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 𝜎𝑎𝑑𝑚

 𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎

 𝑀𝑓𝑙𝑒𝑐𝑡𝑜𝑟

 𝑊

 𝑓𝑚á𝑥

 𝐹

 𝑋

 Ø
 𝑞

 𝑄1

 𝐶𝑝 𝑎𝑔𝑢𝑎

 

 ∆ℎ 𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑐𝑖ó𝑛

 𝑄2

 

 

 

 𝐴𝑐

 𝐷𝑒

 𝐷

 𝐴𝑏

 

 

 

 

 

 𝜎𝑚

 𝜎𝑣

 𝜎𝑓𝑙

 𝜎𝑟



 𝜎𝑓𝑎

 

 

 

 

 

 𝑐𝑓

 𝑝

 𝑎

 𝐵

 

 



1000[kg]

200[kg] 

1,4[bar] = 1,4[kg/cm2]

180[cm2]

200[kg] + (1,4 × 180)[kg] ≅ 500[kg]

100[kg]

400[m3]

400[kg] 1000[kg]



𝑁 = 2

𝜎𝑎𝑑𝑚 =
𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎

𝑁
=

𝑀𝑓𝑙𝑒𝑐𝑡𝑜𝑟

𝑊
→ 𝑊 =

𝑁 × 𝑀𝑓𝑙𝑒𝑐𝑡𝑜𝑟

𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎
=

2 ×
𝑃 × 𝐿

4
𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎

=
𝑃 × 𝐿

𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎 × 2

𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎 = 3867[𝑘𝑔 𝑐𝑚2⁄ ]

→ 𝑊 =
5000[𝑁] ×

1[𝑘𝑔]
10[𝑁]

× 1800[𝑚𝑚] ×
1[𝑐𝑚]

10[𝑚𝑚]

3867[𝑘𝑔 𝑐𝑚2]⁄ × 2
= 11,64[𝑐𝑚3]





𝑓𝑚á𝑥(𝑒𝑛 𝑒𝑙 𝑝𝑢𝑛𝑡𝑜 𝑚𝑒𝑑𝑖𝑜) =
𝑃 × 𝐿3

48 × 𝐸 × 𝐼𝑥
=

500[𝑘𝑔] × 180[𝑐𝑚]3

48 × (2,1. 106 [
𝑘𝑔

𝑐𝑚2]) × 96,8[𝑐𝑚4]
≅ 0,3[𝑐𝑚]



 𝜎𝑟𝑜𝑡𝑢𝑟𝑎 = 4710 [
𝑘𝑔

𝑐𝑚2
]

 𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎 = 3867 [
𝑘𝑔

𝑐𝑚2]

 𝜎𝑓𝑎′ = 0,5 × 𝜎𝑟𝑜𝑡𝑢𝑟𝑎 = 0,5 × 4710 [
𝑘𝑔

𝑐𝑚2
] = 2355 [

𝑘𝑔

𝑐𝑚2
]

 𝜎𝑓𝑎𝑡𝑖𝑔𝑎 = 𝜎𝑓𝑎′ × 𝑘𝑎 × 𝑘𝑏 × 𝑘𝑐 × 𝑘𝑑

F 



 𝑘𝑎 = 𝑎 × 𝜎𝑟𝑜𝑡𝑢𝑟𝑎[𝑘𝑝𝑠𝑖]𝑏 = 2,7 × 67[𝑘𝑝𝑠𝑖]−0,265 = 0,89

 𝑘𝑐 = 1      (se considera "flexión" pura)  

 𝑘𝑏 = (
𝑑𝑒

7,62
)

−0,107

;

 𝑑𝑒 = 0,37 × 𝑑 = 0,37 × 35[𝑚𝑚] = 12,95[𝑚𝑚]

 → 𝑘𝑏 = (
12,95[𝑚𝑚]

7,62
)

−0,107

= 0,94

 𝑘𝑑 = 1  

𝜎𝑓𝑎𝑡𝑖𝑔𝑎 = 2355 [
𝑘𝑔

𝑐𝑚2
] × 0,89 × 0,94 × 1 × 1 = 1970,19 [

𝑘𝑔

𝑐𝑚2
]

1

𝑁
=

𝜎𝑚

𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎
+

𝜎𝑣 × 𝐾𝑓

𝜎𝑓𝑎𝑡𝑖𝑔𝑎

 𝜎𝑚 =
𝑀𝑓𝑚

𝑊

 𝜎𝑣 =
𝑀𝑓𝑣

𝑊



 𝑀𝑓𝑚á𝑥 =
𝐹×𝐿

2
=

300[𝑘𝑔𝑓]×4,1[𝑐𝑚]

2
= 615[𝑘𝑔𝑓. 𝑐𝑚]

 𝑀𝑓𝑚í𝑛 = −
𝐹×𝐿

2
= −615[𝑘𝑔𝑓. 𝑐𝑚]

𝜎 =
𝑀𝑓

𝑊
; 𝑊 =

𝜋×𝑑3

32
(𝑠𝑒𝑐𝑐.  𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟) → 𝜎 =

𝑀𝑓×32

𝜋×𝑑3

 𝜎𝑚á𝑥 =
𝑀𝑓𝑚á𝑥

𝑊
=

𝐹×𝐿×32

2×𝜋×𝑑3 =
615[𝑘𝑔𝑓.𝑐𝑚]×32

𝜋×𝑑[𝑐𝑚]3 =
6264,34

𝑑3 [
𝑘𝑔𝑓

𝑐𝑚2]

 𝜎𝑚í𝑛 =
𝑀𝑓𝑚í𝑛

𝑊
= −

𝐹×𝐿×32

2×𝜋×𝑑3 =
615[𝑘𝑔𝑓.𝑐𝑚]×32

𝜋×𝑑[𝑐𝑚]3 = −
6264,34

𝑑3 [
𝑘𝑔𝑓

𝑐𝑚2]

→ 𝜎𝑚 =
𝜎𝑚á𝑥 + 𝜎𝑚í𝑛

2
= 0

→ 𝜎𝑣 =
𝜎𝑚á𝑥 − 𝜎𝑚í𝑛

2
=

6264,34

𝑑3
[
𝑘𝑔𝑓

𝑐𝑚2
]

1

𝑁
=

𝜎𝑚(0)

𝜎𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎
+

𝜎𝑣 × 𝐾𝑓

𝜎𝑓𝑎𝑡𝑖𝑔𝑎
=

𝜎𝑣 × 𝐾𝑓

𝜎𝑓𝑎𝑡𝑖𝑔𝑎
=

6264,34 × 𝐾𝑓

𝑑3 × 𝜎𝑓𝑎𝑡𝑖𝑔𝑎

𝑑 = √
6264,34 × 𝐾𝑓 × 𝑁

𝜎𝑓𝑎𝑡𝑖𝑔𝑎

3

 



𝑞 =
𝐾𝑓 − 1

𝑘𝑡 − 1
= 0,9

𝑟

𝑑
=

1[𝑚𝑚]

35[𝑚𝑚]
= 0,03

𝐷

𝑑
=

40[𝑚𝑚]

35[𝑚𝑚]
= 1,14

𝑘𝑡 = 2,15.

𝑞 =
𝐾𝑓 − 1

𝑘𝑡 − 1
 → 𝐾𝑓 = 1 + 𝑞(𝑘𝑡 − 1) = 1 + 0,9(2,15 − 1) = 2,04

𝑁 = 6

𝑑 = √
6264,34 × 2,04 × 6

1970,19

3

= 3,39[𝑐𝑚]

𝑑 = 35[𝑚𝑚]

𝜏𝑓𝑎𝑡𝑖𝑔𝑎

𝜏𝑓𝑎𝑡𝑖𝑔𝑎 = 0,577 × 𝜎𝑓𝑎𝑡𝑖𝑔𝑎 = 1136,8 [
𝑘𝑔𝑓

𝑐𝑚2] 

𝜏𝑐𝑜𝑟𝑡𝑒 =
𝐹

𝜋 ×
𝑑2

4

=
300[𝑘𝑔𝑓] × 4

𝜋 × 3,5[𝑐𝑚]2
= 31,18 [

𝑘𝑔𝑓

𝑐𝑚2] → 𝜏𝑐𝑜𝑟𝑡𝑒 ≅ 3% 𝑑𝑒 𝜏𝑓𝑎𝑡𝑖𝑔𝑎



𝐶0 = 𝑠0. 𝑃0 = 0,5 ∗ 3[𝑘𝑁] = 1,5[𝑘𝑁]





 

 

 

 



𝑄1 = 𝐶𝑎𝑛𝑡𝑖𝑑𝑎𝑑 𝑑𝑒 𝑎𝑔𝑢𝑎[𝑘𝑔] × 𝐶𝑝 𝑎𝑔𝑢𝑎 [
𝑘𝐽

𝑘𝑔º𝐶
] ×  ∆𝑡 [º𝐶]

→ 𝑄1 = 2[𝑘𝑔] × 4,18 [
𝑘𝐽

𝑘𝑔º𝐶
] × (100 − 20)[º𝐶] = 669[𝑘𝐽]

𝑄2 = 𝐶𝑎𝑛𝑡𝑖𝑑𝑎𝑑 𝑑𝑒 𝑎𝑔𝑢𝑎[𝑘𝑔] × ∆ℎ 𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑐𝑖ó𝑛 [
𝑘𝐽

𝑘𝑔
]

→ 𝑄2 = 2[𝑘𝑔] × 2258 [
𝑘𝐽

𝑘𝑔
] = 4516[𝑘𝐽]

𝑄1 + 𝑄2 = 669[𝑘𝐽] + 4516[𝑘𝐽] ≅ 5200[𝑘𝐽]
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Calentamiento de indumentarias



5200[𝑘𝐽]/(2689 − 455,62) [
𝑘𝐽

𝑘𝑔
] = 2,3[𝑘𝑔 𝑑𝑒 𝑣𝑎𝑝𝑜𝑟]

h=2689[kJ/kg] h=456[kJ/kg] 

𝐹𝑙𝑢𝑖𝑑𝑜 𝑎 𝑐𝑜𝑛𝑑𝑒𝑛𝑠𝑎𝑟

𝐶𝑎𝑢𝑑𝑎𝑙𝑣𝑎𝑝𝑜𝑟 × 𝐷𝑒𝑛𝑠𝑖𝑑𝑎𝑑𝑣𝑎𝑝𝑜𝑟 𝑎 109º𝐶













𝑁ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝑐𝑖𝑐𝑙𝑜𝑠 = 𝐶𝑖𝑐𝑙𝑎𝑑𝑜 𝑑𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑜 × 𝑉𝑖𝑑𝑎 ú𝑡𝑖𝑙 𝑝𝑟𝑒𝑡𝑒𝑛𝑑𝑖𝑑𝑎

 

 

 

 

𝐶𝑖𝑐𝑙𝑜 𝑑𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑜 𝑝𝑜𝑟 ℎ𝑜𝑟𝑎 = 𝑛 = 4 [
𝑐𝑖𝑐𝑙𝑜𝑠

ℎ𝑠
]

𝐶𝑖𝑐𝑙𝑜 𝑑𝑖𝑎𝑟𝑖𝑜 = 4 [
𝑐𝑖𝑐𝑙𝑜𝑠

ℎ𝑠
] × 24[ℎ𝑠] = 96 [

𝑐𝑖𝑐𝑙𝑜𝑠

𝑑í𝑎
]

𝑉𝑖𝑑𝑎 ú𝑡𝑖𝑙 𝑝𝑟𝑒𝑡𝑒𝑛𝑑𝑖𝑑𝑎 = 365 [
𝑑í𝑎𝑠

𝑎ñ𝑜
] × 30[𝑎ñ𝑜𝑠] = 10950[𝑑í𝑎𝑠]

→ 𝑁ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝑐𝑖𝑐𝑙𝑜𝑠 = 96 [
𝑐𝑖𝑐𝑙𝑜𝑠

𝑑í𝑎
] × 7300[𝑑í𝑎𝑠] = 1051200[𝑐𝑖𝑐𝑙𝑜𝑠] = 1,05. 106[𝑐𝑖𝑐𝑙𝑜𝑠]



𝐴𝑐 =
𝜋𝐷𝑒2

4
−

𝜋𝐷2

4
             𝐴𝑏 =

𝜋𝐷2

4

𝐷 = 𝑑𝑖á𝑚𝑒𝑡𝑟𝑜 𝑑𝑒𝑙 𝑝𝑒𝑟𝑛𝑜

𝐷𝑒 = (𝑑𝑖𝑚𝑒𝑛𝑠𝑖ó𝑛 𝐴 𝑑𝑒 𝐴𝑇14) +
(𝑒𝑠𝑝𝑒𝑠𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒 𝑝𝑙𝑎𝑐𝑎𝑠 𝑢𝑛𝑖𝑑𝑎𝑠)

2

𝐷𝑒 = 1,27[𝑐𝑚] +
0,4[𝑐𝑚]

2
= 1,5[𝑐𝑚]  → 𝐴𝑐 = 3𝐴𝑏



1

𝑁
=

𝜎𝑚

𝜎𝑓𝑙
+

𝜎𝑣∗𝐾𝑓

𝜎𝑓𝑎



𝑓𝑚á𝑥 = 𝑐𝑓

𝑝 × 𝑎4

𝐵



𝑒 =
𝑝. 𝐷

2. 𝑆. 𝑘
=

2,8 [
𝑘𝑔

𝑐𝑚2] . 76,5[𝑐𝑚]

2.1200 [
𝑘𝑔

𝑐𝑚2] . 1,67
= 0,0534[𝑐𝑚]









 𝐹𝑢𝑒𝑟𝑧𝑎 𝑝𝑜𝑟 𝑎𝑔𝑢𝑗𝑒𝑟𝑜 =
𝑃𝑒𝑠𝑜 𝑑𝑒 𝑐ℎ𝑎𝑝𝑎+(𝑃𝑟𝑒𝑠𝑖ó𝑛 𝑣𝑎𝑝𝑜𝑟 ×Á𝑟𝑒𝑎 𝑐ℎ𝑎𝑝𝑎)

𝑛ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝑎𝑔𝑢𝑗𝑒𝑟𝑜𝑠

 𝑇𝑒𝑛𝑠𝑖ó𝑛 𝑑𝑒 𝑐𝑜𝑟𝑡𝑒 = 0,6 × 𝑇𝑒𝑛𝑠𝑖ó𝑛 𝑑𝑒 𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑎 𝑡𝑒𝑥𝑡𝑖𝑙 =
𝐹𝑢𝑒𝑟𝑧𝑎 𝑝𝑜𝑟 𝑎𝑔𝑢𝑗𝑒𝑟𝑜

Á𝑟𝑒𝑎 𝑑𝑒 𝑐𝑜𝑟𝑡𝑒

 Á𝑟𝑒𝑎 𝑑𝑒 𝑐𝑜𝑟𝑡𝑒 = 𝜋 × 𝐷𝑖á𝑚𝑒𝑡𝑟𝑜 𝑑𝑒 𝑎𝑔𝑢𝑗𝑒𝑟𝑜 × 𝐸𝑠𝑝𝑒𝑠𝑜𝑟 𝑑𝑒 𝑡𝑒𝑙𝑎



 

 

 












