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DESENVOLVIMENTO COM ENVOLVIMENTO

1. OBJETIVO

O objetivo desta memoria de célculo é apresentegsadtados das analises de estabilidade e peéoolag
de agua pelas fundacdes e macico das bacias &rérd da Area 11 — Fazenda Floresta, que levaram ¢

dimensionamento das mesmas.

2. PARAMETROS E HIPOTESES DE CALCULO

As andlises foram realizadas para o detalhamenferaojeto Executivo das duas bacias e levaram el
conta os resultados dos ensaios geotécnicos madizam os solos das fundacdes e empréstimo.
Foram analisadas as situacfes de Final de Constriagicionamento e Sismo para uma aceleracao c
5%g.

Foi considerado que a Bacia 2 sera esvaziada peiodnte, quando o rejeito estiver sedimentado
removivel com equipamentos convencionais de temaglem, como vem sendo feito, por exemplo, ni
Area 8 — Soberbo; foi considerado ainda que a Basira utilizada para a contencéo da parte ligloda
rejeito, como parte do processo de purificacdogia,gantes de sua restituicdo para jusante, mamntenc

se permanentemente cheia. Com esses pré-requasdosdicdo de Rebaixamento Rapido, normalment

verificada nas analises de estabilidade de barsageriste no caso das bacias 1 e 2 e, portamidona

incluida nos calculos.

As analises de percolacao foram realizadas com dau®rograma SEEP\W e as analises de estabilidax
com o Programa SLOPE\W, pelo Método de Spencer.

As envoltdrias de resisténcia foram adotadas cose bas resultados dos ensaios triaxiais realizado
conforme apresentado resumidamente no Memorialrliesado Projeto Executivo e indicadas nos itens
seguintes. O relatério completo com todos os essgie visaram definir as caracteristicas do solo d
escavacao da Bacia 1, visando seu uso como empoégtira 0 aterro das bacias estd no documen
namero Samarco G006970-O-6RTO005, “InvestigacbestdBritas e Ensaios — Relatério Técnico —
Amostras de Trado — Bacias”. Os ensaios espeealig@ados sobre amostras indeformadas da fundac:
da Bacia 1 esta no documento de nimero Samarco9@0dB-6RT016, “Investigacdes Geotécnicas €
Ensaios — Relatorio Técnico — Blocos PI08 e PIO8A”.

As caracteristicas das camadas de fundacgédo, eroselengeometria e permeabilidades foram definida

com base nos resultados das sondagens.
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3. BACIA1

Os parametros de célculo dos diversos materidis egpresentados na tabela abaixo, que foram eodraid

a partir das sondagens e ensaios especiais aa@semp documento GO06900-O-1MD002. A secéo d

calculo critica com os diversos materiais das seslesta apresenta nas 3 figuras seguintes, para a

condicOes de Final de Construcao (resultados dexssdios especiais realizados PI-08 e PI-08A) e

condicéo para Funcionamento.

ID | COR Material Y (KN/md) ¢° | c(KPa) | Ru k (cm/s)

1 Aterro compactado 19 32 20 0,1 Kv=18kh=5x10°
Z- Areia compactada 20 35 0 - 16 e 5x10°

3 Transicdo de jusante 20 40 0 - 1

4 Enrocamento de protecdo 20 40 0 - 10

5 Solo residual | — FC 18 25 50 - 10-4
E- Solo residual Il — FC 18 19 80 - 10-4

7 Solo residual Ill — OP 18 23 10 10-4

FC — Final de Construgao

OP — Operagéao — Funcionamento

Esclarece-se ainda os seguintes aspectos em reélagiisténcia considerada para o0 solo residual ¢

fundacao:

Para a condicdo de Final de Construcéo, foram derzlas as envoltérias obtidas dos ensaio
UU referentes as amostras indeformadas extraidas pdgos PI-08 e PI-08A, para um

carregamento rapido, ndo drenado. Os 2 ensaiogawas mostraram envoltérias distintas,
identificadas na tabela acima como “Solo residudFC e Solo residual Il - FC”. Entende-se que
para Final de Construcdo, com a fundacao secada a#o inundada, a coeséo aparente obtid
dos ensaios acima possa ser considerada e, pataé&i@onstrucao, os calculos foram feitos pare
estas 2 envoltorias | e 1.

Para a condi¢édo de Operacdo — Funcionamento, ¥8sildual Il — OP”, quando a Bacia 1 estara
sempre cheia de agua, foi considerada a envotgfieaente ao ensaio CID, para a pior situagac
ensaiada, que resultava numa coesao de 50kPale @eaatrito de 23 graus. Estando, todavia, c
solo residual saturado, a coesdo de 50kPa foi idalem 80% de seu valor, admitindo-se que
apenas a parcela de 20% seria pertinente a caslaoansiderando-se as caracteristicas bastan
argilosas deste solo residual, o que resultou reoeado de 10kPa e angulo de atrito de apens

23 graus para o solo residual.

Em relagdo ao Projeto Basico pode ser observadoosgualudes de escavacdo e dos aterros fora

otimizados para a inclinacédo 1V:1,5H
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Foram inicialmente realizadas analises de percolggé& visam a determinacao da rede de fluxo pel
macico e fundacéo, de maneira utilizar as pressb@sticiais (sub-pressdes e pressdes neutras) cor
dados de entrada para as analises de estabilidade.



n° SAMARCO rev. pagina n®

SAMARCO =X o
- ('/) L G006900-C-1MC043 | 2 6

DESENVOLVIMENTO COM ENVOLVIMENTO ambrental

Utilizando-se os coeficientes de permeabilidadstzomes na tabela acima, foi obtido o resultadxaba
em termos de pressoées hidrostaticas, que foiaditinas analises de estabilidade de Funcionamento.

File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m?*
Name: Dique Principal Solo

Kind: SEEP/W

Date: 16/05/2017

Elevation

Distance
Name: Aterro C di Model: dOnly K-Function:0 VolWCFnNum: 0 K-Ratio: 0.2  K-Direction: 0 ®
Name: Areia C d Model: dOnly K-Function:0  VolWCFnNum:0  K-Ratio:2  K-Direction: 0 °

K-Function: 0 VoIWCFnNum: 0 K-Ratio: 1 K-Direction: 0 ©
VolWCFnNum: 0 K-Ratio: 1 K-Direction: 0 ©
K-Direction: 0 °

Name: Transi¢cédo Jusante Model: Saturated Only
Name: Enrocamento Protegdo  Model: Saturated Only  K-Function: 0
Name: Solo Residual ~ Model: Saturated Only ~ K-Function: 0 VolWCFnNum: 0 K-Ratio: 1

Os gradientes hidraulicos obtidos est&o na figheaxa.

File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Dique Principal Solo

Kind: SEEP/W

Date: 16/05/2017

Elevation

Distance

Name: Aterro Comp | Model: dOnly K-Function:0 VolWCFnNum:0  K-Ratio: 0.2  K-Direction: 0 *
Name: Areia Comp d Model: dOnly K-Function:0  VolWCFnNum:0 K-Ratio:2  K-Direction: 0 ©
Name: Transicéo Jusante ~ Model: Saturated Only ~ K-Function: 0  VoIWCFnNum: 0  K-Ratio: 1 K-Direction: 0 °
Name: Enrocamento Protecdo  Model: Saturated Only ~ K-Function:0  VolWCFnNum: 0  K-Ratio: 1 K-Direction: 0 ©
Name: Solo Residual ~ Model: Saturated Only ~ K-Function: 0  VoIWCFnNum: 0  K-Ratio: 1 K-Direction: 0 °

A tabela abaixo mostra o resumo dos resultadosadakses de estabilidade e as figuras seguinte

detalham cada um dos casos analisados, mostramii@aes criticos de ruptura.
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Talude /
Caso Parametro Solo NA NA FS F.S. Global* F.S. Fundagdo 2
. Montante | Jusante | MIN
Residual
Jusante | - - 1,3 1,65 4,44
Final de Montante | - - 1,3 2,87 3,23
Construgdo Jusante I - - 1,3 1,65 5,62
Montante Il - - 1,3 2,87 3,95
Jusante - Il 288 284 1,5 1,53 1,87
Operagdo
Montante — Il 288 284 1,5 2,01 2,01
Jusante — Il 288 284 1,0 1,44 1,66
Sismo
Montante - llI 288 284 1,0 1,66 1,66

1 — Circulo de Ruptura com lamelas de espessuranaite 2,0m, ruptura no aterro
2 - Circulo de Ruptura com lamelas de espessuramaide 5,0m, ruptura na fundagéo

File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Jusante |
Kind: SLOPE/W

Date: 17/05/2017

Description: Global

%0 300

205 295
1.65

2% * 2%

Elevation

Distance

Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m>  Cohesion: 20 kPa  Phi: 32° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa  Phi:35° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Transi¢@o Jusante ~ Model: Mohr-Coulomb  Unit Weight: 20 kN/m®  Cohesion: 0 kPa Phi:40° Phi-B:0° C-Phi Correlation Coef.: 0
Name: Enrocamento Protegdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0kPa Phi: 40 ° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual | - FC  Model: Mohr-Coulomb  Unit Weight: 18 kN/m®>  Cohesion: 50 kPa  Phi:25° Phi-B:0°  C-Phi Correlation Coef.: 0

File Name: PE_BACIA_1.gsz

Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Jusante | - F
Kind: SLOPE/W

Date: 17/05/2017

Description: Fundagao

Elevation

Distance

Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m®  Cohesion: 20 kPa  Phi: 32 ° C-Phi Correlation Coef.: 0
Name: Areia Compactada ~ Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:35°  Phi C-Phi Correlation Coef.: 0
Name: Transigao Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi: 40 °  Phi-B: C-Phi Correlation Coef.: 0
Name: Enrocamento Proteg3o  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual | - FC ~ Model: Mohr-Coulomb  Unit Weight: 18 kN/m®>  Cohesion: 50 kPa  Phi:25° Phi-B:0°  C-Phi Correlation Coef.: 0
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File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Jusante Il
Kind: SLOPE/W
Date: 17/05/2017
Description: Global

c
]
o
&
w
10 ) B} “© ) ) ) ) % 100
Distance
Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*  Cohesion: 20 kPa  Phi:32° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa Phi:35° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Transi¢ao Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa Phi:40° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protegdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40° Phi-B:0° C-Phi Correlation Coef.: 0
Name: Solo Residual li- FC ~ Model: Mohr-Coulomb  Unit Weight: 18 kN/m*>  Cohesion: 80 kPa Phi: 19° Phi-B:0°  C-Phi Correlation Coef.: 0
File Name: PE_BACIA_1.gsz
Strength Units: kPa
Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Jusante Il - F
Kind: SLOPE/W
Date: 17/05/2017
Description: Fundagao
300 300
295 295
.62
290 [~ * 290
-
S
3
&
w
) 10 2 ) w0 0 & ) 5 % 100
Distance
Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*  Cohesion: 20 kPa  Phi:32° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada ~ Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa  Phi:35° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Transigdo Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi: 40 ° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protegdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual li- FC  Model: Mohr-Coulomb  Unit Weight: 18 kN/m*>  Cohesion: 80 kPa  Phi: 19° Phi-B:0°  C-Phi Correlation Coef.: 0
File Name: PE_BACIA_1.gsz
Strength Units: kPa
Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Montante |
Kind: SLOPE/W
Date: 17/05/2017
Description: Global
200 — 00
295 298
g
o
i
w

Name: Aterro Compactado
Name: Areia Compactada
Name: Transi¢ao Jusante

Name: Enrocamento Protecao

Name: Solo Residual | - FC

Model: Mohr-Coulomb

20 0 40 50 @0 R &0 % 100
Distance
Model: Mohr-Coulomb  Unit Weight: 19 kN/m*  Cohesion: 20 kPa  Phi:32° Phi-B:0° C-Phi Correlation Coef.: 0
Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi:35° Phi-B: 0 °  C-Phi Correlation Coef.: 0

Phi-B: 0 °  C-Phi Correlation Coef.: 0
Phi-B:0°  C-Phi Correlation Coef.: 0
Phi-B:0°  C-Phi Correlation Coef.: 0

Cohesion: 0 kPa  Phi: 40 ©
Cohesion: 0 kPa  Phi: 40 °
Cohesion: 50 kPa ~ Phi: 25 °

Unit Weight: 20 kN/m*
Model: Mohr-Coulomb  Unit Weight: 20 kN/m*
Model: Mohr-Coulomb  Unit Weight: 18 kN/m*
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File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*

Name: Final de Construcao Montante | - F
Kind: SLOPE/W

Date: 17/05/2017
Description: Fundagao

<
S
g
o
w
o ) 2 B} “ P ) n ) % 100
Distance
Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 KN/m*  Cohesion: 20 kPa  Phi:32°  Phi-B:0° C-Phi Correlation Coef.: 0
Name: Areia Compactada ~ Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0kPa  Phi:35° Phi-B:0° C-Phi Correlation Coef
Name: Transi¢a@o Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa Phi: 40° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Prote¢do  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa Phi: 40 ° Phi-B:0° C-Phi Correlation Coef.: 0
Name: Solo Residual | - FC ~ Model: Mohr-Coulomb  Unit Weight: 18 kN/m®>  Cohesion: 50 kPa  Phi:25° Phi-B:0°  C-Phi Correlation Coef.: 0
File Name: PE_BACIA_1.gsz
Strength Units: kPa
Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Montante Il
Kind: SLOPE/W
Date: 17/05/2017
Description: Global
300 — 300
295 295
2.87
20 3 2%
<
L
®
8
w
° 10 20 30 40 50 60 R L 0 100
Distance
Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*>  Cohesion: 20 kPa  Phi: 32 ° :0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi: 35 ° C-Phi Correlation Coef.: 0
Name: Transi¢ao Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi: 40 ° :0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protegdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual li- FC ~ Model: Mohr-Coulomb  Unit Weight: 18 kN/m®>  Cohesion: 80 kPa Phi:19° Phi-B:0°  C-Phi Correlation Coef.: 0
File Name: PE_BACIA_1.gsz
Strength Units: kPa
Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Montante Il - F
Kind: SLOPE/W
Date: 17/05/2017
Description: Fundacao
300 300
298 298
3.95
2% ® 2%
<
2
o
3
w

Name: Aterro Compactado
Name: Areia Compactada
Name: Transi¢ao Jusante

Name: Enrocamento Prote¢ao

Name: Solo Residual li- FC

20 % 0 80 © 70 LY %0 100
Distance
Model: Mohr-Coulomb  Unit Weight: 19 kN/m*  Cohesion: 20 kPa  Phi: 32° Phi-B:0°  C-Phi Correlation Coef.: 0
Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa Phi:35° Phi-B:0° C-Phi Correlation Coef.: 0
Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0kPa  Phi:40° Phi-B:0°  C-Phi Correlation Coef.: 0

Phi:40° P
Phi:19°  Phi-B:

Cohesion: 0 kPa
Cohesion: 80 kPa

Model: Mohr-Coulomb
Model: Mohr-Coulomb

Unit Weight: 20 kN/m*

:0°  C-Phi Correlation Coef.: 0
Unit Weight: 18 kN/m* °

C-Phi Correlation Coef.: 0
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File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Operagao Jusante

Kind: SLOPE/W

Date: 17/05/2017

Description: Global

m‘k
m’
290 1

<
S
2
2
2
w
) 10 20 0 o 0 & ) ® % 100
Distance
Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*>  Cohesion: 20 kPa Phi:32° Phi-B:0° C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa Phi:35° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Transi¢do Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi:40° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protegdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual Ill - OP  Model: Mohr-Coulomb  Unit Weight: 18 kN/m®>  Cohesion: 10 kPa Phi:23° Phi-B: 0°  C-Phi Correlation Coef.: 0
File Name: PE_BACIA_1.gsz
Strength Units: kPa
Unit Weight of Water: 9.807 kN/m*
Name: Operacao Jusante - F
Kind: SLOPE/W
Date: 17/05/2017
Description: Fundagao
30 [ - 30
208 - {295
1.87
290 | * 1290
<
S
®
2
K]
w
0 10 20 F) ) 50 ) ) ) %0 100
Distance
Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*  Cohesion: 20 kPa  Phi: 32° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®  Cohesion: 0 kPa  Phi: 35° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Transi¢ao Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa Phi:40° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protegdo ~ Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi: 40 °  Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual Ill - OP  Model: Mohr-Coulomb  Unit Weight: 18 kN/m®>  Cohesion: 10 kPa Phi:23° Phi-B: 0°  C-Phi Correlation Coef.: 0
File Name: PE_BACIA_1.gsz
Strength Units: kPa
Unit Weight of Water: 9.807 kN/m*
Name: Operagao Montante
Kind: SLOPE/W
Date: 17/05/2017
Description: Global
300 30
298 295
2.01
20 ° 20
=
S
®
]
w

Name: Aterro Compactado
Name: Areia Compactada ~ Mod
Name: Transi¢do Jusante
Name: Enrocamento Protecao
Name: Solo Residual IIl - OP

Model: Mohr-Coulomb
Model: Mohr-Coulomb

Model: Mohr-Coulomb

) % 0 & ) ) % 100

Distance

Phi-B:0°  C-Phi Correlation Coef.: 0
Phi:35° Phi-B:0° C-Phi Correlation Coef.: 0
Phiz40 ©  Phi-B:0°  C-Phi Correlation Coef.: 0
Phi:40°  Phi-B:0°  C-Phi Correlation Coef.: 0
Phi:23° Phi-B:0°  C-Phi Correlation Coef.: 0

Unit Weight: 19 kN/m®>  Cohesion: 20 kPa  Phi: 32 °
Unit Weight: 20 kN/m*>  Cohesion: 0 kPa
Unit Weight: 20 kN/m®>  Cohesion: 0 kPa
Unit Weight: 20 kN/m*>  Cohesion: 0 kPa

Unit Weight: 18 kN/m*>  Cohesion: 10 kPa

iel: Mohr-Coulomb

Model: Mohr-Coulomb
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Elevation

Elevation

Elevation

File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*

Name: Operagao Montante - F
Kind: SLOPE/W

Date: 17/05/2017

Description: Fundagao

300 —

Name: Aterro Compactado ~ Model: Mohr-Coulomb
Name: Areia Compactada  Model: Mohr-Coulomb
Name: Transi¢cao Jusante  Model: Mohr-Coulomb

Name: Enrocamento Protegao
Name: Solo Residual IIl - OP

File Name: PE_BACIA_1.gsz
Strength Units: kPa

Model: Mohr-Coulomb
Model: Mohr-Coulomb

Unit Weight of Water: 9.807 kN/m®
Name: Operagao Sismo Jusante

Kind: SLOPE/W
Date: 17/05/2017
Description: Global

Name: Aterro Compactado ~ Model: Mohr-Coulomb

20 20

Name: Areia Compactada  Model: Mohr-Coulomb Ui

Name: Transicao Jusante ~ Model: Mohr-Coulomb

Name: Enrocamento Protecao
Name: Solo Residual Il - OP

File Name: PE_BACIA_1.gsz
Strength Units: kPa

Model: Mohr-Coulomb
Model: Mohr-Coulomb

Unit Weight of Water: 9.807 kN/m*
Name: Operagao Sismo Jusante - F

Kind: SLOPE/W
Date: 17/05/2017
Description: Fundacao

Name: Aterro Compactado

Name: Areia Compactada  Model: Mohr-Coulomb
ransi¢do Jusante  Model: Mohr-Coulomb

Name: Enrocamento Protecao
Name: Solo Residual Il - OP

Model: Mohr-Coulomb

Model: Mohr-Coulomb
Model: Mohr-Coulomb

Unit Weight: 19 kN/m*
Unit Weight: 20 kN/m*
Unit Weight: 20 kN/m*

Unit Weight: 19 kN/m*
nit Weight: 20 kN/m*  Cohesion: 0 kPa

Unit Weight: 20 kN/m*  Cohesion: 0 kPa

Unit Weight: 20 kN/m*
Unit Weight: 20 kN/m®

40 50

Distance

Unit Weight: 20 kN/m*
Unit Weight: 18 kN/m*

) 50

Cohesion: 0 kPa
Cohesion: 10 kPa

Distance

Unit Weight: 20 kN/m*
Unit Weight: 18 kN/m®

40 50
Distance

Cohesion: 20 kPa

Cohesion: 0 kPa
Cohesion: 10 kPa

Unit Weight: 19 kN/m®>  Cohesion: 20 kPa

Unit Weight: 20 kN/m*
Unit Weight: 18 kN/m*

Cohesion: 0 kPa
Cohesion: 0 kPa

Cohesion: 0 kPa
Cohesion: 10 kPa

Phi: 32°
Phi:35°  Phi
Phi: 40 °  Phi.

Phi: 35 °
Phi: 40 ©

60 70
Cohesion: 20 kPa  Phi: 32 °
Cohesion: 0kPa  Phi:35°  Phi
Cohesion: 0 kPa  Phi: 40 *

Phi: 40 ©
Phi: 23 °

Phi: 40 *
Phi: 23 °

Phi: 32 °

Phi: 40
Phi: 23 ©

Phi-B: 0 °  C-Phi Correlation Coef.: 0

-B:0°  C-Phi Correlation Coef.: 0

Phi-B:0°  C-Phi Correlation Coef.: 0

Phi-B:0°  C-Phi Correlation Coef.: 0
Phi-B:0°  C-Phi Correlation Coef.: 0

Phi-B: 0 °  C-Phi Correlation Coef.: 0

-B:0°  C-Phi Correlation Coef.: 0

-B:0°  C-Phi Correlation Coef.: 0
Phi-B:0°  C-Phi Correlation Coef.: 0
Phi-B:0°  C-Phi Correlation Coef.: 0

Phi-B: 0 °  C-Phi Correlation Coef.: 0

Phi-B:0°  C-Phi Correlation Coef.: 0
Phi-B: 0 °  C-Phi Correlation Coef.: 0

Phi-B:0°  C-Phi Correlation Coef.: 0
Phi-B:0°  C-Phi Correlation Coef.: 0
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File Name: PE_BACIA_1.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Operagao Sismo Montante
Kind: SLOPE/W

Date: 17/05/2017

Description: Global

300 — — 300

205 | {208

c
S
]
2
2
w
Distance
Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*>  Cohesion: 20 kPa Phi:32° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:35° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Transicdo Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa  Phi:40 ° Phi-B: 0° C-Phi Correlation Coef.: 0
Name: Enrocamento Protecdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40°  Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual lll - OP  Model: Mohr-Coulomb  Unit Weight: 18 kN/m®>  Cohesion: 10 kPa Phi:23° Phi-B:0° C-Phi Correlation Coef.: 0
File Name: PE_BACIA_1.gsz
Strength Units: kPa
Unit Weight of Water: 9.807 kN/m*
Name: Operagao Sismo Montante - F
Kind: SLOPE/W
Date: 17/05/2017
Description: Fundagao
300 1 300
205 | ‘r 205
1.66 ‘
200 * 280
c
L2
s
2
w

Distance

Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*  Cohesion: 20 kPa  Phi:32° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi:35° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Transi¢do Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi:40° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protecdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa  Phi: 40 ° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Solo Residual Ill - OP  Model: Mohr-Coulomb  Unit Weight: 18 kN/m*>  Cohesion: 10 kPa Phi:23° Phi-B:0° C-Phi Correlation Coef.: 0

4. BACIA 2

Os parametros de calculo dos diversos materiéi® egtresentados na tabela abaixo. A sec¢do deaalct
com 0s materiais utilizados esta em seguida agabel

ol gl Al W N | O

COR Material Y (KN/m3) 0° c (KPa) | Ru k (cm/s)
Aterro compactado 19 32 20 0,1 Kv=10kh=5x10°

Areia compactada 20 35 - 1Ge 5x10°
Transigdo de jusante 20 40 - 1
Enrocamento de protecéo 20 40 10

- 2x16
- 16

Areia de fundacéo 19 32
Solo residual 18 28

glo|lo|o| o
1
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Cabem aqui os seguintes comentarios em relac&iséérecia adotada para o solo residual:

» Nas trincheiras abertas no inicio dos trabalho$ie®u-se tratar este solo residual como um solc
arenoso, bastante diferente do solo residual deaBatendo sido possivel inspecionar apenas se
topo, dada a grande profundidade, para trincheiras.

» Considerando-se, na ocasido, que o solo resideanhtava-se em profundidade maior e nac
aflorante, como no caso da Bacia 1, optou-se pmtaadma envoltéria conservadora, com coesa
de apenas 5kPa e angulo de atrito de 28 graus.

* As sondagens feitas posteriormente e durante aatas¢ de acompanhamento construtivo, as

escavacOes estdo mostrando que a espessura éepgojoena e em condi¢cdes muito compactas

Foram inicialmente realizadas analises de percolggé visam a determinacéo da rede de fluxo pelo
macico e fundacado, de maneira utilizar as pressfasticiais (sub-pressdes e pressdes neutrag) com

dados de entrada para as analises de estabilidade.

Utilizando-se os coeficientes de permeabilidadstzomes na tabela acima, foi obtido o resultadxaba

gue foi utilizado nas andlises de estabilidadewdei®namento.
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File Name: PE_Bacia_2.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Dique Principal Solo

Kind: SEEP/W

Date: 16/05/2017

Name: Aterro Compactado ~ Model: Saturated Only ~ K-Function: 0 VolWCFnNum: 0 K-Ratio: 0.2  K-Direction: 0 *
Name: Areia Compactada  Model: Saturated Only ~ K-Function: 0 VoIWCFnNum: 0  K-Ratio: 2  K-Direction: 0 ©
Name: Areia Fundagdo  Model: Saturated Only ~ K-Function: 0  VoIWCFnNum: 0  K-Ratio: 1 K-Direction: 0 *
Name: Transicao Jusante ~ Model: Saturated Only ~ K-Function: 0 VoIWCFnNum: 0  K-Ratio: 1 K-Direction: 0 *
Name: Enrocamento Prote¢do  Model: Saturated Only ~ K-Function: 0 ~ VOIWCFnNum: 0 K-Ratio: 1 K-Direction: 0 *
Name: Solo Residual | - FC ~ Model: Saturated Only ~ K-Function: 0 VoIWCFnNum: 0  K-Ratio: 1 K-Direction: 0 *

Os gradientes hidraulicos estéo na figura abaixo.

File Name: PE_Bacia_2.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Dique Principal Solo

Kind: SEEP/W

Date: 16/05/2017

Distance

Name: Aterro Cq Model: Only K ion: 0 VoIWCFnNum: 0 K-Ratio: 0.2  K-Direction: 0 *
Name: Areia Compactada  Model: Saturated Only ~ K-Function: 0 VoIWCFnNum: 0  K-Ratio:2  K-Direction: 0 °
Name: Areia Fundacdo  Model: Saturated Only ~ K-Function: 0 VOIWCFnNum: 0  K-Ratio: 1 K-Direction: 0
Name: Transigdo Jusante  Model: Saturated Only ~ K-Function: 0 VolWCFnNum:0  K-Ratio: 1  K-Direction: 0 °
Name: Enrocamento Protegéo  Model: Saturated Only ~ K-Function: 0 VOIWCFnNum: 0 K-Ratio: 1 K-Direction: 0 *
Name: Solo Residual | - FC ~ Model: Saturated Only ~ K-Function: 0 VoIWCFnNum: 0  K-Ratio: 1 K-Direction: 0 *

A tabela abaixo mostra o resumo dos resultadosadakses de estabilidade e as figuras seguinte
detalham cada um dos casos analisados, mostramil@wl®s criticos obtidos.

NA NA
Caso Talude r—— T FS MIN F.S.
Jusante - - 1,3 1,84
Final de Construgao
Montante - - 1,3 1,59
Jusante 294 287 1,5 1,66
Operagao
Montante 294 287 1,5 3,18
Jusante 294 287 1,0 1,42
Sismo
Montante 294 287 1,0 2,56
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Elevation

Elevation

Elevation

File Name: PE_Bacia_2.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m?
Name: Final de Construgao Jusante
Kind: SLOPE/W

Date: 17/05/2017

Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kKN/m>  Cohesion: 20 kPa  Phi:32° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa  Phi:35° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Areia Fundagdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:32°  Phi-B:0°  C-Phi Correlation Coef.:

Name: Transi¢do Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®  Cohesion: 0 kPa  Phi:40° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protecao  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40° Phi-B: 0°  C-Phi Correlation Coef.: 0
Name: Solo Residual ~ Model: Mohr-Coulomb  Unit Weight: 18 kN/m*>  Cohesion: 5 kPa Phi:28° Phi-B: 0°  C-Phi Correlation Coef.: 0

File Name: PE_Bacia_2.gsz

Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Final de Construgao Montante
Kind: SLOPE/W

Date: 17/05/2017

Distance

Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m®>  Cohesion: 20 kPa  Phi:32° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*®  Cohesion: 0 kPa  Phi: 35° Phi-B:0°  C-Phi Correlation Coef.:
Name: Areia Fundagdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa  Phi: 32° Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Transicao Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi:40 © Phi-B:0 ®  C-Phi Correlation Coef.: 0
Name: Enrocamento Protegdo  Model: Mohr-Coulomb  Unit Weight: 20 KN/m®  Cohesion: 0kPa  Phi: 40 ° Phi-B: 0 °  C-Phi Correlation Coef.: 0
Name: Solo Residual ~ Model: Mohr-Coulomb  Unit Weight: 18 kN/m*  Cohesion: 5kPa  Phi:28 °  Phi-B: 0°  C-Phi Correlation Coef.: 0

File Name: PE_Bacia_2.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m®
Name: Operagao Jusante

Kind: SLOPE/W

Date: 17/05/2017

Name: Aterro Compactado ~ Model: Mohr-Coulomb  Unit Weight: 19 kN/m*  Cohesion: 20 kPa Phi-B: 0 C-Phi Correlation Coef.: 0
Name: Areia Compactada  Model: Mohr-Coulomb  Unit Weight: 20 kN/m>  Cohesion: 0 kPa 3 Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Areia Fundacao  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®*  Cohesion: 0 kPa  Phi:32°  Phi “  C-Phi Correlation Coef.: 0
Name: Transicao Jusante  Model: Mohr-Coulomb  Unit Weight: 20 kN/m*  Cohesion: 0kPa  Phi: 40 © Phi-B:0°  C-Phi Correlation Coef.: 0
Name: Enrocamento Protecdo  Model: Mohr-Coulomb  Unit Weight: 20 kN/m®>  Cohesion: 0 kPa Phi:40° Phi-B:0° C-Phi Correlation Coef.: 0
Name: Solo Residual ~ Model: Mohr-Coulomb  Unit Weight: 18 kN/m*  Cohesion: 5kPa Phi:28 ° Phi-B: 0°  C-Phi Correlation Coef.: 0
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File Name: PE_Bacia_2.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*
Name: Operagao Montante

Kind: SLOPE/W

Date: 17/05/2017

Elevation

Name: Aterro Compactado ~ Model: Mohr-Coulomb
Model: Mohr-Coulomb

Name: Areia Compactada
Name: Areia Fundacao

Name: Transi¢o Jusante
Name: Enrocamento Protegao
Name: Solo Residual ~ Model: Mohr-Coulomb

Model: Mohr-Coulomb

File Name: PE_Bacia_2.gsz

Strength Units: kPa

Unit Weight of Water: 9.807 kN/m*

Name: Operagao Sismo Jusante
ind: PE/W

Kind:
Date: 17/05/2017

Elevation

Name: Aterro Compactado
Name: Areia Compactada
Name: Areia Fundagao
Name: Transi¢ao Jusante
Name: Enrocamento Protegao
Name: Solo Residual ~ Model: Mohr-Coulomb

File Name: PE_Bacia_2.gsz
Strength Units: kPa

Unit Weight of Water: 9.807 kN/m?
Name: Operagao Sismo Montante
Kind: SLOPE/W

Date: 17/05/2017

Elevation

Name: Aterro Compactado
Name: Areia Compactada
Name: Areia Fundagao
Name: Transig&o Jusante
Name: Enrocamento Protegao
Name: Solo Residual ~ Model: Mohr-Coulomb

Model: Mohr-Coulomb
Model: Mohr-Coulomb
Unit Weight: 18 kN/m®

Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb

Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb

C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0
Phi-B: 0°  C-Phi Correlation Coef.: 0
Phi-B: 0 °  C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0

Phi-B: 0 °
Phi-B: 0 *
Phi-B: 0 *

Cohesion: 20 kPa  Phi: 32 ©
Cohesion: 0 kPa
Cohesion: 0 kPa
Cohesion: 0 kPa  Phi: 40 °
Cohesion: 0 kPa  Phi: 40 °
Phi:28° Phi-B:0°

Unit Weight: 19 kN/m*
Unit Weight: 20 kN/m*
Unit Weight: 20 kN/m®
Unit Weight: 20 kN/m®
Unit Weight: 20 kN/m*
Cohesion: 5 kPa

Distance

C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.:
Phi-B:0°  C-Phi Correlation Coef.: 0
Phi-B: 0°  C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0

Phi-B: 0 ©
Phi-B: 0 °
Phi-B: 0 °

Cohesion: 20 kPa  Phi: 32 ©
Cohesion: 0 kPa  Phi: 35 ©
Cohesion: 0 kPa  Phi: 32 °

Cohesion: 0 kPa  Phi: 40 ©
Cohesion: 0 kPa  Phi: 40 *
Phi:28 ©  Phi-B:0

Unit Weight: 19 kN/m*
Unit Weight: 20 kN/m*
Unit Weight: 20 kN/m?
Unit Weight: 20 kN/m*®
Unit Weight: 20 kN/m*
Cohesion: 5 kPa

Unit Weight: 18 kN/m*

C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0

C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0
C-Phi Correlation Coef.: 0

Phi-B: 0 °
Phi-B: 0 °
Phi-B: 0 *

Phi-B: 0 °
Phi-B: 0 °

Unit Weight: 19 kN/m*>  Cohesion: 20 kPa  Phi: 32 ©
Unit Weight: 20 kN/m®>  Cohesion: 0 kPa  Phi: 35

Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi: 32 °
Unit Weight: 20 kN/m*>  Cohesion: 0 kPa  Phi: 40 °

Unit Weight: 20 kN/m*  Cohesion: 0 kPa  Phi: 40 °

Unit Weight: 18 kN/m*>  Cohesion: 5kPa  Phi:28° Phi-B:0°
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5. CONCLUSAO

Considerando-se os calculos realizados, conclgugeas geometrias das bacias 1 e 2 constantes c

desenhos de projeto possuem condi¢cdes de estdbilkdkequadas.

Ressalta-se no caso na Bacia 2 que os coeficidatesguranca para os taludes internos apresentam

relativamente conservadores, 0 que ndo acontece® ¢alumde de jusante. N&o foi introduzido um talude

mais ingreme para a parte interna (montante) déaBapelo fato de tal modificacdo introduzir um

estreitamento significativo na espessura da vedagéofoi o que condicionou a configuracdo do w@lud

interno.



