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fore, four types of cutout were created on the center of 
plates to investigate the effect of types of cutout on plate’s 
failure. By comparing load-displacement diagrams in 
plates with 1.4 mm and 1.7 mm thicknesses, it is observed 
that the maximum loads were attained in plates with small 
circular cutout. Moreover, by comparing Fig. 6 with Fig. 8 
and Fig. 10 with Fig. 12, the big circular cutout supports 
more load than the elliptical cutout which minor diameter 
aligned to the load direction. 

As can be observed, the curves in finite element 
analysis follow the same behavior and lead to almost close 
results to the experiments. However, the differences can be 
attributed to neglecting the delamination effects and ap-
proximations of using the global mechanical properties in 
both the finite element simulations and elastic compensa-
tion methods. 

By using two methods TES and TI, plastic col-
lapse load of the structures were calculated for experimen-
tal and finite element analysis, and the results are presented 
in Table 4. 
 

Table 4 
Plastic collapse load using TI and TES method 

Plastic Collapse Load, N 
 

Specimens 
TI Method TES Method 

FEM EXP FEM EXP 

13723.81 13002.73 13901.23 12761.5 Specimen 1 

12953.136 12737.875 13121.2 13148.58 Specimen 2 

11918.089 12053.588 12166.5 11751.02 Specimen 3 

11861.093 12390.633 12541.4 13174.59 Specimen 4 

14043.169 12965.382 13826.3 13173.54 Specimen 5 

11943.542 12144.268 12495.5 13128.26 Specimen 6 

11911.054 11865.676 12369.2 13115.62 Specimen 7 

10075.453 10866.134 10417.1 10594.03 Specimen 8 

 

As it is shown in Table 4, the plastic collapse load 
of the samples with more thicknesses has been increased, 
except in the sample 8, and the values calculated of both 
methods have close results. In addition, in average, the 
minimum plastic collapse load is attributed to the sample 
8, and the maximum is related to the sample 5. Plastic 
instability load which is the maximum load that could be 
attained for both experimental and finite element methods 
are obtained and are presented in Table 5.  

The results obtained in Table 5 shows that the 
maximum plastic instability load is related to plate with 
thickness 1.4 mm and circular cutout with radius 7 mm, 
and the minimum is corresponding to the plate with thick-
ness 1.7 mm and elliptical cutout which minor diameter is 
aligned in the load direction. Elastic compensation method 
results are expressed in Table 6. 

 

Table 5 
Plastic instability load in experimental and FE analysis 

Specimens Plastic Instability Load, N 

EXP FEM 

Specimen 1 13752 14100 

Specimen 2  13659.23 13390.5 

Specimen 3 12623.48 12521 

Specimen 4 13699.76 12791.1 

Specimen 5 13718.13 14006.3 

Specimen 6 13195.63 13014.3 

Specimen 7 13504.97 12734.7 

Specimen 8 10761.84 10563.1 

 

As it was observed in Table 6, limit loads which 
are obtained in this method are closer to plastic instability 
loads of the experiment. 

Table 6 
Limit load in elastic compensation method 

Specimen Limit Load, KN 

Specimen 1 13.32 

Specimen 2 13.18 

Specimen 3 12.26 

Specimen 4 12.73 

Specimen 5 13.83 

Specimen 6 13.07 

Specimen 7 13.11 

Specimen 8 10.14 

 
6. Conclusion 
 

The failure analysis of FML plates with different 
types of cutout have been studied and discussed. For this 
purpose, experimental, finite element and elastic compen-
sation methods were used. It shows that the results in both 
numerical methods follow the same behaviors as experi-
ments. In numerical analysis, the delamination of layers 
was neglected but in the experiment it is observed that the 
layers in plastic region of loading started to show negligi-
ble delamination. It was concluded that in small circular 
cutout the value of maximum plastic instability load was 
more than the plates with elliptical cutouts. The thinner 
plates with 1.4 mm carried out more load than the thicker 
ones; it can be attributed to the higher ratio of the compos-
ite to the metal. Moreover, due to the higher ratio of the 
metal in the layers of thicker plates, they have been shown 
a better plastic collapse loads and less displacements under 
the applied load. 
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Saleh Yazdani, G. H. Rahimi 

LAKŠTINIO METALO KOMPOZITO PLOKŠTELIŲ SU 
IŠKIRTIMAIS SUIRIMO ANALIZĖ EKSPERIMEN-
TINIU IR BAIGTINIŲ ELEMENTŲ METODAIS 

R e z i u m ė 

Šiame straipsnyje eksperimentiškai ir skaitmeni-
niu būdu atlikta lakštinio metalo kompozito plokštelių su 
iškirtimais suirimo analizė. Lakštinio metalo kompozitas 
yra medžiaga susidedanti iš metalo, dažniausiai aliuminio, 
lakštų ir sustiprinta epoksidinės dervos sluoksniais. Paga-
mintuose bandiniuose buvo iškirsti elipsės ir apskritimo 
formos profiliai. Šių bandinių mechaninės savybės buvo 
nustatomos atliekant tempimo bandymus. Analizė atlikta 
baigtinių elementų metodu naudojant ABAQUS komercinę 
programinę įrangą. Šiai analizei atlikti buvo naudojamas 
„lanko ilgio“ RIKS metodas skirtas netiesinių sistemų 
analizei. Eksperimentiniai ir baigtinių elementų metodu 
gauti rezultatai buvo lyginami su tampriųjų kompensacijų 
metodo rezultatais. 

Saleh Yazdani, G. H. Rahimi 

FAILURE ANALYSIS OF FML PLATES WITH  
CUTOUTS: EXPERIMENTAL AND FINITE ELEMENT 
APPROACHES 

S u m ma r y 

In this paper, the experimental and numerical 
failure analysis of Fiber Metal Laminates (FML) with dif-
ferent types of cutouts, were investigated. Fiber metal 
laminates are types of materials which are consist of com-
bination of metal sheets, especially aluminum ones, with 
fiber reinforced epoxy layers. At first, specimens were 
manufactured and elliptical and circular cutouts were cre-
ated in them. Then subjected to in-plane tensional loading 
to carry out the behaviors, also, finite element analysis was 
carried out with ABAQUS commercial software. RIKS 
method was used in this analysis. Finally, experimental 
and finite element results were compared with results of 
elastic compensation method. 
 
Keywords: Failure analysis, Large deflection, Finite ele-
ment analysis, FML plate. 
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