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./ = 015 × 6 × 78 × 9: × ";;<>
15 × 6 = $?@×AB$DEF × GAB×H<

AI×JIL
NNF

OP = 2 × Q × (S T U)
./15 × 6
V9:WOPX
";;O: × Y:
";;<>



Z/ = 0[5 × 6 × 78 × 9:
[5 × 6 = S?\] × ^ × (_P T _̀ /) × 6
_̀ / = 3?4 × _P+ × (S ' U)

Z/[5 × 6X9:W_P
_̀ /



 

.b = cb × × db × 9:
cb = 2+ × Qlogj 0%×kmH 8
np = 2?\ × q × (S ' U)
.b7 = + × ^ × 6 × _P%2 × (S ' U) × db × 9:

.b.b7cb
dr9:Qs
W
_P



Zr(t) = Zr(P) × 7 × 9:Zr(u) = + × ^ × 6 × _P
Zr7 = + × 6%4 × ^ × _: × 9:
Zr(t)Zr(u)Zr7X9:W
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.v(t) = 9: × .v(u)

.v(u) = Q × wP(u)
wu(u)wux(u) = S?2\ × 6- - - - - - - - - (6 S?2\ )
wu(u)wux(u) = S?z- - - - - - - - - (6 { S?2\ )
wu(u)6% = 2?S\ × (_P_:)Dx?@|
_u_: = } S ' 2 × U2 × (S ' U)

.v(t).v(u)Q9:
wu(u)wux(u)W
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�x.:6X9:Z��

~vp/� = wP � �p/�
wP = .v � Q�p/� = �x � ���� T Z�

wP�p/�6
Q































± ±





� � T � � �

±



� � T � � �







$ �

- - - �

�

� � T � � �



±

� � T � � �









� � �� �  

 

 



















































10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-500 0 500 1000 1500 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-500 0 500 1000 1500 2000 2500 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-900 -600 -300 0 300

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-500 0 500 1000 1500 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-500 0 500 1000 1500 2000 2500 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-900 -600 -300 0 300

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-1500 -1000 -500 0 500 1000 1500

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-1500 -1000 -500 0 500 1000 1500

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-2000 0 2000 4000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-2000 0 2000 4000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-3000 -1500 0 1500 3000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-5000 -2500 0 2500 5000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-3000 -1500 0 1500 3000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-5000 -2500 0 2500 5000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-3000 -1500 0 1500 3000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-5000 -2500 0 2500 5000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-3000 -1500 0 1500 3000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-5000 -2500 0 2500 5000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-4000 -2000 0 2000 4000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-4000 -2000 0 2000 4000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-3000 -2000 -1000 0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)



10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(a) My(KN m)

10

15

20

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(b) Nx(KN)

10

15

20

-1000 -500 0 500 1000

O
.P

.(
m

)

(c) Sz(KN)











-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

-3 -2 -1 0 1 2 3

(
N

m
)

m

(a) My(KN m)

-12

-10

-8

-6

-4

-2

0

2

-3 -2 -1 0 1 2 3

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-3 -2 -1 0 1 2 3

(
N

)

m

(c) Sz(KN)



0

100

200

300

400

500

600

700

800

900

-3 -2 -1 0 1 2 3

(
N

m
)

m

(a) Mz(KN m)

-2

3

8

13

18

23

28

-3 -2 -1 0 1 2 3

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-3 -2 -1 0 1 2 3

(
N

)

m

(c) Sy(KN)



-1200

-1000

-800

-600

-400

-200

0

200

-3 -2 -1 0 1 2 3

(
N

m
)

m

(a) My(KN m)

-10

-8

-6

-4

-2

0

2

-3 -2 -1 0 1 2 3

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-3 -2 -1 0 1 2 3

(
N

)

m

(c) Sz(KN)



0

100

200

300

400

500

600

700

800

900

-3 -2 -1 0 1 2 3

(
N

m
)

m

(a) Mz(KN m)

-2

-1

0

1

2

3

4

5

6

-3 -2 -1 0 1 2 3

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-3 -2 -1 0 1 2 3

(
N

)

m

(c) Sy(KN)



-1200

-1000

-800

-600

-400

-200

0

200

-3 -2 -1 0 1 2 3

(
N

m
)

m

(a) My(KN m)

-2

0

2

4

6

8

10

12

-3 -2 -1 0 1 2 3

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-3 -2 -1 0 1 2 3

(
N

)

m

(c) Sz(KN)



-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-12

-10

-8

-6

-4

-2

0

2

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

200

400

600

800

1000

1200

1400

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-10

-5

0

5

10

15

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-8

-6

-4

-2

0

2

4

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-2

0

2

4

6

8

10

12

14

16

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-8

-6

-4

-2

0

2

4

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-5

0

5

10

15

20

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

100

200

300

400

500

600

700

800

900

1000

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-5

0

5

10

15

20

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-10

-5

0

5

10

15

20

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

200

400

600

800

1000

1200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-10

-5

0

5

10

15

20

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-10

-5

0

5

10

15

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-3000

-2500

-2000

-1500

-1000

-500

0

500

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-250

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-2000

-1500

-1000

-500

0

500

1000

1500

2000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

200

400

600

800

1000

1200

1400

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-250

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-3000

-2500

-2000

-1500

-1000

-500

0

500

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-2500

-2000

-1500

-1000

-500

0

500

1000

1500

2000

2500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-2500

-2000

-1500

-1000

-500

0

500

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-500

-400

-300

-200

-100

0

100

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-2500

-2000

-1500

-1000

-500

0

500

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-500

0

500

1000

1500

2000

2500

3000

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-800

-700

-600

-500

-400

-300

-200

-100

0

100

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-2000

-1500

-1000

-500

0

500

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-2500

-2000

-1500

-1000

-500

0

500

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-600

-500

-400

-300

-200

-100

0

100

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-2500

-2000

-1500

-1000

-500

0

500

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-1000

-500

0

500

1000

1500

2000

2500

3000

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-800

-700

-600

-500

-400

-300

-200

-100

0

100

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-2000

-1500

-1000

-500

0

500

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-3000

-2500

-2000

-1500

-1000

-500

0

500

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-3000

-2500

-2000

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-2000

-1500

-1000

-500

0

500

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-250

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

200

400

600

800

1000

1200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-300

-250

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-2500

-2000

-1500

-1000

-500

0

500

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

200

400

600

800

1000

1200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-250

-200

-150

-100

-50

0

50

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-60

-50

-40

-30

-20

-10

0

10

20

30

40

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



-2000

-1500

-1000

-500

0

500

-8 -6 -4 -2 0 2 4 6 8

(
N

m
)

m

(a) My(KN m)

-350

-300

-250

-200

-150

-100

-50

0

50

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(b) Nx(KN)

-1000

-500

0

500

1000

1500

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(c) Sz(KN)



-200

0

200

400

600

800

1000

1200

1400

1600

-8 -6 -4 -2 0 2 4 6 8

(
N

m
)

m

(a) Mz(KN m)

-350

-300

-250

-200

-150

-100

-50

0

50

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(b) Nx(KN)

-800

-600

-400

-200

0

200

400

600

800

1000

1200

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(c) Sy(KN)



-2000

-1500

-1000

-500

0

500

-8 -6 -4 -2 0 2 4 6 8

(
N

m
)

m

(a) My(KN m)

-350

-300

-250

-200

-150

-100

-50

0

50

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(b) Nx(KN)

-1000

-500

0

500

1000

1500

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(c) Sz(KN)



-200

0

200

400

600

800

1000

1200

1400

1600

-8 -6 -4 -2 0 2 4 6 8

(
N

m
)

m

(a) Mz(KN m)

-350

-300

-250

-200

-150

-100

-50

0

50

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(b) Nx(KN)

-800

-600

-400

-200

0

200

400

600

800

1000

1200

1400

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(c) Sy(KN)



-2000

-1800

-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

-8 -6 -4 -2 0 2 4 6 8

(
N

m
)

m

(a) My(KN m)

-300

-250

-200

-150

-100

-50

0

50

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(b) Nx(KN)

-1000

-500

0

500

1000

1500

2000

-8 -6 -4 -2 0 2 4 6 8

(
N

)

m

(c) Sz(KN)



-2000

-1000

0

1000

2000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

m
)

-3000

-2000

-1000

0

1000

2000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

m
)

m

(a) My(KN m)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

-44.6

-44.4

-44.2

-44

-43.8

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

-77

-76.5

-76

-75.5

-75

-74.5

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

m

(b) Nx(KN)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

1700

1750

1800

1850

1900

1950

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

-2100

-2050

-2000

-1950

-1900

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

m

(c) Sz(KN)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6



-20

-10

0

10

20

30

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

m
)

-100

-50

0

50

100

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

m
)

m

(a) Mz(KN m)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

80

85

90

95

0 0.5 1 1.5

(
N

)

-84

-83

-82

-81

-80

-79

0 0.5 1 1.5

(
N

)

m

(b) Nx(KN)

0 0.5 1 1.5

-50

0

50

100

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

0

50

100

150

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

m

(c) Sy(KN)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6



-2000

-1000

0

1000

2000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

m
)

-2000

-1000

0

1000

2000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

m
)

m

(a) My(KN m)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

58.5

59

59.5

60

60.5

61

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

-114

-113.5

-113

-112.5

-112

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

m

(b) Nx(KN)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

1750

1800

1850

1900

1950

2000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

-2100

-2080

-2060

-2040

-2020

-2000

-1980

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

(
N

)

m

(c) Sz(KN)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6



-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-5

0

5

10

15

20

25

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

100

200

300

400

500

600

700

800

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-2

3

8

13

18

23

28

33

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-5

0

5

10

15

20

25

30

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)



0

100

200

300

400

500

600

700

800

900

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) Mz(KN m)

-2

3

8

13

18

23

28

33

38

43

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sy(KN)



-1200

-1000

-800

-600

-400

-200

0

200

-6 -4 -2 0 2 4 6

(
N

m
)

m

(a) My(KN m)

-2

3

8

13

18

23

28

-6 -4 -2 0 2 4 6

(
N

)

m

(b) Nx(KN)

-1500

-1000

-500

0

500

1000

1500

-6 -4 -2 0 2 4 6

(
N

)

m

(c) Sz(KN)























 

 

 

 

 

 

 

 











-15

-10

-5

0

5

10

15

-20000 -10000 0 10000 20000

O
.P

.(
m

)

(a) My(KN m)

t=23mm

t=30mm

t=30mm

t=37mm

-15

-10

-5

0

5

10

15

0 1000 2000 3000 4000

O
.P

.(
m

)

(b) Nx(KN)

t=23mm

t=30mm

t=30mm

t=37mm

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

t=23mm

t=30mm

t=30mm

t=37mm

( )

( CL )

( )

( CL )

( )

( CL )

-20

-15

-10

-5

0

5

10

15

-20000 -10000 0 10000 20000

O
.P

.(
m

)

(a) My(KN m)

-20

-15

-10

-5

0

5

10

15

0 500 1000 1500 2000

O
.P

.(
m

)

(b) Nx(KN)

-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

( )

( D )

( CL )

( )

( CL )

( )

( CL )

( D ) ( D )

t=23mm

t=30mm

t=37mm

t=30mm

t=23mm

t=30mm

t=37mm

t=30mm

t=23mm

t=30mm

t=37mm

t=30mm



-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

-20

-15

-10

-5

0

5

10

15

-7000 -5000 -3000 -1000 1000

O
.P

.(
m

)

(c) Sz(KN)

( )

( )

( CH )

( CM ) ( CM ) ( CM )

( CH )( CH )

-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

-20

-15

-10

-5

0

5

10

15

0 500 1000 1500 2000

O
.P

.(
m

)

(b) Nx(KN)

-20

-15

-10

-5

0

5

10

15

-8000 -4000 0 4000 8000

O
.P

.(
m

)

(c) Sz(KN)

( )

( CH )

( ) ( )

( CH ) ( CH )



-15

-10

-5

0

5

10

15

-20000 -10000 0 10000 20000

O
.P

.(
m

)

(a) My(KN m)

-15

-10

-5

0

5

10

15

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(b) Nx(KN)

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

( )

( CH )

( ) ( )

( CM )

( CH )

( CM )

( CH )

( CM )

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

0

5

10

15

0 500 1000 1500

O
.P

.(
m

)

(b) Nx(KN)

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

( )

( CM )

( ) ( )

( CM ) ( CM )



-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

-5

0

5

10

15

0 500 1000 1500

O
.P

.(
m

)

(b) Nx(KN)

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

( CH )

( )

( CH ) ( CH )

( CM ) ( CM ) ( CM )

( )( )

-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

( D )

( CL )

-20

-15

-10

-5

0

5

10

15

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)

( )

( D )

( CL )

( )

( D )

( CL )







-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

t=23mm

t=30mm

t=30mm

t=37mm

-15

-10

-5

0

5

10

15

-20000 -10000 0 10000 20000

O
.P

.(
m

)

(a) My(KN m)

t=23mm

t=30mm

t=30mm

t=37mm

-15

-10

-5

0

5

10

15

0 1000 2000 3000 4000

O
.P

.(
m

)

(b) Nx(KN)

t=23mm

t=30mm

t=30mm

t=37mm

( )

( CL )

( )

( CL )

( )

( CL )

-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

-20

-15

-10

-5

0

5

10

15

-10000 0 10000 20000 30000

O
.P

.(
m

)

(a) My(KN m)

-20

-15

-10

-5

0

5

10

15

0 500 1000 1500 2000

O
.P

.(
m

)

(b) Nx(KN)

( )

( CL )

( )

( CL )

( )

( CL )

( D ) ( D ) ( D )

t=23mm

t=30mm

t=37mm

t=30mm

t=23mm

t=30mm

t=37mm

t=30mm

t=23mm

t=30mm

t=37mm

t=30mm



-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

-20

-15

-10

-5

0

5

10

15

-7000 -5000 -3000 -1000 1000

O
.P

.(
m

)

(c) Sz(KN)

( )

( )

( CH )

( CM ) ( CM ) ( CM )

( CH )( CH )

-20

-15

-10

-5

0

5

10

15

-8000 -4000 0 4000 8000

O
.P

.(
m

)

(c) Sz(KN)

-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

-20

-15

-10

-5

0

5

10

15

0 500 1000 1500 2000

O
.P

.(
m

)

(b) Nx(KN)

( CH ) ( CH ) ( CH )

( ) ( ) ( )



-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

-15

-10

-5

0

5

10

15

-20000 -10000 0 10000 20000

O
.P

.(
m

)

(a) My(KN m)

-15

-10

-5

0

5

10

15

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(b) Nx(KN)

( ) ( ) ( )

( CH )

( CM )

( CH )

( CM )

( CH )

( CM )

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

0

5

10

15

0 500 1000 1500

O
.P

.(
m

)

(b) Nx(KN)

( CM )

( ) ( )

( )

( CM ) ( CM )



-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(c) Sz(KN)

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

-5

0

5

10

15

0 500 1000 1500

O
.P

.(
m

)

(b) Nx(KN)

( CH )

( ) ( ) ( )

( CM )

( CH )

( CM )

( CH )

( CM )

-20

-15

-10

-5

0

5

10

15

-10000 -5000 0 5000 10000

O
.P

.(
m

)

(a) My(KN m)

( )

( D )

( CL )

-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

( D )

( CL )

-20

-15

-10

-5

0

5

10

15

-2000 -1000 0 1000 2000

O
.P

.(
m

)

(c) Sz(KN)

( )

( D )

( CL )

























-15

-10

-5

0

5

10

15

0 1000 2000 3000 4000

O
.P

.(
m

)

(b) Nx(KN)

t=23mm

t=37mm

t=30mm

t=30mm

( )

( CL )

-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000 4000

O
.P

.(
m

)

(b) Nx(KN)

( )

( CL )

( D )

t=23mm

t=30mm

t=37mm

t=30mm



-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

( CM )

( CH )

-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

( CH )



-15

-10

-5

0

5

10

15

-3000 -1500 0 1500 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

( CH )

( CM )

0

5

10

15

0 500 1000 1500 2000

O
.P

.(
m

)

(b) Nx(KN)

( )

( CM )



-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( CH )

( CM )

( )

-20

-15

-10

-5

0

5

10

15

0 1000 2000 3000

O
.P

.(
m

)

(b) Nx(KN)

( )

( D )

( CL )





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 























































 f1 60.117 Hz  f2 75.657 Hz 

 f3 111.752 Hz  f4 117.761 Hz 



 f5 169.033 Hz  f6 192.286 Hz 

 f7 230.064 Hz  f8 263.873 Hz 



 f9 293.656 Hz  f10 297.407 Hz 
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