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Fig.3. Second derivative of undamaged plate without any
porosity
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Fig.4. Damage Scenario 1

h=0.05m h=0.15m h=0.25m
This Study This Study This Study
[14] [14] [14]
10.145 10.145 9.629 9.629 8.807 8.807
38.855 38.855 33.393 33.393 27.253 27.253
84.995 84.995 65.551 65.551 49.420 49.420
4925 4925 4844 4844 4.696 4.696
29.323 9323  26.715 26.715 23.254 23.254
71.756  71.756 59.062 59.062 46.775 46.775
8969 8969 8.710 8.710 8.267 8.267
37.876 37.876 33.674 33.674 28.605 25.605
84.443 84.443 67.827 67.827 52.584 52.584
(w)

Table.1. Convergence and accuracy of the first three non-
dimensional natural frequencies of circular plate with different
boundary conditions based on the number of N=200
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Table.2. Simulated damage locations in plate
Js pI> G S das 0 0L [16,15] Olﬂm}k O
el 3l 3 ol s a4 ol el (5l (535
el Jome s Sl b Gl S G el 03
ol (gl £3> G Sl sed (M), U3 s ol o eslanal
‘Q)LEJCA;A{.QM\@M&ULJ}MA);VJLJ}MQ}J%
O S0 Mo b slozls Gy 5l oo Sl 5 sl

Sl 0l m..uj?



\YAQ JL»I/Y aJM/M 092

oot Ol jes pwdige S8 gh = oede aloe

Loy 5o Goy a8 Lot (iledle i g,5b JS
FETIS PE PR C PR | O B S P V1 CURP W P B
s> Ghe (1) IS5 s AL WIS e e e il
el 5 o s s sdiseanl sl sl abrals
S &S0kt sl onls DL Jho Jidss oo b
L] DU s sl WY Culis 358 e sdalie
ol odalie LB adbolonl LS5 5 13 g 53 s
b ol ot 41 3 g e Lo 53 s sl

C,\.w‘ I .})‘j Lﬁw U'j-‘ DL b)'l.w

Sl 05 1) (sl Gl el L0 s AL S
5
4

w"
3

] 02 04 06 038 1

T

Fig.6. Damage localization results for damage scenario 1:
Without Porosity (eg = 0)
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Porosity (I)
eo = 0.2

No Porosity
Frequen e =0

cy
Scenario 1
Undamaged 1

9.2039
30.0213

56.4345
(&

Undamaged Scenario

w, 92499
w, 30283

w; 568698

9.1753
29.8397

55.7844

9.1364
29.6735

55.3545

Porosity (I)
ey =05

Porosity (I1I)
60 = 0.2

Scenario 1
Undamaged

9.0859
29.1062

53.8120

Undamaged Scenario 1

9.1264
29.2733

54.2322

9.0069
29.2455

51.977
)

8.9461
29.0140

50.9134

Porosity (II)
eo = 05

Undamaged Scenario 1

8.5309
27.2705
43.6069

8.4405
27.0780
41.7222

(&)

Table 3 First three non-dimensional natural frequencies
obtained from damage scenario 1
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Fig.5. Mode Shapes of first three natural frequencies of
circular homogeneous plate
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Porosity Distribution (I)
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Undamaged 2,5 2,5
K=0 K=6 K=10
9.1753 11.2871 12.5059
29.8397 32.5869 34.3938
55.7844 59.0723 61.4064
)
Porosity Distribution (I)
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Porosity Distribution (II)
eo = 02
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Fig.7. Damage Localization Results for Damage Scenario 1:
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Fig.11. Damage Localization Results for Damage Scenario 2,
Porosity distribution (I): eq =0.2
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Porosity Distribution (II)

eo = 0.5
Undamaged 2,5 2,5
K=0 K=6 K=10
8.5309 10.2832 11.2925
27.2705 29.6256 31.2324
43.6069 45.7827 47.1409
(&)

Table.4. First three non-dimensional natural frequencies
obtained from damage scenario 2
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Fig.10. Damage Localization Results for Damage Scenario 2:
€y = 0
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Abstract

Structural health monitoring is essential to predict problems and maintain structure integrity which can be
effective in prolonging the structure lifetime. The accumulation of failure in the structures causes a severe
structural fracture; therefore, the development of damage detection methods for structural fracture is one of
the most important points in maintaining the integrity and safety of the structures. In this paper, damage
identification in functionally graded (FG) porous circular plates based on modal data and vibration analysis on
elastic foundation is carried out. The vibration analysis process is performed based on first-order shear
deformation theory and analytical method. Circular plates are widely used in the industry, for example in

bower, balconies, screens, halls and swimming pool ceilings. Functionally graded materials are a new type of
composite materials and may be characterized by the variation in composition and structure gradually over
volume, resulting in desired changes in the characteristics of the material. The porous materials are lightweight,
flexible and resistant to tiny cracks, these materials have two phases; their first phase is solid and the second
phase is liquid or gas. The proposed method is achieved using modal analysis information extracted from a
mathematical code in MAPLE. Based on this method, the plate can be examined with different boundary
conditions including clamped, free and simply supported. Power series method has been used to solve the
governing equations of circular plate. For the first part of the circular plate, the power series expands around
the zero point and for other parts of the plate, the power series expands around the outer radius of its own part.
In this study, first of all, the governing equations of circular plates were extracted based on first-order shear
deformation theory and displacement functions. Two types of porosity have been used for applying porosity
to the plate. Thereafter, the continuity conditions of displacement which generally include 6 items have been
applied: continuity of in-plane displacement of the middle layer, continuity of rotation of the transverse
surface, continuity of displacement of the plate, continuity of in-plane force, continuity of bending torque and
continuity of transverse shear force per unit length. Furthermore, stress resultants in the points of connection
have been applied which includes 3 items: in-plane force, bending torque and transverse shear force per unit
length. The matrix determinant that is based on boundary and continuity conditions has been calculated to find
the natural frequencies of the plate. After that, based on the Newton-Raphson method which is a numerical
method for determining the root of a function, the initial natural frequencies of the circular plate were obtained
and their modal shapes were plotted. At the end of the process, when the natural frequencies are determined,
the unknowns were calculated. To prove the accuracy and efficiency of the proposed method, the natural
frequencies obtained from this method were compared with the results presented in other papers. The
comparisons have shown that the results obtained through this study had a good agreement with those of other
ones and the proposed method could accurately show the damage location.

Keywords: Porous circular plates — Modal analysis — Functionally graded materials (FG) — First order shear
theory — Damage identification
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