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Melo e Eleutério (2023) utilizaram o método LHS, associado ao MMC, para a 

amostragem dos parâmetros reológicos dos modelos de Bingham e de Herschel-

Bulkley, no estudo de caso proposto por 







–

•

•

•









–



da brecha, tempo de formação e nível d’água que provoca o início da falha.



𝑥𝑖,𝑗 = 𝐹𝑗−1 (1𝑛 [𝑃𝑖,𝑗 − 𝑟𝑖,𝑗])





Melo e Eleutério (2023) utilizaram o método LHS, associado ao MMC, para a 

amostragem dos parâmetros reológicos dos modelos de Bingham e de Herschel-

Bulkley, no estudo de caso proposto por 



–



𝐸[𝑌𝑚] ≈ 𝑃+𝑦+𝑚 + 𝑃−𝑦−𝑚
é um valor maior que a média μ

é um valor menor que a média μ

(σ)

=(μ σ , μ σ , μ σ = (μ σ , μ σ , μ σ

= (μ σ , μ σ , μ σ = (μ σ , μ σ , μ σ

= (μ σ , μ σ , μ σ = (μ σ , μ σ , μ σ



= (μ σ , μ σ , μ σ =(μ σ , μ σ , μ σ

𝑃(𝑠1,𝑠2…𝑠𝑛) = 12𝑛 [1 + ∑ ∑ (𝑠𝑖)(𝑠𝑗)𝜌𝑖𝑗𝑛
𝑗=𝑖+1

𝑛−1
𝑖=1 ]

–

𝐸[𝑌𝑚] ≈∑𝑃𝑖(𝑦𝑖)𝑚2𝑛
𝑖=1



𝐸[𝑌𝑖] = 𝑃𝑖+𝑌𝑖+ + 𝑃𝑖−𝑌𝑖−
 𝑌𝑖+ = ℎ(𝜇1, 𝜇2, … , 𝜇𝑖−1, 𝑥𝑖+, 𝜇𝑖+1, … , 𝜇𝑛) 𝑌𝑖− = ℎ(𝜇1, 𝜇2, … , 𝜇𝑖−1, 𝑥𝑖−, 𝜇𝑖+1, … , 𝜇𝑛)

𝑥𝑖+ = 𝜇𝑖 + 𝑥′𝑖+𝜎𝑖𝑥𝑖− = 𝜇𝑖 − 𝑥′𝑖−𝜎𝑖



𝑥′𝑖+  𝑥′𝑖+
 𝑥𝑖′

{  
  𝑃𝑖− + 𝑃𝑖+ = 1𝑃𝑖+𝑥′𝑖+ − 𝑃𝑖−𝑥′𝑖− = 𝜇𝑖′ = 0𝑃𝑖+𝑥′𝑖+2 − 𝑃𝑖−𝑥′𝑖−2 = 𝜎𝑖′2 = 1𝑃𝑖+𝑥′𝑖+3 − 𝑃𝑖−𝑥′𝑖−3 = 𝛾𝑖′

𝜇𝑖′ 𝜎𝑖′ 𝛾𝑖′𝑥𝑖′

𝑃𝑖+ = (𝑥′𝑖−)(𝑥′𝑖+ 𝑥′𝑖−)
𝑃𝑖− = 1 − 𝑃𝑖+

𝑥′𝑖+  = 𝛾𝑖′2 + √1 + (𝛾𝑖′2)2
𝑥′𝑖−  = 𝑥′𝑖+ − 𝛾𝑖′ 

𝐸[𝑌𝑚] = (𝑃𝑠1,𝑠2,…,𝑠𝑛(𝑌𝑠1,𝑠2,…,𝑠𝑛)𝑚)1 + (𝑃𝑠1,𝑠2,…,𝑠𝑛(𝑌𝑠1,𝑠2,…,𝑠𝑛)𝑚)2 +⋯+ (𝑃𝑠1,𝑠2,…,𝑠𝑛(𝑌𝑠1,𝑠2,…,𝑠𝑛)𝑚)2𝑛



𝑌𝑠1,𝑠2,…,𝑠𝑛 = ℎ(𝑥𝑠1, 𝑥𝑠2, … , 𝑥𝑠𝑛) 𝑃𝑠1,𝑠2,…,𝑠𝑛

𝑃𝑠1,𝑠2,…,𝑠𝑛
𝑃𝑠1,𝑠2,…,𝑠𝑛. =∏𝑃𝑖,𝑠𝑖𝑛

𝑖=1 +∑( ∑ 𝑠𝑖𝑠𝑗𝑎𝑖𝑗𝑛
𝑗=𝑖+1 )𝑛−1

𝑖=1

𝑎𝑖𝑗 = (𝜌𝑖𝑗2𝑛)√∏ (1 + (𝛾𝑖2)2)𝑛𝑖=1

–





(𝐾 − 𝜆𝑖𝐼)𝑒𝑖⃗⃗  = 0
matriz de correlação entre as n variáveis aleatórias; λ

etor λ

𝑥𝑖 ,𝑗±  = xi̅ ± 𝑒𝑖𝑗. √𝑛. 𝑠(𝑥𝑖)
xi̅

Yi̅𝑚 = (Yi+̅̅̅̅ 𝑚 + Yi−̅̅̅̅ 𝑚)2



𝐸[𝑌𝑚] = ∑ 𝜆𝑖Yi̅𝑚𝑛𝑖=1∑ 𝜆𝑖𝑛𝑖=1

Yi+̅̅ ̅̅ 𝑚 = 𝑦(𝑥𝑖+)𝑚 Yi−̅̅ ̅̅ 𝑚 = 𝑦(𝑥𝑖−)𝑚

se calcular os autovalores (λ λ λ

𝑑𝑠𝑖 = (𝑥𝑖 − 𝑥𝑖̅)𝑠𝑖

𝐾 = |𝜌1,1 𝜌2,1 𝜌3,1𝜌2,1 𝜌2,2 𝜌3,2𝜌3,1 𝜌2,3 𝜌3,3|
𝐸 = |e1,1 = cos(𝑑𝑠1, 𝜆1) e1,2 = cos(𝑑𝑠1, 𝜆2) e1,3 = cos(𝑑𝑠1, 𝜆3)e2,1 = cos(𝑑𝑠2, 𝜆1) e2,2 = cos(𝑑𝑠2, 𝜆2) e2,3 = cos(𝑑𝑠2, 𝜆3)e3,1 = cos(𝑑𝑠3, 𝜆1) e2,3 = cos(𝑑𝑠3, 𝜆2) e3,3 = cos(𝑑𝑠3, 𝜆3) |
√n 𝑥1̅̅̅, 𝑥2̅̅ ̅, 𝑥3̅̅ ̅ … 𝑥𝑛̅̅ ̅



–

–



• λ x1̅ + e1,1.√3.s(x1) • λ x1̅ − e1,1.√3.s(x1)
• λ x2̅ + e2,1.√3.s(x2) • λ x2̅ − e2,1.√3.s(x2)
• λ x3̅ + e3,1.√3.s(x3) • λ x3̅ − e3,1.√3.s(x3);
• λ x1̅ + e1,2.√3.s(x1) • λ x1̅ − e1,2.√3.s(x1)
• λ x2̅ + e2,2.√3.s(x2) • λ x2̅ − e2,2.√3.s(x2)
• λ x3̅ + e3,2.√3.s(x3) • λ x3̅ − e3,2.√3.s(x3);
• λ x1̅ + e1,3.√3.s(x1) • λ x1̅ − e1,3.√3.s(x1)
• λ x2̅ + e2,3.√3.s(x2) • λ x2̅ − e2,3.√3.s(x2)
• λ x3̅ + e3,3.√3.s(x3) • λ x3̅ − e3,3.√3.s(x3).

• λ λ λ
• λ λ λ
• λ λ λ
• λ λ λ
• λ λ λ
• λ λ λ





Y = h(X) = h(X1, X2, … , Xn) 

𝑌 = ℎ(𝑋) = ℎ(𝜇1, 𝜇2, … , 𝜇𝑛)+∑1𝑖! ℎ(𝑖)(𝜇1, 𝜇2, … , 𝜇𝑛). (𝑋1 − 𝜇1, 𝑋2 − 𝜇2, … , 𝑋𝑛 − 𝜇𝑛)𝑖∞
𝑖=1    



μ

𝑀𝑘,𝑖(𝑋) = ∫ (𝑥𝑘 − 𝜇𝑘)𝑖𝑓𝑥(𝑥𝑘)𝑑𝑥𝑘+∞
−∞

se denominar a razão (λ

pelo seu desvio padrão elevado a i (σ

portanto, que λ e λ

𝜆𝑘,𝑖 = 𝑀𝑘,𝑖(𝑋)𝜎𝑋𝑖
na localização (μ , μ ,..., μ ..., μ μ

𝑥𝑘,𝑖 = 𝜇𝑘 + 𝜉𝑘,𝑖
ξ



∑𝑝𝑘,𝑖ℎ(𝜇1, 𝜇2 , … , 𝜇𝑘,𝑖, … , 𝜇𝑛−1, 𝜇𝑛)𝑚
𝑖=1 =∑𝑝𝑘,𝑖.𝑚

𝑖=1 ℎ(𝜇1, 𝜇2 , … , 𝜇𝑛)
+∑∑1𝑗! ℎ𝑗(𝜇1, 𝜇2 , … , 𝜇𝑛)𝑚

𝑖=1 . (𝑝𝑖𝜉𝑖𝑗). 𝜎𝑥𝑖∞
𝑗=1

–

∑𝑝𝑘,𝑖(𝜉𝑘,𝑖)𝑗𝑚
𝑖−1 = 𝜆𝑘,𝑗       𝑗 = 1,2, … ,2𝑚 − 1 𝑒 𝑘 = 1,2, … 𝑛

𝜉𝑘,𝑖 = {𝜆𝑘,32 + (−1)3−𝑖√𝜆𝑘,4 − 34𝜆𝑘,32          , 𝑖 = 1,20                                                         , 𝑖 = 3

𝑝𝑘,𝑖 = {  
  (−1)3−𝑖𝜉𝑘,𝑖(𝜉𝑘,1 − 𝜉𝑘,2)            , 𝑖 = 1,21𝑛 − 1𝜆𝑘,4 − 𝜆𝑘,32              , 𝑖 = 3



𝐸(𝑍𝑗) = ∑(𝑝𝑘,3)𝑛
𝑘−1  (ℎ(𝜇1, 𝜇2, … , 𝜇𝑖, … , 𝜇𝑛−1, 𝜇𝑛))𝑗

+∑∑𝑝𝑘,𝑖 (ℎ(𝜇1, 𝜇2, … , 𝑥𝑘,𝑖, … , 𝜇𝑛−1, 𝜇𝑛))𝑗𝑚
𝑖=1

𝑛
𝑘=1



𝑌 = ℎ(𝑥) = 𝑌 +∑𝑎𝑖(𝑥𝑖 − 𝜇𝑖)𝑛
𝑖=1 +∑𝑏𝑖(𝑥𝑖 − 𝜇𝑖)2𝑛

𝑖=1 +∑𝑐𝑖(𝑥𝑖 − 𝜇𝑖)3𝑛
𝑖=1⏟                                    𝐼+∑ ∑ 𝑒𝑖𝑗𝑛

𝑗=𝑖+1 (𝑥𝑖 − 𝜇𝑖)𝑛−1
𝑖=1 (𝑥𝑗 − 𝜇𝑗⏟                  𝐼𝐼

)
𝑌 = ℎ(𝜇)

𝐸[𝑌] = 𝐸[𝐼] + 𝐸[𝐼𝐼]



𝑌𝑖 = ℎ(𝑥𝑖) = 𝑌 + 𝑎𝑖(𝑥𝑖 − 𝜇𝑖) + 𝑏𝑖(𝑥𝑖 − 𝜇𝑖)2+ 𝑐𝑖(𝑥𝑖 − 𝜇𝑖)3

𝐼 = 𝑌 +∑𝑎𝑖(𝑥𝑖 − 𝜇𝑖)𝑛
𝑖=1 +∑𝑏𝑖(𝑥𝑖 − 𝜇𝑖)2𝑛

𝑖=1 +∑𝑐𝑖(𝑥𝑖 − 𝜇𝑖)3𝑛
𝑖=1=∑𝑌𝑖 + (1 − 𝑛)𝑌𝑛

𝑖=1

𝐸[𝑌𝑖] = 𝑃𝑖+𝑌𝑖+ + 𝑃𝑖−𝑌𝑖−
 𝑌𝑖+ = ℎ(𝜇1, 𝜇2, … , 𝜇𝑖−1, 𝑥𝑖+, 𝜇𝑖+1, … , 𝜇𝑛) 𝑌𝑖− = ℎ(𝜇1, 𝜇2, … , 𝜇𝑖−1, 𝑥𝑖−, 𝜇𝑖+1, … , 𝜇𝑛)𝑃𝑖+ 𝑃𝑖−𝑥𝑖+ 𝑥𝑖−

𝐸[𝐼] = (1 − 𝑛)𝑌 +∑𝐸[𝑌𝑖]𝑛
𝑖=1 = (1 − 𝑛)𝑌 +∑(𝑃𝑖+𝑌𝑖+ + 𝑃𝑖−𝑌𝑖−)𝑛

𝑖=1



𝑒𝑖𝑗 = 𝜕2𝑌𝜕𝑋𝑖𝜕𝑋𝑗 ≈ (ℎ𝑖𝑗(𝑥𝑖+, 𝑥𝑗+) − ℎ𝑖(𝑥𝑖+) − ℎ𝑗(𝑥𝑗+) + ℎ(𝜇))(𝑥′𝑖+𝜎𝑖)(𝑥′𝑗+𝜎𝑗)= 𝑌𝑖𝑗 − 𝑌𝑖+ − 𝑌𝑗+ + 𝑌(𝑥′𝑖+𝜎𝑖)(𝑥′𝑗+𝜎𝑗)
𝑌𝑖𝑗 = ℎ𝑖𝑗(𝑥𝑖+, 𝑥𝑗+) = ℎ(𝜇1, 𝜇2, … , 𝜇𝑖−1, 𝑥𝑖+, 𝜇𝑖+1, … , 𝜇𝑗−1, 𝑥𝑗+, 𝜇𝑗+1, … , 𝜇𝑛)

𝐸[𝐼𝐼] = 𝐸 [∑ ∑ 𝑒𝑖𝑗𝑛
𝑗=𝑖+1 (𝑥𝑖 − 𝜇𝑖)𝑛

𝑖=1 (𝑥𝑗 − 𝜇𝑗)]
=∑ ∑ 𝑒𝑖𝑗𝑛

𝑗=𝑖+1 (𝜎𝑖𝜎𝑗𝜌𝑖𝑗)𝑛
𝑖=1=∑ ∑ 𝑌𝑖𝑗 − 𝑌𝑖+ − 𝑌𝑗+ + 𝑌(𝑥′𝑖+𝜎𝑖)(𝑥′𝑗+𝜎𝑗)𝑛

𝑗=𝑖+1 (𝜎𝑖𝜎𝑗𝜌𝑖𝑗)𝑛
𝑖=1=∑ ∑ (𝑌𝑖𝑗 − 𝑌𝑖+ − 𝑌𝑗+ + 𝑌)𝑛

𝑗=𝑖+1 𝜂𝑖𝑗𝑛
𝑖=1  

𝜂𝑖𝑗 = 𝜌𝑖𝑗/(𝑥′𝑖+𝑥′𝑗+) 𝜂𝑖 = ∑ 𝑛𝑖𝑗𝑗 𝜂 = ∑ 𝑛𝑖𝑖 𝜂𝑖𝑖 = 1



𝐸[𝑌𝑚] = [(1 − 𝑛) + 𝜂 − 𝑁2 ] 𝑌𝑚
+∑[(𝑃𝑖+ − 𝜂𝑖 + 1)𝑌𝑚𝑖+ + 𝑃𝑖−𝑌𝑚𝑖−]𝑛
𝑖=1+∑ ∑ 𝑌𝑖𝑗𝑚𝑛

𝑗=𝑖+1 𝜂𝑖𝑗𝑛
𝑖=1  

–



Nessa coluna, “ ”



associadas à largura da brecha, à área do espelho d’água do reservatório e ao 



𝑘𝑛+1 = 𝑚𝑛+1 −∑(𝑛𝑖 )𝑛−1
𝑖=0  𝑚𝑛−𝑖 𝑘𝑖+1

𝑘1 = 𝑚1 = 𝜇
𝑘2 = 𝑚2 −𝑚12 = 𝜎2
𝑘3 = 2𝑚13 − 3𝑚1𝑚2 +𝑚3 = 𝜆3𝜎3
𝑘4 = −6𝑚14 + 12𝑚12𝑚2 − 3𝑚22 − 4𝑚1𝑚3 +𝑚4 = 𝜆4𝜎4

λ λ



𝑓(𝑥) = 𝜑(𝑥) − 𝑘33! 𝜑(3)(𝑥) + 𝑘44! 𝜑(4)(𝑥) − 𝑘55! 𝜑(5)(𝑥)+ 16 (10𝑘32 + 𝑘6)𝜑(6)(𝑥) + ⋯
𝜑(𝑥) 𝜑(𝑛)(𝑥) 𝜑(𝑥)

𝜑(𝑥) = 1√2𝜋𝜎2 exp [−12 (𝑥 − 𝜇𝜎 )2]
𝜑(𝑛)(𝑥) = 12𝜋∫ 𝑡𝑛∞

−∞ exp [− 12 (𝜎𝑡)2] cos [(𝑥 − 𝜇)𝑡 + 𝑛𝜋2 ] 𝑑𝑡

𝑓(𝑥) =∑𝑝𝑗(𝑥) 𝑤(𝑥) 1ℎ𝑗0≤𝑗 ∫ 𝑓(𝑧)𝑝𝑗(𝑧)𝑑𝑧∞
−∞

ℎ𝑗 = ∫𝑤(𝑧) 𝑝𝑗2(𝑧) 𝑑𝑧







•

•

•











𝑋𝐹𝐷 = 𝐶𝑒𝑛𝑡𝑟𝑜 + 𝐿𝐹2𝑋𝑇𝐷 = 𝑋𝐹𝐷 + 𝑍𝑑𝑖𝑟 ∗ (𝐸𝐿𝑐𝑟𝑖𝑠𝑡𝑎 − 𝐸𝐿𝐹𝑈𝑁)



•

•













BILANDZIC







θ, 

𝐿 (𝜃) =  ∏𝑓(𝑥𝑖|𝜃)𝑛
𝑖=1

θ

θ.

– –

𝐴𝐼𝐶 = −2 𝐿𝑛 (𝐿) + 2𝑘
𝐵𝐼𝐶 = −2 𝐿𝑛 (𝐿) + 2𝑘𝑙𝑛(𝑛)



𝑑𝑖𝑓𝑒𝑟𝑒𝑛ç𝑎 = 𝑄𝑡𝐴𝐴𝑆 − 𝑄𝑡𝑚é𝑡𝑜𝑑𝑜𝑄𝑡𝐴𝐴𝑆















–











–



–



–



, aqui chamadas de “faixas ”,

constituindo “faixas ”. P

–



a geração de “faixas ” 

𝑥𝑘,𝑖 = 𝜇𝑘 + 𝜉𝑘,𝑖𝜎𝑘 ≥ 0
𝜇𝑘 ≥ −𝜉𝑘,𝑖𝜎𝑘



1𝜈𝑘 ≥ −(𝜆𝑘,32 + (−1)3−𝑖√𝜆𝑘,4 − 34𝜆𝑘,32 )
𝜈𝑘

–

1𝝂𝑘 −(𝝀𝒌,𝟑𝟐 + (−𝟏)𝟑−𝒊√𝝀𝒌,𝟒 − 𝟑𝟒𝝀𝒌,𝟑𝟐 )



–

ρij

–
λ

–
λ λ λ λ λ



𝜈𝑖 ≤ 1| 𝑒𝑖𝑗. √𝑛|
𝜈𝑖

– 𝜈𝑖 1| 𝑒𝑖𝑗 . √𝑛|



𝜇𝑖𝜎𝑖 ≥ −(𝛾𝑖′2 + √1 + (𝛾𝑖′2)2)
𝜇𝑖𝜎𝑖 ≥ −𝛾𝑖′2 + √1 + (𝛾𝑖′2)2

– 𝜇𝑖𝜎𝑖 −(𝛾𝑖′2 + √1 + (𝛾𝑖′2)2) −𝛾𝑖′2 + √1 + (𝛾𝑖′2)2



–

, μ, μ, μ, μ
μ, x , μ, μ, μ
μ, μ, x , μ, μ
μ, μ, μ, x , μ
μ, μ, μ, μ, x

, μ, μ, μ, μ
μ, x , μ, μ, μ
μ, μ, x , μ, μ
μ, μ, μ, x , μ
μ, μ, μ, μ, x
μ, μ, μ, μ, μ

, μ, μ, μ
, μ, x , μ, μ
, μ, μ, x , μ
, μ, μ, μ, x

μ, x , μ, μ
μ, x , μ, x , μ
μ, x , μ, μ, x
μ, μ, x , μ
μ, μ, x , μ, x
μ, μ, μ, x

’ ’





–

–











–

–





–



–

–



–

–



–

–

–

–



–

–

–



–
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•
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BILANDZIC, Ante; LESCH, Marcel; MORDASINI, Cindy; TAGHAVI, Seyed Farid. 

Multivariate cumulants in flow analyses: the next generation. Physical Review C, [S.L.], 

v. 105, n. 2, 24 fev. 2022. American Physical Society (APS). 

http://dx.doi.org/10.1103/physrevc.105.024912.



–

CHRISTIAN, John T.; BAECHER, Gregory B.. Point-Estimate Method as Numerical 

Quadrature. Journal Of Geotechnical And Geoenvironmental Engineering, [S.L.], v. 

125, n. 9, p. 779-786, set. 1999. American Society of Civil Engineers (ASCE). 

http://dx.doi.org/10.1061/(asce)1090-0241(1999)125:9(779).

–



–

–

A user’s guide to automating HECRAS

–



—

—



‐



–



–

–

http://dx.doi.org/10.1016/s0307-904x(81)80054-6


–

“Appropriate technology to ensure proper Development, Operation and Maintenance 

of Dams in Developing Countries”, ICOLD, 84, África do Sul, 2016. 



TSAI, C. W.; YEH, J.; HUANG, C.. Development of probabilistic inundation mapping 

for dam failure induced floods. Stochastic Environmental Research And Risk 

Assessment, [S.L.], v. 33, n. 1, p. 91-110, jan. 2019. Springer Science and Business 

Media LLC. http://dx.doi.org/10.1007/s00477-018-1636-8.

‐ ‐ ‐‐
TSCHIEDEL, A. F.; PAIVA, R. C. D.. Uncertainty assessment in hydrodynamic 

modeling of floods generated by dam break. RBHR, [S.L.], v. 23, n. 1, p. 1-1, 30 jul. 

2018. FapUNIFESP (SciELO). http://dx.doi.org/10.1590/2318-0331.231820170074.

–

– RAS 2D Modeling User’s Manual

–





–

–

η = 0,4974 θ = 0,2281
η = 0,2515 θ = 1,6397
η = 1,5932 θ = 1,5007

λ = 0,0630 κ = 0,6933



–



–



–















–





















–

–







–



–

–



–
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