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Abstract:

Introduction/purpose: During their lifetime, ships and aircraft are subjected
to severe service and aerodynamic loads that can cause structural damage
and cracking. These cracks grow and propagate over time. Extending the
life of a damaged structure is a very important area of research. In this
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context, the repair of composite panels is recommended to restore the
performance of cracked structures.

Methods: In order to minimize the concentration of stresses at the bottom
of a crack, to stop and even to delay the propagation of this crack, this study
seeks to propose a two-dimensional analysis by the software ANSYS to
predict the effect of the propagation of a possible crack on the nonlinear
behavior of cracked stiffened composite panels.

Results: The results from this analysis will be a very good reference for
improving performance and repairing cracked composite panels using
stiffeners.

Conclusion: It is recommended to provide patches for repairing cracked
panels based on the modeling given in this study.

Key words: composite panels, damaged structure, crack propagation,
ANSYS, concentration of stresses.

Introduction

Over the past two decades, composite materials have played an
important role in the development of high-performance structures.
Researchers have studied different topics in this field such as the control
of cracks, vibrations, shape, buckling, and stresses in structures
(Fesharaki et al, 2016).

Unfortunately, an important aspect of the behaviour of composites is
their impact resistance as ships and aircraft are subjected to severe
service and aerodynamic loads that can cause structural damage and
cracking. During their service, cracks develop in the structures of ships
and aircraft. In addition, other unexpected damaging loads or use beyond
their service life exaggerate the growth of these cracks (Mall & Conley,
2009). The occurrence of cracks in the stiffened plates will reduce their
ultimate compressive strength (Bayatfar et al, 2014; Shi et al, 2019; Xu et
al, 2014; Xu et al, 2021), as the damage will induce earlier collapse (Shi et
al, 2021). This situation constitutes a subject of great importance and a
temptation to resolve it has become necessary. Therefore, repair
techniques for cracked aerospace structures are needed (Mall & Conley,
2009).

To regain the initial structural capacity for which the device was
designed, repairing or reinforcing the cracked or weakened part of the
structure is an essential operation, thus requiring in-depth mastery. In
recent years, a bonded composite patch is widely used as a very good
alternative to repair cracked aerospace structures (Duong & Wang, 2007;
Baker et al, 2003). In this context, to better understand the effect of crack
propagation on the behavior of structures repaired by bonded patches,
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many studies have been carried out (Baker, 1993; Sun et al, 1996; Young
etal, 1993; Jones et al, 1982; Jones et al, 1988; Rose, 1982; Tarn & Shek,
1991; Naboulsi & Mall, 1998, 1999; Denney & Mall, 1997; Heller et al,
1989; Chue et al, 1994; Xu & Guedes Soares, 2012; Xu & Guedes Soares,
2013; Shi et al, 2017). The bonded patch repair reduces the stresses near
the crack, it retards or completely stops the growth of this crack. Bonded
composite patch repairs offer advantages such as the absence of
additional stress concentration, a higher stiffness-to-weight ratio, the ability
of the patch to be formed into complex shapes, and the ability to repair
irregular components (Makwana et al, 2021).

Modeling

This present research consists of modeling, using the ANSYS
software, the nonlinear behaviour of a composite panel with a crack. The
considered panel is simply supported on its periphery and is subjected to
a bidirectional tensile loading (Figure 1).

Figure 1 — Simply supported panel under a bi-axial tensil loading

The panel is made entirely of a graphite/epoxy composite with the
mechanical characteristics given in Tables 1 and 2.

Table 1 — Mechanical characteristics of an epoxy graphite composite

E4 E> Es G2 Gis Ga3
V12 V13 V23
(GPa) | (GPa) (GPa) | (GPa) (GPa) (GPa)
130 10 10 4.85 4.85 3.62 | 0.31 | 0.31 | 0.52
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Table 2 — Strengths of a graphite epoxy composite

Xt (MPa) | Xc (MPa) | Yt (MPa) | Yc (MPa) | S (MPa)

1933 1051 51 141 61

Ratio and the resistance index

In the ANSYS software, the resistance ratio R, also called the safety
factor, is expressed by:

R=1.0/K—£+ (B/2A)2+1.0/A]
24
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Cyy» Cyz, Cxz = x-y, Y-z, x-z are respectively the coupling coefficients
for the Tsai-Wu theory.

The rupture will take place if this resistance report satisfies the
condition 0<R<1.

The resistance index & can also be expressed as:

E=A4+B 4)

If &£ <1, the structure is completely safe. Otherwise, breakage is likely

to occur.

Finding the critical zone

In order to find the critical values of the resistance index &, three points
likely to have the critical stresses have been chosen. The first point is at
the tip of the crack, the second one is in the position of the transverse
stiffener and the third point is at the end of the panel (Figure 2). Figure 2
represents the distribution of the resistance index under a loading
P=50MPa.

In order to find the most critical zone, the authors analysed the
evolution of this index as a function of time for the three points chosen on
the screen. The modeling results (Figure 3) show that the most important

(1)

1174



values are offered at point 1 (point of the crack). Therefore, point 1
represents more risk for the panel because of the presence of the crack
which tends to propagate for resistance indices greater than the value 1.
To this end, the analysis focuses on the point 1 strong constraint.

AN

Peint?

.583E-03 -057934 .115408 -172817 .230228
_0z3za8 .0867 S144111 .201523 258934

Figure 2 — Resistance index ¢ of a stiffened panel for a load of 50 N/m
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Figure 3 — Evolution of the resistance index & as a function of time for three points
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Results and the discussion

Effect of loading

In order to see the effect of the load variation on the evolution of the
resistance ratio R and the resistance index &, the cracked panel was
subjected to several loadings.

The results obtained (Figure 4) clearly show that initially, at time t =
0.1 second, this ratio is very high and decreases as the simulation time
increases. In parallel, this ratio R increases with increasing load. For
example, at time t = 1s, this ratio goes from 40.225 for P=5 MPa to 0.47504
for P=400 MPa. This means that the load has a considerable effect on the
evolution of the resistance ratio R.

Since the resistance index & is the inverse of the resistance ratio R,
the curves of Figure 5 are therefore inverse of those of Figure 4. By way
of example, at time t = 1s, the resistance index & reached = 0.02486 for a
load of 5 MPa. Under the application of a load of 400 MPa, the latter is =
2.1051.
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Figure 4 — Evolution of the resistance ratio R at point 1 as a function of time and the
applied loading
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Figure 5 — Evolution of the resistance index & at point 1 as a function of time and the
applied loading

Effect of the position of the transverse stiffeners

In order to analyse the influence of the spacing of the stiffeners on the
evolution of the index and the resistance ratio, the position of the stiffeners
was varied.

The stiffeners were located 40mm (Figure 6), 80mm (Figure 7) and
120mm (Figure 8) from the end of the panel.

Under a loading P= 50 MPa, it is obvious that the safety index is very
high at the crack tip (Figures 6, 7, and 8). Moving away from the tip of the
crack, the safety index values show that the panel is completely safe.
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Figure 6 — Strength index for the non-linear behavior of a stiffened panel
with 40mm end spacing
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Figure 7 — Strength index for the non-linear behavior of a
stiffened panel with 80mm end spacing
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Figure 8 — Strength index for the non-linear behavior of a
stiffened panel with 120mm end spacing

The results (Figure 9) provided by this modeling indicate that the
position of the stiffeners considerably affects the evolution of the
resistance index &. The latter becomes smaller with the approximation of
the stiffeners to the crack tip (for t=1s, =0.00446).

So there is more security. In addition, the evolution of the resistance
ratio as a function of time, for the three positions of the stiffeners, is
presented in Figure 10. In this figure, the resistance ratio tends towards
zero when the position of the stiffeners moves away from the crack tip.

It can therefore be concluded that bringing the stiffeners closer to the
tip of the crack prevents the propagation of the cracks and ensures fairly
high resistance ratios.
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Figure 9 — Evolution of the resistance index & as a function of time of the
cracked panel for different spacings of the transverse stiffeners
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Effect of the variation of the thickness of the stiffeners

To analyse this parameter, the stiffener thickness was changed while
keeping the initial thickness of the panel constant.

From the results obtained (Figures 11 and 12), it is evident that the
progressive increase in the thickness of the stiffener leads to a significant
reduction in the resistance index & and an increase in the resistance ratio
R.
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Figure 11 — Evolution of the resistance index & depending on the thickness of the
stiffener

In Figure 11, the resistance index at t=1s goes from 0.26 for a
thickness of 1 mm to 0.06 for a thickness of 3.75 mm.

On the other hand, in Figure 12, the resistance ratio at t=1s is 3.86 for
a thickness of 1 mm. On the other hand, for a thickness of 3.75 mm, it
increases to 14.48.
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Figure 12 — Evolution of the resistance ratio R depending on
the thickness of the stiffener
Conclusion

In order to follow the behaviour of a composite panel with a crack in
its center in the case of large displacements, it seemed logical to carry out
an analysis in the nonlinear domain.

In order to find the critical values of the index and the resistance ratio,
along the panel, three points likely to have the critical stresses were
chosen. The first point is at the bottom of the crack, the second one is at
the level of the transverse stiffener while the third point is at the end of the
panel.

From all the results provided by this modelling, it was noticed that the
safety ratio increases remarkably, as a function of time, for the three
chosen points. But the first point represents the most critical case because
it is at the tip of the crack.

Regarding the effect of the variation of the load on the evolution of the
safety ratio at the bottom of the crack, it was found that the initial state
presents more risk for the panel because the resistance ratio registers to
these lower values. On the other hand, the resistance index is quite

important.
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Following the results of this analysis, it is recommended to provide
patches for the repair of cracked panels based on the presented modelling.
In order to ensure structural stability, the authors intend to address panel
buckling and associated stiffener-sheet separation in future research.
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Resumen:

Introduccién/objetivo: Durante su vida util, los barcos y aeronaves estan
sometidos a cargas aerodinamicas y de servicio severas que pueden
causar darios estructurales y grietas. Estas grietas crecen y se propagan
con el tiempo. Extender la vida util de una estructura dafiada es un area de
investigacion muy importante. En este contexto, se recomienda la
reparacion de paneles compuestos para restaurar el rendimiento de las
estructuras agrietadas.

Métodos: Con el fin de minimizar la concentracién de tensiones en el fondo
de una grieta, detener e incluso retrasar la propagacion de esta grieta, este
estudio busca proponer un andlisis bidimensional mediante el software
ANSYS para predecir el efecto de la propagacion de una posible grieta en
el comportamiento no lineal de paneles compuestos rigidos agrietados.

Resultados: Los resultados de este andlisis seran una muy buena
referencia para mejorar el rendimiento y reparar paneles compuestos
agrietados utilizando rigidizadores.

Conclusién: Se recomienda proporcionar parches para reparar paneles
agrietados en funcioén del modelado proporcionado en este estudio.

Palabras claves: paneles compuestos, estructura dafiada, propagacion
de grietas, ANSYS, concentracion de tensiones.
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PYBPUKA TPHTW: 67.09.33 BeToHbl. XXene3obeToH. CTpoutenbHble
pacTBOpbI, CMECU, COCTaBbI
BWO CTATbW: opuriHanbHasa Hay4Has ctatbs

Peswome:

BsedeHue/uenb: B meyeHue cpoka cryxbbl cyda u camonemsi
nodsepaaromcs Cepbe3HbIM 3KCryamayuoHHbIM u
aspoduHaMU4YeCcKUM Haspy3kaM, Komopble Mo2ym rpusecmu K
rospex0eHur0 KOHCMPYKUUU U 06pa308aHu0 mpewuH. Omu mpewuHs!
CO 8peMeHeM ygsenu4yuearmcsi U pacripocmparsomces. [lpodneHue
Cpoka cnyx6bbl Moepex0eHHOU KOHCMPYKUUU s18/19emcsi eecbMa
gaxkHoli obrnacmebto uccnedosaHull. B ces3u ¢ amum pekomeHOyemcs
pemMoHm KOMMO3UmHbIX  naHeneul ons 80CCMaHOB/eHUs!
3KCrIyamauyUuoHHbIX XapakKmepucmuK KOHCMPYKYUl ¢ mpeujuHamu.

Memoosi: Onsi moeo, ymobbl ceecmu K MUHUMYMY KOHUEHmMpauuro
Haepy3ku Ha OHO mpeujuHbl U Onsi moeo, Ymobbl oCMaHo8UMb UMU
3adepxamb  pacripocmpaHeHue 3mol  mpewuHbl 8 0aHHOM
uccriedoeaHuu npednazaemcsi 08YXMEPHbIU aHanu3 € [MOMOUbIO
npoepammHo20 obecrnedeHusi ANSYS & npoeHo3upogaHuUU 8/UsIHUS
pacrnipocmpaHeHusi — mpeujuHbl  Ha  HenuHelHoe  rnosedeHue
ropexX0eHHbIX YPOYHEHHbLIX KOMIO3UMHbIX rnaHesed.

Pe3ynbsmamai: Pe3ynbmamsi 0aHH020 uccriedosaHus 6y0ym Xxopouwum
pyKkog8odcmeom Oris yryHweHUs1 IKCrayamayUuoHHbIX Xapakmepucmuk
U peMoHma mpecHy8WUX KOMIO3UMHbIX raHenel C Ucnosib308aHUeM
pebep xxecmkocmu.

Bbigodbi: PekomeHOyemcsi ucrionb3ogaHue 3annambsl 8 PeMOHme

mpecHy8wux naHeneld Ha ocHoge MOoOenuposaHusi, NpueedeHHo20 8
amom uccrniedosaHuu.

Kntovyesble  crioga:  KOMMO3UMHblE — faHesnu,  rnospexoeHHasi
KOHCmpykyusi, pacripocmpaHeHue mpeuwuH, ANSYS, koHueHmpauyusi

HazpysKu.
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YTuuaj npcnnHe Ha HernmMHeapHo NoHallake ojadaHor KOMMNO3UTHOT
naHena

Xayda bernan?, aytop 3a npenucky, Hacep Paxan?, A6denasus Conun?,
Capa 3atap®, Kaned benmaxgmn?, Xanuma Aseg?

2YHuepauteT ,MycTtaca Ctambonun”, Oacek 3a rpaheBMHApPCTBO,
Mackapa, HapogHa emokpatcka Penybnuka Amxup

6 YHMBEP3WUTET NPUPOAHUX HayKa W TexHormoruje,
JlTabopaTtopuja 3a MalUMHCKe CTPYKTYpe 1 CTabUIHOCT KOHCTPYKUMje,
OpaH, HapogHa [emokpaTtcka Penybnuka Amkup

& YHuBepauteT ,Taxpn Moxamen’, Ogeroewe 3a apxutekTypy u
ypbanunsam, bewap, HapogHa emokpatcka Penybnuka Amxup

OBNACT: mexaHuka, matepujanm
KATEIOPWJA (TUIM) YWNAHKA: opurHanHu HyadyHu pag

Caxxemak:

Yeod/yurb: TokoM cgoe KUu8omHoz 8eka, 6podosu U aBUOHU CYy U3ITOXeHU
u3y3emHuM ekcruioamayuoHUM U aepoduHamu4KuM onmepeheruma Koja
moay da usa3o8y cmpykmyparnHa owmehera U rpcriuHe Koje 8peMeHoM
pacmy u wupe ce. [lpodyxaeare xusoma owmeheHoj cmpykmypu
npedcmasrba geoma eaxHy obracm ucmpaxueara. C mum y eesu,
rornpasKka KOMMO3UMHUX raHena nperopydyje ce padu epahara
nepghopmaHcu cmpykmypama ca npcauHama.

Memode: [la 6u ce KoHUeHmMpauuja HarloHa Ha OHy Heke MpcriuHe ceena
Ha Hajmarby moeyhy mepy, kao u Oa bu ce 3aycmasuo, na Jyak u 0OrioxuO
pacm npcriuHe, 080M cmyodujom ce rpednaxe 0800UMEH3UOHarHa
aHanu3sa nomohy ANSYS cogpmeepa kako bu ce npedsudeo ymuuyaj
pacma Heke npc/iuHe Ha HesluHeapHO oHawiaH-e Harpciux ojadaHux
KOMIMO3UMHUX raHesna.

Pesynmamu: Pe3ynmamu oee cmyduje buhe 0obpa peghepeHuya 3a
rnobosblwasare nepgopMaHcu U ronpasky Harpcraux KOMIO3UMHUX
naHena riomohy yyspwhueaya.

Sakrpyyak: lNpenopydyje ce Kopuwhere 3akpna 3a nornpasKy Harnpcux
rarena Ha ocHosy Moderio8arba fpuKasaHoea y 080j cmyouju.

KrpyyHe pedu: kommo3umdu naHenu, owmeheHa cmpykmypa, pacm
npcnuHe, ANSYS, koHueHmpauuja HaroHa.

Paper received on: 14.10.2023.
Manuscript corrections submitted on: 24.09.2024.
Paper accepted for publishing on: 25.09.2024.

© 2024 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.Mo.ynp.cp06). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

Beghdad, H. et al, Effect of a crack on the nonlinear behavior of a stiffened composite panel, pp.1171-1187



