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(ܰ < ܰ)(ݏ݋݈ܿ݅ܿ 104  ≥ (ݏ݋݈ܿ݅ܿ 105 
ߝ − ܰ



–



௖௔௟௖ܦ =  ∑ ݊௜ோܰ ≤ ௘௦௣ܦ = 0,5 … .1,0
௖௔௟ܦ ௘௦௣ܦ– –݊௜ –ோܰ –

–



–





–

(஽ߪ∆)  ௖ߪ∆



(௅ߪ∆)(஽ߪ∆) ஼ߪ∆)

–

–



ோܰ = ௖ 3ߪ∆ ×  2 × ோ 3ߪ∆106  , ோܰ ܽݎܽ݌ ≤ 5 × 106 
ோܰ = ஽ 5ߪ∆ ×  5 × ோ 5ߪ∆106  , 5 ܽݎܽ݌ × 106 < ோܰ < 108

஽ߪ∆ = 0,737 × ௅ߪ∆௖ߪ∆  = 0,549 × ஽ߪ∆  , ோܰ ܽݎܽ݌ ≥ 108
ோܰ = ோߪ∆ܥ

ோܰ –∆ߪ௖ –∆ߪ஽– ோܰ = 5 × ௅ߪ∆– ோߪ∆106 –

–



ெ௙ߛ/஼ߪ∆ி௙ߛ  ா,2ߪ∆  ≤ ߪ∆1 ≤ 1,5 ௬݂

− ா,2ߪ∆ ஼ܰ = 2 × ி௙ߛ106 −
஼ߪ∆ − ஼ܰ = 2 × ெ௙ߛ106 ߪ∆− −௬݂ −

ெ௙ߛ

– ெ௙ߛ

– ெ௙ߛ

௘௦௣ܦ = 1,0
௘௦௣ܦ = 0,5



tipo “a”, com a raiz da 

tipo “b”, com a raiz da solda na espessura da chapa. 

tipo “a”, para malhas refinadas com dimensão até 0,4ݐ

= ுௌߪ 1,67 × − 0,4௧ߪ 0,67 × = ுௌߪ 1,0௧ߪ 2,52 × − 0,4௧ߪ 2,24 × + 0,9௧ߪ 0,72 ×  1,4௧ߪ
tipo “b” para malhas até 4 mm no 



= ுௌߪ 3 × − 4௠௠ߪ 3 × + 8௠௠ߪ = ுௌߪ 12௠௠ߪ 1,5 × − 5௠௠ߪ 0,5 ×  15௠௠ߪ
–

≤ 200 ݇݉/ℎ
݊0,௜௡௙ < ݊0 < ݊0,௦௨௣ 



݊0,௜௡௙ = ܮ80 , 4݉ ܽݎܽ݌ ≤ ܮ ≤ 20݉݊0,௜௡௙ = 23,58 × , 0,592−ܮ 20݉ ܽݎܽ݌ < ܮ ≤ 100݉݊0,௦௨௣ = 94,76 × 0,748−ܮ

݊0 −݊0,௜௡௙ −݊0,௦௨௣ −ܮ –

߮
߮′߮′′

߮
߮ = 1 + ߮′ + ߮′′߮′ = ݇1 − ݇ + ݇4 , ݇ ܽݎܽ݌ < 0,76߮′ = ݇ ܽݎܽ݌ 1,325 ≥ 0,76߮′′ = 100ߙ [56 ݁−(௅ക 10⁄ )2 + ఝܮ) 50  ݊080 − 1) ݁−(௅ക 20⁄ )2]

݇ = ߙ ఝ  ݊0ܮ  2ݒ = , 22ݒ  ݒ ݁ݏ ≤ ߙݏ/݉ 22 =  1 , < ݁ݏ ݏ/݉ 22
݊0 −



ఝܮ –

ݒ –

߮ = 1 + [݂ × 0,9 × (40 − [(௣21600ܮ 3 100⁄ , ܮ ܽݎܽ݌ < 24,384 ݉
߮ = 1 + [݂ × 0,9 × (16 + ௣ܮ600 − 30)] 100⁄ , ܮ ܽݎܽ݌ ≥ 24,384 ݂݉ = 1 − 0,82500 (60 − ܵ)2 ≥ ݒ ܽݎܽ݌ 0,2 < ݏ/݉ 26,82

௣ܮ –ܵ –



ிோܨ = 200 + ்ܨܮ17,5 = ܮ√200
ிோܨ ்ܨ− −

–

–





–



–



–



–



–



–



longitudinal (E) igual a 200 GPa, coeficiente de Poisson (ν) igual a 0,3 e densidade (ρ) igual 

–



concreto com E=33,1 GPa, ν=0,2 e ρ=2500 

–

–



±2%
–



–

–



–

ிோܨ = (200 + ஼௢௢௣௘௥ ா 80ܨ(ܮ17,5 × ௧௥௘௠−௧௜௣௢ܨ
்ܨ = ஼௢௢௣௘௥ ா 80ܨܮ√200 ×    ௧௥௘௠−௧௜௣௢ܨ

ிோܨ ்ܨ− −
௧௥௘௠−௧௜௣௢ܨ– ஼௢௢௣௘௥ ா 80ܨ− −



(݊0 = (ݖܪ 6,17 ݊0,௜௡௙ = ݖܪ 3,5 ݊0,௦௨௣ = ݖܪ 8,53

ݐ∆
ݐ∆ = ݏ 0,00625 ݐ∆ = ݏ 0,5 ݐ∆ ≤ ݏ 0,0125
ݐ∆ = ݏ 0,0125



–

–



±2,5%
–



(E) igual a 200 GPa, coeficiente de Poisson (ν) igual a 0,3 e densidade (ρ) igual 7850 kg/m³. 

–



–

15,57 ≤ ܪ ≤ 39,02



–



1ߪ

–



–



–



௙ܵ௜௡௔௟,௧ = ∑ ௨௡௜ܨ௧,௧ܨ  × ܵ௨௡௜,௧௡ú௠௘௥௢ ௗ௘ ௘௜௫௢௦

௙ܵ௜௡௔௟,௧ ௧,௧ܨ− ௨௡௜ܨ− −ܵ௨௡௜,௧ −



–



–

௭ߪ௫ߪ ߬௫௭

= ுௌ,1ߪ + ௫,ுௌߪ ௭,ுௌ 2ߪ  + − ௫,ுௌߪ)√ ௭,ுௌ 2ߪ  )2 + ߬௫௭,ுௌ 2 
tan( ( ௣,ுௌߠ 2 = 2 ߬௫௭,ுௌ ߪ௫,ுௌ −  ௭,ுௌߪ

− ௣,ுௌߠ− ுௌ,1ߪ− ௭,ுௌ −߬௫௭,ுௌߪ− ௫,ுௌߪ



–

஼ߪ∆ ܽܲܯ 100= ெ௙ߛ

஼,௙ߪ∆ = ெ௙ߛ஼ߪ∆
–





– ࢒ࢇ࢚࢔ࢋ࢓࢏࢘ࢋ࢖࢞ࢋ−࢕ࢉ࢏é࢘࢓࢛࢔ࢌ ⁄࢒ࢇ࢚࢔ࢋ࢓࢏࢘ࢋ࢖࢞ࢋࢌ

–



–
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–

–



–

–



– ࡭ࡹࡱࡾ࡭࣐ ૚ૢૢ૚−૛ ࡺࡱ࣐



–



–

ܮ < ஼ߪ∆݉݉ 150 2ݐ  < 1ݐ0,7  1ݐ =19 ݉݉ 2ݐ = 12,5 ݉݉ ܮ =80 ݉݉ ஼ߪ∆
஼ߪ∆஼ߪ∆ ெ௙ߛ = 1,30 ெ௙ߛ = ஼,ூூௐߪ∆1,15 = ஼,ாேߪ∆ܽܲܯ 43,1 = ܽܲܯ 34,8



– ஼,ூூௐߪ∆ = ܽܲܯ 43,1 ஼,ாேߪ∆ = ܽܲܯ 34,8

–



–



–

0,1628 × 10−7 0,4019 × 10−7 0,8081 × 10−7 0,2349 × 10−71,3733 × 10−7 2,3228 × 10−7 3,6763 × 10−7 1,7451 × 10−72,6980 × 10−7 4,4512 × 10−7 7,1282 × 10−7 3,9330 × 10−73,1932 × 10−7 5,5725 × 10−7 9,2593 × 10−7 4,6994 × 10−7
–

–

0,2990 × 10−7 0,7379 × 10−7 1,4386 × 10−7 0,3414 × 10−72,6083 × 10−7 4,4072 × 10−7 6,9672 × 10−7 3,2911 × 10−75,0943 × 10−7 8,4456 × 10−7 13,499 × 10−7 7,4058 × 10−76,0185 × 10−7 10,569 × 10−7 17,526 × 10−7 8,8455 × 10−7



–

௣ܰ

௣ܰ = ࢕ࢊࢇ࢒࢛࢓࢛ࢉࢇ࢕࢔ࢇࡰࢋ࢚࢏࢓࢏࢒࢕࢔ࢇࡰ
– ௣ܰ

30,71 × 106 12,44 × 106 6,19 × 106 21,28 × 1063,64 × 106 2,15 × 106 1,36 × 106 2,87 × 1061,85 × 106 1,12 × 106 0,70 × 106 1,27 × 1061,57 × 106 0,90 × 106 0,54 × 106 1,06 × 106



–

33,45 × 106 13,55 × 106 6,95 × 106 29,29 × 1063,83 × 106 2,27 × 106 1,44 × 106 3,04 × 1061,96 × 106 1,18 × 106 0,74 × 106 1,35 × 1061,66 × 106 0,95 × 106 0,57 × 106 1,13 × 106

–



–

–



–

–



–

–

– –0,23 × 10−7 0,26 × 10−71,75 × 10−7 2,09 × 10−73,93 × 10−7 3,93 × 10−74,70 × 10−7 5,14 × 10−7



–

–

– –0,34 × 10−7 0,39 × 10−73,29 × 10−7 3,95 × 10−77,41 × 10−7 7,41 × 10−78,85 × 10−7 9,66 × 10−7
–



–

௫ߪ ௭ߪ ߬௫௭



௭ߪ௫ߪ ߬௫௭ ௣ ,ுௌߠ
௫,ுௌߪுௌ, 1ߪ ௭,ுௌߪ ߬௫௭,ுௌ

– 1ߪ ௫ߪ ௭ߪ ߬௫௭



–

–

–



–

஼ߪ∆ = ஼ߪ∆ܽܲܯ 100 ெ௙ߛ = 1,30 ெ௙ߛ = ஼,ூூௐߪ∆1,15 = ஼,ாேߪ∆ܽܲܯ 76,9 = ܽܲܯ 86,9

–



–

–

௣ܰ



ெ௙ߛ

–



–



–

–



–

–



–



–

–



–

–



–

–



–



–

0,32 × 10−6 0,56 × 10−6 0,93 × 10−6 0,47 × 10−60,87 × 10−6 1,53 × 10−6 2,47 × 10−6 1,29 × ுௌௌ݋݊ܽܦ10−6 − ௡௢௠௜௡௔௟݋݊ܽܦ௡௢௠௜௡௔௟݋݊ܽܦ   
–

0,60 × 10−6 1,06 × 10−6 1,75 × 10−6 0,88 × 10−60,59 × 10−6 1,02 × 10−6 1,70 × 10−6 0,83 × ுௌௌ݋݊ܽܦ10−6 − ௡௢௠௜௡௔௟݋݊ܽܦ௡௢௠௜௡௔௟݋݊ܽܦ   



1,57 × 106 1,66 × 106
5,4 × 105 5,7 × 105
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E1049 − 85:
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of the economic and environmental impacts from the addition of new railways to the brazilian’s 
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