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With the arrival of composite materials and because of their unique properties, ideas were presented in 
order to strengthen and improve their performance. The ideas were reason for building of Grid 
composite structures. These structures are widely used in the aerospace, missile and Marine industry 
because of their ideal mechanical properties: special stiffness and high strength against impact and 
fatigue. Grid composite plates are made from thin composite shell connected a series of composite ribs. 
Ribs network results in a significant increase in stiffness and strength of structure. In this research, 
experimental and numerical investigations of effect of Shape of ribs have been on flexural behavior of 
grid composite plates. For this purpose, three types of Grid plates were considered with triangle, square 
and rhombic ribs. For  building these plates, silicone mold was designed and built and  was also used for 
making plates from hand lay-up and hand-wound layer technique. Samples were subjected to three-
point bending test;  for this purpose, the fixture was designed and built. From numerical solution of the 
problem and comparison of experimental results it was observed that there is very little difference 
between experimental and numerical results. Experimental results show that special flexural stiffness of 
plate with square rib is 1.92 and 1.88 plate with triangular and rhombic ribs, respectively. Also, the 
flexural strength of plate with square rib is 1.58 plate with triangular rib. Thus plate with square rib has 
the highest stiffness and bending strength. 
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Fig. 1 Grid composite plate [2] 
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Fig. 2 Composite plates are considered (a) triangular rib (b) rhombic rib 
(c) square rib  
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Fig. 3 Silicone molds 
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2 ASTM D7264 
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Fig. 4 Molds for making samples 
4   

  
Fig. 5 Composite plates built in this research (a) rhombic  rib (b) 
triangular  rib (c) square rib  
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Fig. 6 Fixture of three-point bending 
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Fig. 7 Three-point bending test 
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Fig. 8 Samples of tensile test 
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Fig. 9 Tensile test 
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Table 1 Mechanical properties of rib 

       
E1  24 GPa  Xt 501 MPa  
E2  5.5 GPa  Xc  60.48 MPa  
E3  5.5 GPa  Yt  53.186 MPa  

G12  1.9 GPa  Yc  76.24 MPa  
G13  1.9 GPa  Zt  53.186 MPa  
G23  2.5 GPa  Zc  76.24 MPa   

12  0.275  S32  80 MPa  
13  0.275  S13  _  
23  0.0798  S12  80 MPa   

  

2  
Table 2 Mechanical properties of shell 

       
E1  13.7 GPa  Xt 287 MPa  
E2  13.7GPa  Xc  144.5 MPa  
E3  6 GPa  Yt  287 MPa  

G12  1.49 GPa  Yc  144.5 MPa  
G13  1.49 GPa  Zt  20 MPa  
G23  1.86 GPa  Zc  125 MPa   

12  0.3  S32  18.83 MPa  
13  0.3  S13  _  
23  0.21  S12  18.83 MPa   

2 Cohesive  
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Fig. 10 An example of meshing    
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Table 3 Average of experimental and numerical results of a triangular 
sample 

   
)N/gr(  

  
)N/mm gr(  

  4.07  0.206 
  3.48  0.170  

  14%  17%  
  

 

Fig. 11 Numerical and experimental  results of a triangular sample 
11   

 

Fig. 12 Triangular samples after experimental test 
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Table 4 Average of experimental and numerical results of a square 
sample 

 

)N/gr(  
)N/mm gr(  

  6.45  0.396 
  6.08  0.338  

  6%  14%  
 

 

Fig. 13 Numerical and experimental  results of a square sample 
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Fig. 14 Square samples after experimental test 
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Table 5 Average of experimental and numerical results of a rhombic 
sample 

 
)N/gr(  )N/mm gr(  

  0.586  0.21 
  0.522  0.18  

  10%  14%  
 

 

Fig. 15 Numerical and experimental  results of a rhombic sample 
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Fig. 16 Comparison of  experimental and numerical of  
Load/Mass for different samples 
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Fig. 17 Comparison of  experimental and numerical of  
Stiffness/Mass for different samples 

17    
  

0
10
20
30
40
50
60
70
80
90

0 10 20 30 40

Lo
ad

 (N
)

Displacement (mm)

Experimental

Numerical

0

1

2

3

4

5

6

7

Triangular Square rhombic

Lo
ad

/M
as

s (
N

/g
r)

Shap of ribs

Experimental

Numerical

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Triangular Square rhombic

St
iff

ne
ss

/M
as

s (
N

/m
m

.g
r)

Shap of ribs

Experimental

Numerical

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
41

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

18
 ]

 

                               8 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.41.4
https://mme.modares.ac.ir/article-15-12091-en.html


    

     

1395166  311  

8 -   
-

 .
 .

 
 .

 .
 .

 .

 .

 .

-  .
  

1 -   
2 - 

1.58 1.75 
  

3 -   0.09   
0.14 

  
4 - 

 
 .  

5 - 1.92 1.98  
  

6 - 0.53  1.02  -
  

7 - 

  
8 - 17   

9 -   
[1] L. Yang, Y. Yan, N. Kuang, Experimental and numerical 

investigation of aramid fibre reinforced laminates subjected to low 
velocity impact, Polymer Testing, Vol. 32, No. 7, pp. 1163-1173, 
2013.  

[2] P. Jadhav, P. R. Mantena, Parametric optimization of grid-stiffened 
composite panels for maximizing their performance under 

transverse loading, Composite structures, Vol. 77, No. 3, pp. 353-
363, 2007.  

[3] T. Hosomura, T. Kawashima, D. Mori, New CFRP structural 
elements(for spacecraft), Composite materials: Mechanics, 
mechanical properties and fabrication, pp. 447-452, 1981.  

[4] R. F. Gibson, Y. Chen, H. Zhao, Improvement of vibration 
damping capacity and fracture toughness in composite laminates by 
the use of polymeric interleaves, Journal of engineering materials 
and technology, Vol. 123, No. 3, pp. 309-314, 2001.  

[5] S. Kidane, G. Li, J. Helms, S.-S. Pang, E. Woldesenbet, Buckling 
load analysis of grid stiffened composite cylinders, Composites 
Part B: Engineering, Vol. 34, No. 1, pp. 1-9, 2003.  

[6] C. Gan, Behavior of grid-stiffened composite structures under 
transverse loading, 2003.  

[7] C. Gan, R. F. Gibson, G. M. Newaz, Analytical/experimental 
investigation of energy absorption in grid-stiffened composite 
structures under transverse loading, Experimental mechanics, Vol. 
44, No. 2, pp. 185-194, 2004.  

[8] Y. Chen, R. F. Gibson, Analytical and experimental studies of 
composite isogrid structures with integral passive damping, 
Mechanics of Advanced Materials and Structures, Vol. 10, No. 2, 
pp. 127-143, 2003.  

[9] H. Fan, F. Meng, W. Yang, Sandwich panels with Kagome lattice 
cores reinforced by carbon fibers, Composite Structures, Vol. 81, 
No. 4, pp. 533-539, 2007.  

[10]P. Jadhav, P. R. Mantena, R. F. Gibson, Energy absorption and 
damage evaluation of grid stiffened composite panels under 
transverse loading, Composites Part B: Engineering, Vol. 37, No. 
2, pp. 191-199, 2006.  

[11]Z. Zhang, H. Chen, L. Ye, Progressive failure analysis for 
advanced grid stiffened composite plates/shells, Composite 
Structures, Vol. 86, No. 1, pp. 45-54, 2008.  

[12]M. Yazdani, H. Rahimi, A. A. Khatibi, S. Hamzeh, An 
experimental investigation into the buckling of GFRP stiffened 
shells under axial loading, Scientific Research and Essays, Vol. 4, 
No. 9, pp. 914-920, 2009.  

[13]M. Yazdani, G. Rahimi, The behavior of GFRP-stiffened and-
unstiffened shells under cyclic axial loading and unloading, Journal 
of Reinforced Plastics and Composites, Vol. 30, No. 5, pp. 440-
445, 2011.  

[14]M. Hemmatnezhad, G. Rahimi, R. Ansari, On the free vibrations of 
grid-stiffened composite cylindrical shells, Acta Mechanica, Vol. 
225, No. 2, pp. 609-623, 2014.  

[15]M. Hemmatnezhad, G. Rahimi, M. Tajik, F. Pellicano, 
Experimental, numerical and analytical investigation of free 
vibrational behavior of GFRP-stiffened composite cylindrical 
shells, Composite Structures, Vol. 120, pp. 509-518, 2015.  

[16]M. Yazdani, G. Rahimi, The effects of helical ribs’ number and 
grid types on the buckling of thin-walled GFRP-stiffened shells 
under axial loading, Journal of Reinforced Plastics and 
Composites, 2010.  

[17]G. Rahimi, M. Zandi, S. Rasouli, Analysis of the effect of stiffener 
profile on buckling strength in composite isogrid stiffened shell 
under axial loading, Aerospace science and technology, Vol.  24,  
No. 1, pp. 198-203, 2013.  

[18]P. J. Higgins, P. Wegner, A. Viisoreanu, G. Sanford, Design and 
testing of the Minotaur advanced grid-stiffened fairing, Composite 
Structures, Vol. 66, No. 1, pp. 339-349, 2004.  

[19]M. Hedayatian, G. H. Liaghat, G. H. Rahimi, M. H. Pol, Numerical 
and experimental analyses projectile penetration in grid cylindrical 
composite structures under high velocity Impact, Modares 
Mechanical Engineering, Vol. 14, No. 9, pp. 17-26, 2014.  

[20]Z. Hashin, Failure criteria for unidirectional fiber composites, 
Journal of applied mechanics, Vol. 47, No. 2, pp. 329-334, 1980.  

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
41

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

18
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.41.4
https://mme.modares.ac.ir/article-15-12091-en.html
http://www.tcpdf.org

