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(𝑓𝑐
′) (𝑓𝑦)





 



(𝑓𝑦)

(𝑓𝑢)

(𝑓′𝑐)





 



𝑥̃𝑐𝑢𝑟𝑖 = 𝑥𝑟𝑒𝑓𝑖 + 𝑢𝑟𝑐 +
𝜕𝑢

𝜕𝑥𝑟𝑐
(𝑥𝑟𝑒𝑓𝑖 − 𝑥𝑟𝑒𝑓𝑐) +

𝜕𝑢

𝜕𝑦𝑟𝑐
(𝑦𝑟𝑒𝑓𝑗 − 𝑦𝑟𝑒𝑓𝑐)

𝑦̃𝑐𝑢𝑟𝑗 = 𝑦𝑟𝑒𝑓𝑗 + 𝑣𝑟𝑐 +
𝜕𝑣

𝜕𝑥𝑟𝑐
(𝑥𝑟𝑒𝑓𝑖 − 𝑥𝑟𝑒𝑓𝑐) +

𝜕𝑣

𝜕𝑦𝑟𝑐
(𝑦𝑟𝑒𝑓𝑗 − 𝑦𝑟𝑒𝑓𝑐)

𝑥𝑟𝑒𝑓𝑖  

𝑦𝑟𝑒𝑓𝑗

𝑥𝑟𝑒𝑓𝑐 𝑦𝑟𝑒𝑓𝑐
𝑥̃𝑐𝑢𝑟𝑖



𝑦̃𝑐𝑢𝑟𝑗

𝐶𝐶𝐶



𝐶𝐿𝑆

𝐶𝐿𝑆

𝜀𝑥𝑥 =
1

2
(2
𝜕𝑢

𝜕𝑥
+ (

𝜕𝑢

𝜕𝑥
)
2

+ (
𝜕𝑣

𝜕𝑥
)
2

)       

𝜀𝑥𝑦 =
1

2
(
𝜕𝑢

𝜕𝑦
+
𝜕𝑣

𝜕𝑥
+
𝜕𝑢

𝜕𝑥

𝜕𝑢

𝜕𝑦
+
𝜕𝑣

𝜕𝑥

𝜕𝑣

𝜕𝑦
)

𝜀𝑦𝑦 =
1

2
(2
𝜕𝑣

𝜕𝑦
+ (

𝜕𝑢

𝜕𝑦
)
2

+ (
𝜕𝑣

𝜕𝑦
)
2

)    

 



 



 

 

• 

• 

• 





Φ Φ

Φ Φ

Φ Φ

Φ Φ Φ Φ

 



𝑓′𝑐 = 21[𝑀𝑃𝑎]

13[𝑚𝑚]

10 [𝑐𝑚] 8 [𝑐𝑚]



50 [𝑚𝑚]

105 [𝑚𝑚] 201 [𝑚𝑚]



 

60 [Tonf]

30 [Tonf]



𝒇′𝒄 [𝐌𝐏𝐚]

𝑭𝒚 𝑭𝒖
𝑭𝒚/𝑭𝒖

10 [𝑚𝑚] 16 [𝑚𝑚] 18 [𝑚𝑚]

 



 



320 [mm] 350 [mm] 14 [mm]

400 [mm]

250 [mm] 20 [mm]

56 [Tonf] 52 [Tonf]

33 [MPa] 32 [MPa]

∆= (
𝑑

ℎ𝑀
) ⋅ 100

 𝑑 ℎ𝑀





∆sc ∆corr

                                ∆corr [mm] = ∆sc − 𝑐𝑜𝑟𝑟𝑑𝑒𝑠𝑙 − 𝑐𝑜𝑟𝑟𝑔𝑖𝑟𝑜



        ∆corr[%] = (
∆𝑠𝑐 − 𝑐𝑜𝑟𝑟𝑑𝑒𝑠𝑙 − 𝑐𝑜𝑟𝑟𝑔𝑖𝑟𝑜

ℎ𝑀
) ⋅ 100   

ℎ𝑀

                                          ∆sc[𝑚𝑚] = 𝑑𝑠0   

                                              ∆sc[%] = (
𝑑𝑠0
ℎ𝑀
) ⋅ 100   

𝑑𝑠0

                                            𝑐𝑜𝑟𝑟𝑑𝑒𝑠𝑙 = 𝑑𝑠1   

                                                            𝑐𝑜𝑟𝑟𝑔𝑖𝑟𝑜 =
(𝑑𝑠3 − 𝑑𝑠2)

𝐿𝐹
⋅ ℎ𝑀

𝑑𝑠1 𝑑𝑠2 𝑑𝑠3
𝐿𝐹  



 

 

 



 















 

strain
radius

subsettrune

reference save

type

name

roi

path

current save

type

name

roi

path



Estructura optimizada
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𝜎𝑐(𝜀𝑐) = 𝑓𝑐
′

𝑛 (
𝜀𝑐
𝜀𝑐0
)

𝑛 − 1 + (
𝜀𝑐
𝜀𝑐0
)
𝑛𝑘

𝑓𝑐
′ 𝑛

𝑘 = 1 𝜀𝑐0 𝑓𝑐
′



𝑛 = 1.55 + (
𝑓𝑐
′(𝑀𝑃𝑎)

32.4
)

3

 

𝜎𝑐(𝜀𝑐) =

{
 

 (
𝑓𝑐𝑟
𝜀𝑐𝑟
) 𝜀𝑐      , 𝜀𝑐 ≤ 𝜀𝑐𝑟

𝑓𝑐𝑟 (
𝜀𝑐𝑟
𝜀𝑐
) 𝑏  ,         𝜀𝑐 > 𝜀𝑐𝑟

𝑓𝑐𝑟 𝜀𝑐𝑟 𝑏

𝑏 = 0.4 𝑏 = 0.6 𝑓𝑐𝑟

𝑓𝑐𝑟 = 0.31√𝑓𝑐
′(𝑀𝑃𝑎)



 

𝐸𝑐
𝐸𝑐

𝜀𝑝
𝑐 = 𝜀𝑚

𝑐 (1 − 𝑒
−(

𝜀𝑚
𝑐

𝜀𝑐0

)𝛼𝑐
)

𝜀𝑝
𝑡 = 𝜀𝑚

𝑡 (1 − 𝑒
−(
𝜀𝑚
𝑡

𝜀𝑐𝑟
)𝛼𝑡
)

𝜀𝑚
𝑐 𝜀𝑚

𝑡

𝛼𝑐 = 0.32 𝛼𝑡 = 0.08

 



▪ 

𝛽𝑆 𝑓𝑐
′

𝛽𝑆 =
𝑘

√1 + 𝑘𝜎𝜀𝑡𝑟𝑎𝑐𝑐𝑖ó𝑛

𝑘 = 0.9 𝑘 = 1

𝑘𝜎 = 250

𝑘𝜎 = 400 𝜀𝑡𝑟𝑎𝑐𝑐𝑖ó𝑛

▪ 



𝛽𝑒𝑖𝑗 = 1 + 0.92 (
𝜎𝑐𝑗

𝑓𝑐
′ ) − 0.76 (

𝜎𝑐𝑗

𝑓𝑐
′ ) 

2 

▪ 

𝛽𝑑 =
1

1 + 𝛼1 (
𝜀𝑟𝑒𝑐
𝜀𝑐0

)
𝛼2
 

𝜀𝑟𝑒𝑐 = 𝜀𝑚𝑎𝑥 − 𝜀𝑚𝑖𝑛

𝜀𝑐0 𝛼1 = 0.5

𝛼1 = 0.6 𝛼2 = 0.1

𝛼2 = 0.175 𝜀𝑚𝑎𝑥
𝜀𝑚𝑖𝑛

▪ 

𝑓𝑐
′  𝛽𝑐𝑜𝑛𝑓

 𝛽𝑐𝑜𝑛𝑓 = 1+
𝜌𝑠𝑓𝑦

𝑓𝑐
′

𝜌𝑠
𝑓𝑦

𝑓𝑐
′

 



▪ 

𝑏



𝑓𝑠
∗(𝜀𝑠

∗) = 𝑏𝜀𝑠
∗ +

(1 − 𝑏)𝜀𝑠
∗

(1 + (𝜀𝑠
∗)𝑅)1/𝑅

𝜀 =
𝜀𝑠 − 𝜀𝑟
𝜀0 − 𝜀𝑟

𝑓𝑠
∗ =

𝑓𝑠 − 𝑓𝑟
𝑓0 − 𝑓𝑟

𝜀𝑟 𝑓𝑟
𝜀0 𝑓0

𝐸𝑠 𝑏𝐸𝑠

𝑅

𝑅 = 𝑅0 −
𝛼1𝜉

𝛼2 + 𝜉

𝑅0 = 18, 𝛼1 =

 16.2 𝛼2 =  0.15 𝜉

𝜉 = |
𝜀𝑚 − 𝜀0
𝜀𝑦

|

𝜀𝑚
𝜀𝑦



                                                        𝑓𝑦
𝑎𝑣𝑒𝑟𝑎𝑔𝑒

= (0.91 − 2𝐵)𝑓𝑦

𝑏𝑎𝑣𝑒𝑟𝑎𝑔𝑒 = (0.02 + 0.25𝐵)𝑏

𝐵

𝐵 =
1

𝜌
(
𝑓𝑐𝑟
𝑓𝑦
)

1.5

𝜌

 



 

 





𝑓′𝑐 = 34.9 [MPa] 𝑓′𝑐 = 30.4 [MPa]

𝑓′𝑐 = 30.9 [MPa]

𝑓′𝑐 = 32.6 [MPa]
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𝜺

 

[mm]











 







 



 

 





𝝆 [𝑵/𝒎𝒎𝟑] 2.5 ⋅ 10−9

𝝂 0.2

𝒇𝒚 [𝑴𝑷𝒂] 500

𝜺𝒚

[𝒎𝒎]

𝒇𝒄
′ [𝑴𝑷𝒂] 39.65 32.25

𝜺𝒄𝟎



𝜺𝒄𝒓

[𝒌𝑵]
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