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Table 2-1 Advantages about static-implicit and dynamic-explicit analysis for ultimate strength 
analysis of stiffened panel 
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2.3.1 

  
Fig. 2-1 3span

3bay 1 2 4 8 T
2 FEM Fig. 2-2

Table 2-2 6  a 
b tp β 

σY  
 

 

 
Table 2-3 4 4

6 4 96
 

E = 205.8 GPa  = 0.3 σY = 313.6 MPa
85 × 85mm Fig. 2-2 (b) 6

6 MSC.Marc
LS-DYNA Belytschko-Tsay  
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Fig. 2-1 Considered region of ultimate strength analysis 
 

 
Fig. 2-2 Overview of stiffened panel model [11] 
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Table 2-2 Size of stiffened panel 

Case a (mm) b (mm) tp (mm) β 

B10 2550 850 33 1.01 

B15 2550 850 22 1.51 

B20 2550 850 16 2.07 

B25 2550 850 13 2.55 

B30 2550 850 11 3.02 

B35 2550 850 9.5 3.49 

 
Table 2-3 Size of stiffeners 

Case Tee-bar 

TS1 138 9+90 12 

TS2 235 10+90 15 

TS3 383 12+100 17 

TS4 580 15+150 20 

 
  

Fig. 2-3  (x
) 2  (   

) 
 

y  
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Fig. 2-3 Boundary conditions for ultimate strength analysis of stiffened panel 

 
  

Fig. 2-3 x  50mm LS-DYNA
 [50]  3.2   
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A0max 6 mm  [52] Fig. 2-4
A0max 

A’0max (=0.8 A0max) 
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Fig. 2-4 Thin-horse mode initial imperfection 
 

2.3.2 

MSC.Marc LS-DYNA

 
Fig. 2-5

Fig. 2-6 Fig. 2-5

LS-DYNA MSC.Marc
Fig. 2-6 LS-DYNA MSC.Marc
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LS-DYNA
MSC.Marc  

 

 
Fig. 2-5 Comparison of ultimate strength calculated by LS-DYNA and MSC.Marc with initial 

deflection 
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Fig. 2-6 Correlation between the ultimate strengths of LS-DYNA and MSC.Marc with initial 

deflection 
 

2.3.3 

 
LS-DYNA

Fig. 2-7 TS2 TS4
 = 1.0 1.5  = 2.5 3.5

 = 2.0
10

TS1  = 1.0 1.5

 
Fig. 2-8
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 = 2.0

 
 

 

 

Fig. 2-7 Comparison of ultimate strength calculated by LS-DYNA influence of Initial deflection 
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Fig. 2-8 Comparison of elastic buckling strength for each size of stiffened panel 

 

2.4 2

 (LS-DYNA)  (MSC.Marc) 
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 = 1.0 1.5  = 2.5 3.5

 = 2.0
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3.1 
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 (Belytschko-Tsay )  
(Constant stress solid ) 

 
Fig. 3-1 (b)  RBE3 
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f Fi
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Fig. 3-1 Shell-Solid modeling for a cracked plate. (a) Shell-Solid model. (b) Connection 
modeling between shell and solid elements employing RBE3 element. (c) Mathematical 

representation of RBE3 element  
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3.2 

 
 

3.2.1 

FE Fig. 3-2(a) 
Fig. 3-2(b) 

Lx = Ly = 1,000 mm ( Lx/Ly=1)  2a mm 
l mm  Fig. 3-2(c) 

4 z 
x  -x 

 
0.01 1

 E = 205.8 GPa ν = 0.3 ρ = 7.87×10-9 

ton/mm3 σY=313.6 MPa H'=0

 
 

Fig. 3-2 Analysis model to be solved. (a) Rectangular plate including a through crack. (b) 
Boundary condition for buckling/ultimate strength analysis 

3.2.2 
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t = 15 mm t = 
20 mm 2 2

 
  
  

 
25×25 mm 

 
 (l = 500 mm)  2a = 0 500 mm 

 t = 15, 20 mm  Fig. 3-3(a), (b) 
 x  εx  εY  x 

 σx  σY 

 

Fig. 3-3(a)  t = 15 mm 
Fig. 3-3(b)  t = 20 mm 

 ( ”without crack”) 

 
 t = 15 mm 

Fig. 3-3(a) 

 t = 20 mm 

 
t = 20 mm

2a = 400 mm σx/σY = 0.6 2a = 500mm  σx/σY 
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= 0.5 

2
σx σy  σx > σY 

 ( ) 
 

 

Fig. 3-3 Collapse analysis of a cracked plate employing shell model. (a) l=500 mm, t=15 mm. 
(b) l=500 mm, t=20 mm. (c) 2a=500 mm, t=15 mm. (d) 2a=500 mm, t=20 mm 

 

 (2a = 500 mm) l  t = 15, 
20 mm  Fig. 3-3(c), (d)  

t = 15 mm  (l ) 
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t = 20 mm

 ( ) 

 

 
 

3.3 

 

3.3.1 

Fig. 3-4(b)  
 25 mm 

x, y 2

Fig. 
3-5 (x ) 1 5

100 mm  
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Fig. 3-4 Shell-Solid model. (a) Shell-Solid model including a through-crack. (b) Definition of 

contact condition 
 

 

Fig. 3-5 Comparison of buckling load varied by the length of solid area for each buckling modes 
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Fig. 3-6
1 5

8  
 

 

Fig. 3-6 Comparison of buckling load varied by the division number for thickness direction 
 

LS-DYNA
*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE
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 l = 500 
mm  2a = 500 mm  t = 15  20 mm

 
Fig. 3-7(a), (b) 

 

Fig. 3-8(a), (b) 

 
 

Fig. 3-7 Examination of accuracy in the shell-solid model employing intact plate and cracked 
plate without contact condition. (a) t=15 mm. (b) t=20 mm 

 

 
Fig. 3-8 Shell-Solid model including a through crack. (a) Without contact condition. (b) With 

contact condition 
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3.3.2 

 2a = 500 mm  l = 500 mm  t = 15, 
20 mm Fig. 3-9(a), (b) 

 

  
 

Fig. 3-9 Collapse analysis of a cracked plate employing shell-solid model considering contact 
condition. (a) l=500 mm, t=15 mm. (b) l=500 mm, t=20 mm 

 
Fig. 3-10  t = 15 mm 

 εx / εY = 0.5, 1.0, 1.5 Fig. 3-11

Fig. 3-12 Fig. 3-13

0.001  
Fig. 3-10

Fig. 3-12
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Fig. 3-11
Fig. 3-13

Fig. 
3-11

 
 

 
Fig. 3-10 Stress distribution σxx of shell model (with a crack), t=15 mm. (a) εx/εY=0.5, (b) 

εx/εY=1.0, (c) εx/εY =1.5 
 

 
Fig. 3-11 Stress distribution σxx of shell-solid model (with a crack contact), t=15 mm. (a) 

εx/εY=0.5, (b) εx/εY=1.0, (c) εx/εY =1.5 
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Fig. 3-12 Plastic strain distribution of shell model (with a crack), t=15 mm. (a) εx/εY=0.5, (b) 

εx/εY=1.0, (c) εx/εY =1.5 
 

 
Fig. 3-13 Plastic strain distribution of shell-solid model (with a crack contact), t=15 mm. (a) 

εx/εY=0.5, (b) εx/εY=1.0, (c) εx/εY =1.5 
 

3.3.3 

l = 500 mm  2a 
 t = 15, 20 mm Fig. 3-14(a) (b) 

 
 t = 15 mm 

 t = 20 mm 

 
15 mm 20 mm 

15 mm 
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15 
mm 20 mm Fig. 3-9

 
 

Fig. 3-14 Collapse analysis of a cracked plate employing shell-solid model. (a) l=500 mm, t=15 
mm. (b) l=500 mm, t=20 mm. (c) 2a=500 mm, t=15 mm. (d) 2a=500 mm, t=20 mm 

 
Fig. 3-15

z
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Fig. 3-15 Deformation of post ultimate strength state for crack length 2a=100-500 mm (l=500 
mm, t=20 mm) 

 

3.3.4 

 2a = 500 mm  l 
 t = 15, 20 mm Fig. 3-14(c), (d) 

Fig. 3-16
15 mm 20 mm 

15 mm 

1
 t = 15, 20 mm 

 
 

Fig. 3-16 Deformation of post ultimate strength state for crack position l=100-500 mm (2a=500 
mm, t=20 mm) 
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 (Crack Opening Distance (COD) ) 
 

 

4.1 

 Ly  1,000 mm 
 Lx  1,000mm, 2,000mm, 3,000mm 

 15 mm  20 mm 2

 

 εY  100% 200% 2
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Fig. 4-1 Aspect ratio of the cracked panels 

 

4.2 
 t = 15mm 

 0 mm 
Fig. 4-2 (a)  α = 1

(P) Fig. 4-1
Fig. 4-2 (b)

 Lx = 3,000 5,000mm

 
 



41 
 

 

Fig. 4-2 Stress-Strain Profiles of Cracked Panel. (a) t=15 mm, (b) t=20 mm 

 
Fig. 4-3(a) (b)  Lx = 1,000mm 5,000mm

Fig. 4-3(a) 
Fig. 4-3(b) 

 

 

Fig. 4-3 Plastic strain distribution at the ultimate strength, t = 15 mm (a) α = 1, (b) α = 5 
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Fig. 4-4   Lx=1,000 

mm  5,000 mm Fig. 4-4 (a)  
α = 1 Fig. 4-2 (b) 

 
 α = 5 

Fig. 4-2 (b) 
 

 

 
Fig. 4-4 Deformation at the cross section of the cracked panel after ultimate strength, t= 15 

mm (a) α= 1, (b) α= 5 
 

4.3 

 
 

4.3.1 

Fig. 4-5
 100% 

(T) Fig. 4-1

 t = 15mm  
= 1.0  

(  “α=1 intact,(T)-
(P), 100%”) (  “α=1 intact, (P)”)
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100

 
 

 
Fig. 4-5 Stress-Strain profile with the cyclic loading (with crack and intact panels) 

 
Fig. 4-6 2

 COD  COD 2
COD

 COD 

 

 COD  0.0 
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Fig. 4-6 COD for cracked panel with cyclic load (shell model and shell-solid model) 

 
Fig. 4-7 (a) (d) Fig. 4-5 

 “α=1 with crack, (T)-(P), 100%”  (A)  (D) 

 
Fig. 4-5 (A) 

Fig. 4-7 (a) 
Fig. 4-5 (B) 

Fig. 4-7 (b) 
Fig. 4-5 (C) 

Fig. 4-7 (c) Fig. 4-5 (D) 
Fig. 4-7 (d) 
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Fig. 4-7 Contour diagram of the stress distribution on the top of panel. (a) Maximum tension 

(Fig. 4-5(A)), (b) Crack contact (Fig. 4-5 (B)), (c) Ultimate strength (Fig. 4-5(C)), (d)Post 
ultimate strength (Fig. 4-5 (D)) 

 
Fig. 4-8

Fig. 4-8 (a) 
COD Fig. 4-6  1.25 mm 

Fig. 4-7 (b) 
Fig. 4-5 (B) ”α=1 with crack, (T)-(P), 100 ” 0.06

 
Fig. 4-5  ”α=1 shell model, with crack, (T)-(P), 100 ” 
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Fig. 4-8 Plastic strain distribution on the top of panel, t = 15 mm. (a) Opening crack at εx/εY = 

1.0, (b) Closing crack at εx/εY = 0.06 
 

4.3.2 

Fig. 4-9 100, 200% 
Fig. 4-9 (A)  εY 100

100% Fig. 4-9 
(B) Fig. 4-9 (C) 

Fig. 4-9 (D)  
 εY  200  

Fig. 4-9 (E) 
Fig. 4-9 (F) Fig. 4-10 COD

εY 100 200 COD
COD

Fig. 4-10 σx/σY 0
 (σx/σY = 0.0) Fig. 4-9 (G) 

 εY 1.5  
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Fig. 4-9 Stress-Strain profile due to the change of the tensile strain 

 

 
Fig. 4-10 COD due to the change of the tensile strain 
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4.3.3 

Fig. 4-11
α = 1, 3, 5 

Fig. 4-12  COD 
100%  

 

 

 

Fig. 4-11 Stress-Strain profile varied by aspect ratio of cracked panel 

 
Fig. 4-11 (A) Fig. 4-11 (B) α = 1

 
Fig. 4-12

Fig. 4-11 (C) (D) 
( )
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Fig. 4-12 COD varied by aspect ratio of cracked panel 
 

Fig. 4-13  = 1  5 

 
Fig. 4-13 (a) 

COD
3.63mm  
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Fig. 4-13 Plastic strain distribution on the top of the panel at maximum tension t = 15mm. (a) α= 

1, (b) α= 5 

 
Fig. 4-14 α = 1  5 

α = 1

α = 5 Fig. 4-11
 

 
 



51 
 

 

Fig. 4-14 Deformation at cross section of crack at the ultimate strength, t = 15 mm. (a) α = 1, (b) 
α = 5 

 

4.3.4 

 t = 20mm 
Fig. 4-15

t = 15mm t = 20mm 
 

Fig. 4-15 (A) εY 100  
Fig. 4-15 (B) 

Fig. 4-15 (C) Fig. 4-15 (D) 
 

Fig. 4-15 (E) εY  200  Fig. 4-15 
(F) 

Fig. 4-15 (G) Fig. 4-15 (H) 
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Fig. 4-15 Stress-Strain Profile with cyclic loading (with crack and intact panels), t = 20mm 

 
Fig. 4-16  t = 20 mm 

t = 15mm 
Fig. 4-16 (A) α = 1 Fig. 4-16 (B) 

Fig. 4-16 (C)  (D) 
 

 t = 20mm COD Fig. 4-17
COD Fig. 4-12 t = 15mm  
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Fig. 4-16 Stress-Strain profile varied by aspect ratio of cracked panel, t = 20mm 
 

 

Fig. 4-17 COD varied by aspect ratio of cracked panel, t = 20 mm 
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4.4 4

 

COD
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5

 

 
[68] FE

FE
 

LS-DYNA 
 

 

5.1 

5.1.1 

Fig. 5-1 2
4

Fig. 5-1 2
Tee-bar Fig. 5-2 4 S1-S4

S1 S4
( ) 2,550 mm  ( )  

850 mm 
 α=3  tp  22, 16, 11 mm 3

 1.51, 2.07, 2.55 
 [11] [69]  

Fig. 5-1  c-d-e-f  1/2+1+1/2 1/2+1+1/2
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(  triple span/triple bay )
 FE 

2.3
 

 

 
Fig. 5-1 An illustration of a stiffened plate structure (2 stiffener case) 

 

 

Fig. 5-2 Size and dimension of T-bar (S1-S4) 
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5.1.2 

 ( )  (
) Fig. 5-3(a), (b) 2

Fig. 5-3(a) 
Fig. 5-3(b) Fig. 5-3(a) ”Intact”

 
Fig. 5-3(a) 

2
2 0 1

 ( TC01 TC11) 
TC01 02 11 12 

TC03 04 13 14 TC05-07 15-17 
TC01 05, 06 11 15 16 

TC02 07 12 17 
TC04 07 14 17  

Fig. 5-3(b) 
 LC01-06 LC11 12 14 15

LC01-03 11, 12 LC04-06
14 15 Fig. 5-4

1/4 1/2 1 3
( )

 
4  (N=4)  Fig. 5-3 2

TC02 07 12 17 2 (
) TC04 07 14 17 4

LC04-06 14 15 2 (
)  
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(a) Transverse crack 

 

(b) Longitudinal crack 
Fig. 5-3 Transverse and longitudinal crack damage  
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Fig. 5-4 Modeling of longitudinal crack 
 

5.1.3 LS-DYNA

LS-DYNA  
Fig. 5-1 FE

FE
LS-DYNA

 
FE Fig. 5-5 Fig. 5-1

c-d-e-f Fig. 5-5
U R X Y Z 

 
LS-DYNA 

 
*CONSTRAINED MULTIPLE GLOBAL 
*CONSTRAINED INTERPOLATION 

e-f 
(UY) 
e-f c-d 

LS-DYNA 
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Fig.7 
FE 

1,000 × 1,000 mm
1,000 

 

Fig. 5-6 1 (4
) Fig. 5-6 1 (UY(Dummy))

e-f c-d 
e-f  

 
 

 

 (5.1) Fig. 5-6 3
e-f  

 

 
Fig. 5-5 Constrained conditions for periodic boundaries 
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Fig. 5-6 Forced displacements via dummy element 
 

5.2 
Fig. 5-7 Fig. 5-10

2
TC01 07 LC01 06 Fig. 5-7 Fig. 5-8

(Transverse Crack) Fig. 5-9 Fig. 5-10
(Longitudinal Crack)  S1 

 tp = 22 mm  S3 
 tp = 11 mm 

5  
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
Fig. 5-7 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S1, tp = 22 
mm, Transverse Crack)  



63 
 

 

 
  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
Fig. 5-8 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S3, tp = 11 
mm, Transverse Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. 5-9 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S1, tp =22 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. 5-10 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S3, tp = 11 
mm, Longitudinal Crack) 
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5.2.1 

Fig. 5-11 Fig. 5-7 Fig. 5-8
Intact, TC02, TC04 Fig. 5-5  e-
f  y 

(2a=5,100 mm) 
 

 

  

  (a) S1, tp = 22 mm   (b) S3, tp = 11 mm 
Fig. 5-11 Relationships between average stress and average strain of stiffened plate with 

transverse crack damage, TC 
 

Fig. 5-7  Fig. 5-11(a) 
 (Intact) 

TC02

×
Fig. 5-11(a) 

2 TC04 Fig. 5-7 Intact

( )
Intact

Fig. 5-11(a) TC04
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Fig. 5-8 Fig. 5-11(b) 

Intact
TC02

 (
) Intact TC04

Intact

Fig. 
5-11(b) 

 
4

 
 

 int  

u  R u  
 

 

 
 RA 

 
 

 

 

A0 Ac 

Fig. 5-12  
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Fig. 5-12 Schematic picture of RA 

 
Fig. 5-13 Fig. 5-16 RA  R u Fig. 5-13

Fig. 5-14 2 Fig. 5-15 Fig. 5-16 4
Fig. 5-13 Fig. 5-15 (TC02 TC07) Fig. 5-14

Fig. 5-16 (TC11 TC17)  
 
  

cross-sectional area in Intact  A0

cross-sectional area of crack  AC
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Fig. 5-13 Relationships between reduced ultimate strength and reduced cross sectional area by 
crack (Transverse Crack : TC01-TC07, N=2) [(a) Stiffener : S1, (b) Stiffener : S2, (c) Stiffener : 

S3, (d) Stiffener : S4] 
  

(a) (b) 

(c) (d) 
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Fig. 5-14 Relationships between reduced ultimate strength and reduced cross sectional area by 
crack (Transverse Crack : TC11-TC17, N=2) [(a) Stiffener : S1, (b) Stiffener : S2, (c) Stiffener : 

S3, (d) Stiffener : S4]  
  

(a) (b) 

(c) (d) 
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Fig. 5-15 Relationships between reduced ultimate strength and reduced cross sectional area by 
crack (Transverse Crack : TC01-TC07, N=4) [(a) Stiffener : S1, (b) Stiffener : S2, (c) Stiffener : 

S3, (d) Stiffener : S4] 
  

(a) (b) 

(c) (d) 
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Fig. 5-16 Relationships between reduced ultimate strength and reduced cross sectional area by 
crack (Transverse Crack : TC11-TC17, N=4) [(a) Stiffener : S1, (b) Stiffener : S2, (c) Stiffener : 

S3, (d) Stiffener : S4]  
  

(a) (b) 

(c) (d) 
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 Fig. 5-13(a) 

1

 Fig. 
5-14(a) 

 Fig. 5-13(a) 
 

Fig. 5-13(b) (d)

Fig. 5-14(b)  (d) 

Fig. 5-15 Fig. 5-16 4
S1  

S1 
 

 

5.2.2 

Fig. 5-17 Fig. 5-9 Fig. 5-10
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Fig. 5-18 Relationships between reduced ultimate strength and crack length (Longitudinal Crack : 
LC01-TC06, N=2) [(a) Stiffener : S1, (b) Stiffener : S2, (c) Stiffener : S3, (d) Stiffener : S4]  
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Fig. 5-19 Relationships between reduced ultimate strength and crack length (Longitudinal Crack : 
LC11, LC12, LC03, LC14, LC15, LC06, N=2) [(a) Stiffener : S1, (b) Stiffener : S2, (c) Stiffener : 
S3, (d) Stiffener : S4]  
  

(a) (b) 

(c) (d) 
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Fig. 5-20 Relationships between reduced ultimate strength and crack length ((Longitudinal 

Crack : LC01-TC06, N=4) [(a) Stiffener : S1, (b) Stiffener : S2, (c) Stiffener : S3, (d) Stiffener : 
S4] 
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Fig. 5-21 Relationships between reduced ultimate strength and crack length (Longitudinal 

Crack : LC11, LC12, LC03, LC14, LC15, LC06, N=4) [(a) Stiffener : S1, (b) Stiffener : S2, (c) 
Stiffener : S3, (d) Stiffener : S4] 
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Fig. 5-22 Relationships between reduced ultimate strength and reduced cross sectional area by 

crack (Longitudinal crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-1 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S1, tp = 11 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-2 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S1, tp = 16 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-3 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S2, tp = 11 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-4 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S2, tp = 16 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-5 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S2, tp = 22 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-6 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S3, tp = 16 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-7 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S3, tp = 22 
mm, Transverse Crack) 
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  Intact     TC01 
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  TC06     TC07 
 
Fig. A-8 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S4, tp = 11 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-9 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S4, tp = 16 
mm, Transverse Crack) 
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  Intact     TC01 

 
  TC02     TC03 

 
  TC04     TC05 

 
  TC06     TC07 
 
Fig. A-10 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S4, tp = 22 
mm, Transverse Crack) 
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-11 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S1, tp =11 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-12 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S1, tp =16 
mm, Longitudinal Crack)  



104 
 

 
  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-13 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S2, tp =11 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-14 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S2, tp =16 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-15 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S2, tp =22 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-16 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S3, tp =16 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-17 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S3, tp =22 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-18 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S4, tp =11 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-19 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S4, tp =16 
mm, Longitudinal Crack)  
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  Intact     LC01 

 
  LC02     LC03 

 
  LC04     LC05 

 
  LC06    
Fig. A-20 Deformation and distribution of Mises stress at ultimate strength (Stiffener : S4, tp =22 
mm, Longitudinal Crack)  
 


