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5.1

    Hibbit,Karlsson and Sorensen ABAQUS

2003

ts ds Ls

RI

5.2 5.3 5.4 IFS

5.5 FDWS  

 

5.2

    

2.3

 

1.  

    

 

2.  

    

8 C3D8R 3  

3.  

    

2.3.3 IFS

2.7 5. 1
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2.3.3 2.3.5

2.8 2.15

5. 2 IFS 5. 3

FDWS  

4.  

    2.1 2.2

203,000 Mpa 0.3 2004 A572 

Gr.50 A36

Isotropic Hardening Kinematic Hardening 5. 1

A572 Gr.50 ABAQUS 5. 2 A36

ABAQUS

A 469 MPa

5. 4 A572 Gr.50  

5.  

    2 3

 

6.  

     

 

5.3  

    8

UR IFS1 IFS5 FDWS2 FDWS3 8
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5. 5 5. 8 UR IFS3 IFS5 FDWS2

  

 

5.3.1 UR IFS  

5.3.1.1

5. 9 UR IFS

KE 5. 3

IFS 10  

 

5.3.1.2

a

5. 10 UR IFS UR

IFS3 IFS4 IFS5

IFS1 IFS2

IFS3

IFS3 IFS4 IFS5

5. 11 5. 12 5. 13

KE  

b I

IFS3 IFS4 IFS5
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ABAQUS

5. 14 5. 15 5. 16

2.2.1.1 (2.22)

� 5. 4

ABAQUS

5 5. 14 5. 15 5. 

16

Ms 5. 17

Mps

5. 18

IFS 0.88Mps

MACT

5. 19 IFS3 � 2.0

24

3.9.3

IFS3 � 2.0

� 3.0

IFS4 IFS5

28 29

I

28

3.9.3
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c II

b I 5. 14 5. 15

5. 16 ABAQUS

2.2.1.1

3.9.3

IFS3 IFS4 IFS5

ABAQUS 5. 20 5. 21

5. 22

ABAQUS

Ms 5. 23 Ms

Mps

5. 24

� 4.0 IFS3 IFS4 IFS5

1.33Mps 1.12Mps 0.81Mps

Ms MACT

5. 25

� 4.0 IFS3 IFS4 IFS5

34 36 36 IFS4

IFS5 ABAQUS

IFS3 IFS4 IFS5
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b I 24

28 29

34 36 36 II

36  

5.4 IFS

I II

b

I 28

c II

36

�

5.4  

d

5. 26 UR 4  Drift

ABAQUS 200 mm

5. 27 5. 28 5. 29 IFS4

4  Drift ABAQUS 200 mm

5. 30

5. 27

5. 30 UR IFS4

-594.5 kN -640.8 kN

4% -677.5 kN -835 kN

UR 88% 12% IFS4

77% 23%  

5. 31 5. 32 IFS4
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4  Drift ABAQUS 35 mm

5. 33 5. 34

5. 33 5. 

34

1870 kN-m 100 kN-m 1077 

kN-m ABAQUS MACT 3004 kN-m

ABAQUS

MACT 1

MACT 62 3 36  

 

3.

    

UR IFS3 IFS4 IFS5

Rupture Index, RI

a PEEQ

�� Hancock  Mackenzie 1976  

��
PEEQaRI �

�  (5. 1)

� � � � � �� 	2
13

2
32

2
216

1
yyyyyyPEEQ ������ 
�
�
�  (5. 2)

�

�

�
�
���

�
�

��
ma 5.1

exp  (5. 3)

3
321 ���

�
��


�m  (5. 4)

PEEQ ABAQUS
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PEEQ 1y� 2y� 3y�

PEEQ

PEEQ m�

ABAQUS

Pressure 1� 2� 3� �

Mises Stress ABAQUS Mises

RI

RI  

    5. 35 5. 38 UR IFS3 IFS4 IFS5

PEEQ Mises Stress S22 5. 39

5. 40 a RI � 3.0 � 4.0

Line A Line 

B Line C Line 

A 60 mm Line B Line C

60 mm 500 mm  

5. 39 5. 40 b Line A RI �

3.0 � 4.0

UR RI UR

3. 10

RI  

    5. 39 5. 40 c Line B RI �

3.0 � 4.0 IFS3

RI

IFS3 3. 39  

    5. 39 5. 40 d Line C RI �
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3.0 � 4.0

UR RI IFS

RI RI

 

    5. 39 5. 40 RI

5. 41 UR Line A

RI

UR RI

IFS3 IFS4 IFS5 Line B

RI IFS

IFS3 RI IFS4 IFS5

IFS3 Line B IFS4 IFS5

IFS3  

 

5.3.2 FDWS  

5.3.2.1

5. 42 FDWS

KE 5. 3

FDWS 5  

5.3.2.2

a

5. 43 FDWS

5. 44 5. 45 FDWS
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FDWS

 

b

ABAQUS

5. 46 5. 47

2.2.2.1

� �fb td �
 221 5. 46 5. 47

Ms 5. 48

Mps

 5. 49 FDWS

0.72Mps

MACT 5. 50

FDWS2 FDWS3

39 37

5.3.1.2 b II

36

FDWS2 FDWS3

36

5.5 FDWS

5.3.1 b

II � 4.0

36  

c

5. 51 5. 52 FDWS2
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4  Drift ABAQUS 200 mm

5. 53

5. 53

FDWS2 -516.2 kN

4% -832 kN

62% 38%  

5. 54 5. 55 FDWS2

4  Drift ABAQUS 35 mm

5. 56 5. 57

5. 56

5. 57

1860 kN-m 90 kN-m 1170 

kN-m ABAQUS MACT 3024 kN-m

ABAQUS

MACT 3

MACT 62 3 39  

 

3.

UR FDWS2 FDWS3

Rupture Index, RI

RI  

    5. 58 5. 59 FDWS2 FDWS3 PEEQ

Mises Stress S22 5. 60 5. 61

a RI � 3.0 � 4.0
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Line A Line B

Line C  

5. 60 5. 61 b Line A RI �

3.0 � 4.0

UR RI UR

3. 10

RI  

    5. 60 5. 61 c Line B RI �

3.0 � 4.0 FDWS3

RI FDWS2 FDWS3 Line B

FDWS2 FDWS

 

    5. 60 5. 61 d Line C RI �

3.0 � 4.0

UR RI FDWS

RI RI

FDWS2 300 mm FDWS3 254 mm

Line C  

    5. 60 5. 61 RI

5. 62 UR Line A

RI UR

RI Line B

FDWS  
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5.4 IFS  

5.4.1  

ts ds Ls

RI  

    5. 5

IFS3 2.3

2.1 � 2.2.1 IFS

� � FEMA 350

(2.3) (2.3) � 2.4

IFS4 IFS5 4% �

3. 3 FEMA 350 (2.3)

9% �

� 1.36  

    5. 63 � 4.0

5.3.1.2 b

I

ts

ds Ls

5. 64 IFS �

b I

ts 5.3.1.2 b

I

28
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28 � 1.03  

    5. 65 � 4.0

5.3.1.2 c

II

ts

Ls ds

5. 66 IFS �

c II

ts 5.3.1.2 c

II

36

36 � 1.03 � 5. 64

I  

    I II

5. 63 5. 65 ts

I II IFS

� 5. 64 5. 66

� 1.03

2.2.1 IFS 4 �

1.03 I

II

 

    5. 41 Line B

RI Line C RI
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RI 5. 67

IFS Line B RI

RI ts

RI ds Ls

Line B RI  

5. 68 IFS Line C RI

RI

Ls RI ts

ds Ls

RI  

 

5.4.2  

    

IFS4 5. 6

550 mm 20 mm 28 mm

35 mm C1 C2 C3

35 mm 550 mm 700 mm

C3 C4

IFS4

2.1 2.3.1

5. 6  

    5. 69 IFS Line A 4% Drift

C1 C2 C3
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C3 C4

 

    5. 70 IFS 4% Drift

5. 71

C1 C2 C3

C3 C4

5. 71

Mps 5. 72

20 mm C1 0.91Mps

35 mm C3

1.12Mps 700 mm C4

1.13Mps 5. 71

5. 73

 

    5. 74 IFS Line B RI 4% 

Drift C1 C2 C3 Line B

RI

Line B RI

C3 C4 Line B RI

Line B RI  

 

5.5 FDWS  
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5.5.1  

ts Ls

RI

 

    5. 7

FDWS2 2.3

2.2 � 2.2.2 FDWS

� � FEMA 

350 (2.3) (2.3) � 2.5

FDWS2 FDWS3 4% �

4. 2 FEMA 350 (2.3)

13% �

� 1.51  

    5. 75 � 4.0

ABAQUS

Ms MACT

ts

Ls 5. 76 FDWS �

ts

ts 22 mm

36 5.3.1.2 c

II
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36

36 � 1.07

2.2.2 FDWS 4 �

1.07  

    5. 62 Line B

RI Line C RI

RI 5. 77

FDWS Line B RI

RI ts

RI Ls

5. 75

Line B RI  

5. 78 FDWS Line C RI

RI

Ls RI ts

Ls RI  

 

5.5.2  

    

FDWS2 5. 8

550 mm 20 mm 28 mm

35 mm C1 C2 C3

35 mm 550 mm 700 mm

C3 C4
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FDWS2

2.2 2.3.1

5. 8  

    5. 79 FDWS Line A 4% 

Drift C1 C2 C3

C3 C4

 

    5. 80 FDWS 4% 

Drift

5. 81

C1 C2 C3

C3 C4

5. 81 Mps

5. 82

20 mm C1 0.46Mps

35 mm C3 0.69Mps

700 mm C4

0.65Mps 5. 81

5. 83

 

    5. 84 FDWS Line B RI 4% 

Drift C1 C2 C3 Line B

RI



 91

Line B RI

C3 C4 Line B RI

Line B RI  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


