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Abstract

In this paper, an inverse/genetic method for interfacial parameter identification is developed. The interfacial parameter identi-

fication process can be converted into an inverse approximation problem using the method which includes finite element method and

genetic algorithms for searching solution. Based on the interfacial failure information obtained from experiment, the inverse

approximation procedure identifying interfacial parameters is constructed by taking the advantages of genetic algorithms over

traditional gradient-based search methods. The study indicates that a good prediction with relatively high accuracy of the interfacial

parameters of real composite can be achieved with the proposed method. It seems that the proposed method is promising in solving

a wide range of parameter identification problems in robust way.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

With modern manufacturing technology, various

multiphase composites with special properties have
continuously been presented to meet the growing de-

mand for practical industries and engineering. Conse-

quently, it becomes important to investigate material

properties of these composites to provide information

for understanding, and then designing structures con-

taining the multiphase composites. In particular, studies

on interfacial property of multiphase composites have

attracted a quite number of researchers in this field. Not
only do the interfaces in composites connect reinforce-

ment and matrix, they transfer some mechanical

parameters as well. The failure of a composite often

arises at the interface. Therefore the mechanical

behavior of interfaces has a strong influence on the

mechanical properties of composites, including their

strength and toughness. During the past decades,

investigations have been carried out on the mechanical
performance of composite interfaces relating to aspects

such as strength, damage, debonding, and failure. These

studies have produced various interfacial theories and
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models which have been widely applied in designing and

analyzing composite structures [1–7]. These interfacial

theories are usually based on certain postulations or

simplifications, and thus they might have some limita-
tions when applied to real structures such as how to

determine the characteristic parameters of the interface

in a real composite structure. On the other hand, al-

though deformation fields on the surface of a composite

can be measured by existing experimental techniques [8–

10], the characteristic interfacial parameters in multi-

phase materials, such as the mechanical and physical

characteristic parameters of interfaces between the
strength-reinforced phase and the toughness-reinforced

phase cannot be directly determined by means of

experimental measurement. Therefore, for an actual

multiphase composite, how to determine effectively its

interfacial parameters through simultaneous use of

theoretical models and experiment approach is still an

unresolved problem in the field of composite material.

During the past years, parameter identification tech-
niques have got wide application in predicting materi-

als properties of composites. This method combines

ingeniously mathematical analysis with measurable

mechanical parameters and has been used to determine

material parameters which are difficult to obtain directly

by means of traditional experimental measurement. For
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example, the identification of material constants of a

fiber-reinforced composite by ultrasonic velocity mea-

surements was studied in [11,12]. Using the displacement

response of structures under dynamic load, the elastic
constants of a composite plate and a functionally graded

material plate were determined by a combined method of

GA and non-linear least square method [13,14]. Based on

the non-uniform two-dimensional displacement field

generated from numerical experiments, Springmann and

Kuna [15] presented an optimization procedure to

identify material parameters for inelastic deformation

laws using gradient-based method. However most of the
previous works in this field focus on the study of iden-

tification techniques and the parameters identified are

primary macro- and linear parameters of materials. To

our knowledge, there is very little work discussing the

identification of complex or non-linear mechanical

parameters of an actual multiphase composite when the

influence of interfacial phase is taken into account.

An inverse/genetic method for interfacial parameter
identification is proposed in this paper. This method can

be easily used to solve inverse problems of complex

material parameter identification by taking the advan-

tages of genetic algorithms (GAs). Based on hybrid

analysis, we studied the interfacial property of a real

multiphase composite by using the proposed method for

verifying the effectiveness of the method. Experimental

data are used as the initial data for finite element cal-
culation and the identification procedure. Based on the

interfacial joint model developed, the strength and

stiffness parameters of a real microstructural area pro-

duced from an actual metal matrix composite Al/Al2O3

are analyzed and identified. The strength and stiffness

parameters in the normal and tangential direction of the

interface in the microstructural area are quantitatively

estimated. The study shows that the novel inverse/ge-
netic method is feasible and promising in identifying

complex properties of multiphase composite materials.
2. Inverse problem solving of interfacial parameter

identification

2.1. Feature of inverse/genetic method

To illustrate the main feature of inverse/genetic
algorithm and difference between inverse and forward

problem, let us consider a general solid mechanics

problem:

Y ¼ HðX;R;C;UÞX ð1Þ
where Y is a vector of output parameters representing

the response, X is a vector of input parameters such as

external loads, R stands for a vector of material prop-

erty parameters, C is a vector of parameterized bound-

ary conditions, U is a vector of model-related
coefficients. HðX;R;C;UÞ is a characteristic matrix

representing the transfer process from input to output.

According to the type of information being sought in the

solution procedure from Eq. (1), we have two major
solution procedures known as forward problem and

inverse problem [16,17], respectively. The former is to

find out the vector Y from the given input vector X and

the established matrix H (derived from given vectors of

R, C, U). The latter is usually divided into two types of

problems. The first one is to determine the unknown

input vector X from the observed output vector Y and

the established matrix H. This type of inverse problem is
often called source or cause identification problems. The

second one is to identify the parameter vectors of R, C,

U from the known input vector X and the observed

output vector Y. This type of problem is often called

parameter identification problem. Obviously, the inter-

facial parameter identification to be treated in this paper

belongs to the second inverse problem above, which

refers to the determination of unknown interfacial
parameters of a material. Typically, this method to be

used is to find an optimal solution from possible solu-

tion space of interfacial parameters, based on which the

outputs of the structure calculated from the corre-

sponding forward problem can best match the actual

results. It should be mentioned that the interfacial

parameter identification problem here is more compli-

cated than other parameter identification problems as it
is difficult to measure responses of the interface behavior

in an actual material.

When solving inverse problem involved identification

of material parameters, one converts the inverse prob-

lem into an optimization problem and then solves the

optimization problem using various numerical ap-

proaches among which GAs have distinctive advantages

in treating such problems. GAs are stochastic global
search technique based on a simulation of Darwin’s

nature evolution theory. The research on GAs can be

traced back to Holland’s work. In 1975, Holland [18]

established a theoretical foundation for contemporary

developments of GAs. Since then, the GAs have become

increasingly popular an efficient numerical tool in many

research fields [19]. The previous studies showed that

GAs are promising in dealing with large, discrete, non-
linear and poorly understood optimization problem,

where expert knowledge is scarce or difficult to model.

One important feature of GAs is that they work on a

population of points in the search space for each gen-

eration, and thus they are not sensitive to the selection

of initial points. GAs can work well in many complex

search problems for which the gradient-based search

technique might not apply. Furthermore, GAs can be
operated based on objective function information only,

which enables GAs to apply for those complicated

problems in which auxiliary knowledge such as deriva-

tive are difficult or impossible to obtain. The inverse
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problem of interfacial parameter identification treated in

this paper is a multiparameter, discrete optimization

problem as well as lack of expert knowledge. Such a

complicated problem seems difficult to solve by using
traditional gradient-based methods. This is the reason

why we choose GAs rather than others in treating the

inverse problem.
2.2. Inverse/genetic scheme of interfacial parameter

identification problem

The interfacial parameter identification problem

considered in this paper is to seek such an interfacial

parameter vector in the solution space that the defor-

mation and failure information in interfacial regions

obtained from the numerical simulation based on the
interfacial parameter vector is in a good agreement with

or converger to the related experimental results. GAs

here can be regarded as an evolutionary inverse problem

solving method. The general idea of the evolutionary

inverse problem solving of interfacial parameter identi-

fication is depicted in Fig. 1. FE-calculation, which in-

volves the undetermined interfacial parameters is used

as the forward analysis in this paper. An individual
corresponds to an interfacial parameter vector in solu-

tion space. While in genetic space it consists of an array

of gene values, its ‘chromosome’. These two represen-

tations of individual can be transformed mutually in

certain coding way. The algorithm starts with a set of

initial individuals, called a population, which represent

candidate solutions of the identification problem. This

population then evolves gradually into different popu-
lations for several interactions (generations). Finally, the

algorithm returns the fittest individual of the population
Selection

Crossover, mutation

Population P(k)

G enetic space S

Coding

Decoding Population P(k + 1)

Fig. 1. Inverse/genetic scheme of interfaci
as the solution to the present problem. In each iteration

(or generation), the algorithm evaluates, selects, and

recombines the members of the population to produce

offspring and form succeeding (or new) populations.
Evaluation of each individual is based on a fitness

measure. In the fitness measure, an objective/fitness

function, which can measure the difference for any

individual between the numerically obtained interfacial

deformation and failure information in the FE-simula-

tion and the relevant experimental results, is used to

evaluate the fitness of individuals. The fitness measure is

used by the selection operator to select relatively fitter
individuals in the population. Crossover and mutation,

the recombination operators, imitate sexual reproduc-

tion. Mutation introduces new feature in the population.

Crossover is the main recombination operator. It allows

information exchange between candidate solutions. This

process is repeated until a stop criterion is met. The

number of interactions is frequently used as the termi-

nation criterion.
3. Inverse/genetic algorithm: application in interfacial

parameter identification

3.1. Interface element

The interface elements play an important role in the

construction of the inverse/genetic method capable of

identifying interfacial parameters. For this, a non-con-
tinuum four-node interface element based on the cohe-

sive model [3,5,7] is adopted in our work to simulate the

mechanical performance of the interface under consid-

eration. The element is a two-dimensional element with
Individual 
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al parameter identification problem.
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four nodes and zero initial thickness (Fig. 2). As shown

in the figure, before deformation node 1 coincides with

node 4, while node 2 coincides with node 3. Each node

has two displacement degrees of freedom, which are the
translations in the t-direction and n-direction. The

spring-like interaction of any two plane continuum ele-

ments linked by an interface element can be modeled by

this special interface element. The relationships between

stress and displacement jump of an interface element are

shown in Fig. 3, where rt and rn are the tangential and

normal stresses respectively. With increasing interfacial

displacement jump from zero, the stress across the
interface increases along with an increase in the inter-

facial displacement jump. Both are zero at the start and

the interface initially behaves ‘elastically’. The curve

experiences a platform when the stress reaches its max-

imum (in this stage, damage evolves at the interfacial

region), and then it decreases rapidly to zero (at this

point, the interface cannot transfer any force and

interfacial failure occurs). Such interfacial constitutive
relationships enable us to simulate the mechanisms of

interfacial deformation, damage and failure by using the

proposed interface element.
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Fig. 2. Local coordinates of an interface element.
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Fig. 3. Stress–displacement jump curves for the interface elem
The relation between stress and displacement jump

within the interface element is determined by the inter-

facial constitutive curves (Fig. 3) which characterize

interfacial behaviors. In the calculation with the curves
in Fig. 3, the height and span of these constitutive

curves, which are represented by rTmax, rNmax, dT and dN,

can change independently. Thus the mechanical prop-

erties of interface can be characterized by the four

parameters of interface element, namely rTmax, dT, rNmax

and dN, which are the interfacial strength limit in the

tangential direction, the interfacial separation limit in

the tangential direction, the interfacial strength limit in
the normal direction and the interfacial separation limit

in the normal direction respectively. Different interfacial

parameters may lead to different interfacial failure re-

sults in FE-simulations.
3.2. Main steps of the application of inverse/genetic

method in interfacial parameter identification of compos-

ites

3.2.1. Encoding and decoding interfacial parameter vector

For the parameter identification problem considered

in this paper, the solution to be searched is the vector of
interfacial parameter rðrTmax; dT; rNmax; dNÞ, namely

interfacial shear/tensile strength and stiffness. They are

all in numerical form. We can use binary string to en-

code the candidate solution of the interfacial parameter

vector. Typically, a binary code in the genetic space is

used to represent the interfacial parameter vector in the

solution space. The binary string here is called chro-

mosome and every bit of a chromosome has the value of
either 0 or 1 only. In order to improve the ability of the

GA in local search, the four interfacial parameters are

coded according to the Gray coding scheme (an ana-

morphosis of binary coding) in this work. The repre-

sentation of the solution for the true interfacial
(b)
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ent: (a) tangential direction, and (b) normal direction.
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Fig. 4. Representation of interfacial parameter vector.
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properties is a bit string of which each substring repre-

sents one interfacial parameter as shown in Fig. 4. The

length of each substring is determined by the solution

accuracy and the interval of corresponding interfacial
parameter. For example, if the solution accuracy of the

first parameter is set to be 0.01 and the interval is a, the
length of the substring should then satisfy

2n1�1 < a� 100 < 2n1 ð2Þ
3.2.2. Initialization

GA runs based on a population of candidate solu-

tions. Having determined the coding procedure, a fixed

number of initial chromosome strings are created at
random in the genetic space of interfacial parameter.

Each bit of the chromosome string is selected to be 0 or

1 with equiprobability. The fixed number of chromo-

some strings constitutes the initial population from

which GA starts its iterations to search for the optimal

solution. Usually, the larger population implies the

more solutions operated simultaneously and the better

global optimal solution can be obtained. In the mean-
while, owing to the reason that the related forward

analysis, i.e., FE-simulation of the interfacial behavior,

is time consuming and that the computing time is pro-

portional to the number of population, a larger popu-

lation requires longer running time per iteration or

generation.

3.2.3. Fitness evaluation

It is well known that each individual is evaluated

using some measure of fitness in GAs. GA begins with

computing the fitness values on each individual in the

population and then the probability of the individual to

be reproduced for the next generation cycle is deter-

mined according to its fitness value. In the inverse

problem of material parameter identification, the out-
puts of a structure, which can be directly measured by

experiments, are usually the displacement or strain val-

ues at some points of the structure. These displacement

or strain values can be used to define the fitness func-

tion. For example, the fitness function can be defined as

the root-mean-square (sometimes called the quadratic

mean) of the difference between the actual displacement/
strain values and the computed results using the FEM at

certain points. For the interfaces with irregular shape

existing in real multiphase composites, deformation and

failure information in the interfacial region can be ob-
tained from experimental image. However it might not

be easy to effectively evaluate the fitness of individuals

by directly using the open displacements of the inter-

faces as the error and noise contained in the displace-

ment data may lead the algorithm to be divergent. The

failure region and the failure mode of the interface are

identified according to results of the microexperiment in

our work. While in the FEM forward calculation, if an
interface element has no capacity to transfer shear/ten-

sile stress, shear/tensile failure is said to occur at the

interface element. Based on the analysis above, a feasible

and easy to use objective function has been constructed

as below, with which the difference of an individual

between the FE-simulation results and the experimental

results can be evaluated.

Suppose there are s interface elements in FE analysis
and we denote each of the interface elements with a

number i (i ¼ 1; 2; . . . ; s). Here s is the total number of

the interface elements along the interface under consid-

eration. The failure state of each element is characterized

by the four variables ni, ti, �ni and�ti (i ¼ 1; 2; . . . ; s), where
ni and ti stand for the failure of the ith element in the FE-

simulation. Tensile (or shear) failure will occur if ni ¼ 0

(or ti ¼ 0), otherwise ni ¼ 1 (or ti ¼ 1). The values of
these two variables are dependent on the parameter r,
which denotes the interfacial parameter vector

(rTmax; dT; rNmax; dN). The actual tensile and shear failure

of the ith element are expressed by �ni and �ti. We use
�ni ¼ 0 (or�ti ¼ 0) to show that the tensile (or shear) failure

of the ith element is experimentally observed, otherwise
�ni ¼ 1 (�ti ¼ 1). Furthermore, function Dðxi;�xiÞ (x ¼ n
or t) is used to show whether the failure result from the
FE-calculation of the ith element coincides with that

from the experiment. If x ¼ �x, the value of the function

equals 1, otherwise Dðxi;�xiÞ ¼ 0. Thus, the objective

function can be defined as
f ðrÞ ¼
Xs

i¼1

D½niðrÞ; �ni�
n

þ D½tiðrÞ;�ti�
o

ð3Þ



454 Y.L. Kang et al. / Composite Structures 66 (2004) 449–458
With the objective function (3), the present inverse

problem can be regarded as a problem of finding a point

r	 in the four-dimensional space RðrTmax; dT; rNmax; dNÞ
at which the function f ðr	Þ reaches its maximum. In
other words, the objective function f ðrÞ is maximized

such that the corresponding interfacial failure mode

obtained from FE-simulation approaches that observed

from experiment as much as possible. The solution of

the inverse problem can, thus, be stated as

r	 ¼ argmaxp2P f ðrÞ ð4Þ

Consider now the case that failure has already oc-

curred at the interfacial region in experiment, the search
for the interfacial parameters can, in this case, limited to

the individuals containing failure interface elements

in the numerical simulation. Therefore, when evaluating

the fitness of individuals, for the individuals without

failure interface element in the numerical simulation, the

fitness value is determined as follows. We calculate its

objective value f ðrÞ from formula (3) at first and then

add a proper penalty function to f ðrÞ as its fitness value.
While for those individuals with failure interface ele-

ments, their fitness values are taken to be equal to their

objective values. In this way, the competition for the

individuals with failure interface elements will be greatly

enhanced and the GA can work more efficiently.

It can be seen from the discussion above that the

objective function f ðrÞ employed here is a discrete

function for evaluating the fitness of individuals. It is
very difficult to obtain its derivative information. Such

derivative information is, however, necessary to the

gradient-based search method. In contrast, GA can

work well with objective function information only. This

is one of the major advantages of GA when treating the

present inverse problem of interfacial parameter identi-

fication.

3.2.4. Genetic operator

3.2.4.1. Selection. The ‘selection’ operation here means

to select any two individuals for mating among the

whole population. The probability of individuals for

being selected for reproduction is based on the rank of

the fitness of the individuals in the population, because

the rank-based scheme is proved to be more robust

than the proportional scheme in treating the present
problem. The probability value for reproduction of

variable pi corresponding to the ith individual in the

rank is given by

pi ¼ cð1� cÞi�1 ð5Þ
where i is the order number of the individual in the rank,

c is the probability value for the first individual in the

rank. Once the probability values for all the individuals

in the population are determined, the selection opera-

tion is implemented through the classical ‘roulette wheel’

methods combined with the ‘elite’ strategy in our work.
During roulette wheel selection, two mates are selected

for reproduction based on the probability values deter-

mined by Eq. (5). Therefore, the fitter individuals will

contribute a greater number of offspring in the suc-
ceeding generation. Meanwhile, with the elite strategy,

the best individual of the current generation always

survives in the next generation.

3.2.4.2. Crossover and mutation. The ‘crossover’ opera-
tion is a process to create new individuals (offspring)

from existing ones (parents) during reproduction. In this

work, ‘one-point’ crossover is employed as it is simple

and easy to implement into computer program. It

operates by randomly choosing one crossover point with

a probability of Pc from the selected pair of strings. The

substrings defined by the chosen point are exchanged

afterwards to produce two new individuals. As for the
‘mutation’ operation, it is to introduce new genetic

material (genes) to the chromosomes with a probability

of Pm. It can, thus, improve the local search ability of

GAs, maintain the diversity of the population, and

prevent premature convergence. Simple mutation

scheme is employed in this work.
4. Example and discussion

The feasibility and utility of the proposed inverse/

genetic method are illustrated by considering an inter-

facial parameter identification problem of an actual

metal matrix composite. Liu and Fischer experimentally

measured the mechanical properties of a metal matrix

composite Al(6061)/Al2O3 on the macro- and microle-
vels by means of the object grating technique [8,9]. In

their work, the edge displacement fields of several

microstructural areas (100 · 100 lm2 was used in their

experiment [8,9]), containing Al2O3 inclusions with dif-

ferent shape and size, were given experimentally. An

example of such an area is shown in Fig. 5 (its edge

displacements were obtained from their experiment).

The material properties are listed in Table 1 and the
non-linear stress–strain relation of the matrix Al is

shown in Fig. 6, while Fig. 7 depicts the experimental

SEM image of the deformed real microstructure. It can

be seen from Fig. 7 that the failure of this microstruc-

tural area was initiated along the edge of the largest

inclusion.

The interfacial failure in the real microstructure is

numerically simulated by the well-known finite element
software ABAQUS under plane stress condition. The

finite element mesh used to analyze the microstructural

area (see Fig. 5) is shown in Fig. 8. It is automatically

generated by using the CAE program, an interactive

preprocessor of the ABAQUS software. The discretized

mesh has 7032 plane stress four-node elements. For the

sake of simplification, the interface between the largest



Fig. 5. An undeformed microstructural area with edge displacements

obtained experimentally [9].

Table 1

Material properties

E (GPa) m r0 (MPa) r1 (MPa)

Matrix-Al 68.3 0.33 105.0 170.0

Inclusion-Al2O3 380.0 0.22 – –
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Fig. 6. Plastic stress–strain relation of matrix Al [9].

Fig. 7. A bitmap of the deformed microstructural area [9].

Fig. 8. Computational FEM mesh.
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inclusion and the matrix is investigated here and there

are 112 non-continuum interface elements along the

interface (i.e. s ¼ 112). The non-continuum interface
element mentioned in Section 3.1 is employed and the

corresponding formulation of the interface element is

implemented into ABAQUS via its user-defined element

(UEL) interface. The edge displacements of the real

microstructural area obtained from the experiment [8,9]

are applied here. Four unknown interfacial parameters
to be identified, rTmax, dT, rNmax, and dN, are the inter-

facial shear strength limit, the interfacial shear separa-

tion limit, the interfacial tensile strength limit and the

interfacial tensile separation limit respectively. The

mechanical parameters of the interface element are

identified by the proposed inverse/genetic method based

on the interfacial failure information observed in the

experiment (see Fig. 7). In our analysis, the interfacial
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parameters are in the range described as below. The

interfacial shear/tensile strength limit is between 0 and

170 MPa, and the interfacial shear/tensile separation

limit varies from 0.00 to 2.00 lm. If the computation
accuracy of shear and tensile strength parameters is set

to be 1, the lengths of substrings corresponding to shear

and tensile strength parameters are calculated as 8 bits

from formula (2). Likewise, if the computation accuracy

of shear and tensile stiffness parameters is set to 0.01,

the lengths of substrings corresponding to shear and

tensile stiffness parameters are calculated as 7 bits.

The probability for reproduction of the fittest individ-
ual in every generation is set to be 1.8 times of the

average probability of individuals in the same popula-

tion. When evaluating fitness of the individual r, the

fitness value is taken to be [f ðrÞ � 30] if no shear failure

interface element exists in the FE-simulation. Similarly,

the fitness value is obtained subtracting 30 from the

objective value f ðrÞ if no tensile failure interface element

exists in the FE-simulation for the parameter r. As a
consequence of this modification, the GA can work

more efficiently.

In addition, there are three important parameters

which may affect the efficiency of the GA. They are: (1)

Population size: in general, the population size affects

both the ultimate performance and the efficiency of

GAs. A small population may lead to premature con-

vergence and result in suboptimal solution. Conversely,
a large population requires more evaluations per gen-

eration, which may result in a slow convergence and

longer running time. The optimal population size for a

given type of problem should be found by numerical

experimentation. (2) Crossover rate (Pc): the rate at

which solutions are subjected to crossover is dependent

on the crossover rate Pc. The higher the value of Pc is, the
quicker the optimal solution can be achieved. A very
high value of Pc may, however, lead to premature con-

vergence. In our calculation, Pc is taken to be between

0.5 and 0.95. (3) Mutation probability (Pm): the GA

might be led to a purely random search algorithm if the

value Pm is too lager. Conversely, if Pm is too small, it

may cause premature convergence and result in subop-

timal solution. Typically, Pm is chosen in the range of

0.001–0.1.
After a series of computational experiments and

algorithm performance comparison, the genetic param-

eters are determined as following: population size¼ 30,

crossover rate¼ 0.8, mutation rate¼ 0.05, maximum

generation¼ 100. The fitness curve is shown in Fig. 9

(the fitness has been normalized to the range of 0–1).

Finally, the identification values of the four interfacial

parameters are: the interfacial strength limit in the tan-
gential direction, rTmax ¼ 48 MPa, the interfacial sepa-

ration limit in the tangential direction, dT ¼ 0:89 lm, the

interfacial strength limit in the normal direction,

rNmax ¼ 81 MPa, and the interfacial separation limit in
the normal direction, dN ¼ 0:72 lm. The fitness curve in

Fig. 9 demonstrates that the proposed GA method is

effective and robust in solving the interfacial parameter

identification problem of the real microstructure in the

actual multiphase composite. It can be seen from the

identification results above that the interface between
matrix and the largest inclusion is a weakly bonded

interface. The interfacial strength is relatively low. The

interfacial tensile and shear strengths are much lower

than those of the inclusion Al2O3 and the matrix Al. It is

also evident from the identification results above that

the stiffness of the interface is lower than that of the

matrix Al. That is the reason why the failure is easier to

occur at the interface. For the interface property itself,
the interfacial shear strength is lower than the interfacial

tensile strength. There is, however, not much difference

between the interfacial shear stiffness and the interfacial

tensile stiffness. The contour plot of equivalent plastic

strain (PEEQ) for the microstructural area is shown in

Fig. 10(a) using the interfacial parameters obtained

from the proposed inverse/genetic method. The interfa-

cial damage in the microstructural area under consid-
eration is taken into account for the results presented in

Fig. 10(a). While the contour plot of PEEQ for the

microstructural area having the rigid interface is shown

in Fig. 10(b). The results, obtained from the numerical

simulation for the failure mode of the real microstruc-

ture, is observed to be more reasonable than those from

the approach in Ref. [9], as comparison with the corre-

sponding experimental results [8,9]. By comparing Fig.
10(a) with (b), we can see that there is apparent differ-

ence in the location of the strain concentration and the

distribution of the slip bands between the two figures.

For example, some new slip bands appear at the tip of

the interfacial crack where tensile or shear failure occurs

and the density of the slip bands in the microstructural

area increases.



Fig. 10. The contour plots of equivalent plastic strain (PEEQ) for the

microstructural area: (a) when the interfacial damage in this area is

taken into account, and (b) having the rigid interface.
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5. Conclusions

An inverse/genetic method for solving mechanical

parameter identification problem of interfaces in actual

multiphase composites is presented in this paper. Based

on hybrid analysis, the proposed method has been used

to study interfacial property of a real metal matrix

composite. The numerical results have demonstrated
that the proposed method can be applied to the inter-

facial parameter identification of interfacial region in

real composites in a simple and useful way according to

interfacial fail information. Experimental data of real

microstructure have been used as the initial data for fi-

nite element calculation and the identification proce-

dure. The tensile and shear mechanical properties of the

interface are simultaneously estimated for the real
microstructure under mixed-mode fracture. The study

also indicates that the proposed method has the poten-

tial to solve complex properties identification problems

of multiphase composites.

GAs are robust when tackling complex optimization

problems owing to its parallel global search feature and

that no auxiliary knowledge such as derivative is needed

in search process. However, the computational efficiency
of the proposed method is relatively low. To improve

the performance of the GA, combination strategy
should be considered which combines GAs with other

local search techniques such as gradient-based method.
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