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Appendix  

The detail expressions of I1, I2, I3 and I4 are as follows: 

    

    

    

     













































 






 
















 






 
















 






 
















 






 



zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

I

ssssss

ssssss

ssssss

ssssss

112422

112123

112123

112422

1

2sin2sinsinhcosh

2cos2cossinhcosh

2cos2coscoshsinh

2sin2sincoshsinh









, 

    

    

    

     













































 






 
















 






 
















 






 
















 






 



zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

I

ssssss

ssssss

ssssss

ssssss

112422

112123

112123

112422

2

2sin2sinsinhcosh

2cos2cossinhcosh

2cos2coscoshsinh

2sin2sincoshsinh









, 



    

    

    

     













































 






 
















 






 
















 






 
















 






 



zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

I

ssssss

ssssss

ssssss

ssssss

112422

112123

112123

112422

3

2cos2cossinhcosh

2sin2sinsinhcosh

2sin2sincoshsinh

2cos2coscoshsinh









, 

    

    

    

     













































 






 
















 






 
















 






 
















 






 



zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

zk
T

t
zk

T

t
zkyzky

I

ssssss

ssssss

ssssss

ssssss

112422

112123

112123

112422

4

2cos2cossinhcosh

2sin2sinsinhcosh

2sin2sincoshsinh

2cos2coscoshsinh









. 

Reffering to Fig. A1, the expressions of ODPEw ,
1BEEw ,

1ODDw , OAMEw , ACJw  and JODw
1

are 

given by 
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Fig. A1 Geometry for the calculation of the center of gravity and moment of forces. 

Referring to Fig. A1, the detailed expressions of ODPEM ,
1BEEM ,

1ODDM , OAMEM , ACJM ,

JODM
1

, ODPEM  ,
1BEEM  ,

1ODDM  , OAMEM  , ACJM  , and JODM
1

  are as follows: 
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