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Abstract. In this study, weight optimization of  the prismatic core sandwich panel under transverse and 
longitudinal loadings has been independently investigated. To solve the optimization problems corresponding 
to the mentioned loadings, a new Improved Constrained Differential Evolution (ICDE) algorithm based on 
the multi-objective constraint handling method is implemented. The constraints of  the problems are buckling 
load and yield stress. By comparing the results of  the ICDE with those obtained by the other evolutionary 
algorithms based on the penalty function method in the previous studies, it is discerned that the results of  the 
transverse loading obtained in this study are equal to those of  the previous works, but the results of  the ICDE 
in the longitudinal loading are better. 

Keywords: ICDE algorithm, The Prismatic core sandwich panel, Constraint optimization, Transverse loading, 
Longitudinal loading. 

1. Introduction 

A Sandwich structure consists of  two faces which primarily resist the in-plane and lateral (bending) loads and a core 
to withstand the shear load and prevent wrinkling of  the faces. Face members are usually thin with high strength, while 
the core member is relatively thick and light-weight. The member selection is basically depending on the particular 
application and design criteria [1]. The core member can be almost any material or architecture, but in general, cores 
classify into four types: (a) foam or solid core, (b) honeycomb core, (c) web core, and (d) a corrugated or truss cores [2-4].  

Sandwich panels with prismatic core are widely utilized in engineering applications due to high strength and 
lightweight properties [5]. The blast resistance and high load-bearing properties translate into a greater emphasis on these 
structures [6]. In addition, the porous structure of  the core member facilitates the flow of  fluids so they can be used as 
compact heat exchangers [7, 8]. Chen and Hao [9], studied a composite SIP (i.e. Structural Insulated Panel) with EPS 
(i.e. Extended Polystyrene) core sandwiched that commonly is used in the building industry by flat metal skins. They 
also studied the effects of  various specimen configurations and impact locations on their efficiency were also inquired. 
Valdevit et al. [10] determined the optimum weight and geometrical parameters of  the prismatic sandwich panel under 
longitudinal loading Using a mathematical approach. The weight optimization of  the sandwich panel subjected to 
bending was performed by Rathbun et al. [11]. Based on the sequential quadratic programming method and analytical 
approach, Liaghat and Serailou optimized the weight of  panels with honeycomb core [12]. Yan et al. [13] Three-point 
bending of  sandwich beams with aluminium foam-filled corrugated cores were investigated. They also were acquired in 
this research analytical predictions of  the bending stiffness and failure modes.  Traditional methods are highly 
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contingent on the initial values and need the gradient information of  the objective function and constraints. They might 
be trapped in local optimum [14]. To improve the poor transverse shear resistance of  corrugated sandwich cores, Bin et 
al. [15] were applied a combined analytical and numerical approach to exploit the idea of  filling core interstices with 
polymer foam. Dharmasena et al. [16] Mechanical response of  metallic honeycomb sandwich panel structures to high-
intensity dynamic loading were investigated. They from an air blast simulation code to determine the blast loads at the 
front surfaces of  the test panels were used, and these as inputs to finite element calculations of  the dynamic response of  
the sandwich structure were used. 

Kabir et al. [17], hemp fabrics as reinforcements with polyester resin to form composite skins were used while short 
hemp fibers with polyester as a core for making composite sandwich structures. In this research also, Mechanical 
properties such as flexural and compressive strengths of  the sandwich structures made by treated and untreated hemp 
fibers were investigated. Li et al. [18], Mechanical response of  all-composite pyramidal lattice truss core sandwich 
structures were investigated. Their experimental results showed that the all-composite pyramidal lattice truss core 
sandwich structures had more weight-efficient than other metallic lattice truss core sandwich structures. To improve the 
mechanical performance of  the foam core sandwich composites with a rather simpler method of  core reinforcement by 
Yalkin et al. [19] were investigated. In this study also, sandwich composites with perforated core, stitched core, and plain 
core have been compared in terms of  compressive, bending, shear and impact performances. Via introducing Non-
uniform mass distribution (gradient) in the core, substantially, the structural performance of  a fully-clamped sandwich 
plate with square honeycomb core is achieved for out-of-plane uniform pressure loading by Yu et al. [20] were improved. 
Mechanical properties and failure behavior of  the sandwich structures with carbon fiber-reinforced X-type lattice truss 
core by Wang et al. [21] were studied. Their results showed that the shear equivalent stiffness of  the X-type lattice 
structure is independent of  the loading direction, while the shear strength is related to the loading direction. Li and 
Wang [22], Bending behavior of  sandwich composite structures with tunable 3D-printed core materials were discussed. 
The experimental and numerical results showed that architected core structures can be utilized to tailor the bending 
properties as well as failure mechanisms. In addition, the solution time can be increased significantly by increasing the 
number of  design variables. In order to eliminate the problems mentioned above, new optimization methods have been 
proposed. These methods are known as the heuristic algorithms which are often inspired by nature and principles from 
physics. They are capable to escape from the local optimum and to find the global optimum more likely than the 
traditional approaches [23]. Many heuristic methods have been proposed and the number of  these methods has been 
increased in recent years. Among them, the following algorithms can be noted: particle swarm optimization [24], 
harmony search [25], bat algorithm [26], firefly algorithm [27], charged system search [28], water cycle algorithm [29], 
dolphin echolocation [30]. Fereidoon et al. [31] used the genetic algorithm and reliability method to find the optimum 
weight of  the sandwich panel under transverse loading.  Banerjee et al. [32] used MATLAB software to determine the 
maximum shear strength. Hemmatian et al [33] found the optimum design of  the sandwich panel under transverse 
loading with yielding and buckling constraints using the particle swarm optimization method; meanwhile, the imperialist 
competitive algorithm was used by Fereidoon et al for the same problem [34]. Mohammadian and Abolbashari utilized 
the gravitational search algorithm to optimize the panel under longitudinal loading [35]. In the Multi-objective 
optimization of  the sandwich panels, Tan and Soh optimized sandwich panels with prismatic cores to have a minimum 
weight and maximum heat transfer performance based on the genetic algorithm [36]. Hudson et al. proposed the 
application of  an ant colony optimization (ACO) algorithm to the multiple objective optimization of  a rail vehicle floor 
sandwich panel [37]. multi-objective optimization of  sandwich panels using modified Non-dominated Sorting Genetic 
Algorithm (NSGAII) considering two objective functions, the structure’s weight and deflection, was carried out by 
Khalkhali et al [38]. Based on the simulated annealing algorithm, Martiniez-Martin and Thrall proposed a multi-
objective optimization procedure to design material properties of  honeycomb core sandwich panels for minimum weight 
and maximum thermal resistance [39]. Another study was performed by Mohammadian and Fereidoon using multi-
objective particle swarm optimization to determine optimum weight and heat transfer index of  the prismatic sandwich 
panel [40]. 

In this study, weight optimization of  the prismatic core sandwich panel under transverse and longitudinal loadings 
has been investigated independently using the Improved Constrained Differential Evolution (ICDE) algorithm based on 
the multi-objective constraint handling method. In section 2, the sandwich panel with the prismatic core is described and 
the problem statement for both transverse and longitudinal loadings is proposed. Section 3 presents the ICDE 
optimization algorithm. Finally, in section 4, the results are proposed and compared with those available in the literature. 

2. Sandwich Panel with Prismatic Core 

The naming of  the Sandwich panels with prismatic cores is based on the number of  corrugations (N) of  the core. In 
Fig. 1. , two panels with N=1 and N=2, the loading directions and the geometrical parameters are presented. d, dc ,and H 
are respectively the face sheet thickness, the core member thickness, and the overall panel height. In order to maximize 
the transverse shear stiffness, the angle between the folded core plate and the horizontal is set to θ=54.7° [29]. 

3. Problem Statement 

The goal is to find the geometric parameters d/l ,dc/l , H/l and N which minimize the weight of  the panel per unit 
width. The parameter l is equal to the ratio M/V and defines a characteristic length scale related to the loading span [5]. 
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M and V are the maximum moment and maximum shear force per unit width. The weight of  the panel per unit width is 
given by W=2ρdl+Nρdl/cosθ, where ρ denotes the density of  the material. A non-dimensional form of  the weight can be 
re-written as 

= = +
2

2
cos

cdW d N

l ll θρ
Ψ   (1) 

where � is the weight index. 

 
Fig. 1. Schematic of  two prismatic panels: corrugated core (n=1) and diamond core (n=4) with loading directions and design 

parameters [10] 

Eq. (1) defines the objective function of  the optimization problem. The yield and buckling constraints of  the problem are 
defined for both transverse and longitudinal loadings as follows. In the following equations, П=V/√ EM is the loading 
index and E is Young’s modulus of  the face member and the core member. 

 Constraints for the transverse loading: 
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 where Kf and Kc are defined as follows: 
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                              Kc=2.125 if   ≥ 2N  

where σy is yield strength.  
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 Constraints for the longitudinal loading: 

 + −   
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where  
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and the values of  П2
cb (square of  load index in core buckling) for different values of  N are as follows: 
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For N ≥ 4 
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where Kc=4, Ks=5.35, Kb=23.9 and Kcb=7.81 [10]. The optimization problems can be summarized as follows:  


 ≤ =

min

. 0 1,2,3,4is to g i

Ψ
 For transverse loading (21) 


 ≤ =

min

. 0 1,2,3,4is to G i

Ψ
 For longitudinal loading (22) 

where gi and Gi (i=1,2,3,4) are respectively given by Eq. (2-7) and (8-10). 

4. Improved Constrained Differential Evolution Algorithm 

Because of  the robustness and ease of  implementation of  the evolutionary algorithms (EAs), a lot of  constrained 
optimization evolutionary algorithms (COEAs) have been proposed by combining the constraint-handling techniques 
and EAs. COEAs need to achieve two goals. The first goal is to enter the feasible region promptly, and the second goal is 
to find the feasible optimal solution [42]. The existing constraint handling methods can be classified into three groups: 
methods based on penalty functions, methods based on the preference of  feasible solutions over infeasible solutions, and 
methods based on multi-objective optimization techniques. Penalty functions are the oldest constrained handling method. 
Although they are easy to use, finding an appropriate penalty function for an optimization problem, in general, requires 
a lot of  fine-tuning. In addition, the performance of  the algorithm tends to depend on it [43]. In contrast to all previous 
studies based on the penalty function, in this study, the ICDE algorithm based on the multi-objective constraint-handling 
technique is utilized to find the optimum weight of  the prismatic core sandwich panel. So there is no need for the trial 
and error process of  finding appropriate penalty parameters. The ICDE is the latest version of  the differential evolution 
(DE) algorithm in order to solve constrained optimization problems. It includes two main parts, the Improved (µ+λ)-
differential evolution (IDE) to search in the design space and the archiving-based adaptive tradeoff  model (ArATM) to 
handle the constraints of  the problem. Further information and details are available at the Reference [44].  

4.1 Differential Evolution algorithm 

The differential evolution (DE) is a population-based algorithm which is developed by Storn and Price [45] widely 
used to solve continuous optimization problems. An original scheme of  the DE consists of  four steps as: 

Step 1: forming an initial population 

After defining both upper and lower bounds of  the variables, create an initial population Pt of  NP individuals by 
randomly sampling  

 Step 2: generating the mutant vectors 

Four popular mutation operations used in the DE algorithm as follows 

( )= + −
� �� �� ��

1 2 31: i r r rrand v x F x x  (23) 

( ) ( )= + − + −
� �� �� �� �� ��

1 2 3 4 52 : i r r r r rrand v x F x x F x x  (24) 

( ) ( )− − = + − + −
� �� �� �� �� ��

1 2 3 4 5/1: i r r r r rcurrent to rand v x F x x F x x  (25) 

( ) ( )− − = + − + −
� �� �� �� �� ��

1 2/1: i i best i r rcurrent to best v x F x x F x x  (26) 

where F is randomly chosen between 0 and 1and integers r1, r2, r3, r4, r5 are randomly selected such that r1≠ r2≠ r3≠ r4≠ r5, 
xi, and xbest are the current and best individual in the population respectively. If  the boundary constraints are violated, the 
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components vij of  mutant vectors vi are modified as follows: 

 −= −


≺

≻

, ,

, , ,

,

2

2
j i j i j j

i j j i j i j j

i j

L v if v L

v U v if v U

v otherwise

  (27) 

where Lj and Uj are respectively the lower bound and upper bound of  jth variables.  

Step 3: Crossover 

Create a trial vector ui by replacing some elements of  the mutant vector vi via the binomial crossover operation 

 ==


≺,
,

,

i j rand

i j

i j

v rand CR or j j
u

x otherwise
  (28) 

where i€{1,2,…,NP}, j€{1,2,…,n}, rand is a uniformly distributed random number between 0 and 1, jrand is an integer 
selected from 1 to n and CR is the crossover control parameter. 

Step 4: comparing the trial vector and the current vector 

Compare the trial vector compare with the current vector based on their objective function values and the better one 
will survive in the next generation 

( ) ( )=


� �� ���
�� ≺

��
i

i

i i

i

u if f u f x
x

x otherwise

  (29) 

4.2 Improved (µ+λ) differential evolution (IDE) algorithm 

From µ individuals in the parent population Pt, a new offspring population Qt with λ individuals is generated by 
utilizing the “rand/1”, the “rand/2” and the “current-to-rand/best/1” mutation strategy. The last mutation strategy is 
used to increase the speed of  the evolvement of  the last offspring to the optimal value. The formulation for the “current-
to-rand/best/1” mutation strategy is proposed in the reference [44]. The IDE scheme has two main steps as follows: 

Step 1: Initialization 

Set Qt =� and Create an initial population Pt of  NP individuals, via randomly sampling. 
is a null set. �)is required and  �= tQ, the formation of  the null set (step beginningNote that at the   

Step 2: generate offspring  

For each individual in Pt, generate three offspring as follows  

- Generate the first offspring y1 by using the “rand/1” strategy (using Eq. (23) and (28)) 

- Generate the second offspring y2 by using the “rand/2” strategy (using Eq. (24) and (28))  

- =
�� ��� ���

∪ ∪
1 2 3t

Q y y y Generate the third offspring y3 by using the “current-to-rand/best/1” and BGA1 mutation.  

- Update the offspring population,                                     

If  the current generation number is greater than a threshold generation number, the last mutation strategy “current-to-
rand/best/1” is performed by switching from Eq. (25) to Eq. (26).  
Eq. (25) enhances the global search ability by choosing the information randomly from the search space, while Eq. (26) 
uses the information of  the best individuals in the current population to find the global optimum. Hence, the “current-to-
rand/best/1” strategy can maintain the balance between the diversity and the convergence of  the population. 

4.3 Archiving-based adaptive tradeoff model (ArATM) 

Three situations exist in the combined population Ht=Pt+Qt including the infeasible, the semi-feasible, and the 
feasible situations. For each of  these situations, a different constraint-handling mechanism is designed in the ArATM.  

- Infeasible situation: 

In this case, all individuals violate the constraints of  the problem. the original problem transformed into a bi-objective 
optimization problem and a good tradeoff  between two objects, the objective function and the degree of  constraint 
violation, is established. The aim of  the corresponding mechanism is to guide the infeasible population toward the 
feasible region in the early stage of  the evolution and to maintain its diversity. 

 

                                                           
1 Breeder Genetic Algorithm 
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- Semi-feasible situation: 

In the semi-feasible situation, both feasible and infeasible individuals exist in the combined population Ht. In this 
situation, some infeasible individuals who contain important information are also utilized to guide the search toward the 
global optimum. By implementing an adaptive fitness transformation scheme, not only some feasible individuals with 
small fitness values but also some infeasible individuals with both small degree of  constraint violation and small fitness 
values survive into the next generation. 

- Feasible situation: 

Finally, in a feasible situation, all individuals in the combined population Ht are in the feasible region. The 
comparison between all individuals is implemented only by considering their fitness values. Therefore, µ individuals with 
the smallest fitness value constitute the next population Pt+1. It is noted that in the above equations t is the iteration 
number of  the optimization algorithm. The optimization process is terminated after a fixed number of  iterations. The 
flowchart of  the algorithm is shown in Fig. 2. 

 

 

Fig. 2. Flowchart of  the ICDE Algorithm 

5. Results  

In this section, at first, the results of  the weight optimization of  the prismatic core sandwich panel under transverse 
loading with yielding and buckling constraints are proposed. Next, the results corresponding to longitudinal loading is 
presented. The ICDE algorithm is coded in MATLAB software. The sandwich panel is made of  a high strength 
aluminum alloy (density=2800 kg/m3, yield strength σy= 490 MPa and Young's modulus E=70GPa). The ICDE runs 20 
times independently for each optimization problem. The parameters in the ICDE algorithm are shown in Table 1. For 
the reach loading case, the results are compared with those available in the literature. 

Table 1. ICDE algorithm's parameters for weight optimization 

CR F λ µ 

0.9 0.8 180 60 
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5.1 Sandwich panel under transverse loading 

As mentioned before, the optimization problem corresponding to the transverse loading is defined by Eq. (21). The 
optimization task is executed for four different values of  the order of  corrugation (N=1,2,4,8) and nine values for load 
index � (from 0.0004 to 0.0022 with an increment of  0.0002). The Variation of  design variables (H/l, d/l, dc/l) and 
weight index with respect to different transverse loading index (П) for different core corrugate numbers are shown in Figs. 
3 to 6. It is assumed that the design variables are restricted to the following ranges[33]: 0.01< H/l<0.2, 0.001< d/l<0.01 
and  0.0001< dc/l<0.003. 
As can be seen in Figs 3 to 6, by increasing N and assuming a constant value for П, the optimum values of  the face sheet 
thickness and core member thickness increases, while the weight index decreases. So, panels with N=4 and N=8 are two 
optimum panels for the transverse loading case. 

  

Fig. 3. Optimum normalized panel height with respect to load 
index in the transverse loading 

Fig. 4. Optimum normalized face thickness with respect to load 
index in the transverse loading 

  

Fig. 5. Optimum normalized core member thickness with respect 
to load index in the transverse loading 

Fig. 6. Optimum weight index with respect to load index in 
the transverse loading 

  

Fig. 7. Optimum normalized panel height with respect to the 
order of  corrugation in the transverse loading 

Fig. 8. Optimum normalized face thickness with respect to 
the order of  corrugation in the transverse loading 

In order to investigate the effect of  the load index parameter, the variations of  the design variables in terms of  two load 
index values are plotted in Figs 7 to 10. In a constant value of  N, the optimum values of  H/l, d/l, dc/l, and � are 
increased by enhancing the load index. It is interesting to note, in contrast to the variables, d/l, dc/l, and � with lowering 
behavior, the variable H/l has a rising behavior for both load index values. As can be observed in Figs 6 and 10, at a 
specific load index value, the rate of  decreasing of  the optimum weight index is decreased and tends to zero by 
increasing N. in other words, for larger values of  N there is no weight reduction.  
Since there is no significant weight reduction, increasing N from 4 to 8 could not be suitable for some applications due to 
size restrictions. So, it can be concluded that the panel with N=4 is the better choice in the transverse loading. Also, the 
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proposed algorithm has the necessary capability for objective functions with different constraints. In the example given 
by the constraints, the weight function is minimized. Due to buckling constraints and yield stress, the weight is reduced 
slightly, which is very important in the aerospace industry and reduces fuel consumption over long flight time. Naturally, 
if  we reduce the constraints, the weight decreases with a higher proportion. 

  

Fig. 9. Optimum normalized core member thickness with respect 
to the order of  corrugation in the transverse loading 

Fig. 10. Optimum weight index with respect to the order of  
corrugation in the transverse loading 

Table 2. Optimum design variables and weight index obtained from ICDE, ICA [34] and PSO [33] algorithms in transverse 
loading 

� H/l dc/l d/l   Algorithm П N 

0.0102788 0.0374979 0.0009658 0.0043037 ICA 
 

0.001  
 
1 

0.010278 0.0375 0.000966 0.004303 PSO 

0.0102782 0.03750007 0.0009658 0.0043033 ICDE 

0.0213766 0.0752292 0.0024448 0.0085728 ICA 
 

0.002 
0.021376 0.075231 0.00245 0.008573 PSO 

0.0213758 0.0752306 0.0024448 0.0085725 ICDE 

0.0083783 0.0499748 0.0006617 0.0030440 ICA 
 

0.001  
 
2 

0.008378 0.049975 0.000662 0.003044 PSO 

0.0083783 0.0499747 0.0006617 0.0030439 ICDE 

0.0179192 0.1002610 0.0016712 0.0060675 ICA 
 

0.002 
0.017918 0.100264 0.001671 0.006066 PSO 

0.0179175 0.1002639 0.0016714 0.0060662 ICDE 

0.0071946 0.0684310 0.0004166 0.0021555 ICA 
 

0.001  
 
4 

0.007193 0.068456 0.000417 0.002155 PSO 

0.0071929 0.0684560 0.0004166 0.00215466 ICDE 

0.0159234 0.1356380 0.0010427 0.0043526 ICA 
 

0.002 
0.015875 0.137235 0.001051 0.004299 PSO 

0.0158755 0.1372347 0.0010515 0.0042985 ICDE 

0.0067049 0.0921582 0.0002565 0.0015771 ICA 
 

0.001  
 
8 

0.006681 0.09522 0.000262 0.001525 PSO 

0.0066807 0.0952204 0.0015247 0.0015247 ICDE 

0.0152713 0.1834821 0.0006443 0.0031758 ICA 
 

0.002 
0.0152492 0.19041 0.000661 0.00305 PSO 

0.0152492 0.1904129 0.0030498 0.0030498 ICDE 

A comparison of  the results obtained by the ICDE algorithm and those that are available in the literature are presented 
in Fig. 11. and Table. 2. It can be seen that the proposed methods are converged to the same weight index values 
corresponding to the specific values of  N and П. 

5.2 Sandwich panel under longitudinal loading 

The optimization problem corresponding to the longitudinal loading is given by Eq. (22) in section 2. The 
optimization task is performed for the same values of  the order of  corrugation and load index as the previous section. In 
Figs 12 to 15, The Variation of  design variables and weight index with respect to different longitudinal loading index (П) 
and different core corrugate numbers are proposed. Also, the ranges of  the design variables are set similar to those 
corresponding to the previous loading case. 
The results show that, by increasing N and assuming a constant value for П, in order to prevent the yielding and buckling 
of  the sandwich panel, the optimum values of d/l and dc/l fall, while those of H/l and � rise. So, panels with N=1 and 

N=2 are two optimum panels for this loading case. However, the optimum panel with N=1 is an appropriate choice for 
applications with size restrictions. 
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Table 3. Optimum design variables and weight index obtained from ICDE, GS [35], PSO [40] and reference [10] in longitudinal 
loading 

� H/l dc/l d/l   Algorithm П N 
0.007605 - - - PSO 

0.001 
 
 
1 

0.007606 0.047443 0.001022 0.002919 GS 

0.0074553 0.0486245 0.0010467 0.0028220 ICDE 

0.015216 - - - PSO 

0.002 0.015219 0.097541 0.002283 0.005634 GS 

0.0151911 0.0971525 0.0022762 0.005625 ICDE 

0.007701 - - - PSO 

0.001 
 
 
2 

0.007576 0.058648 0.001092 0.001897 GSA 

0.0074689 0.0602491 0.0011170 0.0018013 ICDE 

0.015138 - - - PSO 

0.002 0.015192 0.119464 0.002203 0.003783 GS 

0.0149688 0.1206033 0.0022431 0.0036025 ICDE 

0.008505 - - - PSO 

0.001 
 
 
4 

0.008414 0.06565 0.000857 0.001241 GS 

0.0083878 0.0691611 0.0009084 0.0010498 ICDE 

0.016854 - - - PSO 

0.002 0.016819 0.130386 0.001705 0.002508 GS 

0.0167790 0.1383867 0.0018172 0.0020999 ICDE 

- - - - PSO 

0.001 
 
 
8 

0.008423 0.072654 0.000479 0.000892 GS 

0.0083874 0.0691844 0.0004544 0.0010482 ICDE 

- - - - PSO 

0.002 0.016832 0.148782 0.000981 0.001623 GS 

0.0167763 0.1384011 0.0009090 0.0020956 ICDE 
 

 
 

 
 

Fig. 11. Comparison of  the results obtained by ICDE algorithm with ICA [34] and PSO [33] and reference [10] in the transverse 
loading 

Figs 16 to 19 show the effect of  the load index on the optimum design parameters. At a specific value of  N, the optimum 
values of  H/l, d/l, dc/l and � rise as the load index is increased. In contrast to the other variables, H/l and � has a rising 
behavior for both load index values. From Fig. 19, the growing rate of  the optimum weight index is negligible for N > 4. 

Fig. 20 and Table 3 demonstrate the Comparison of  the results obtained by the ICDE algorithm and those in the 
previous. As one can be seen, for all values of  N and Π, the ICDE algorithm shows better results compared to the other 
methods. 
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Fig. 12. Optimum normalized panel height with respect to load 
index in the longitudinal loading 

Fig. 13. Optimum normalized face thickness with respect to 
load index in the longitudinal loading 

 

Fig. 14. Optimum normalized core member thickness with 
respect to load index in the longitudinal loading 

Fig. 15. Optimum weight index with respect to load index 
in the longitudinal loading H/l 

 

 

Fig. 16. Optimum normalized panel height with respect to 
the order of  corrugation in the longitudinal loading 

Fig. 17. Optimum normalized face thickness with respect to the 
order of  corrugation in the longitudinal loading 

 

Fig. 18. Optimum normalized core member thickness with 
respect to the order of  corrugation in the longitudinal loading 

Fig. 19. Optimum weight index with respect to the order of  
corrugation in the longitudinal loading 
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Fig. 20. Comparison of  the optimum weight index obtained by ICDE algorithm with GS [35], PSO [40]and reference [10] in 
longitudinal loading for N=1,2,4 

6. Conclusion  

In this research, the weight optimization of  the prismatic core sandwich panel under different loading conditions has 
been proposed. The results of  this study can be summarized as follows: 

- For both types of  loading, in order to prevent the yielding and buckling of  the sandwich panel, values of  the panel 
height, the face and core member thickness in addition to the weight index are increased by adding to the load index 
to avoid yielding and buckling of  the panel. 

- At a constant value of  the load index, by increasing the core corrugate number, the weight index has a lowering 
behavior in the transverse loading and a rising behavior in the longitudinal loading. However, the face and core 
member thickness have a lowering behavior and the panel height has a rising behavior. 

- According to the weight index value, panels with N=4 and N=1are suitable respectively in the transverse and 
longitudinal loading for applications with size restrictions. 

- The results in the transverse loading obtained in this study are equal to those of  the previous works, but the results of  
the ICDE in the longitudinal loading are better.  

- Another advantage of  the ICDE is that there is no need for the time-consuming process of  trial and error to fine-
tuning the penalty function parameters. Thus it can be a robust alternative to the penalty function based methods for 
the sandwich panel optimization in the future works. 
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Nomenclature 

d Face sheet thickness Greek symbols 
dc Core sheet thickness ɛy Yield strain 
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CR, F Control parameters of  ICDE θ Angle between the folded core plate and the horizontal 
E Young's modulus λ Number of  individuals in the parent population 
H Overall panel height µ Number of  individuals in the offspring population 
Kc Core buckling coefficient ϑ Poisson ratio 
Kf Face buckling coefficient П Load index 
N Order of  corrugation ρ Density 
V Maximum shear load σy Yield stress 
v Mutation operator of   ICDE � Weight index 

W Weight of  panel per unit width Subscripts 
x Solution vector in ICDE c Core 

y 
Distance from the center of  the core member to the face 
member 

f face 
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