 
(Ueda & Yao, 1985) (Khedmati et al., 2012). (Yao et al., 
1992) introduced A0m1 terms up to m = 11 for the so-called 
“idealized thin-horse mode” (Table 1).

In this research, the initial imperfection is applied to all 
cases using equation (2) and the compressive behavior of 
the imperfect and perfect stiffened panels are compared.

2.3  Loading and boundary conditions

To model the stiffened panels’ behaviors, it is important 
to employ proper boundary conditions. The ultimate strength 
of marine stiffened panels is evaluated under axial in-plane 
compression loading. The boundary conditions to model this 
loading were described by Cui et al. (2016), who used a 
displacement-controlled loading to model the compressive 
behavior of the stiffened panels. The uniaxial compressive 
loading can be described as follows, in which Lines AB, 
CD, AC, and BD are shown in Figure 1.
⋅ Line AB: the displacement in all directions (x, y, z) are 

constrained.
⋅ Line CD: the displacement of 4 mm is applied in the 

x-direction, and the displacement in the other directions is 
considered zero.
⋅ Lines AC and BD: free to move.

3  Element size sensitivity analysis

In the finite element method, the element size will deter‐
mine the calculation accuracy. On one hand, the element 
size should be small enough to properly describe the behav‐
ior of the structure. On the other hand, small elements can 
increase the calculation time dramatically. The element sizes 
have been chosen based on the element size sensitivity 
analysis and 118 elements in the longitudinal direction and 

Table1　Coefficients of thin-horse mode initial deflection (Yao et al., 
1992)

a/b

W01 /t

W02 /t

W03 /t

W04 /t

W05 /t

W06 /t

W07 /t

W08 /t

W09 /t

W10 /t

W11 /t

1

1 < a/b < 2

1.115 8

−0.027 6

0.137 7

0.002 5

−0.012 3

−0.000 9

−0.004 3

0.000 8

0.003 9

−0.000 2

−0.001 1

2

2 < a/b < 6

1.142 1

−0.045 7

0.228 4

0.006 5

0.032 6

−0.002 2

−0.010 9

0.001

−0.004 9

−0.000 5

0.002 7

3

6 < a/b < 12

1.145 8

−0.061 6

0.307 9

0.022 9

0.114 6

−0.006 5

0.032 7

0.000

0.000

−0.001 5

−0.007 4
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56 elements in the depth direction of the plate are used to 
mesh the plates. In stiffeners, for case 1 and case 2, there are 
11 elements and 5 elements in the depth direction, respec‐
tively. All the models are constructed of thin plates. Thus, 
due to the small plate thickness to the plate dimension ratio, 
the models are meshed using shell elements.

In the numerical model of cracked structures, the crack 
tips’ stress depends on the mesh size in the vicinity of the 
crack tips (Shi et al., 2017). To determine the size of the 
crack tips’ elements, the CS2 case with a crack of 10 mm 
is considered. In this case, the crack tips are divided into 
Ne meshes, and the effect of the crack tips’ element size is 
determined by obtaining the ultimate strength σu and the 
crack tips’ maximum stress σmax. The crack tips’ maximum 
stress to yield stress ratio and the ultimate strength to yield 
stress ratio versus Ne are presented in Figure 2. Figure 3, 
also, illustrates the plastic strain distribution for various Ne 
at the point of ultimate strength. It can be deduced, from 
both figures, that for Ne bigger than 16, the accuracy of the 
solution did not increase. Thus, the number of the crack tips 
element equal to 16 is used in the analysis of this research.

4  Verification of numerically model

To verify the numerical model, the results are compared 
to the results of the Shi et al. (2017) study. They conducted 
a series of tests and numerical modelling to evaluate the 
ultimate strength and buckling behavior of cracked stiff‐
ened panels. They assumed that a through thickness crack is 
positioned on the center of the plate and there is no crack 
propagation.

In the present study, the axial loading -displacement curve 
for a model from the Shi et al. (2017) study is extracted 
using numerical method. Figure 4 illustrates the force-
displacement diagram deriving from the presented numerical 
method and Shi et al. (2017) results. It can be deduced that 
the present method is accurate for analyzing the effect of the 
cracks and notches.

5  Results and discussion

In this paper, a series of nonlinear finite element analy‐
ses were carried out to study the compressive behavior of 
cracked and notched stiffened panels under uniaxial in-plane 
compression. The effect of crack position, crack length and 
the effect of the notched stiffener on the ultimate strength 
of the stiffened panels were studied. To evaluate the effect 
of crack position, two different stiffened panels, and 2 crack 
scenarios, as defined in Figure 1, are studied, i. e. CP1, 
CP2, CS1, and CS2 (Figure 1). To have a basis for compar‐
ison two intact cases, I1 and I2 are also considered. In the 
above-mentioned cases, the crack length effect on the ulti‐
mate strength was also studied. Then the effect of the notches 
on the stiffeners’ edge on the ultimate strength of stiffened 
panels is investigated.

5.1  Effect of initial imperfection

The average stress -average strain curves for perfect and 
imperfect cases are shown in Figure 5 and the deformation 
of these cases at the ultimate strength is shown in Figure 6. 
Initial imperfection can affect the compressive behavior of 

Figure 2　Mesh size sensitivity analysis (Ne: Number of the elements 
at the crack tips)

Figure 3　Plastic strain distribution near the crack tips at the ultimate 
limit state for CS2 and De=10 mm with various Ne (Number of the 
element at the crack tips)

Figure 4　 Normalized average stress-normalized average strain 
obtained by the present method and the Shi et al. (2017) study
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the stiffened panels. Solid lines indicate perfect cases and 
dashed lines indicate imperfect cases. At first, when the 
applied force is low, the initial stiffness of the samples 
decreases due to the initial deformation. It can be seen in 
the change of the initial slope of the curves. The initial 
imperfection decreases the first the buckling load of the stiff‐
ened panels. For example, the perfect I1 panel first buckles 
at Point A, while the imperfect I1 panel first buckle in 
Point C. And, the perfect I2 panel first buckles at Point E, 
while the imperfect I2 panel buckles at Point G. The ulti‐
mate strength of the both perfect and imperfect of both cases 
achieved by the failure of the same structural member; how‐
ever, the initial imperfection may guide the failure mode 
shape to be different. The summary of the failure modes of 
perfect and imperfect stiffened panels are shown in Tables 2 
and 3.

5.2  Crack in plating

In this section, the effect of a crack in the plating of the 
stiffened panel is investigated. The average stress-average 
strain for I1 and I2, and CP1 and CP2 with the crack length 
of 10 mm, 20 mm, and 30 mm are extracted using the non‐
linear finite element method and are shown in Figure 7. 
The average stress average strain curves are derived from 
the axial load-end shortening curves. The average stress 

σavg is the axial load divided by the total cross-section area 
of the stiffened panels and the average strain εavg is the end 
shortening divided by the total length of the panel.

Stiffened panels are usually categorized in the thin-walled 
structures group which are more prone to buckle under com‐
pressive loads. For CP1 and CP2 cases, before buckling, 
the initial stiffness is the slope of average stress-average 
strain curves in the linear elastic region. In all studied sce‐
narios, the cracks are in the longitudinal directions and they 
do not reduce the cross-section area of the stiffened panel 
in the linear elastic region. Thus, in the initial part of the 
average stress-average strain curves, the initial stiffness of 
the panels is the same, regardless of the crack position and 
length.

For stiffened panels under compressive loads, stiffeners 
may buckle in the lateral, torsional or Euler mode, and the 
plating may buckle in one or more half-wave mode shape. 
In the intact form of case 1 (I1), first, side plate is buckled, 
and the stiffeners’ web is buckled closely to the concurrent, 
and then plate center is buckled in one half wave shape in 
between stiffeners. Therefore, the slope of the average 
stress-average strain curve for all Case 1 stiffened panels 

Figure 6　The deformation at ultimate strength for the I1 (perfect), 
I1 (imperfect), I2 (perfect), and I2 (imperfect)

Figure 5　 Average stress-average strain diagram of I1, I2 perfect 
and imperfect stiffened panels.

Table 2　The summary of the failure modes of the perfect stiffened 
panels

Case

I1

I2

Average 
stress 
(MPa)

93.8

145.8

145.8

142.7

169.9

Structural member 
failure

Side plate buckling

Web plate buckling 
(ultimate strength)

Center plate buckling 
(ultimate strength)

Side plate buckling

Stiffener buckling 
(ultimate strength)

No. of 
buckling mode 

half-waves

1

1

1

2

1

Point in 
Figure 5

A

B

B

E

F

Table 3　The summary of the failure modes of the imperfect stiffened 
panels

Case

I1

I2

Average 
stress 
(MPa)

57.7

139.7

139.7

72.9

76.7

167.5

Structural member 
failure

Side plate buckling

Web plate buckling 
(ultimate strength)

Center plate Buckling 
(ultimate strength)

Side plating buckling

Center plate buckling

Stiffener buckling 
(ultimate strength)

No. of 
buckling mode 

half-waves

2

2

3

2

3

2

Point in 
Figure 5

C

D

D

G

H

H
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decreases after stiffeners buckling at Point A in Figure 7. By 
increasing the loads, the stiffened panel will get to its ulti‐
mate strength at Point B. It can be deduced from Figures 7 
and 8 that the cracked stiffened panels in CP1 case have 
almost the same behavior under compressive loads for all 
crack lengths.

For the I2 case, first, the plating buckled at Point C of 
Figure 7 in a two-half-waves sinusoidal shape (Figure 9). 
Then, as the compressive load increased, the load is trans‐
ferred to the stiffeners until the stiffeners buckled and the 
ultimate strength of the stiffened panels occurred. For the 
intact stiffened panel and stiffened panel with the cracked 
plating with a crack length of 10 mm (De=10 mm), buck‐
ling occurs at Point D and Point E, respectively. A crack of 
length of 10 mm does not affect the behavior of the stiffened 
panels until the plate of the cracked panel buckles at Point 
E. For the CP2 cases with De= 20 mm and De= 30 mm the 
compressive behavior is exactly the same. For larger crack 
lengths the stiffened panels’ ultimate strength does not 
change.

5.3  Crack in one stiffener

To study the effect of the crack position on the cracked 
stiffened panels’ ultimate strength, the next step is to study 
the behavior of the stiffened panel with a cracked stiffener. 
Figure 10 shows the average stress-average strain for the 

I1, I2, CS1 and CS2. For CS1 cases, the crack in the stiff‐
ener does not change the compressive behavior of the stiff‐
ened panel, until the ultimate strength point, B. It means 
that the stiffeners buckle laterally at point A and get to the 
ultimate strength at Point B, regardless of the existence of 
the crack or the crack length. Figure 11 shows no difference 
between the deformation pattern of I1 and CS1 with various 
crack lengths.

For CS2, in which stiffeners are thicker, the stiffeners 
play an important role in withstanding internal forces in 
the post-buckling region. Thus, the behavior of the panel 
before local plating buckling (Point C) is the same, while 

Figure 11　The deformation at ultimate strength for the I1, and CS1 
with various crack length

Figure 7　Average stress-average strain diagram of I1, I2, CP1, CP2 
with various crack length (De)

Figure 8　The deformation at ultimate strength for the I1, and CP1 
with various crack length (De)

Figure 10　 Average stress-average strain diagram of I1, I2, CS1, 
CS2 with various crack length (De)

Figure 9　The deformation at ultimate strength for the I2, and CP2 
various crack length (De)
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for cracked stiffened panels in CS2, the stiffeners buckle 
at Point D instead of Point E. However, the results of this 
study show that the crack length, in CS2, does not have 
any effect on the ultimate strength of the stiffened panels. 
Consequently, it was observed that, in this group, the intact 
stiffened panel’s buckling mode is different from those of 
cracked panels. In the intact stiffened panel, the edge plates 
buckle, while in the cracked stiffened panel, all plates 
buckle simultaneously. (Figure 12)

Figure 13 and 14 summarized the results of 5.2 and 5.3 
by showing the ultimate strength of all studied cases and 
scenarios. It shows that crack reduces the load-carrying 
capacity in CP2 and CS2. For perfect panels, the length 
(De) does not change the ultimate strength of the stiffened 
panel after a certain crack length. In all the stiffened panels 
of case study 1, the plates and the stiffeners buckled at the 
same load in global buckling mode (Figure 11) and the 
stiffeners are not effective after buckling. Moreover, due 
to the crack orientation, its effect is more obvious in the 
post-buckling region. While the stiffeners are not effective 
in the post-buckling region. On the other hand, in CS2, the 
stiffeners stay effective after plate buckling. Therefore. Any 
defect and imperfection in these stiffeners can decrease the 
strength of the panels. On the other hand, for imperfect 
stiffened panels, the crack length slightly changes the 
strength and the ultimate strength.

5.4  Notch in one stiffener

Given the focus of this research, in this section, the effect 
of notches on the edge of stiffeners on the compressive 
behavior of stiffened panels is studied. The studied cases 
and scenarios are N1 and N2 (Figure 1). The studied notch 
lengths are De = 10, 20 and 30 mm.

For the stiffened panels of case 1, the stiffeners buckle 
laterally first and the plating deform accordingly. When 
stiffeners buckle, they provide fewer supports for plating. 
(Figure 15) As stiffeners are less effective after buckling, 
they have less effect on the ultimate strength and their imper‐
fection and defect also will affect the behavior of the stiff‐
ened panels less. Therefore, in case 1, the ultimate strength of 
the stiffened panel with one notched stiffener (N1) decreases 
a little and the failure process is the same as the intact stiff‐
ened panel (I1).

Therefore, here, only the average stress-average strain 
for Case 2 (I2 and N2) is presented in Figure 16. The plastic 
strain and total deformation of (I2) and (N2) are also shown 
in Figure 16. In intact form of the case 2, the plating buckle 
first, at point C. (Also described in Figure 10). In the N2 
case when De = 10 and 20 mm, the plating also buckles first. 
But, in notched cases, as the stiffeners are less effective, 
the boundary rigidity of the plating is reduced and thus the 
plating buckles sooner at point A.

Figure 12　The deformation at ultimate strength for the I2, and CS2 
with various crack length

Figure 13　Ultimate strength vs. crack length when crack is placed 
in the plating

Figure 14　Ultimate strength vs. crack length when crack is placed 
in the stiffener

Figure 15　The deformation at ultimate strength of I1 and N1 with 
various notch depth
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The deformation strain of the I1, N1 and N2 is shown in 
Figures 17. It is obvious that in C1 the deformation modes 
are unchanged, while in C2, the mode shapes are changed. 
When the length of the notch is 30 mm the stiffeners are 
not effective. The reason is the loss of the cross-section of 
the stiffener.

Figure 17 shows the ultimate strength of the I1, I2, N1 
and N2 vs. the crack length. It can be deduced that the notch 
length reduces the ultimate strength of the stiffened panels 
of both cases. The depth of the notch is defined as De. The 
result is shown, that when the notch length is increased in 
the notch stiffened panels, the ultimate strength of the 
notch panels is decreased. In intact mode, after plate buck‐
ling, by increasing the applied load the stiffeners provide 
additional support and withstand the applied load, until 
they buckle in global mode at the ultimate strength. While 
in the notched stiffener case (N2), when De= 10 and 20 mm, 
the stiffeners provide lesser support and are less effective 
after buckling. When the notch length De is 30 mm, the 
notched stiffener provides no supports and the stiffened 
panel behavior is completely different. The panel’s initial 
stiffness is lesser and the panel buckles in an unsymmetric 
mode shape (Figure 16).

The ultimate strength of the perfect and imperfect studied 
cases for a notched stiffener is shown in Figure 18. In perfect 
case 1 (N1), in which the stiffeners are not effective after 
first buckling, the notch does not reduce the ultimate 
strength of the stiffened panel. While, in perfect case 2 (N2), 
in which the stiffeners are effective after first buckling and 

provide reserved strength, notches can reduce the ultimate 
strength of the stiffened panels. For imperfect cases, the 
ultimate strength of the notched stiffened panels decrease 
compared to the perfect stiffened panels.

6  Conclusions

In this study, the ultimate strength of the cracked and 
notched stiffened panels under compressive in-plane axial 
load is studied. The effect of crack position and length is 
evaluated using the non-linear finite element method. Two 
stiffened panels with two types of stiffeners, one with a 
higher and thinner stiffener (C1) and one with a shorter and 
thicker stiffener (C2) were studied. Despite their different 
dimensions, both stiffeners have the same cross-section area. 
Two crack scenarios and one notch scenario were investi‐
gated in both cases; I (Intact), CP (A crack in the plating), 
CS (A crack in the stiffener) and N (A notch on the edge 
of one stiffener.). It was observed that, in intact form, the 
ultimate strength of I2 is more than the ultimate strength 
of I1. As, in I1 case, the stiffeners buckle laterally and the 
plating deforms accordingly. After buckling stiffeners pro‐
vide no more support for the plating. The ultimate strength 
of the cracked stiffened panels (CS and CP cases) is upper 
than the notched stiffened panels, because in the notched 
stiffened panels, the effective cross-section of a stiffener is 
lost. Also, the failure modes of I1 and I2 are not much dif‐
ferent from those of cracked and notched stiffened panels 
until the local buckling of the area around the cracked and 
notch. More importantly, it was concluded that the posi‐
tion of the crack can have a profound effect on the ulti‐
mate strength of the stiffened panels. Cracks in stiffeners 
can affect the compressive behavior of the stiffened panels 
more and also they can reduce the ultimate strength of 
stiffened panels more.

Nomenclature

A

B

m

Plate length

Plate breadth

Number of half-waves in longitudinal direction

Figure 17　The deformation of I2 and (N2) with various notch depth

Figure 16　Average stress-average strain diagram of (I1) and N2 cases

Figure 18　Ultimate strength vs. notch length
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