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B. 

 

The complete form of square matrix C used in Equations 28 & 29 is: 

 

[𝐶𝑛𝑛] =
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C. 

Theoretical M-ɸ Curves for HCB Cross sections at Nodes 
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D. 

 

a. Finite-difference Formulation of Curvature Equation for n = 10  

The central difference equation for the finite-difference formulation of the curvature 

equation is: 

 

𝑑2𝑣𝑖

𝑑𝑥2 =
𝑣𝑖−1  −2𝑣𝑖  +𝑣𝑖+1  

ℎ2                                                                                                         

ф𝑖ℎ
2  = 𝑣𝑖−1  − 2𝑣𝑖  + 𝑣𝑖+1                                                                                                

Where i = 1, 2, 3,….., n 

For  n =10 , we get following set of linear equations: 

  

ф2ℎ2 = 𝑣1  − 2𝑣2  + 𝑣3   

ф3ℎ2 = 𝑣2  − 2𝑣3  + 𝑣4   

ф4ℎ2 = 𝑣3  − 2𝑣4  + 𝑣5   

ф5ℎ2 = 𝑣4  − 2𝑣5  + 𝑣6   

ф6ℎ2 = 𝑣5  − 2𝑣6  + 𝑣7   

ф7ℎ2 = 𝑣6  − 2𝑣7  + 𝑣8   

ф8ℎ2 = 𝑣7  − 2𝑣8  + 𝑣9   

ф9ℎ2 = 𝑣8  − 2𝑣9  + 𝑣10   

ф10ℎ2 = 𝑣9  − 2𝑣10  + 𝑣11   

 

The boundary condition and symmetry of loads gives: 

𝑣1  =  0      

𝑣9  =  𝑣11                                                                 
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The first and the last equations in the above set would change to the following: 

ф2ℎ2 = −2𝑣2  + 𝑣3    

ф10ℎ2 = 2𝑣9  − 2𝑣10    

The set of equations in matrix form will be:  

ℎ2
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




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The nodal deflections are given by the following matrix equation: 
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Where h = 41 in. 
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b. Finite-difference Formulation of Curvature Equation for n = 10 

The nodal deflections for n=5, are given by the following equation: 


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Where h = 82 in. 
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 E. 

Theoretical M-ɸ Curves for HCB Cross sections without Concrete Slab 
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F. 

 

Theoretical M-ɸ Curves for Prestressed HCB Cross sections without Concrete Slab 

 

 

 

0

10000

20000

30000

40000

50000

60000

70000

80000

-0.00005 0 0.00005 0.0001 0.00015 0.0002 0.00025 0.0003 0.00035 0.0004 0.00045

M
 (

k-
in

)

ф (rad.in./in.)

M-ф curve for HCB section at support

0

10000

20000

30000

40000

50000

60000

70000

80000

-0.0001 0 0.0001 0.0002 0.0003 0.0004 0.0005

M
 (

k-
in

)

ф (rad.in./in.)

M-ф curve for HCB section at 82" from support



 

210 

 

  

 

0

10000

20000

30000

40000

50000

60000

70000

80000

-0.0001 0 0.0001 0.0002 0.0003 0.0004 0.0005

M
 (

k-
in

)

ф (rad.in./in.)

M-ф curve for HCB section at 164" from support

0

10000

20000

30000

40000

50000

60000

70000

80000

-0.0001 0 0.0001 0.0002 0.0003 0.0004 0.0005

M
 (

k-
in

)

ф (rad.in./in.)

M-ф curve for HCB section at 246" from support



 

211 

 

 

 

0

10000

20000

30000

40000

50000

60000

70000

80000

-0.0001 0 0.0001 0.0002 0.0003 0.0004 0.0005

M
 (

k-
in

)

ф (rad.in./in.)

M-ф curve for HCB section at 328" from support

0

10000

20000

30000

40000

50000

60000

70000

80000

-0.0001 0 0.0001 0.0002 0.0003 0.0004 0.0005

M
 (

k-
in

)

ф (rad.in./in.)

M-ф curve for HCB section at midspan



 

212 

 

 

G. 

Theoretical M-ɸ Curves for Prestressed HCB Cross sections with Concrete Slab 
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