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Abstract

In this article, a two-stage damage identification approach is employed to detect the site and extent of multiple damage cases in a 2D
frame structure. In the first stage, Damage locating vector (DLV) method based on a new indicator called EDS (Exponential decreased
stress) is applied to localize the damaged elements. Next, the damage extents of suspected elements are quantified using two metaheuris-
tic algorithms, Water evaporation optimization (WEO) and accelerated WEO. Numerical example consists of a 2D frame structure with
two types of meshing elements, 35 and 105 frame elements. For every state, two multiple damage cases are tested in noisy condition. To
compare performance of the two-stage method with one-stage optimization method, the studied cases are also run using these two meta-
heuristic algorithms. The results indicate that the two-stage approach is more effective than one-stage because the number of intact ele-
ment detected as damaged one and computational errors for actual damaged elements in one-stage method are more while the two-stage
approach spends a much shorter time.

Keywords: Damage detection; Water evaporation optimization (WEO); Damage locating vector (DLV); 2D frame structure; Two-stage approach; Expo-

nential decreased stress (EDS)

1. Introduction

Many terrible accidents caused by unexpected damages in
structures. SHM (Structural health monitoring) is extensively
utilized to identify damage of structures and protect they better
[1]. Many different methods of damage identification have
been reviewed by researchers [2, 3].

Some typical methods work based on flexibility change [4,
5]. The Damage locating vector (DLV) is a kind of flexibility
change method that firstly proposed by Bernal [6]. Many re-
searchers developed the DLV method [7-9]. Quek et al. [8]
proposed a new indicator called normalized cumulative en-
ergy (nce) and extended the DLV method. Vo-Duy et al. [9]
employed the DLV and nce index to localize multiple damage
sites in laminated composite beams. Dinh-Cong et al. [10]
proposed a two-stage assessment method using DLV and Dif-
ferential evaluation (DE) algorithm for damage detection of
cross-ply laminated composite beams. Nguyen-Thoi et al. [11]
utilized a combination of DLV and DE algorithm for struc-
tural damage assessment. Also, many researchers have tested
optimization method and other methods to identify damage in
engineering structures [12-17].

The DLV method can be used to localize damage sites and
if the method is combined with an optimization method, the
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resulting method will be a two-stage damage identification
approach and can be utilized to localize and quantify damages.
Some researchers utilized this type and other two-stage meth-
ods [18-22]. According to mentioned references, one-stage
detecting damage methods have been commonly used among
different methods in which researchers have allocated a long
time for solving inverse optimization problem to assess dam-
age of damaged elements along with disruptive healthy ele-
ments. It decreases the accuracy of identifying damage extent
while two-stage approaches have converted the process to two
separate stages, locating damage elements and quantifying
damage extent, by discriminating between damaged and
healthy element and eliminating healthy elements.

In the current study, the application of DLV approach and
two optimization algorithms, Water evaporation optimization
(WEO) and accelerated WEO, to identify damages of a 2D
frame structures has been studied. In the first stage, damaged
elements of the structure are localized by employing DLV and
using a new index called Exponential decreased stress (EDS).
The EDS index is formulated based on axial stress of frame
elements. This index increases the stress of intact elements
and decreases the stress of damaged elements through expo-
nent of the stresses. In the second stage, a metaheuristic algo-
rithm quantifies damage extent of elements introduced as sus-
pected in the first stage. To show robustness and reliability of
this approach and proposed EDS, a 2D-frame with two type of
meshing elements has been examined with noise; also the
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considered scenarios have been run using nce index and the
results have been shown. Then damage extent of suspected
elements is quantified by WEO and accelerated WEO algo-
rithms.

The sections of this study are as follows: In Sec. 2, theoreti-
cal description is presented. The Water evaporation optimiza-
tion and accelerated WEO algorithms are presented in Sec. 3.
Numerical examples are studied in Sec. 4. Finally, the conclu-
sion is given in Sec. 5.

2. Theoretical description

As before mentioned, this approach has two main stages:
localizing damaged elements using DLV method and quanti-
fying damage extent of suspected elements by an optimization
algorithm.

It should be noted that the damage is identified using reduc-
tion in elasticity modulus of frame elements in this study.

2.1 Damage locating vector method and EDS index

Bernal (2002) proposed DLV (Damage locating vector) in
which load vectors are obtained through created changes of
flexibility matrix and loading up the vectors into freedom
degrees leads zero stress over damaged elements. Changes of
flexibility matrix in the pre and post damaged states are util-
ized to design static force vectors. Structural flexibility matrix,
F, using dynamic parameters of structure can be written:

ndf ]

;wf 0.9, )]

where ndf is the number of structural freedom degrees; w; and
¢, are the jth natural frequency and mass-normalized mode
shape, respectively. According to this equation, the flexibility
matrix can be calculated by a few low modes fairly accurate,
nm [23]:

@

For obtaining DLV vector, consider a number of load dis-
tribution whose application to freedom degrees of the healthy
and damaged structures causes identical deformation. If we
define the loads within an L matrix, we have:

(F,-F,)xL=0 or AFxL=0 3)

in which, 4 and drefer to intact and damaged states, respec-
tively. There are two condition for above equation: First con-
dition AF =0, in this case, there is no damage in structure so
AF %0, second AF is not full rank and L includes a num-
ber of vectors that makes the null space. To determine the
vectors corresponding to null space of AF, Singular value
decomposition (SVD) is used as follows (Bernal 2002):

s S, 0
AF=UYV'=[U]| '
LT

0 S =0

V} 4

where it is clear that S, >S, >...>§,_”~ According to the
equation, L is the right null space of AF and DLVs. Loading
every column of them onto freedom degrees makes zero stress
in damaged elements. But many excessive intact elements are
probably localized due to use DLV. To solve this problem,
some researchers have used nce (Normalized cumulative en-
ergy) and ncs (Normalized cumulative stress) indices.

Axial stresses of healthy and damaged frame elements usu-
ally are more and less than 1, respectively. The EDS index
uses the point and increases the stress of healthy elements and
decreases the stress of damaged ones through exponent of
stresses. Thus, those elements which have least EDS are re-
ported as suspected damaged elements. If ith column of L is
applied to the structure, stress of elements is given by:

o =B 5)
where
o’ =[o},067,....,07]; e=[1,2,...,ne] (6)

where ne is the number of structural elements; £ and ¢ are
elasticity modulus and strain, respectively. The EDS of every
element is equal to:

eds*
e - - 7
y m}gx{edsk} @
where
eds® = "ﬁ/ O'I."Z ®)
i=1

where ndlv is the number of DLVs. It is clear that the high
number of DLVs makes more desirable results.

It should be noted that the mode shapes of all Degrees of
freedom (DOFs) are required to be measured. While measur-
ing the full set of mode shapes is not needed. It is better to
measure the mode shapes of the damaged structure in partial
DOFs firstly. Then the incomplete mode shapes are expanded
with all DOFs of the structure by some methods proposed in
Refs. [24-26].

2.2 Optimization method

To estimate damage extent of suspected damaged elements,
an inverse optimization problem should be solved. It should
be noted that any metaheuristic algorithm such as Grey wolf
optimizer algorithm [27], Teaching—learning-based optimiza-
tion algorithm [28] and Flower pollination algorithm [29] etc.
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can be used and it is possible that the results of these algo-
rithms be better than results of WEO and accelerated WEO.
But these two algorithms have been chosen because they have
been introduced newly and not used in damage detection lit-
erature yet.

An objective function based on changes of structural modal
flexibility is defined. Structural flexibility is more sensitive to
damage than modal data including natural frequencies and
mode shapes. According to these point, Perera et al. [30] pro-
posed following objective function:

nm
F=1-MACFLEX =1- [] MACFLEX, ©)]

where

‘ {F;um}T{F;:xp} |2

EEDEED

MACFLEX, =

in which, {F""} and {F*} are computed and measured
(Experimental’) flexibility vectors corresponding to jth mode
respectively, which collect the diagonal terms of the flexibility
matrix, MAC is a modal assurance criterion which measures
correlation between two vector {F**} and {F""}. Objective
function values are normalized between 0 and 1 that low and
high values of them indicate low and high correlation, respec-
tively.

The details of used metaheuristic algorithms are expressed
in Sec. 3.

3. Optimization algorithms

Water evaporation optimization (WEO) [31] and acceler-
ated WEO [32] are a physical-based metaheuristic algorithm
and a version of WEO developed to solve engineering and
multidisciplinary optimization problems, respectively.

3.1 Water evaporation optimization (WEQ)

WEQO has presented based on inspiration of evaporation of
water molecules on the surface of solid materials and steps of
the algorithm implementation are as follows:

3.1.1 Initializing algorithm parameters

Firstly, algorithm parameters including number of iteration
(tmax), number of water molecules or individuals (n M), max-
imum and minimum values of Monolayer evaporation prob-
ability and Droplet evaporation probability (MEP,,, = 0.03,
MEP,,,. = 0.6, DEP,,, = 0.6 and DEP,,,. = 1) are determined.
Then the positions of individuals are randomly initialized in a
n-dimensional search space:

WM fj.) =
Round (x

Jj,min

(11)

+ randl.,/ . (‘x‘/,max =X min )

where WM is the initial values of jth variable correspond-
ing to ith water molecule; rand,; is a random number uni-
formly distributed in the range (1,0); X, and x;,,, are the
maximum and minimum permissible values for the jth vari-
able.

3.1.2 Generating water evaporation matrix

WEO consists of two independent sequential phases:
Monolayer and droplet evaporation where water molecules are
updated globally and locally respectively in these phases.
Variations of charge value are q < 0.4e and q > 0.4¢ in the
droplet and monolayer evaporation phases, respectively.

For monolayer evaporation phase (¢<¢_ /2), the objec-
tive function value of molecules ( Fit; ) is scaled to the range
[-3.5, =0.5]. Then the corresponding substrate energy vector
(E,, (1)) is defined as follows:

E,G) =
(Ey. — By % (Fit, - Min(Fit)) (12)

(Max(Fit)— Min(Fit))

where E;, and E.,, equal —3.5 and —0.5, respectively; Min
and Max are minimum and maximum functions, respectively.
Then MEP is constructed as follows:

1 if rand, <exp(E,,(i))

. , 13)
0 if rand; >exp(E,,(i)")

MEP, :{

where MEP, is the updating probability for jth variable of
ith water molecule in the #th iteration.

For the droplet evaporation phase (¢#>¢_ /2), the objec-
tive function value of molecules ( Fit; ) is scaled to the range
[-50°, —20°] by using contact angle vector (6(})):

(0. —0.)x(Fit' - Min(Fit))
Oy = o~ ) < (Fil 0. 14
O = = M (Fit) = Min(Firy) O a4
Then DEP is constructed as follows:
DEP - 1 if rand, <J(6")

"0 if rand,>J(6")

3
J(0) = JOPU(% + 9950 _ 050y (1 cosB) (15)
1

Job = 2%

where MEP, is the updating probability for jth variable of
ith water molecule in the rth iteration; J; and P, are constant
values; J is evaporation flux where maximum and minimum
value of it are 1 and 0.6, respectively.

3.1.3 Generating random permutation based step size matrix
A random permutation based step size matrix is defined as
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follows:

S =rand. (WM [pli)()]-WM [ p2()(/)]) (16)

where pl and p2 are different rows permutation functions; i
and j are the number of water molecules and design variables
of the problem, respectively; WM is the evaporated set of wa-
ter molecules.

3.1.4 Generating evaporated water molecules and updating
the matrix of them
The evaporated set of water molecules (WM“*") is gener-
ated according to the product of step size matrix and evapora-
tion probability matrix:

WM(M) —

DEPY t>t /2

max

MEP® t<t /2 17
Round[WM“WSx{ - J an

The rounding function rounds the design variables’ values
to the nearest discrete available value. The best individual is
returned after evaluating the molecules based on the objective
function.

3.1.5 Terminating condition check
Steps 2 to 4 are continued to repeat until termination condi-
tion, number of iterations (%), is met.

3.2 Accelerated WEO

In accelerated WEO, updating molecules is worked by us-
ing monolayer and droplet evaporation phases simultaneously.
Steps of the accelerated WEO implementation are as follows:

3.2.1 Initializing algorithm parameters

In this step, the worst water molecule (Worst-WM) in ob-
jective function value terms is monitored in addition to detail
of the one described in the WEO.

3.2.2 Generating water evaporation matrix
Firstly, the distance vector between all individuals and the
worst current one (dist) is calculated:

dist, =|worstWM —WM |.i=1, 2,..., nWM .. (18)

The individuals are sorted based on their distance values in
ascending order. Then the DEP and MEP matrices are calcu-
lated for updating the first and second half of the molecules,
respectively, by using Egs. (13) and (15). It should be noted
that the evaporation and droplet probability matrices and their
corresponding details, contact angle vectors and substrate
energy include nWM/2 rows. Then mixed evaporation matrix
(MDEDP) is assembled using the pseudo code shown in Fig. 1.

for i=l:nWM
dist(iy=norm(WM(i,:)-worst-WM);

end

[a,b]=sort(dist);

for i=1:nWM/2
droplet-WM(i,:)=WM(b(i),:);
end
Generate the corresponding € vector and DEP matrix using Eqgs. (14)
and (15), respectively.

for i=1: nWM/2
monolayer-WM(i,:)=WM(b(size(nWM/2+i),:);
end
Generate the corresponding Eq,, vector and MEP matrix using Egs.
(12) and (13), respectively.

for i=1:size(WM,1)
if i<= nWM/2
MDEP(b(i),:)=DEP(i,),
else
MDEP (b(i),:))=MEP(i-size(WM,1)/2,:);
end
end

Fig. 1. Pseudo code for constructing the MDEP matrix.

3.2.3 Generating random permutation based step size matrix
In this step, a random permutation based step size matrix is
calculated same as the one described in the WEO.

3.2.4 Generating evaporated water molecules and updating
the matrix of them
The evaporated set of individuals (WM“™") is generated ac-
cording to the product of step size matrix and MDEP:

WM = Round (WM + S x MDEP™). (19)

Then the best molecule is returned after evaluating the mo-
lecules corresponding to their objective function values.

3.2.5 Terminating condition check
Steps 2 to 4 are continued to repeat until termination condi-
tion, number of iteration of the algorithm (7), is met.

4. Numerical example

In this section, to demonstrate the ability of EDS and the al-
gorithm, a 2D frame structure with two different meshing
using some multiple cases are studied. For each state, two
multiple cases with two and four damaged elements are con-
sidered. For each case, the EDS of all elements with various
numbers of modes (6, 8 and 10 first modes) are shown in noi-
sy condition. To precisely localize damaged elements, the
DLV and the algorithms have been run 30 times for every
case. Then mean EDS values of elements are shown. Also the
mean and the best (with least value of objective function) so-
lutions of the algorithms, damage severity of suspected ele-
ments, have been reported. To compare of the two-stage
method with optimization method, the studied cases are also
run using optimization method (within one step and solving an
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Table 1. Physical properties of the frame.

Table 2. Damage cases of the frame with 35 elements.

Property (Unit) Value Case Damaged elements Extent of damage
E, elasticity modulus (GPa) 210 1 4,20 0.25,0.20
p, mass density (kg/m’) 7850 2 2,6,10,21 0.25,0.29, 0.35, 0.30
A, cross section area (m®) 1.74x107
I, moment of intertia (m®) 3.281x10™*
21 2 23 24
(33) (34) (35)
inverse optimization problem) in noisy condition and the re- & Y - =
sults are reported. Although existence of many number of ! 30) 1 aD " ) &
modes helps the algorithms easily converge the right state of @) 9 (14) (19)
damage in the second stage, it increases the rate of program 13 14 15 16
running and results in more time to the algorithms. Therefore, @n 28 29
the number of considered modes in the objective function & & . .
should be selected in a way that induces appropriate balance : o 10 @ 1 % B
for the algorithms. For running algorithms in this approach, © @ a2 a7
the six first modes have been utilized for all cases which is 5 6 4 3
equal to lowest number of considered modes for the first stage. @n (22) (23)
The number of iterations and population sizes are considered Yoo (©) 1 (16)
as 100 and 50, respectively. The physical properties of the A b 5

frame’s elements are given in Table 1. Also the length of
every element in the first and second meshing states is 1 and
1/3 m, respectively. Error values considered to generate noisy
data of natural frequencies and mode shapes are 1 % and 3 %,
respectively, as follows [13]:

@ =& x(1+ax0.01) (20)
™ =g x(1+ax0.03) 21)

in which noisy implies a noisy value; a is a uniformly distrib-
uted randomly number between -1 and +1.

4.1 Frame with 35 elements

This structure was investigated in the field of damage detec-
tion by Mousavi and Gandomi [26]. The frame includes 35
elements and 24 joints as shown in Fig. 2. In the figure, the
damaged elements of cases are bolded. The details of two
damage cases with multiple damage extent is given in Table 2.

For the two cases, EDS of all elements in noisy condition
have been shown in the Figs. 3 and 4. Also, the NCE values of
all elements in noisy condition have been shown in the Figs. 5
and 6.

The Figs. 3 and 4 show that the EDS of damaged elements
is less than others and they are identified as suspected dam-
aged elements. Also, the figures show that the more number of
modes is used, the higher precision in measurement of EDS
becomes obtained and damaged elements are identified better.
According to the Figs. 5 and 6, the NCE index has not been
able to detect all of the damaged elements in second scenario.

Tables 3 and 4 show damage extents of suspected damaged
elements estimated by WEO and accelerated WEO algorithms
within 30 runs.

Rz

Fig. 2. Frame with 35 elements.
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Fig. 3. The EDS values of the frame with 35 elements for first case in
noisy condition.

|—0—6modes —&— 8 modes —o—10modes|
1.E+00 fr—r——"tr———Ftr——rt "t

1.E-01

1.E-02

EDS

1.E-03

1.E-04

1.E-05

0 5 10 15 20 25 30 35
Element number
Fig. 4. The EDS values of the frame with 35 elements for second case
in noisy condition.
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Table 3. Damage extents of suspected damaged elements for first sce-
nario of frame with 35 elements.

Algorithms Elements and damage extents
4 20
Best 0.25 0.20
WEO
Mean 0.25 0.20
Accelerated Best 0.25 0.20
WEO Mean 025 020

Table 4. Damage extents of suspected damaged elements for second
scenario of frame with 35 elements.

Algorithms Elements and damage extents
2 6 10 21
Best 0.25 0.29 0.35 0.30
WEO

Mean 0.248 0.292 0.349 0.299

Accelerated Best 0.25 0.29 0.35 0.30

WEO Mean 0249 | 0280 | 0349 | 0299

| —— 6 modes —&— 8 modes —e— 10 modes|

1.e+00 F—r—r—rt "ttt
1.E-01
O 1.E-02
1.E-03
1.E-04

10 15 20 25 30 35
Element number

Fig. 5. The NCE values of the frame with 35 elements for first case in
noisy condition.
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Element number

Fig. 6. The NCE values of the frame with 35 elements for second case
in noisy condition.

Table 5. Damage cases of the frame with 105 elements.

Case Damaged elements Extent of damage
1 21,45 0.25,0.19
2 22,35,51,70 0.15,0.25,0.35,0.28

61 62 63 64
90 94
57 @) 60
53 56
49 50, 51 52
84 88
45 48
41 44
37 38 39 40l40
78 82
33 36
29 32
2[00 )@ 5y 28)28
72 76
o @n . (51)
17 [ 20
13, 14 15] 16
65 66 67 68 69 70
Y 9 12
5 8
X 1 2 3 4
Vi 4 Wi .4 Vi 4 Wi 4
Rz

Fig. 7. Frame with 105 elements.
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Fig. 8. The EDS values of the frame with 105 elements for first case in
noisy condition.

4.2 Frame with 105 elements

The frame includes 105 elements and 94 joints as shown in
Fig. 7. In the figure, the damaged elements of cases are bolded.
The details of two damage cases with multiple damage extent
is given in Table 5.

For the two cases, EDS of all elements in noisy condition
have been shown in the Figs. 8 and 9. Also, the NCE values of
all elements in noisy condition have been shown in the Figs.
10and 11.

According to the Figs. 10 and 11, the NCE index has not
been able to detect all of the damaged elements in second
scenario. So efficiency of the NCE index is low in finding the
damaged elements corresponding to scenario with more dam-
aged elements.

According to the results, the EDS values of damaged ele-
ments in all scenarios for eight first modes are low enough to
identify them. So the efficient number of modes required to
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[ —— 6 modes —=— 8 modes —e— 10 modes|
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Fig. 9. The EDS values of the frame with 105 elements for second case
in noisy condition.
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Fig. 10. The NCE values of the frame with 105 elements for first case
in noisy condition.
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Fig. 11. The NCE values of the frame with 105 elements for second
case in noisy condition.

determine damage locations is eight.

Tables 6 and 7 show damage extents of suspected damaged
elements estimated by WEO and accelerated WEO algorithms
within 30 runs.

According to Tables 3, 4, 6 and 7, both algorithms are able
to quality the damage extents with good accuracy.

Table 6. Damage extents of suspected damaged elements for first sce-
nario of frame with 105 elements.

Algorithms Elements and damage extents
21 45
Best 0.25 0.19
WEO
Mean 0.25 0.19
Accelerated Best 0.25 0.19
WEO Mean 025 0.19

Table 7. Damage extents of suspected damaged elements for second
scenario of frame with 105 elements.

Algorithms Elements and damage extents
22 35 51 70
Best 0.15 0.25 0.35 0.28
WEO
Mean 0.15 0.25 0.349 0.278
Accelerated Best 0.15 0.25 0.35 0.28
WEO Mean 015 | 0252 | 035 | 0281

4.3 Comparing the approaches’ performance

To show ability of the two-step and optimization ap-
proaches to find damage site and quality damage extent, the
all of the cases are also run using the algorithms within one
step. For running algorithms in this approach, the six first
modes have been utilized for all cases; the number of itera-
tions and population sizes are considered as 1000 and 500,
respectively. The best results (with least value of objective
function) are shown in Tables 8 and 9 for the frame with 35
and 105 elements, respectively. The misidentified elements
found by the algorithms are underlined for a better under-
standing of the results in the Tables 8 and 9.

For the frame with 35 elements, the values less than 0.01
have been considered equal to zero. About the frame with 105
elements, the values less than 0.03 and 0.05 have not been
reported for WEO and accelerated WEO algorithms, respec-
tively, because they were many. According to Tables 8 and 9,
most of the misidentified values relates to element 62 (0.18)
corresponding to Case 2 and accelerated WEO algorithm. As
it is clear, the number of misidentified elements is high espe-
cially in cases with four actual damaged elements. These val-
ues demonstrate that the optimization method is not efficient
when the elements of structure or damaged elements are more
while spends too time for solving inverse optimization prob-
lem. Also, it is concluded that because of less number of algo-
rithm’s variables in two-stage approach, type and efficiency of
an algorithm is less important than in one-stage optimization
method.

On comparing the performance of these two algorithms in
one-step method, the sum errors of misidentified elements
obtained from accelerated WEO is more than WEO. Also,
computational errors for actual damaged elements correspond-
ing to WEQ is less than accelerated WEO. Thus the perform-
ance of WEO is better than accelerated WEO in running one-
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Case Algorithms Damaged element(s) Damage extent
WEO 4,25 0.25,0.20
1 Accelerated
WEO 4,25 0.25,0.20
WEO 2,6,10,11,17,21,27,31,34 0.26, 0.29, 0.34, 0.01, 0.01, 0.31, 0.02, 0.02, 0.04
2
Acc\:;l;roated 2,6,8,10,13,21,33,35 0.26, 0.29, 0.01, 0.34, 0.01, 0.29, 0.02, 0.02

Table 9. Results of optimization method for the frame with 105 elements.

Case Algorithms Damaged element(s) Damage severity

WEO 21,45, 65, 66, 83, 89,92, 95 0.24,0.19, 0.05, 0.03, 0.06, 0.05, 0.05, 0.04

1 Accelerated 0.06, 0.27, 0.05, 0.21, 0.07, 0.06, 0.09, 0.08, 0.13, 0.07, 0.14, 0.05
WEO 3,21, 38,45, 64, 65, 68, 74, 77, 80, 92, 98, 101, 108 0,08, 0.07
WEO 20,22, 35,44, 51, 53, 59, 62, 68, 70, 71, 78, 86, 100 0.06, 0.15, 0.23, 0.08, 0.34, 0.04, 0.07, 0.07, 0.12, 0.28, 0.12, 0.03,

2 0.05,0.03

Accelerated 22,26, 35, 38,44, 50, 51, 55, 59, 62, 70, 72, 74, 77, | 0.22, 0.05, 0.22, 0.05, 0.07, 0.07, 0.36, 0.08, 0.07, 0.18, 0.28, 0.08,
WEO 92,95, 104 0.09,0.08, 0.14, 0.08, 0.07
step method. tection, Proc. of International Conference on Computer-

5. Conclusions

In this paper, a two-stage approach based on DLV (Damage
locating vector) and two metaheuristic algorithms, Water
evaporation optimization (WEQ) and accelerated WEO, is
employed to identify damage of a 2D frame structure. In the
DLV method, suspected damaged elements are found by a
new proposed index called EDS (Exponential decreased
stress) according to axial stress of elements. Numerical exam-
ple including two types of meshing elements is examined by
different multiple cases. Also the cases are tested by one-stage
optimization method and using these two algorithms. Results
conclude that the two-stage method are efficient especially in
the frame with more elements and damaged elements. The
error in computation of damage extent for suspected damaged
elements and misidentified elements corresponding to one and
two-stage approach are 0.180 and 0.002, respectively.
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