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In the present paper, from the results of an approximation method named structural index that was used 
as the first step, the process of design and optimization of stiffened panel with Gaussian type surrogate 
model are carried out. Modeling phase is based on the finite element analyses of the structure. Nonlinear 
buckling load is set as the design constraint. The surrogate model is employed to reduce the number of 
finite element analyses in the optimization process. Therefore time of design process is reduced. Using 
infill points in the modeling and optimization process, convergence to local optima is ensured. 
Introducing a novel technique, finding the global optimum of the surrogate model is guaranteed. The 
approach of surrogate based optimization is illustrated using two test problems. Also, the sensitivity of 
the response to the initial sampling plan is investigated. Convergence criteria usually used in surrogate 
based optimization is modified to speed the convergence but does not affect the quality of the response. 
Design optimization process is presented for two types of stiffened panels. In type 1 stiffened panel with 
4 design variables, the initial training set is constructed using 55 points. The response is obtained after 
addition of 5 infill points. For type 2, the initial sampling plan is selected to be 58 points. The 
optimization process is stopped after adding 173 infill points. Finally, obtained results are compared 
with the results of structural index method and an approach toward global optimum of the compression 
stiffened panel is introduced with the characteristics of optimum structure. 
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5 Sequential convex programming 
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1 Gaussian surrogate model 
2 Meta model 
3 Training set 
4 Latin Hypercube Sampling: LHS 
5 Space filling 

 
Fig. 1 Surrogate based optimization flowchart 
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6 Radial Basis Functions: RBF 
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Fig. 2 Latin hyper cube sampling plan : A: random, B: optimum  
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1 Cross-validation  
2 Particle swarm optimization 
3 Sequential Quadratic Programming 
4 MATLAB (Version 7) 
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Table 1 Effect of initial sampling plan on the response quality  

        

1 0.4981,  0.9009,  0.5747 8 0.76 

2 0.0427,  0.6352,  0.2819 8 0.76 

3 0.3986,  0.13390.1776,   6 0.14 

4 0.9052,  0.6754,  0.4685  7 0.76 

5 0.0103,  0.0484,  0.6679 8 0.76 

6 0.2060,  0.0867,  0.7719 6 0.76 

7 0.1098,  0.9338,  0.1875 11 0.76 

8 0.7655,  0.7952,  0.1869 6 0.76 

9 0.3500,  0.1966,  0.2511 10 0.76 

10 0.4314,  0.9106,  0.1818 11 0.76  
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Fig. 3 Behavior of the surrogate model between the sampled points  
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STEP 4STEP 3STEP 2STEP 1

    
Fig. 4 Example of Surrogate modeling and optimization : one variable test function  
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Table 2 Optimization results of blade stiffened panel (all dimensions 
are in mm and the objective function (stress) in MPa)  

( ) NC  (+)  xopt fopt 
b t bw tw 

( )  8 70.54  2.42  51.35  4.40 312 
( )  23 76.76  2.65  49.77  4.34 318 

( ln )  15 70.60  2.42  51.21  4.37 313 
( )  147 62.25  2.22  48.39  4.22 323 

  - 68.3 2.4 48.8  4.20 323 
 (+)   

  . 
= 762 mm 

= 73774 MPa = 0.33   
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Table 3 Bounds of the design variables for two types of the stiffened 
panel (all dimensions are in mm)  

 )   
    (*)    

 59.9154 68.3140 81.6509 
 2.0863 2.3787 2.843 
 40.8091 48.7762 55.6134 
 3.5519 4.2453 4.8404 

   
=  1.2493 1.7847 2.3201 
=  0.4998 0.714 0.9282 

 )   
        

b 44.6933 50.9582 60.9067 
t  1.8995 2.1658 2.5886 

 42.6347 50.9582 58.1013 
 1.8120 2.1658 2.4694 

bf 13.1988 15.7756 17.9870 
 1.4633 1.749 1.9942 

   
=  0.6125 1.25 2.1125 
=  0.7 1 1.3 
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Fig. 7 FEM model and the corresponding boundary condition 
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Fig. 5 Geometry design variables of the stiffened panel 
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Fig. 6 Load-deflection curve for determining nonlinear buckling 
load  
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4   )  = 1731 N mm(  
Table 4 Optimization steps for type 1 stiffened panel ( = 1731 N mm for surrogate model in all steps)  

  
) ( ) mm(  (FEM) 

(MPa) 
Pcr (FEM) 
(N mm) 

TNFE(*) %PR(+) 
b t bw tw 

1 81.6138 2.0863 40.8091 4.02096 355 1455 3656 16.5 
2 81.2214 2.0863 40.8091 4.34181 393 1677 3716 3.1 
3 81.6509 2.0863 40.8360 4.36585 395 1686 3482 2.6 
4 81.6509 2.0863 40.8091 4.4173 402 1725 3347 0.3 
5 81.6509 2.0863 40.8091 4.42489 403 1730 3165 0.1 

5   )  = 1782 N mm(  
Table 5 Optimization steps for type 2 stiffened panel ( = 1782 N mm for surrogate model in all steps)  

  
) ( ) mm(   (FEM) 

(MPa)  
Pcr (FEM) 
(N mm)  TNFE(*) %PR(+) 

b t bw tw bf tf 

1 56.633  1.89953     
  

42.6347     
  

1.81204     
  

14.2904     
  1.46332 359 1305 7282 26.8 

20 57.4497      1.99528      42.6649      1.81868       15.2583     1.46811 471 1759 9810 1.3 
40 58.4969      1.97145      42.6654      1.87008      14.4083      1.62576 369 1377 29685 22.7 
60 58.429       1.92987      42.8064      1.9014       14.1229      1.70851 351 1311 24036 26.4 
64 57.6579     1.9401    42.6362     1.9033    15.3032     1.4634 473  1768 28524 0.8 
80 56.6794      1.92891      43.2961      1.83294      13.9001      1.65879 344 1284 46903 27.9 
92 57.4532     1.9939    42.6555     1.8163    15.2570     1.4815 471  1760 44621 1.2 

100 58.2477      1.97863     42.7438      1.81204      15.3071      1.62675 477 1671 43812 6.2 
102 57.6656     1.9617    42.6347     1.8737    15.3231     1.4633 474  1770 58093 0.7 
120 57.9063      1.911       42.6402      1.8227       15.4264      1.8118 438 1635 72576 8.2 
121 56.1282      1.9312    43.2138 1.8121 15.5108 1.4818 470 1756 67135 1.5 
140 57.4342    1.98777      42.664       1.81625     15.2844      1.49898 460 1719 112213 3.5 
160 57.454        1.95159    42.6615      1.87928      15.122   1.47731 449 1677 200345 5.9 
171 57.0996      1.9154       42.8079      1.84028      15.8518      1.58777 405 1512 63903 15.2 
172 57.4497      1.99492      42.6652      1.81918      15.2581      1.46808 450 1681 42469 5.7 
173 57.4465      1.99585      42.6465      1.81496      15.2624      1.47782 472 1762 57201 1.1 

(*)       
(+)    
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Table 6 Comparison of the optimum dimensionless ratios obtained 
from SBO and structural index methods  

         
=   ) 2.121 1.7847 18.8% 

=   ) 0.500 0.714 30.0% 
=   ) 0.872 1.25 30.2% 

=   ) 0.909 1 9.1% 
=   ) 0.291 0.25 16.4% 
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Fig. 9 Stiffening ratio vs. critical stress (average) 

9  

  
Fig. 8 Load ratio vs. critical stress (average)  
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Fig. 10 = 4 3  ratio vs. critical stress (average) 

10 = 4 3  

  
Fig. 11 =  ratio vs. critical stress (average) 

11  =  

  
Fig. 12 Skin aspect ratio vs. critical stress (average) 

12   

  
Fig. 13 Stiffener web aspect ratio vs. critical stress (average) 

13   

  
Fig. 14 stiffener Outstanding flange aspect ratio vs. critical stress 
(average) 

14   
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Table 7 Comparison of the optimum dimensionless ratios obtained 
from SBO and structural index methods  

  ]11[  ]4[    
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