
 

 

 

 

 

 

 

 

            

                

           

       

           

          

 

                

 

 

𝜌 < 𝜌𝑏̅̅ ̅ 
𝜌 > 𝜌𝑚𝑖𝑛̅̅ ̅̅ ̅̅  

 

𝜌 < 𝜌𝑚𝑖𝑛̅̅ ̅̅ ̅̅  
𝜌 < 𝜌𝑏̅̅ ̅ 

 

𝜌 > 𝜌𝑚𝑖𝑛̅̅ ̅̅ ̅̅  
𝜌 > 𝜌𝑏̅̅ ̅ 

 

𝜌 < 𝜌𝑚𝑖𝑛̅̅ ̅̅ ̅̅  
𝜌 > 𝜌𝑏̅̅ ̅ 
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�̅� =
∑𝐴𝑖𝑦�̅�
∑𝐴

=
𝑏 × ℎ × (ℎ 2⁄ ) + (𝑛 − 1)𝐴𝑠 × 𝑑

𝑏 × ℎ + (𝑛 − 1)𝐴𝑠
 

𝐼𝑡𝑟 = ∑(𝐼0 + 𝐴𝐷
2) =

1

12
𝑏ℎ3 + 𝑏ℎ (

ℎ

2
− �̅�)

2
+(𝑛 − 1)𝐴𝑠(𝑑 − �̅�)

2
 

𝑛 = 𝐸𝑆 𝐸𝐶⁄  𝑓𝑡,𝑚𝑎𝑥 =
𝑀(ℎ − �̅�)

𝐼𝑡𝑟
≤ 𝑓𝑟  

𝑓𝑠 = 𝑛
𝑀(𝑑 − �̅�)

𝐼𝑡𝑟
 

𝑓𝑐,𝑚𝑎𝑥 =
𝑀�̅�

𝐼𝑡𝑟
 𝑀𝑐𝑟 =

𝑓𝑟𝐼𝑡𝑟
ℎ − �̅�

 �̅�2 +
2𝑛𝐴

𝑏
�̅� −

2𝑛𝐴𝑠𝑑

𝑏
= 0 

𝑘 = −𝑛𝜌 + √𝑛2𝜌2 + 2𝑛𝜌 𝐼𝑡𝑟 =
1

3
𝑏�̅�3 + 𝑛𝐴𝑠(𝑑 − �̅�)

2
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1

 Asf = 𝛼1
𝜑𝑐
𝜑𝑠

𝑓𝑐
𝑓𝑦
ℎ𝑓(b − bw) 

𝑀𝑟𝑓 = 𝛼1𝜑𝑐𝑓𝑐ℎ𝑓(b − bw) (d −
hf
2
) = 𝜑𝑠𝐴𝑠𝑓𝑓𝑦 (d −

hf
2
) 

𝑀𝑟𝑤 = 𝛼1𝜑𝑐𝑓𝑐𝑎𝑏𝑤 (d −
a

2
) 

𝑀𝑟𝑤 = 𝜑𝑠(As − Asf)fy [d −
𝜑𝑠(As − Asf)fy

2𝛼1𝜑𝑐𝑓𝑐𝑏𝑤
] 

Mr = Mrf +Mrw  

b≤4bw 
ℎ𝑓 ≥

1

2
𝑏𝑤  be = min  

ln
4
, bw + 16 hf,

l1 + l2
2

  

  Asb,T = Asf + 𝛼1β1 
𝜑𝑐
𝜑𝑠

𝑓𝑐
𝑓𝑦

700

700 + fy
bwd 

𝑒 = 3𝑓 g =
2

3f

𝜑𝑠Asfy

𝛼1𝜑𝑐fc
 Mr = 𝜑𝑠Asfy (d −

g

3
)   

𝑉𝑐 = (0.95 𝑣𝑐 + 12𝜌𝑤
𝑉𝑢𝑑

𝑀𝑢
) 𝑏𝑤𝑑 ≤ 1.75𝑣𝑐𝑏𝑤𝑑             𝑉𝑐 = 𝑣𝑐𝑏𝑤𝑑       𝑣𝑐 = 0.2𝜑𝑐√𝑓𝑐     

𝑉𝑐 = (0.95 𝑣𝑐 + 12𝜌𝑤
𝑉𝑢𝑑

𝑀𝑚
) 𝑏𝑤𝑑 ≤ 1.75𝑣𝑐𝑏𝑤𝑑 𝑀𝑚 = 𝑀𝑢 − 𝑁𝑢 (

4ℎ − 𝑑

8
) 

𝑉𝑐 = 1.75𝑣𝑐𝑏𝑤𝑑 1 +
𝑁𝑢
3𝐴𝑔

 𝑉𝑐 = 𝑣𝑐 (1 +
𝑁𝑢

12𝐴𝑔
) 𝑏𝑤𝑑 𝑉𝑐 = 𝑣𝑐 (1 +

𝑁𝑢

3𝐴𝑔
) 𝑏𝑤𝑑 ≥ 0 

𝑉𝑠 =
𝜑𝑠𝐴𝑠𝑣𝑓𝑦𝑣𝑑

𝑠
 𝑉𝑟 = 𝑉𝑐 + 𝑉𝑠 ≥ 𝑉𝑢  

𝑉𝑟 < 0.25𝜑𝑐𝑓𝑐𝑏𝑤𝑑 

(
𝐴𝑣𝑠
𝑠
)
𝑟𝑒𝑞

=
𝑉𝑢 − 𝑉𝑐
𝜑𝑠𝑓𝑦𝑣𝑑

 𝑉𝑢 ≤ 0.125𝜑𝑐𝑓𝑐𝑏𝑤𝑑   → 𝑆𝑚𝑎𝑥 =
𝑑

2
 

𝑉𝑢 > 0.125𝜑𝑐𝑓𝑐𝑏𝑤𝑑   → 𝑆𝑚𝑎𝑥 =
𝑑

4
 (

𝐴𝑠𝑣
𝑠
)
𝑚𝑖𝑛

= 0.06√𝑓𝑐
𝑏𝑤
𝑓𝑦𝑣

 


