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Abstract

The emergence of finite element model modification techniques has made it possible to use numerical theoretical analysis
techniques to achieve the assessment of the bearing capacity of two problems in practical engineering. Therefore, an improved
scheme of finite element model based on the response surface method is proposed, which is optimized by GA algorithm and
verified. The experimental results show that the mid-span deformation and strain of the beam under static load are below
5%. Under different static responses, the deformation amplitude is within the set range of concrete structure failure, and
has high sensitivity. The precision of response surface equation under different static responses is above 0.99, the highest
is 0.9996, which shows the good fitting accuracy of the model. The calculated results of the two optimal methods are in
good agreement with the measured results, and the deviation comparison values are within 10%, the lowest is 1.1%. It can
identify the concentrated parts of the concrete beam, which is basically consistent with the actual results. In summary, the
improved finite element model of response surface can be used to better judge the stress status of concrete beams. Through
optimization such as genetic algorithms, the damage identification rate of structures can be effectively improved, which is
of great significance in practical engineering applications.

Keywords Response surface - Finite element model - Concrete beam - Structural damage identification

Introduction technical method of traffic counter and dynamic weighing

in the face of the aging problem of highway bridge strips

Rapid economic development has promoted road traffic con-
struction to meet the rapid development. As an important
transportation hub for crossing obstacles and connecting
different places, bridges play a significant role in highway
transportation (Song et al. 2022). With the increase of ser-
vice time, the existing prestressed concrete beam bridges
inevitably have problems such as damage accumulation, so
it is necessary to identify and evaluate the bearing capac-
ity of existing bridges (Ma et al. 2022). For this problem,
Skokandi¢ & Mandié Ivankovié (2022) put forward the
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at present. Jawdhari et al. (2022) proposed a stress calcu-
lation and analysis method of the reinforced concrete arch
culvert for atypical structures. Cui et al. (2022) proposed a
complete transfer learning technology for the state evalua-
tion of bridge elastic bearings. Under this background, the
finite element model is improved on the basis of response
surface. The GA algorithm is used to optimize the modified
model to improve the damage identification accuracy of the
concrete beam structure, so as to effectively evaluate the
bearing capacity of the existing bridge.

Literature review

Due to more damage to the bridge structure at present, its
bearing capacity and use are increasingly valued, so accurate
and effective analysis and evaluation of existing bridges are
required to ensure their safety (Wei et al. 2022). The finite
element model is modified because the theoretical model
in the finite element software is modified by the static and
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dynamic load test data, which makes the obtained bridge
structure response data closer to the measured data (Li e
al. 2020). Therefore, the majority of domestic and foreign
scholars have conducted in-depth research on it. Wu & Liu
(2022) optimized the modification method of the parametric
finite element model for the health monitoring of long-span
bridges, so as to effectively improve the accuracy of their
monitoring. In order to realize the modeling of bridge load
under a dynamic state, De Risi (2022) proposed a method of
moving load based on the finite element modeling calcula-
tion framework, which improved the accuracy of bridge load
prediction under a dynamic state. Svendsen et al. (2022)
proposed a new program on the basis of updating the finite
element model for the problem of bridge life extension,
thus providing an effective reference for improving its life.
Tran-Ngoc et al. (2022) modified the finite element model
of the double steel truss bridge structure monitoring prob-
lem by using the vibration measurement and hybrid element
heuristic search algorithm to effectively ensure the health
of the bridge structure. In order to predict the prestress of
cable-stayed bridge cables and the elevation of the bridge
deck, Souza Hoffman I et al. conducted a numerical model
by using the finite element method, thus providing help for
their analysis and prediction (Souza Hoffman et al. 2022).
Zaghian et al. (2022) put forward a comprehensive analysis
method of corrosion damage in view of the corrosion of
bridge concrete reinforcement, so as to effectively reduce the
deterioration factors caused by corrosion. Lin et al. (2022)
modified the finite element model of small-span concrete
culvert bridges by using neural networks to reduce the
uncertainty after construction.

In addition, Yu et al. (2022) modified the finite element
model by combining a large number of samples to address
the seismic problem of trains traveling on bridges, thereby
improving the applicability of bridge seismic verification
while reducing the distortion of seismic response results.
Zhang and Sun (2021) proposed a new method for integrat-
ing pattern recognition and finite element model correction
by utilizing physically guided machine learning to address
related issues in structural health monitoring. This not only
improves the universality of structural damage detection, but
also improves the performance of bridge structural damage
identification. The researchers proposed a new correction
method for defects in aluminum alloy structures by conduct-
ing detailed analysis of finite element analysis methods,
which effectively optimized the defects in aluminum alloy
structures. Naranjo-Pérez et al. (2021) proposed a hybrid
unscented Kalman filter algorithm to address the related
issues of finite element models when dealing with complex
structural problems, which effectively improves the perfor-
mance of effective finite element models. Zhu et al. (2022)
built and revised the finite element model for the structural
monitoring of steel-concrete composite girder bridges, so as
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to provide guidance for their safety evaluation. Deng et al.
(2022) modified the two-dimensional symmetric finite ele-
ment model by using an artificial intelligence algorithm to
solve the problems related to pavement materials and struc-
tures, which provided a reference for solving the problems
related to pavement application materials and structures.

From the research of domestic and foreign scholars, the
finite element model modification can effectively evaluate
the operation safety and damage development of bridges.
Therefore, on the basis of previous studies, the response
surface method was proposed to modify the finite element
model. In order to solve the defects of the response surface
method in finding structural parameters, a genetic algorithm
(GA) was creatively introduced to achieve optimization. In
the research, the theoretical data and the measured data are
organically combined, thus making a certain contribution
to promoting the safety performance evaluation method of
beam structures.

Analysis of response surface model
modification in structural damage
identification of concrete beams

Finite element model construction and response
surface method analysis

To obtain the load-carrying capacity of the actual concrete
beam structure and to identify the damage to the structure,
the study modified the finite element model by using the
response surface method so that the modified finite element
model can effectively assess the force and safety state of
the actual concrete beam mechanism and was verified in
the actual damage identification. A finite element model is
established by the finite element method, which is a set of
assemblies that are connected and transfer forces only by
the nodes, and are constrained only at the nodes (Manoj
et al. 2022). In computer applications, finite element analysis
software (ANSYS) is a widely used large-scale finite ele-
ment software, which plays a pivotal role in the design and
use of bridge structures (Wang et al. 2022). A finite ele-
ment model is established, which is an approximate simula-
tion of a solid beam-type structure in the field so that it has
theoretical components that meet the engineering accuracy
requirements and gives boundary conditions that approxi-
mate the actual ones and thus simulate them. The software
has promising applications in building, loading, solving,
analysis, and optimization. Therefore, the process of study-
ing the construction of finite element model using ANSYS
is shown in Fig. 1.

According to Fig. 1, the finite model first selects the ele-
ments of the prestressed concrete beam. Secondly, the rel-
evant parameters of the initial finite element modeling are
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Fig. 1 The specific process of using ANSYS to build an effective
meta model

obtained. Then, the initial finite element model is established
by applying prestress load. Considering the effect of pre-
stress field and gravity field, the final finite element model
is established (For prestressed concrete beam structures,
the solid structure will experience upward displacement
and deformation under the combined action of prestress
and gravity field. Therefore, the theoretical structural entity
model established should take into account the influence
of pre-stress field and gravity field on the deflection defor-
mation of the beam solid structure when applying loads).
The significance of finite element model modification is to
adjust and optimize the parameters according to the size of
design drawings and material parameters. Combined with
the static load test data, it is closer to the measured structural
response, so that the optimized finite element model can be
used to evaluate its bearing capacity and deformation devel-
opment. Among them, when applying pre-stressed loads,
considering the changes over time, the volume of concrete
in pre-stressed concrete shrinks and creeps with the passage
of time, causing a certain loss of pre-stress. Therefore, the

Fig.2 Process of response
surface methodology
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cooling method is selected to apply prestress, and its expres-
sion is shown in Formula (1).
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In Eq. (1), T denotes the corresponding load prepared for
application in the temperature field; F’ represents the cor-
responding prestress applied on the prestressed steel strand;
E denotes the modulus of elasticity of the strand; a denotes
the coefficient of linear expansion of the strand; A denotes
the area of the cross section of the strand; and o, denotes
the effective prestress value. However, in the practical theo-
retical application, the response surface method (RSM)
is needed to modify the finite model, that is, reasonable
experimental methods and parameter significance analysis
are used to determine the most influential correlation factor.
The response surface equation is fitted to obtain the response
surface equation formed by combining important parame-
ters and structural response data. The equation is optimized
by combining the relevant experimental data of static and
dynamic loads. RSM is a method to select an appropriate
experimental design by using the undetermined coefficient
method, so as to obtain the combination of multiple experi-
mental data, and thus establish the functional relationship
between reaction data and factor parameters (Khalid 2022).
The process of RSM is shown in Fig. 2.

From Fig. 2, the RSM process is firstly to establish the
numerical computational model; secondly to carry out the
corresponding experimental design; then to construct the
numerical computational sample and to perform ANOVA
with the fitting of the response surface model as a judgment.
If the fitted accuracy does not meet the actual demand, the
numerical calculation sample is constructed again by add-
ing experiment-related samples and repeating the process.
If it is satisfied, the response surface model is output, the
objective function is constructed, and the designed param-
eters are initialized for a second determination. If the initial-
ized parameters do not converge, the design parameters are
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reinitialized, and the cycle is repeated until convergence.
Finally, the result value is output.

Study of finite element model modification based
on response surface method

In the process of updating the finite element model using the
response surface method, assessing the parameter signifi-
cance has a large proportion. The reason for this is mainly
that there are many uncertainties in the initial finite element
model, such as boundary conditions, parameter character-
istics, etc. Those factors have significant and insignificant
effects on the structural response. The effect on structural
response such as displacement, deformation, etc. is a sig-
nificant evaluation process. The influence on the structural
response changes over time, so screening out the factors that
have a significant influence is a proven measure. Meanwhile,
during the actual construction process, the performance of
concrete and reinforcement will change somewhat due to the
construction environment, labor, and other factors. There-
fore, analysis of variance (F-test) must be used for parameter
significance screening to determine the significance of each
parameter, and make the theoretical model and the structural
response in the field have similar results under the same load
(241 Tt is assumed that the factors present in the engineering
design space have multiple levels and that the relevant sam-
ples at multiple levels originate from a normal distribution
with the same variance as well as the mean. In this case, the
variance and the mean are unknown states and the levels
are independent of each other. Therefore, the mathematical
model expression of one-way ANOVA is shown in Eq. (2).

Xl :61+6IW (2)
w ™ N(O, 0'2)

In Eq. (2), X, denotes the factors in the normal distribu-
tion; 6, denotes the mean; ¢,,, denotes the level of the sample;
N (0, 0'2) denotes the normal distribution; and o2 denotes the
variance. The expressions of / and w are shown in Eq. (3).

[=1,2,--,n
{w=1,2,---,m 3)
In Eq. (3), [ represents the total number of experiments;
w represents the actual number of levels, and its maximum
value is 0. The purpose of ANOVA is to check whether the
means of multiple overall normal distributions are equal, so

it is assumed that their overall mean expressions are shown
in Eq. (4).
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In Eq. (4), X represents the overall mean of the data.
Where the expression of p is shown in Eq. (5).

p=)p, 5)
w=1

In Eq. (5), p,, represents the number of experiments at w
levels. the corresponding overall deviation sum of squares
expression is introduced as shown in Eq. (6) on the basis of
Eq. (4) and is (5).

0 Py

SST = ZZ( Xy -X) ©)

W=I L=

In Eq. (6), SST represents the sum of squares of the over-
all offset. The expression for setting the sample mean at a
certain level based on Eq. (6) is shown in Eq. (7).

ZXZW @)

Pl_

In Eq. (7), ?W represents the average value of the sample
at level A,,. Sum of Squares of intra group Errors (SSE) and
Sum of Squares within the group (SSA) are introduced here.
Their expressions and relationships with SST are shown in
Eq. (8).

(2 2
SSE=Y Y (xlw —X)
w=1[=1
o Py ,_
SSA=3 Y (X X) ®)
w=1I=1
SST = SSE + SSA

According to Eq. (8), the expression to test the truth of
the hypothesis can be given as shown in Eq. (9).

/(o —
F—# F(O—],p—O)
p-o)
s, 1 ©)
F_SSE(O > F(o—1,p—0)
(p - o)

In Eq. (9), F denotes the F-value of the F-test method.
Where, the first row is the expression when the hypothesis
test is true. The second row is the expression when the
hypothesis test is false, when there is a tendency for the
F value to be biased. Therefore, the rejection domain of
the given significance level a is usually consistent with
the state of the hypothesis test being false, taking values
of both 0.01 and 0.05. If F>F, ,, the one-factor signifi-
cance is high; if F s <F <F;;, the factor is generally
significant; if F<F s, it is not significant. In addition,
the construction of the objective function also exerts an
influence on the response surface model. The study chose
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the weighting factor by comparison to assign the data of
displacement-deformation and the related stress—strain,
and its expression is shown in Eq. (10).

=y n(1=taf,, ) (10)
1

In Eq. (10), k represents the upper limit of the design
variable. f,(x) denotes the objective function constructed
on the basis of the static test deflection. r; denotes the
weighting factor of the static displacement. u,,, denotes
the theoretical calculated value of the deflection, and
U, denotes the actual measured value of the deflection.
Therefore, based on the finite element calculation, it can
be transformed and its expression is shown in Eq. (11).

2 2
fszrl(l_pdl/psl> +r2(1—Pd2/pS2>
2 2
+r3<1 _pd3/ps3) + r4<1 _pd4/ps4>

2

(1 —Pds/Pss>2 (1 _pdﬁ/psé)z (1P, )
Y
In Eq. (11), pd represents the finite element calculated
value of lateral deflection; ps represents the finite element
calculated value of vertical deflection. At this point, the
response surface model can be evaluated using a reason-
able experimental design to make a judgment. Before that,
the complex correlation coefficient needs to be introduced

for evaluation, and its expression is shown in Eq. (12).

R= /3R (12)
SST

In Eq. (12), R denotes the complex correlation coeffi-
cient; SSR represents the sum of the corresponding squares
of the regression; SST represents the sum of squares of
the population. The complex correlation coefficient meas-
ures the accuracy of regression analysis by the ratio of
the total square sum of quadratic regression SSR to SST.
The nearer its value is to 1, the better the regression accu-
racy is. Finally, the posterior optimization for the revised
response surface model, which is essentially the optimiza-
tion of the constructed objective function, is expressed as
shown in Eq. (13).

min f(x)
hy(x) =0 (13)
gx) =0

In Eq. (13), f(x) is the correlation function of the target;
h;(x) = 0 denotes the relevant constraints of the equation;
g,(x) > 0 denotes the relevant constraints of the inequality.

The expressions of the objective function and the constraint
function are shown in Eq. (14) and Eq. (15).

min f(x) = min [Fobj(x)] (14)

In Eq. (14), minf(x) denotes the minimum value of the
objective function and x denotes the function independent
variable.

R —r

=%
&) {rl_Rp (15)

Ax—-b<0

In Eq. (15), R, denotes the response surface equation
associated with the static deflection; r, denotes the upper
bound of the static response deflection; r; denotes the lower
bound of the static response deflection; A denotes the coef-
ficient matrix of the linear constraint at the design variable,
and b denotes the constraint vector representing the linear
constraint at the design variable. On this basis, the finite
element model correction of the response surface method
is shown in Fig. 3.

From Fig. 3, the correction of the finite element model
using the response surface method contains the relationships
between the design-related parameters, the variables of the
state, and the objective function; the response surface fitting
method using the Box-Behnken experimental design; the
screening of the significance of the parameters; the fitting of
the response surface and the accuracy rating of the response
surface equation. Among them, the three variable relation-
ships such as design parameters contain in turn design and
state variables. In addition, the study introduces Genetic
Algorithm (GA), which is an evolutionary algorithm that
mimics the “survival of the fittest” in the biological world,
in order to find the optimal solution for the modified model.
It is characterized by the ability to directly encode, replicate,

Response Surface Fitting

Method Based on BBD Parameter
Experimental Design significance
* x

screening

3
Response

surface
fitting

Relationship among
design parameters, state ,\
variables and objective

functions

v
Accuracy Rating of
Response Surface Equations

Fig.3 Using response surface method to modify the specific contents
of the finite element model
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crossover, and mutate targets, and is not affected by the opti-
mization direction and features, so that the population opti-
mization search space can be automatically extracted and
selected, and the optimization direction and method can be
adjusted at will, which has a better global optimization per-
formance (Feng et al. 2022).

Analysis of the effect of response surface
model in the application of concrete beam
structure damage identification

To verify the application effect of finite element model mod-
ified by response surface method in damage identification of
concrete beam structure, the experimental analysis is carried
out. Before the experiments, the corresponding parameter
values of state variables and damage settings are set, which
are shown in Table 1.

In Table 1, R1-R7 are the different static responses. As
can be seen from the table, the settings of the experimentally
relevant state variables obeyed the upper and lower limits
of 10% as a limit, and the overall values were maintained
between — 9 and — 2. The data for the degree of damage are
set between 5 and 32%, the initial elastic model is set to 50
GPA, the initial load is applied to 46,875 N, and the initial
temperature of the prestress is set at 293 °C. In addition, the
finite element model of the elastic modulus to be corrected
is set up with relevant data from no damage to 30% damage,
for a total of three levels with values ranging from 35 values
to 50. Based on this, the study first compares the deflection
and strain at the key point location with the actual measured
points after the model is corrected, as well as comparing the
initial and corrected parameters of the finite element model.
The corresponding results are shown in Table 2.

Table 1 Parameter setting contents of relevant parts of the experiment

In Table 2, EC denotes the modulus of elasticity of con-
crete. ES is the elastic modulus of prestressed steel rope
itself. DC denotes the density of concrete, and T denotes the
loading temperature of the prestress. From the table, it can
be seen that the deflection in the span and mid-span section
and the strain value in the mid-span section of the concrete
beam structure are within 5% under static load, and only
the two nodes close to the ends of the supports are around
10%, but they all meet the engineering tolerance error, which
shows that the application of the response surface method
in the finite element model correction is successful. It also
shows that the modified finite element model can effectively
evaluate and predict the damage of the structure. Therefore,
the study analyzed the significance of the parameters after
the response based on the content of the finite element model
correction of the response surface method, and the results
are shown in Fig. 4.

In Fig. 4, the influence factor combinations selected in
the study are all significant influence factor combinations,
and their numerical results are the F values of the response
results, which are obtained after the F variance test. In addi-
tion, 1-8 represent 8 parameter combinations, namely con-
crete modulus, concrete density, concrete Poisson’s ratio,
steel strand modulus, steel strand Poisson's ratio, steel strand
applied temperature, and the square of the first three param-
eter values. From Fig. 4 that according to different com-
binations of significant influencing factors, R1-R7’s own
deflection changes have high sensitivity in the loss settings
related to elastic modulus. Based on the parameter signifi-
cance results, the research continued to analyze the accuracy
of its response surface equation, and the results are shown
in Fig. 5.

In Fig. 5, the accuracy of the response surface equations
is evaluated by the complex correlation coefficient. From
the figure that the evaluation coefficients of the seven static
responses are all higher than 0.99, which is very close to

R1 R2 R3 R4 RS R6 R7

State variable Experimental data (mm) —287 —-452 —-679 —-792 —-699 —-488 —-290

Upper limit (mm) -3.00 -475 -7.12 -832 -734 -512 -3.04

Lower limit (mm) —-272 —-429 -645 -752 -664 —-463 -275
Elastic modulus damage Damage setting degree (%) 10 20 30 20 15 5

Elastic modulus EC (GPA) 40.4 359 314 314 359 404
Damage state Level 1 Level 2 Level 3

L/8 lower left 35 40 50

L/8 lower left-3.75 M lower part 35 40 50

3.75 M-Lower part of midspan section 35 40 50

Upper part of midspan section-4.25 M upper part 35 40 50

4.25 M-T7L/8 upper part 35 40 50

7L/8 left upper part—upper part of support position 35 40 50
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Table 2 Comparison of key point position parameters before and after model modification

Comparison of data related to key positions after correction

Working condi-  Size of prestressing force Load
tion
0.35F 56.3KN-M
Measuring point  L/8 2L/8 3L/8 4L/8 SL/8 6L/8 TL/8 Mid span Mid span bot-
position upper edge tom plate

Measured value —020mm —-051mm —-080mm —-093mm -0.85mm —056mm -—0.21mm -33.00pe 57.00 pe

Before amend- -025mm -056mm —086mm -—1.00mm —086mm —0.56mm -0.25mm -—40.90 pe 68.20 pe
ment
After correction —022mm —-0.51mm —-083mm —-094mm —086mm —0.56mm —0.23mm - 3527 pe 60.60 pe
Deviation before  23.79 13.99 8.50 7.30 2.34 1.69 18.09 24.00 19.20
correction (%)
Deviation after ~ 9.49 3.99 3.69 1.00 2.29 1.69 9.00 6.90 5.20
correction (%
)
Finite element model parameters
EC DC ES T
Initial param-  34.50 O0GPA 2500 kg/m? 195.00 312°C
eters
Response 38.01GPA 2580 kg/m? 195.05 293 °C
surface cor-
rection
Ratio 1.10 1.03 1.00 0.94 °C

Comparison of data related to key positions after correction

Working Prestress size Load
condition
0.35F, 56.3KN-M
Measuring L/8 2L/8 3L/8 4L/8 SL/8 6L/8 7L/8 Upper mid-  Midspan
point position span edge baseplate
Measured -020mm -051mm -080mm -093mm -08mm -056mm —02lmm —33pe S57pe
value

Before amend- —0.25mm —0.56mm —-0.86mm —1.00mm -086mm —056mm —025mm —409ue 68.21e
ment

After correc- —-022mm —-05Imm —-083mm —-094mm -08mm —-056mm —023mm —3527ue 60.60pe
tion

Deviation 23.79 13.99 8.50 7.30 2.34 1.69 18.09 24.00 19.20
before cor-
rection (%)
Deviation after 9.49 3.99 3.69 1.00 2.29 1.69 9.00 6.90 5.20
correction
(%)
Finite element model parameters
EC DC ES T
Initial 34.50 0GPA 2500 kg/m® 195.00 312 °C
parameters
Response 38.01GPA 2580 kg/m’ 195.05 293 °C
surface
correction
Ratio 1.10 1.03 1.00 0.94 °C
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1, indicating that the fitting accuracy of their response sur-
face equations is high. Therefore, the corresponding sur-
face equations are used to modify the finite element model,
and the modified model has high accuracy in the structural
identification of concrete beams. Meanwhile, based on the
results in Fig. 4 and Fig. 5, it can be used to realize the opti-
mal calculation of the finite element model modification by
response surface method, and then identify the damage of
concrete beam structure. For the study, a certain concrete
beam of a project, calibrated as a 1% beam, was selected in
practice. Before its structural damage identification, to deter-
mine the effectiveness of the correction of the functional

Fig.4 Parameter significance m] =2 =3 =4

algorithm model and the GA model, the study first compared
the two for analysis, and the results are shown in Fig. 6.
From Fig. 6 that most of the revised values of the two
algorithm models are higher than the initial parameters,
and most of the ratios are greater than 1.0. Only the T ratio
is lower than 1.0. The genetic algorithm is 0.929, and the
functional algorithm is 0.939. In addition, the revised values
of the two algorithms are roughly the same, with only 0-2
differences. The results show that the two algorithms can
be used to evaluate the bearing capacity of concrete beam
structures, and the response surface method is effective for
finite element model updating. On this basis, the comparison

5 n6m7 m8
results after response R7 R7
R6 R6
% RS RS 2
= w2
§R4 | R4S
SR3f —R3%
R2 = R2
R1 . . . ) ) ) o c : : : : R1
0 50 100 150 200 250 300 350600 500 400 300 200 100 O
Deflection(mm) Deflection(mm)
(a) Parameter significance results of the first four (b) Parameter significance results of the last four
combinations combinations
Fig.5 Accuracy evaluation BRI R2 [JR3 M R4 B R5 [ R6 [OR7

results of response surface
equation

(a) Accuracy evaluation results of
static response R1-R4

——

Ratio

T

ES
Parameter
(a) GA model correction results

Fig.6 Correction results of functional algorithm model and GA model
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between the response surface function optimization results
and the response surface GA optimization results, and the
measured results is analyzed. The results are shown in Fig. 7.

In Fig. 7, 1¥ beams are optimally solved on the finite ele-
ment response surface and compared with the deflection of
the beam after three loadings. Meanwhile, the horizontal
axes 1-7 represent the seven different critical point loca-
tions in Table 2. From the figure, the deflection contrast val-
ues at each critical point are less than 10%, with the lowest
being 1.1%. The results of function optimization and genetic
algorithm optimization basically fit with the actual results
and show high accuracy. Therefore, the results obtained by
applying them to the actual damage condition identification
are shown in Fig. 8.

In Fig. 8, the horizontal axes 1-6 indicate the param-
eters of the design, i.e., the elastic modes of the six zones.
A and B indicate the damage value and the optimized
value of the initial value setting, respectively. From the
figure, the force damage of the concrete beam is mainly
concentrated in the area of concentrated load in the span,
followed by the combined moment-shear zone, which is
consistent with the stress response deformation character-
istics of the actual concrete beam. It shows that the finite
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Conclusion

To realize the effective identification of concrete beam struc-
ture damage, response surface method is used to modify
the finite element model, and GA algorithm is introduced
to optimize it. Its effectiveness is verified in actual experi-
ments. The experimental results show that the deforma-
tion and strain values of the midspan and its section of the
concrete beam under static load are within 5%, and only
two positions near the supporting end are within 10%. The
deflection changes of different static responses are within
the damage setting range of concrete structures, and have
high sensitivity. The accuracy evaluation value of response
surface equation for different static responses is higher than
0.99, which indicates that the fitting accuracy of the modi-
fied finite element model is higher. After using the two opti-
mization algorithms, the fitting curves of the predicted val-
ues and the actual measured values are basically consistent,
and the offset contrast values are less than 10%. In the actual
damage identification of concrete beam structure, the char-
acteristics of stress response and deformation are consistent
with those of the actual concrete beam, showing high accu-
racy. In a word, the response surface modified finite element
model can effectively judge the bearing capacity of concrete
beam structure, and under the optimization of GA and other
algorithms, the damage identification accuracy of the model
is effectively improved. However, the modification of the
finite element model established in the study is relatively
simple, and it cannot be verified that the response surface
model modification under static loading has a good reflec-
tion on the dynamic response characteristics of the concrete
beam structure, which are the limitations and needs further
analysis in the future.
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