Estado de Santa Catarina, Brasil
Estudo Preparatorio para o Projeto de Prevencao e Mitigacdo de Desastres na Bacia do Rio Itajai
Relatério Final Anexo G do Relatério de Suporte

CAPITULO 6 ANALISE DA VIABILIDAE DO PROJETO DE
ESTRUTURAS DE ACO

6.1 Introduction

Os propositos desta analise séo:

i) Analisar a necessidade de substituicdo de novas comportas devido a elevagdo de duas
barreiras, e
i) Elaborar um projeto de viabilidade das comportas propostas no Rio Itajai Mirim.

A Tabela 6.1.1 apresenta 0s objetivos da anélise das estruturas de aco.
Tabela 6.1.1 Objetivos das Estruturas de Aco

Instalagdes Locais Estruturade | Quantidade Tamanho
Aco
Controle de Barragem Oeste Comporta 7 conjuntos ¢1500mm
Comporta deslizante
(Elevagdo da Tubo conduto
Barragem) Barragem Sul Comporta 5 conjuntos ¢1500mm
deslizante
Tubo conduto
Comporta Montante do rio Itajai Mirim Comporta 4 conjuntos W12.5mxH4.5m
rolante
Jusante do rio Itajai Mirim Comporta 4 conjuntos W12.5mxH3.6m
rolante

Fonte: Equipe de estudos JICA
O conteuldo da andlise estd enumerado na tabela abaixo.

Tabela 6.1.2 Conteudo do projeto de anélise de viabilidade

Locais Estrutura de Aco Conteldos do projeto da andlise de viabilidade
Barragem Oeste Comporta deslizante (1) Investigacdes no local
Tubo conduto (2) Avaliacdo da necessidade de substitui¢do
Barragem Sul Comporta deslizante (3) Reparagdo de itens e métodos
Tubo conduto (4) Estimagéo de custos
Montante do rio Itajai Mirim Comporta rolante (1) Selecéo do tipo de comporta
Jusante do rio Itajai Mirim Comporta rolante (2) Selecédo das medidas de protecao a corrosao
(3) Estimacéo das cargas do projeto
(4) Estimacdo de custos

Fonte: Equipe de estudos JICA

O Fluxograma de trabalho em analise é mostrado abaixo.
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Comportas de Controle nas Barragens Sul
e Oeste

C Comportas no Rio Itajai Mirim

)

| 1. Investigagéo do Local | | 1. Selegéo do tipo de comporta |

(1) Comporta tipo painel (folha)

(2) Véo livre

(3) Tipo de grua, e

(4) Sistema de alimentagdo de
energia

(1) Confirmacéo das condigdes correntes das comportas
e sistema de operagao,

(2) Entrevista com o gestor do local sobre o sistema de
operagao e registros de manutencéo, e

(3) Campo de medicdo da espessura da tampa da

Y comporta e tubo conduto. = - = -
P 2. Selecdo das medidas de protecdo a

| 2. Avaliagdo das necessidades de substituicéo COrrosao

aco

inoxidavel.
b.  Pintura

| 3. Estimac&o da carga do projeto

Entrada do resultado As duas medidas sdo comparadas.
das medidas a. Uso de material de

| Inspecéo da forca |

As cargas seguintes sdo consideradas
como Composicéo de Peso.

(1) Peso da comporta painel

(2) Peso da talha

(3) Carga da Operagdo, e

(4) Carga da presséo hidraulica

Julgamento No
6 <0,

Yes

o = Tensdo calculada [MPa]

o, = Tensdo admissivel [MPa]
v

| 4. Estimacdo de Custos

3. Métodos e itens de Reparagéo |

+ Estimagao do peso total
| + Preco unitario
+ Preco total

Sem reparac¢éo ou |
\ ] substituicdo

Reforco

| 4. Estimacdo de Custos |

\

| Custo estimado |

|
| Sem custo estimado |

Fonte: Equipe de estudos JICA
Figura 6.1.1 Fluxograma de andlise

O resultado do exame esta posteriormente descrito.

6.2 Controle de Comporta
6.2.1 Condigdes de Projeto
QD Dados de Projeto da Comportas

As condicdes de projeto de controle de comportas estdo resumidas como a seguir:

Tabela 6.2.1 Condic8es de Projeto de Controle de Comporta

c - - Controle de Comporta da Barragem | Controle de Comporta da Barragem
aracteristicas Técnicas Oeste sul
Tipo Comporta deslizante feita de ago Comporta deslizante feita de ago
Quantidade 7 sets 5 sets
Didmetro 1500mm 1500mm
Nivel max. de agua EL.364.65m EL.408.00m
Nivel de 4gua da enchente EL.362.30m EL.401.00m
Nivel de 4gua normal EL.340.79m EL.387.00m
Centro de elevagdo da EL.339.25m EL.368.00m
comporta
Elevacdo de fundacdo de EL.337.60m EL.357.50m
pedra
Material da comporta A36 (ASTM) A36 (ASTM)
Vedacdo metalica em ambos os lados da | Vedagdo metalica em ambos os lados
Sistema de vedacdo comporta painel da comporta painel
Vedacdo metalica em ambos os lados da | Vedagdo metalica em ambos os lados
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comporta painel

da comporta painel

Instrumentos de Operagao

Cilindro Hidraulico

Cilindro Hidraulico

Tamanho do Cilindro

Diametro interno do cilindro: 160mm
Diametro externo da haste: 90mm
Curs0:1570mm

Diametro interno do cilindro:200mm
Diametro externo da haste: 100mm
Curs0:1570mm

Presséo do 6leo

Pressdo Normal (estimativa): 21MPa
Pressdo Max.: 35MPa

Pressdo Normal (estimativa): 16MPa
Pressdo Max.: 20MPa

Sistema de operagao Local Local

Ano de construgdo 1978 1969

Ano de reparacao — 2007

Itens reparados — Hydraulic unit & Operating panel
Fabricante HISA* HISA*

Observagdes; HISA: Hidraulica Industrial S.A. Ind.

Fonte: Equipe de Estudos JICA

2) Niveis de Agua

Niveis de Agua nas operacdes de enchente serdo elevadas em 2.0 m depois da elevagio como a seguir:

Tabela 6.2.2 Operacdo de niveis de agua

Baragem Oeste Barragem Sul
. < (Tipo Gravidade) (Tipo Aterro)
Nivel de Agua Antes da Depois da Antes da Depois da
Elevacéo Elevacéo Elevacéo Elevacéo
Nivel méx. de 4gua EL.362.65m EL.364.65m EL.408.00m EL.408.00m
Nivel de gua da enchente EL.360.30m EL.362.30m EL.399.00m EL.401.00m
Nivel normal de agua EL.340.79m EL.340.79m EL.387.00m EL.387.00m

Fonte: Resultados de Pesquisa pela Equipe de Estudos JICA

6.2.2

Investigacdo do Local

A investigacdo do local foi realizada através dos seguintes itens:

Confirmagéo da presente condi¢do das comportas e sistema operacional,

Entrevista ao gestor do local sobre o sistema operacional e os registros de manutencdo, e

Campo de medicdo da espessura da tampa da comporta e tubo conduto.

(1) Condicéo das comportas

A condicdo corrente das comportas esté ilustrada na seguir na Tabela 6.2.3. a seguir.

Tabela 6.2.3 Condicdo presente das comportas

Item de Barragem Oeste Dam clarified Sul
verificacdo
Vazamento de | - |Vazamento de agua foi observado no | - Vazamento de agua foi observado e os
Agua flange de todas as comportas flanges e expansdo e dilatacdo nas
- Water leakage was observed at the articulagdes de todas as comportas.
expansion joints of all gates. :
No.4 Expansdo Conjunta
Vazamento de | - Nenhum vazamento de dleo foi | - Nenhum vazamento de dleo foi
Oleo observado na Unidade Hidraulica do observado na Unidade Hidraulica do
Cilindro. Cilindro.
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Unidade Hidraulica Cilindro do No.5 Comporta deslizante
Sujeira + Sujeira causada pelo vazamento de agua | - Nenhuma sujeira foi observada para todas

foi observada em todas as comportas. as comportas porque 0S pogos estavam
F ; ‘ i\ cobertos com o0 vazamento de agua.

Sujeira devido
ao vazamento

Poco No.5 Comporta Deslizante Vazamento de Agua no pogo (No.2 gate)
Damage + Nenhum prejuizo foi observado nas | - Nenhum prejuizo foi observado nas
comportas. comportas.

Fonte: Equipe de Estudos JICA

Um grande vazamento de &gua foi encontrado nas comportas das duas barragens. Isso deve ter
acontecido devido ao fato de o vazamento de &gua ter sido causado pelo desmantelamento da tampa do
flange na vistoria de 1983. Muita areia se acumulou no poco. Embora a areia acumulada e o
vazamento de agua possam ndo ter afetado a operacdo da comporta diretamente, as bombas de
drenagem podem ter afetado e causado problemas.

Bombas de drenagem na Barragem Oeste (Esquerda) e Sul (Direita)

Fonte: Equipe de Estudos JICA

(1) Sistema Operacional

A condicdo corrente da comporta do sistema de operagéo esta resumida abaixo.
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Tabela 6.2.4 Sistema de Operacdo das Comportas

Item a verificar

Barragem Oeste

Barragem Sul

Equipe de operagdo

+ Um operador € estacionado no periodo
diurno.

+ Nao ha dados para a mudanca de
operacdo noturna.

+ Um operador € estacionado no periodo
diurno.

+ Os residentes nas proximidades da
barragem relataram o funcionamento
anormal da equipe de operagdo no
periodo noturno.

Intervalo de abertura

+ 0% e 100%

+ 0%, 33%, 66% e 100%

da comporta

Sistema de operagéo - Local - Local

Gerador de + Nenhum gerador de emergéncia esta Gerador de emergéncia esta instalado.
Emergéncia instalado. [ !
Energia de + Quando o motor ndo esta funcionando, + Quando o motor ndo esta funcionando,
emergéncia 0 motor stand-by pode fornecer 0 motor stand-by pode fornecer

Source: JICA Survey Team

)

energia.

Registros de Manutencgéo

energia.

Os registros de manutencdo das comportas estdo expostos na tabela seguinte.

Tabela 6.2.5 Registros de manutencdo das comportas

Item a verificar

Barragem Oeste

Barragem Sul

Nova pintura

+ Nenhuma nova pintura foi realizada até
0 momento.

+ Nenhuma nova pintura foi realizada até
0 momento.

Reviséo

+ A revisdo foi realizada no passado, mas
a data é incerta.

+ Depois da remogao da comporta painel,
a abertura é coberta por chapas de
anteparo

+ A revisdo foi realizada em 1983.
+ O procedimento utilizado na revisdo foi

0 seguinte:

1) Instalagdo de um  bloco
acorrentado em um gancho no
teto

2) Remocdo do cilindro

3) Remocdo da tampa

4) Remogdo da comporta painel

- A reviséo foi realizada em uma estacgéo
seca e demorou cerca de 1 semana por
unidade.

- Depois da remogao da comporta painel,
a abertura é coberta por chapas de
anteparo
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| b w e w o
Chapas de anteparo Chapas de anteparo
Relocacédo + Nenhum registro - Os painéis de operacéo e as unidades

hidraulicas foram substituidos por
outros novos em 2007.

Fonte: Equipe de Estudos JICA
(3) Medicdo da espessura da placa da tampa da comporta e do tubo conduto.
1) Geral

Como nenhum célculos sobre as comportas e tubos conduto estdo disponiveis no presente, a espessura
da chapa das tampas das comportas e tubos conduto sdo desconhecidas. Assim, a medicdo da
espessura do mesmo foi realizada de modo a confirmar a forca de tampas das comportas e tubos
conduto. O medidor de espessura ultrasonico foi utilizado para a medicdo da espessura da placa do
mesmo.

Itens de Medicéo

As comportas foram construidas com as mesmas estruturas e foram fabricadas simultaneamente. Além
disso, a operacdo e a manutencdo das mesmas sdo feitas de forma equivalente. A medida da espessura
da chapa da tampa da comporta e o tubo conduto foi realizada para as comportas seguintes.

a. Comporta No.2 na Barragem Oeste
b. Comporta No.1 na Barragem Sul
Locais para Medicéo

A espessura da chapa pode ser medida pela parte de fora por um instrumento de medicdo. A espessura
da comporta painel ndo pode ser medida visto que estad armazenada na tampa.

a. Comportas

a-1 Espessura da viga de refor¢o (Tampa)
a-2 Dimendes do contorno da Tampa

b. Tubo conuduto

b-1 Espessura do tubo conduto

O local de medigdo esté ilustrado abaixo.
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Notas:
: Locais de Medigao

| Expanséo da articulagéo

Montante Jusante

Fonte: Equipe de Estudos JICA
Figura 6.2.1 Controle de Comporta e Tubo Conduto

2) Instrumento de Medigéo

a. Medidor ultra sdnico de espessura (fabricado pela JFE- Advantech in Japan)
b. Fita métrica e paquimetro

Fonte: Equipe de Estudos JICA
Figura 6.2.2 Medidor ultra sénico de espessura

3) Resultado da medicéo

Os resultados da medicao estdo resumidos abaixo.
Tabela 6.2.6 Resultado da Medicéo

viga de reforco

A: 12.50mm (12.7mm)
B: 100.00mm (100.0mm)
C: 20.00mm (20.0mm)
D: 12.80mm (12.7mm)
E: 65.0mm (65.0mm)

Item Barragem Oeste Barragem Sul Observacoes
Espessura da placa do | Montante: 5.93mm Montante: 9.17mm o
tubo conduto Jusante: 6.51mm Jusante: 8.66mm
Espessura da chapa da Pelicula na

A: 12.58mm (12.7mm)
B: 122.00mm (123.0mm)
C: 26.00mm (25.4mm)
D: 16.20mm (16.0mm)
E: 100.00mm (100.0mm)

/ngldez da V|ga

=

I

Notas:

1. As figuras em parénteses tém valores estimados a partir dos desenhos.

2. O resultado da medic&o detalhada esta anexado no Apéndice 1.

Fonte: Equipe de Estudos JICA
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6.2.3  Avaliacdo da necessidade de substituicdo
(1) Normas aplicadas

As normas aplicadas para o projeto as portas existentes sdo desconhecidas, jA que 0s respectivos
modelos de calculos foram perdidos devido a Enchete de 1983. Portanto, a norma brasileira da ABNT
NBR 8883:2008 para o projeto de comportas foi aplicada. A forca das comportas e dos tubos conduto
existentes foram analisados usando as normas mencionadas. Confirmou-se com o fabricante da
comporta por meio de entrevista que o principal material da comporta e dos tubos conduto sdo
baseandos em A36 da norma ASTM.

(2) TensBes admissiveis

De acordo com a ABNT NBR 8883, as tensdes admissiveis para 0 material estdo estipuladas na tabela
abaixo:

Tabela 6.2.7 Tensoes Admissiveis

Ponto de escoamento Condigdes de Carregamento 2 Coeficiente™ | Tenstes Admissiveis
[MPa] [MPa] ™
forca bésica do projeto)
CCN: Somente nivel normal de 4gua 0.50 125.0
CCEL:Nivel normal de agua + Pressdo
dindmica de &4gua durante um 0.90 225.0
250" terremoto
CCEZ2: Somente nivel de enchente 0.63 157.5

CCL.: Nivel de enchente + Pressdo dindmica

durante um terremoto 0.80 200.0

Notes: *1) ASTM A36/A36M-08 [TABALA 3 Requisitos elasticos]
*2) CRITERIOS DE PROJETO CIVIL DE USINAS HIDRELETRICAS Outubro/2003
*3) ABNT NBR 8883: 2008, [Tabela 6 - Coeficientes “S” definidores de tensdes admissives]
*4) Tensdo admissivel = [Ponto de Escoamento]x[Coeficiente]

Fonte: ABNT NBR 8883 no Brasil

€)) Resultados do célculo
1) Tampa de Controle de Comporta

A forca da tampa de controle da comporta foi calculada e detalhada nos Apéndices 2 e 3. A for¢a da
tampa foi calculada sob a carga maxima de conversdo no caso do CCN, CCE1, CCE2 e CCL. A carga
convertida para cada caso estd calculada pela carga real que é dividida pelo coeficiente. A carga
méaxima convertida ocorreu no nivel de dgua da enchente (CCE2) da relacdo entre a carga real e o
coeficiente. Assim, o calculo da forca é feito para CCE2.

Tabela 6.2.8 Relacéo entre a Carga real e o Coeficiente

Projeto para Nivel de - Carga [KN]
Agua Coeficiente Carga real Carga Convertida

Oeste | CCN 0.50 39.00 78.00
CCE1 0.90 41.25 45.83

634.21

CCE2 0.63 399.55 (Max.)

CCL 0.90 417.65 464.06

Sul CCN 0.50 329.35 658.70
CCE1 0.90 347.31 385.90

907.99

CCE2 0.63 572.03 (Max.)

CCL 0.90 600.76 667.52

Notes: CCN: Somente nivel normal de 4gua
CCEL: Nivel normal de agua + Pressdo dindmica da agua durante o terremoto
CCE2: Somente o nivel de 4gua de Enchente
CCL: Nivel de 4gua de Enchente + Pressdo dinamica da 4gua durante o terremoto

Fonte: Equipe de Estudos JICA
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O calculo da resisténcia da viga de reforco é calculado para os seguintes pontos A, B e C como
ilustrado abaixo.

c Deslocamento

Pressdo Hidrdulica

e oo oas

ALY

Source: JICA Survey Team
Fig 6.2.3 Location of Strength Calculation (Sectional View)

A viga de reforco tem forca o bastante no presente desde que a tensdo calculada seja menor do que a
tensdo admissivel como resumido na tabela abaixo.

Tabela 6.2.9 Resultados do Célculo (Viga de Reforco)

o (Tensdo o a(Tensdo
Barragem Local Tenséo Calculada) [MPa] Admissivel) Jul((;;zin;e;]to
After Before [MPa]
Oeste Ponto A | Bending stress (Dentro) | 792 | 23 | . 1575
| Dobrar a tenséo (Fora) ____| 616 | 863 | 1675 OK
Cortar a tensdo 41.7 38.0 90.9
Ponto B~ | Dobrar atensdo (Dentro) | 111.4 | 1017 | 1575
 Dobraratensdo (Fora) | 582 | 532 | _____ 1575 . OK
Cortar a tenséo 9.8 9.0 90.9
PontoC | Dobrar atensdo (Dentro) | 37.8 | 345 | 1675
| Dobrar a tenséo (Fora) | 77.3 | 706 | 1675 OK
Cortar a tenséo 41.7 38.0 90.9
Sul Ponto A  Dobrar atensao (Dentro) |~ 79.2 | a4 | 1575 .
 Dobrar atensdo (Fora) | __ 40.7 | 382 | . 1575 OK
Cortar a tensdo 39.6 37.2 90.9
PontoB | Dobraratensdo (Dentro) | 1055 | 991 | 1675
 Dobrar atensdo (Fora) | 387 | 363 | . 1575 OK
Cortar a tenséo 9.6 9.0 90.9
PontoC | Dobraratensdo (Dentro) | 369 | 346 | . 1575 .
| Dobrar atensdo (Fora) | 578 | . 43 | . 1575 . OK
Cortar a tensdo 39.6 37.2 90.9
Notas: Depois: Ap6s 0 aumento, Antes: Antes do aumento

Fonte: Equipe de Estudos JICA

1) Forca de acionamento

A forga de acionamento é calculada como mostra os Apéndices 2 e 3. O resumo do célculo é descrito
abaixo. Em conclusdo, os cilindros tém capacidade suficiente para acionarem as comportas.

Tabela 6.2.10 Resultados dos Calculos (Forca de Acionamento)

Forca de atracdo dos cilindros [kN] Forca de impulsdo do cilindro [KN]
Barragem Carga de Forca de Carga de Forca de
abertura - Julgamento fechamento - Julgamento
- acionamento - acionamento
Depois | Antes Depois | Antes
Oeste 200.0 | 180.0 259.8 OK 170.0 | 150.0 228.0 OK
Sul 310.0 | 310.0 339.3 OK 260.0 | 260.0 271.4 OK
Notas: Depois: Ap6s 0 aumento, Antes: Antes do aumento
Fonte: Equipe de Estudos JICA
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2) Tubo conduto

Como mostra a Tabela 8.2.8 acima, a carga maxima convertida € CCE2. Assim, o célculo da
resisténcia é também feito por CCE2. A resisténcia do tubo conduto é calculada como mostra 0s
Apéndices 4 e 5. Em conclusdo, o tubo conduto tem forga suficiente no presente, desde que as tensdes
calculadas sejam menores do que as tensfes admissiveis.

Tabela 6.2.11 Resultados do Céluculo (Tubo conduto)

o (Tenséo 0. (Tensdo | Julgamento
Barragem Posicéo Calculo de CASE calculada) [MPa] Admissivel) g<oca
Depois Antes [MPa]
Montante . 28.6 26.1 157.5 OK
Oeste Jusante CCE2: 23?;32 egl:\fl‘la\ g: 26.1 23.8 157.5 OK
sul Montante Enchente 26.5 24.9 157.5 OK
Jusante 28.0 26.3 157.5 OK

Notas: Depois: Ap6s 0 aumento, Antes: Antes do aumento

Fonte: Equipe de Estudos JICA
6.2.4 itens e Métodos de Reparagio
@ Tubo conduto

No mo

No momento, o reparo ou substitui¢cdo do tubo conduto ndo sdo necessarios visto que os tubos conduto
tém forca suficiente mesmo que o nivel de dgua seja superior a 2.0m. Entretanto, ha a possibilidade de
0 vazamento de agua aumentar devido ao aumento do nivel da agua. Embora 0 vazamento de 4gua nao
afete a resisténcia do tubo conduto e o tubo de drenagem com facilidade, o vazamento de 4gua deve se
esgotar com a substituicdo da embalagem, do selo de borracha, etc. como uma das obras de
manutencoes.

2 Controle de Comporta

O reparo ou substituicdo dos controles de comporta também ndo se fazem necessario pelos mesmos
motivos dos tubos conduto. Os cilindros hidraulicos tém ampla forca de acionamento mesmo que 0
nivel da adgua de acionamento seja superior a 2.0m. O vazamento de agua das comportas devem
igualmente parar com as obras de manutengao do escritorio da barragem.

6.2.5 Estimacéo de custos

Nenhuma estimagdo de custos é necessaria uma vez que nenhuma obra de reparo ou substituigdo é
substancialmente necesséaria para os tubos conduto e os controles de comporta.

6.3 Comportas para Enchente
6.3.1 Condigdes do Projeto

As condicdes do Projeto das comportas para enchentes estdo sumarizados abaixo:
Tabela 6.3.1 Condicdes do Projeto

Caracteristicas Técnicas Comportas para enchente na Comportas para enchente na jusante
montante
Tipo de comporta Comporta rolante Comporta rolante
Quantidade 4 sets 4 sets
Vo livre 10.0m 10.0m
Altura da comporta 5.5m 3.6m
Elevacdo do Patamar EL.-1.00m EL.-1.00m
Tipo de grua Cabo de aco do guincho da grua Cabo de aco do guincho da grua
Fonte: Equipe de Estudos JICA
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6.3.2 Selecéo do tipo de comporta

(1) Tipo de comporta painel

A comporta rolante é proposta por causa de sua estrutura de placa de viga ou estrutura de viga caixa
(escudo). AS relacdes entre

sua estrutura de viga placa ou caixa (shell) a estrutura da viga entre 0 vdo da comporta e a altura da
comporta como modtrado na figura (Relacdo das Dimensdes e Estrutura da Compggﬁ) abaixo:

20 N
1
. (Shell) i=1/3
— Box Girder Structure
15 _F
T Platg Girder Structure
E i=1/4
T
=
%" 10 i=1/5
Upstream Flood Gate (10.0mx5.5m) ] | ——i=1/75
/ T
:! ,XL f — . i=1/10
Downstream Flood Gate (10.0mx3.6m) | |
e o -
S — i=1/20
o | /
10 20 30 40 50

ClearSpan L (m)  Fonte: Equipe de Estudos JICA
Figura6.3.1 Relacdo das Dimensdes e Estrutura da Comporta

O tipo de estrutura da chapa da viga ¢é amplamente usada para mais de 30 m no vdo da comporta pois
é uma construcdo duravel e simples e possui facil manutengdo. O tipo de estrutura viga de caixa é
usado em comporta no caso de a razdo da altura da comporta e o v&o livre (i) ser menor que um quinto
e 0 vao livre ser maior que 20m do ponto de vista da constru¢cdo. Uma vez que a razdo (i) da comporta
de enchente da jusante € %2.78, ambas as comportas podem ser fabricadas pelo tipo de estrutura de viga
de placa. Embora, isto seja decidido a partir do ponto de vista de fabricacdo e manutencdo que o tipo
de viga de placa seja usado para comportas de enchente. O tipo de viga de placa tem sido geralmente
fabricado no Brasil e o tipo de viga de caixa ndo é utilizado no Brasil de acordo com a informacéao do
fabricante de comportas HISA. Assim, o tipo de comporta painel para comportas de enchente € o tipo
de estrutura de viga de placa.

(2) Vaéo livre

0O “Vao livre” e 0 “Vao” sdo diferentes entre si. O “Vado” é a distancia entre os centros do mourdo, e
“Vao livre” ¢é a largura do canal como mostra a figura abaixo.

Fonte: Equipe de Estudos JICA
Figura 6.3.2 VAo livre e vdo da Comporta
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(3) Tipo deviga

As comportas de enchente sdo operadas pelo cabo de aco estacionario do guincho da grua. Ha trés
tipos de cabo de aco estacionario do guincho da grua que sdo 1M-1D (1 motor, 1 tambor), 1M-2D.
2M-1D ndo ¢ aplicada ao guincho das comportas de enchente como mostra a tabela abaixo. O 1M-2D
€ um pouco cara se comparado ao 1M-1D pois ha muito mais partes de componentes do que 1M-1D.
Assim, o cabo de a¢o do guincho da viga 1 motor — 1 tambor foi selecionado para a operacdo das
comportas de enchente devido & consideracdo ao vao aplicdvel, construcdo simples, operacdo
confidvel e conveniéncia de manutencao.

Tabela 6.3.2 Tipo de Guincho

Tipo 1M-1D 1M-2D 2M-2D

Vo livre aplicavel 10m ~ 30m 5m ~ 15m 20m ~
Layout MoFor Tambo Roldan Tambo p?/lotor Tambo | Tambor & MotorTambor & Motor
Er—6—+t1 o HHo

Comporta Comporta Comporta

Main machine is arranged on | Drums on both gateposts are | Main machine and the drum
the one gatepost and only a | connected with the shaft. | are arranged on  both
rope terminal and a fixed | Main machine is arranged at | gateposts. The lifting speed

sheave are arranged on the | the center of hoist or on the | shall be electrically
other side. Each one set of | one gatepost. synchronized. This hoist is
motor and drum  are applied to wide span gate.
provided.

Fonte: Equipe de Estudos JICA
(4) Sistema de Fornecimento de Eletricidade

E necessario prover um gerador (emergéncia) stand-by para o fornecimento da operagio da comporta
quando a eletricidade permanente for cortada.

Fonte: Equipe de Estudos JICA
Figura 6.3.3 Sistema de Fornecimento de Eletricidade
6.3.3 Selecdo das medidas de prote¢do a corrosao

As comportas de enchente serdo construidas na area das marés no baixo Rio Itajai. Embora as
comportas de enchente sejam mantidas na posic¢ao totalmente abertas sob a condicdo seca, a comporta
painel sera oxidada pela agua do mar.

A protecdo contra a corrosdo é absolutamente necessaria para a comporta painel. Para este efeito, as
duas (2) as medidas sdo concebiveis.

NIPPON KOEI CO LTD NOVEMBRO0/2011
G-120



Estado de Santa Catarina, Brasil
Estudo Preparatorio para o Projeto de Prevencao e Mitigacdo de Desastres na Bacia do Rio Itajai
Relatério Final Anexo G do Relatério de Suporte

(1) Uso de material de aco inoxidavel

(2) Pintura
O preco unitario de um material de aco inoxidavel é muito caro se comparado com o aco leve como
listado na Tabela 6.3.3 e 0 ago inoxidavel até agora ndo é utilizado na estrutura de comportas no Brasil.

Assim, a comporta de enchente deve ser fabricada com aco leve e a pintura deve ser aplicada na
comporta painel como prote¢do a corrosao.

Tabela 6.3.3 Preco unitario de material de aco

Material Aco leve A36 (ASTM) Aco inoxidavel S30400 (ASTM)
(igual a SS400 de JIS) (igual a SUS304 de JIS)
No Brasil R$ 2.5/kg R$ 15.0/kg
No Japéo R$ 2.3/kg R$ 9.5/kg

Notas:O preco unitario no Brasil depended a HISA pesquisa de audiéncia (Maio, 2011).
Fonte: Equipe de Estudos JICA

6.3.4 Estimacéo de cargas de projeto
(1) Peso da comporta painel

O peso da comporta esta proporcional a area da comporta painel. A relacdo entre 0 peso e a area da
comporta painel no Japdo segue mostrado na tabela abaixo:

300.0

270.0
240.0

= - )1
2100 | W=0.6943 X A-3.8151 >

180.0 -

\

1500 f-------mmmmmmmmmmmm e
1200 |

Weight(ton

W=

90.0 F---mmmmm o
60.0 |------ g
300 |

0.0

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0

A=Area of gate leaf(m2)
Fonte: Equipe de Estudos JICA

Figura6.3.4 Relacdo entre o peso da Comporta e a area da Comporta Painel
O peso da comporta é calculado pela seguinte férmula:

W= 0.6943 X A+3.8151
Onde, W: Peso da comporta painel (ton)
A: Area da comporta painel (m?)

Ambos o0s pesos das comportas painel estdo listados na tabela abaixo.
Tabela 6.3.4 Pesos das Comportas Painel

Vao livre Peso da Area |Peso Peso
Comporta (m) Comporta (m? (ton) (kN)
(m)*
Comporta de enchente a montante 10.0 5.5 55.0 42.0 412.1
Comporta de enchente a jusante 10.0 3.6 36.0 28.8 282.6

Notas; A altura da escala é para a escala de probabilidade de 50 anos.
Fonte: Equipe de Estudos JICA

(2) Peso do Guincho
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O peso do cabo de ago do guincho da grua € também proporcional a area da comporta painel. A
relagdo ente o peso do guincho e a area da comporta painel no Japdo esta ilustrada na figura abaixo:

A altura da escala é para a escala de probabilidade de 50 anos.

120.0
1100 +
1000 f---------===---mmmmmoaoooo L
9.0 - -- W=0.3372XA+2.1991 1991 ~
80.0 [
700 fmmmmmmmmm e
60.0 |-
50.0 |-
400 F----mmmm e
300 F
200 |
100 |
0.0 :

00 500 1000 1500 200.0 2500 3000 350.0  400.0

W=Weight(ton’

A=Area of gate leaf(m2)
Fonte: Equipe de Estudos JICA

Figura 6.3.5 Relagéo entre 0 peso do guincho e a &rea da comporta painel
O peso do guincho é calculado de acordo com a seguinte férmula:
W= (0.3372 X A+2.1991) X 1.10
Onde, W: Peso do guincho (ton)
A: Area da comporta painel (m?)
O peso de ambos os guinchos estdo listados na tabela abaixo:

O peso do painel de operacdo ¢ esperado para 10 %.

Tabela 6.3.5 Pesos dos guinchos

Vo livre Altura da Area Peso Peso
Comporta (m) Comporta (m?) (ton) (kN)
(m)*
Comporta de enchente a montante 10.0 5.5 55.0 22.8 223.7
Comporta de Enchente a jusante 10.0 3.6 36.0 15.8 155.0

Notas; A altura da escala é para a escala de probabilidade de 50 anos.
Fonte: Equipe de Estudos JICA

(3) Carga de Operacdo

A relacdo entre a operacdo de carga e a area da comporta painel no Japdo é como mostrada na figura
abaixo:
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Fonte: Equipe de Estudos JICA
Figura 6.3.6 Relacdo entre a Operacdo de Carga e a Area da Comporta Painel

A operacdo de carga é calculada pela seguinte formula:

W=7.6579 X A + 88.485
Onde, W: Operacdo de carga (kN)
A: Area da comporta painel (m?

A Operacdo de cargas de ambas as comportas estdo listadas na Tabela abaixo:

Tabela 6.3.6 Operacdo de cargas

Vao livre Altura da Area Operacao de
Comporta (m) Comporta (m? Carga
(m)* (kN)
Comporta de Enchente a montante 10.0 5.5 55.0 509.7
Comporta de Enchente a jusante 10.0 3.6 36.0 364.2

Notas; A altura da escala é para a escala de probabilidade de 50 anos.
Fonte: Equipe de Estudos JICA

(4) Carga de Pressdo Hidraulica

A carga de pressao hidraulica (WG4) é calculada pela seguinte formula.
WG4:%><(H2><WO)><B

Onde, WG4: Carga de Pressdo Hidraulica (kN)
H: Design head chefe de projeto (m)
W,: Gravidade especifica da 4gua (kN/m?®)
B: Sealing span Véo de vedacédo (m)

As cargas de pressdo hidraulica “WGA4” estéo listadas na Tabela abaixo:

Tabela 6.3.7 Carga de Presséo Hidraulica

Comporta H(m)* B(m) Wo(kN/m?) WG4(KN)
Comporta de Enchente a montante 5.5 12.5 10.101 1909.7
Comporta de Enchente a jusante 3.6 12.5 10.101 818.2

Notes; Gate height is probability scale of 50 years.
Fonte: Equipe de Estudos JICA
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(5) Cargas de Projeto

As cargas de projeto mostradas na figura abaixo estdo listadas na Tabela 8.3.2. As cargas de “WG2” e
“WG3” atuam no mourdo em um dos lados, i.e., 2x (“WG2” + “WG3”) atuam no mourao.

WG2 WG2 WG2
WG3 WG3 p ' ' WG3

WG4
H WGL

' WG1

Vis&o Lateral Vis&o Frontal
Figura 6.3.7 Design Loads Fonte: Equipe de Estudos JICA

Tabela 6.3.8 Design Loads
WG1 WG2 WG3 WG4
(kN) (KN) (KN) (KN)
Comporta de Enchente a montante 412.1 111.9 254.9 1909.7
Comporta de Enchente a jusante 282.6 775 182.1 818.2
Nota; WG1: Peso da Comporta Painel

WG2: Peso do Guincho

WG3: Operagdo de Carga

WG4: Carga da Pressdo Hidraulica
Fonte: Equipe de Estudos JICA

Comporta

6.3.5 Estimacéo de Custos

Os custos das comportas estdo estimados a partir do peso total e o preco unitario. Os custos das
comportas contém os custos do projeto, fabricacdo, instalacdo, e inspecdo. O peso total da comporta
foi estimado a partir da relacdo ente o0 peso e a area de varias comportas no Japdo, como mostra a
Figura 6.3.8 abaixo.

Total weight (ton)

W

00 500 1000 1500 200.0 250.0 3000 350.0 400.0
A=Area of gate leaf (m2)
Fonte: Equipe de Estudos JICA

Figura 6.3.8 Relagdo entre o Peso Total da Comporta e a Area da Comporta Painel
O peso total da comporta foi estimado pela seguinte formula:
W= 1.1429 X A+5.58
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Onde,

W: Peso Total da Comporta (ton)

A: Area da Comporta Painel (m?)

O preco unitario da comporta é estimado baseado nos precos de compra atuais no Brasil. A Figura
8.3.9 mostra a comparacao entre os precos de compra. O preco unitario para 0s custos estimados para
este estudo de viabilidade é determinado em R$40,800 por tonelada adicionando 20 % da média do
preco de compra, considerando o pre¢o unitario amplamente aplicado no Japéo.

Unit price (R$/ton)
Unit Price (R$/ton’

50,000

45,000

40,000

35000

30,000

25,000

20,000

15,000

10,000

5,000

0

® Unit Price
| | —— Average UnitPrice| . _ _____________® _
i °

Average Unit Price: R$ 34,000/ton

[ ]
,,,,,,,,,,,, ®__

[

H [ ]

1 2 3 4 5 6 7

Unit Price No.

Fonte: Equipe de Estudos JICA

Figura 6.3.9 Resultados do Preco Unitario

Tabela 6.3.9 Custo Estimado das Comportas de Enchente

Comporta Véo Alturada | Areada | Quantidade Peso Preco Unitario Custo
(m) | Comporta | Comporta (unit) (ton) (R$/ton) (R$)
(m)* (m?)
%%Ttgﬁ;f de Enchente a 10.0 45 45.0 4 228.1 40,800 9,306,480
Comporta de Enchente a (FAve.34,000x
. 10.0 3.6 36.0 4 186.9 1.20) 7,625,520
jusante
Notas; Altura da Comporta é para enchente de 10 anos de recorréncia.
Fonte: Equipe de Estudos JICA
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CAPITULO 7 PLANO DE CONSTRUCAO E ESTIMATIVA DE
CUSTO

7.1 Introducéo

O plano de construcdo para os projetos prioritarios selecionados foi elaborado para formular o
cronograma de construcdo e para obter os dados basicos para a estimativa de custos.

Os principais itens de estudo s&o 0s seguintes:
QD Plano de Construcéo
- Formular as condic@es basicas para o plano de construcéo, dias trabalhaveis e materiais.
- Selecionar os métodos de construgéo padréo para as principais obras.
- Formular o cronograma de construcéo.
2 Estimativa de Custo
A revisdo dos conceitos basicos para a estimativa de custos e para 0s custos unitarios.
- Estimativa dos custos financeiros e econdmicos de projeto dos projetos prioritarios selecionados.
7.2 Plano de Construcéo
Este capitulo da suporte ao plano de construcéo e ao estudo de viabilidade dos relatdrios principais.
7.2.1 Descricdo do Projeto
Q) Cronograma de implementagéo
De acordo com o estudo de viabilidade, ha cinco (5) projetos apresentados a seguir.
- Sobre-elevacao da barragem Oeste
- Sobre-elevacéo do vertedouro da barragem Sul
- Comporta & montante no Rio Mirim
- Comporta a jusante no Rio Mirim
- Revestimento de Estaca-Prancha de concreto no rio Mirim
2 Quantitativos das Obras

As quantidades das obras dos cinco (5) projetos sdo apresentadas em resumo na tabela a seguir.
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Tabela 7.2.1 Resumo dos Quantitativos

Local Quantidades Obs.

Barragem Oeste Concreto :12.500 m°

Areia escavada : 20.000 m®

Rocha escavada : 01.650 m*
Vertedouro da Concreto :02.700 m°
Barragem Sul Demolicéo : 00,800 m*
Comporta a jusante Concreto :01.300 m°
no Mirim Areia escavada : 03.600 m®

Estacas pré-moldadas de concreto
00,130 unidades
Estacas-Prancha de aco

00,110 pranchas

Comporta 100,140t
Revestimento com Estacas-prancha de concreto
estacas-prancha do 05.400 m?
Mirim Barreira de cascalho : 10.400 m®
Comporta a montante | Concreto :02.200 m°
No Mirim Areia escavada : 04.800 m*

Aterro : 07.400 m?

Estacas pré-moldadas de concreto :
00,160 unidades

Estacas-Prancha de aco

00,243 pranchas

Canal de desvio

do tributario :01.060 m

Canal de drenagem : 02.000 m x 3
locais

Comporta 100,170t

Fonte: Equipe de Estudo da JICA
7.2.2  CondicGes Basicas
(D) Dias Trabalhaveis

No Brasil, sdo trabalhadas 44 horas por semana, sendo o oito (8) o niumero tipico de horas trabalhadas
por dia. Feriados e finais de semana n&do sdo incluidos. Os dias de trabalho por més sdo 20 dias
calculados utilizando a equacao abaixo, considerando 3 dias sem trabalho devido a chuva.

_ 44 horas por 1 semana _ 30 . . _ . A
d= 8horaspor Ldia =~ 7 ° 3 dias (dias chuvosos) = 20 dias por 1 més.

A figura a seguir mostra a precipitacdo média mensal de dados de 59 anos. No estado de Santa
Catarina, ndo existe uma divisao clara entre a estacdo chuvosa e a estacdo seca. Entretanto, de acordo
com a figura a seguir, os seis (6) meses de duracdo de marco a setembro sdo considerados como sendo
a estacdo seca.

Uma vez que a construgdo da sobre-elevagdo das barragens € arriscada na ocorréncia de cheias, ela
deve ser realizada durante a estagdo seca. Por outro lado, a construgdo das comportas corre menos
risco na ocorréncia de cheias, sendo a maré o Unico obstaculo para sua construcdo. Portanto, esta
construcdo pode ser realizada durante todo o ano.

- Estacéo seca: maio a agosto (6 meses)

- Estacdo chuvosa: Janeiro a marco, setembro a dezembro (6 meses)
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Fonte: Equipe de Estudo da JICA
Figura7.2.1 Precipitacdo Média Mensal

2 Materiais de Construgdo

Todos os materiais sdo disponiveis no Brasil.
7.2.3 Método de Construcao Padréo

Q) Sobre-elevacao da barragem Oeste

A construgdo da sobre-elevacdo da barragem Oeste existe uma consideragdo cuidadosa dos seguintes
pontos.

- Mesmo durante a construcéo, para ndo se perder a fungéo de barragem de controle de cheias, sera
instalada uma instalagao temporéria de desvio.

- Considerando o risco de atraso no cronograma da construgdo, a altura da ensecadeira instalada é
calculada considerando o nédo transbordamento do nivel de 4gua com a vazao do conduto.

1) Instalacdo temporaria de desvio
A instalacdo temporéria de desvio serd instalada para nao se perder a fungdo de controle de cheias.

- Vazdo de projeto para a instalagdo temporaria de — _ = -
desvio

A vazdo de projeto equivale a vazdo do conduto quando
o nivel de agua se equipara & elevacdo da crista da
barragem.

19.95

7

A vazdo de projeto é estimada através da formula a £L34005
sequir.

Q=0.667x7x1.7663x/2- g - (H —340.05) Figura7.2.2 Imagem do Céalculo da
= 0.667x 7x1.7663x /2 g - (360.0— 340.05) =163m* / s Vazéo de Projeto
where

H : spillway elevation (EL.360.00m)
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2)  Método da Instalagdo Temporaria de Desvio

Séo considerados dois métodos para a instalacdo temporéria de desvio: desvio em multiplas fases e tinel de
desvio. Como mostrado na Tabela 7.2.2, o método do tdnel exige mais tempo e despesas. Portanto, o
método de desvio de multiplas fases foi selecionado.

Tabela 7.2.2 Método da Instalacdo Temporaria de Desvio
Desvio em Multiplas Fases Tunel de Desvio

stream
diversion
channel

Closed conduit

) Heightening
Descricéo works

Heightening
works

cellular

cofferdam cofferdam

O espago da obra é dividido em duas partes | O tunel é aberto no mesmo tamanho do

alternadas. conduto. Durante a construcdo, o tunel é
utilizado como caminho da &gua.
Ensecadeira celular ¢8,5, h=8,5 Tunel em forma de cavalo
X 3 conjuntos X 2 vezes ¢6,0m, i=1/200, C=200m
Di N 06,0, h=6,0
imensdes .
X 9 conjuntos X 2 vezes
Canal de desvio da corrente
B=12mx3m
Duracgéo da
N curta longa
construgio
Custo da construcdo R$2,9x10° R$7,7x10°
Adjudicacao boa

Fonte: Equipe de Estudo da JICA

3)  Escala do Corte de Terra para o Corpo da Barragem

A construcdo através do método de desvio em multiplas fases desabilita a fungéo original de vaz&o do
conduto, portanto é necessaria uma instalacdo alternativa para compensar a vazao. Como mostrado na
figura abaixo, duas partes sdo escavadas na parte alada do corpo da barragem para permitir a vazdo
qguando o nivel de agua estiver abaixo da crista do corpo da barragem. Existem pelo menos dois (2)
condutos quando o método do desvio em mudltiplas fases € aplicado. Assim, a parte alada cobre a
descarga de = 117 m¥s.

Q:163—¥><2:116.4:ll7m3 /s

A escala da escavacdo tem 12,0 m de largura por 3,27 de altura, com base no calculo com a formula
do dique Retangular. O fundo da escavacao esta na cota EL. 356,4 m, que é 1,5 m superior a altura da
barragem e é inferior & profundidade de transbordamento.
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New construction section
15m

Existing Spillway=98m B=12m 3m
—_— K I
27
EL.360.30
o
o
Cellular Cofferdam B EL.356.40 -:1
EE
Sa
EL.354.90 - VI

Conduit

361 |
B=12.0m
EL.360.30m«€ >

360 F-----opoo oo EL:359.67Tm™ ~ |~~~ —= ==
£ !
o 359 | !
z |
S :
g !
3 358 | !
e |
w !
|
357 | i
EL.356.40m i
|
356 :

Fonte: Equipe de Estudo da JICA 0 15C

0 . 100
Discharge(m3/s)

Figura 7.2.3 Escala da Escavacéo da Asa do Corpo da Barragem

4) Tipo de Ensecadeira

Devido as seguintes raz@es, a barragem celular é proposta como o tipo de ensecadeira a ser construido
a jusante da barragem Oeste. A Tabela 7.2.2 mostra a imagem do tipo de ensecadeira.

- O nivel de &gua normal é de quase 5,0 m e a ensecadeira tipica (de terra) é uma grande obra de
terra 0 que também deteriora a capacidade de vazao.

- A velocidade do fluxo do vertedouro é alta. Portanto, a ensecadeira deve ser uma estrutura
sélida.

- A fundag&o é de leito de rocha, sendo, portanto dificil colocar as estacas-prancha.
Tabela 7.2.3 Tipo de Ensecadeira

Tipo de
Tipo de Terra Estacas-Prancha de Tipo Ensecadeira Celular
Aco
Back filling of
, Back filling of sand
Impermeable Soil Steel sheet pile sand
corrugate

Water

Figura

corrugate

Rock foundation Rock foundation

Rock foundation

Fonte: Equipe de Estudo da JICA
A figura a seguir mostra um exemplo de ensecadeira celular sendo construida.

NIPPON KOEI CO LTD NOVEMBRO0/2011
G-130



Estado de Santa Catarina, Brasil
Estudo Preparatdrio para o Projeto de Prevencéo e Mitigacdo de Desastres na Bacia do Rio Itajai
Relatério Final Anexo G do Relatério de Suporte

H22.7.30!
Fonte: Escritdrio da obra de construcdo da barragem de MLIT tsugaru
Figura 7.2.4 Exemplo de Construcéo de uma Ensecadeira Celular

5)  Projeto da Ensecadeira

O nivel de 4gua da vazdo de projeto de 163 m*/s estd na cota EL. 343,36 m com base no célculo.
Considerando 30 cm como borda livre, o alto da ensecadeira celular esta na cota EL. 343,66 m. A
escala da ensecadeira celular é ¢8,5 x 8,5-3 unidades e ¢6,0 x 6,0-9unidades. A figura abaixo mostra o

layout e a secdo.

Fonte: Equipe de Estudo da JICA
Figura7.2.5 Secdo Tipica da Ensecadeira Celular

| Construction section | - ¥
1 P - Kl
153
Q.
[
—
|
&
| Cellular Cofferdam = ' | Diversion channel |
| Construction section |
13
Q.
[
—
|
"
N \
| Cellular Cofferdam / [ Diversion channel |

Fonte: Equipe de Estudo da JICA
Figura 7.2.6 Plano Geral do Método de Desvio em Mdltiplas Etapas
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2)  Procedimentos e Area da Construgéo

Os Procedimentos sdo os seguintes.

Bulkhead section

[ Concrete placement |

Side section 1st stage

Construction of Diversion channel
and cofferdam

Spillway section

Excavation of Rock and
concrete placement

l€
a3

»|
P

[ change of cofferdam |

Excavation of Rock and
concrete placement

2nd stage

[ Removal of cofferdam |

Concrete placement of
remaining side section

END
Fonte: Equipe de Estudo da JICA
Figura 7.2.7 — Fluxo da construcéo da Sobre-elevacgéo da barragem Oeste

A Figura 7.2.8 abaixo ilustra a area da contra-medida.
- Secdo de ndo-transbordamento e vertedouro sdo sobre-elevados em 2,0 m.
- O vertedouro é alargado.

- A parte alada é projetada para aumentar 15 m e 20 m.

Fonte: Equipe de Estudo da JICA

Figura 7.2.8 Escopo da obra de construcéo
3)  Cronograma de construcdo
O cronograma aproximado da construcdo da barragem Oeste é o seguinte.
18, Etapa: 7 meses (incluindo 1 més de estagéo chuvosa)

28 Etapa: 6 meses
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1st stage 2nd stage
1 2 8 4 5 6 7 8 8 4 5 6 7 8 9

Heighteing dam

eft 5i el fight sjde
Excavation ﬁa w
Back filling H “-

Concrete

q
Coffer dam H h ﬁ h

Additional spillway

Excavation M
Back filling F

Concrete Y
(Including setting Gate)

Fonte: Equipe de Estudo da JICA

Figura7.2.9 Cronograma de Construcéo

Tabela 7.2.4 Capacidade Operacional

unit | [1] quantity [2] capacity [3]W§:;§ble [4][3r’]r}ggth Remarks
[Left side]
excavation soil m3 13,300 220 x2 set 30.2 1.5 |backhoe-0.8m3
rock m3 825 63 x2 set 6.5 0.3 [excavator(breaker)
backfilling m3 5,200 410 x1 set 12.7 0.6 |bulldozer
concrete bulkhead m3 4lift - - -—- 0.5 [interval is 5days
spillway 18lift - -—- 3.0 |interval is 5days
[Right side]
excavation soil m3 6,700 220 x2 set 15.2 0.8 |backhoe—0.8m3
rock m3 825 63 x2 set 6.5 0.3 [excavator(breaker)
backfilling m3 10,000 410 x2 set 12.2 0.6 |bulldozer
concrete bulkhead(right) | m3 12lift - - --- 2.0 |interval is 5days
bulkhead(left) m3 6lift --- - - 1.0 |interval is 5days
spillway 18lift --- 3.0 |interval is 5days

Fonte: Equipe de Estudo da JICA
(2) Sobre-elevagéo do vertedouro da barragem Sul
Devido as seguintes razdes, a construcdo da barragem Sul ndo requer instalacdo de desvio temporério.
- Em comparacéo a barragem Oeste, a capacidade de vazdo do conduto ndo muda.

- A duracdo da construcdo € curta e apenas € necessario executar o material em concreto. Portanto,
ha pouco risco de cheia.

1)  Procedimentos e Area da Construgio

START

| Concrete placement |

Os Procedimentos sdo os seguintes.

A area de refor¢co é mostrada a seguir.

- Secdo do Vertedouro: Sobre-elevacdo em 2,0 m e

alargamento a jusante. END
Source: JICA survey team

4 Figura 7.2.10 Fluxo da Construgéo da
e Sobre-Elevagdo da Barragem Sul

PISTA
DE ROLAMENTO
EL 41015 TR O T B I T T N N AN T S S IR BT TR BN 1 410.150m

T 1 PASSAGEM
£oE
‘ I GUARDA CORPO 4o 351‘3_‘5’@;%1“

ALTURA D
VERTEDOURD

19.20 0.40 2460 040 2040

S99m

I ENROCAMENTD " PAsTAGEM

Fonte: Equipe de Estudo da JICA

Figura7.2.11 Escopo da obra de construgéo
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3)  Cronograma de construcdo
O cronograma aproximado da construcdo da barragem Sul é mostrado a seguir.

12, Etapa: 3,5 meses

Heighteing dam

Demolish H
Concrete H

Tunnel Spillway

Excavation %

Tunnel %
Concrete m

(Including setting Gate) | |\ didiad ¢atel J hhnnel [Endrdy [Dissipator

Fonte: Equipe de Estudo da JICA
Figura7.2.12 Cronograma de Construcao

Tabela 7.2.5 Capacidade Operacional

. ) . [3]workable | [4] month
2
unit | [1] quantity [2] capacity days [3/20 Remarks
demolish m3 800 4 x5 set 40.0 2.0 [concret breaker
concrete m3 9lift --- --- --- 1.4 |interval is 5days

Fonte: Equipe de Estudo da JICA
(3) Comporta e Revestimento de Estacas-Prancha de Concreto a Jusante no rio Mirim
1)  Nivel de &4gua

A comporta no Rio Mirim é normalmente afetada pelas marés. O nivel de 4gua na cheia provavel de
10 anos neste local é apresentado a seguir.

- Nivel de 4gua na maré cheia tEL.1,49m

- Nivel de 4gua na maré baixa :EL.0.00 m

- Nivel de Agua por Cheia Provével de 10 anos : EL. 2,16 m
2)  Definicéo da ensecadeira

A construcdo da comporta a jusante e do revestimento em estacas-prancha de concreto comeca apos a
construgdo da comporta a montante.

A capacidade de vazao do Rio Mirim Velho é relativamente pequena — 50 m®/s. Portanto, com ou sem
ensecadeira, € provavel que haja inundacdo. A ensecadeira da comporta a jusante fecha em todas as
secOes. Portanto, a construcéo é feita todo o tempo.

- A elevagdo da altura da ensecadeira esta definida no nivel da agua, que é menor do que a cheia
de 10 anos no Rio Itajai.

- A drenagem do escoamento da area de captagdo original é virada para o lado a montante da
comporta.

- O tributario do Rio Mirim Velho é virado para o lado da comporta a montante através do tanel.

A altura da ensecadeira é apresentada em resumo a seguir.
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Tabela 7.2.6 Altura da Ensecadeira

Elevacdo do Topo da | Obs.
Ensecadeira
Jusante da Comporta EL.2,20 Cheia de 10 anos no Rio ltajai
Elevacdo Minima do Solo na zona
Montante da Comporta EL.2,00 do Mirim Velho
Desvio do Rio Tributario EL.2,00 Elevagdo Minima do Solo na zona
do Mirim Velho

Fonte: Equipe de Estudo da JICA

Concret Sheet Pile
Revetment

P
Coffer dam
(Earth)

AVGOVAdol Konder
©Old Mirim

"muEEl flow Root

Fonte: Equipe de Estudo da JICA
Figura 7.2.13 Localizacdo da Ensecadeira

3)  Procedimentos e Area da Construcao

A figura a seguir mostra os procedimentos da construgdo

v
Water gate Concrete sheet
pile revetment

| Coffer dam setting |

Excavation

[ Driving PC pile/SSP/CSP |

Driving CSP

Rubble-mound

i

| Concrete placement |

Back filling
/approach revetment

[ Coffer dam removal |

i

END

Note: PC pile: precast concrete pile
SSP  : steel sheet pile
CSP : concrete sheet pile
Fonte: Equipe de Estudo da JICA
Figura7.2.14 Fluxo da Construcédo da Comporta a Jusante
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4)  Meétodo de Construcao

A construcdo da comporta é realizada durante a estacdo seca. A construcdo do revestimento em
estacas-prancha de concreto é feita sobre plataformas flutuantes a partir das laterais do rio uma vez
que o local da construcéo é proximo a uma area residencial.

A imagem da construcdo € ilustrada na figura abaixo.

Crawdar crane, Vibro-hammer
(pontoon type)

&

Anchor handiing boat Ly

(High tide water leved) i _—
WL 1.49 [ T T

— (Low tide water level)

TUWL 2000

Concrels Sheet Pile
T =120, 5T0m

Fonte: Equipe de Estudo da JICA
Figura7.2.15 Diagrama da Obra (fixacdo da estaca-prancha de concreto a partir da plataforma
flutuante)

5)  Cronograma de construcéo

O cronograma da construcdo da comporta, incluindo a execuc¢do da comporta, € de 16 meses. O
cronograma aproximado é mostrado a seguir.

1 2 3 4 5 6 7

@
©

10 11 12 1 2 3 4

[Water Gate]
eftip rEmoval
Coffer dam r“

Excavation H
Pile works

(PC pile, SSP, CSP)
Concrete h

progrdaiion Eetiing

Civjl works|stars| 'H

Gate

Backfilling

Y

[CSP Revetment]

Concrete sheet pile —

Ruble mount m

Figura7.2.16 Cronograma de Construcao

Fonte: Equipe de Estudo da JICA

Tabela 7.2.7 Capacidade Operacional

. . . [3]workable | [4] month

unit [1] quantity [2] capacity days (3120 Remarks
[Water Gate]
coffer dam  setting m3 6,100 220 x2 set 13.9 0.7 |backhoe-0.8m3

removal m3 6,100 260 x2 set 11.7 0.6 |clasmshell-0.8m3

excavation soil m3 3,600 220 x1 set 16.4 0.8 |backhoe-0.8m3
PC pile $300,400 nos 130 6.1 x1 set 21.3 1.1 |driving
SSP type2,L.=2m sheet 110 56 x1 set 2.0 0.1 [driving
CSP L=10m sheet 80 29 x1set 2.8 0.1 [driving
backfilling m3 650 61 x1set 10.7 0.5 |tamping machine
concrete m3 8lift --- 1.2 |interval is 5days
gate, setting - --- --- --- 4.0
gate, procreation --- 12.0
[CSP Revetment]
CSP L=7m m3 1,500 35 x1set 42.9 2.1 |driving
Rubble mount m3 2,800 76 x1set 36.8 1.8 [backhoe—0.8m3

Fonte: Equipe de Estudo da JICA
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(@) Comporta e dique @ montante no Mirim
1) Nivel de 4gua

A comporta & montante é facilmente afetada pelas marés. A condicdo das marés é apresentada a
seguir.

- Nivel de 4gua na mareé cheia: EL. 1,49
- Nivel de 4gua na maré baixa: EL. £0,00
2) Definicdo do canal de desvio / ensecadeira

A comporta a montante é equipada com um canal de desvio e todas as se¢Oes sao fechadas. Portanto,
esta construcdo pode ser realizada durante todo o ano. As dimens@es de projeto do canal de desvio e
da ensecadeira sdo apresentadas em resumo na tabela a seguir.

Tabela 7.2.8 Dimensdes do Canal de Desvio e da Ensecadeira

Canal de Desvio Obs.
Elevacdo do fundo EL.-50 m | Nivel de 4&gua na maré baixa -0,50
Elevacdo do topo EL.2,0 m | Atual elevagdo do solo
Largura do Canal de Desvio 30,0m Atual largura do rio
Ensecadeira Obs.
Elevagio do Topo EL.20m Eleva¢do minima do solo da é&rea do
entorno

Fonte: Equipe de Estudo da JICA

30.00 (Existing river width)

. WL. 1.49 (High tide water level) EL.2.00

7

s , WL. £0.00 (Low tide water level) N i‘
EL-0.50

Fonte: Equipe de Estudo da JICA
Figura 7.2.16 Sec&o do Canal de Desvio

Coffer Top EL.2.00 PN
Cofferdam (Upstream) f R
A S

Coffer Top EL.2.00
7—<Cefferdam (Doymisiiean)

inspection Road |

o
o
Sy

Fonte: Equipe de Estudo da JICA
Figura 7.2.18 Localizacdo do Canal de Desvio e da Ensecadeira
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3)  Procedimentos e Area da Construcao

A figura a seguir mostra os procedimentos da construgdo

v v
| Embankment | | Drainage channel |

| Diversion cannel setting |

| Coffer dam setting |

A

Excavation
| Driving PC pile/SSP | [ Embankment | END
| Concrete placement | [ Sod ding / paving |

Back filling END

| Coffer dam removal |

Diversion cannel
backfilling

END

Note: PC pile: precast concrete pile
SSP : steel sheet pile
Fonte: Equipe de Estudo da JICA
Figura 7.2.19 Fluxo da Construgdo da Comporta a Montante

4)  Método de Construgéo

A construcdo da comporta € realizada em condicéo de seca.
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5)  Cronograma de construcdo

O cronograma da construcdo da comporta, incluindo a execucdo da comporta, € de 17 meses. O
cronograma aproximado é mostrado a seguir.

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5
[Water Gate] |
] ] ekcayatign dck TTin
Diversion cannel
eftng remoyal
Coffer dam ‘i

Excavation H
Pile works

(PC pile, SSP, CSP)
Concrete h

Gate

Backfilling Givjl works|staits 'ﬁ
y
[Embankment]
| e [T
[Drainage channel]
Tributary switching
channel
A4

Figura 7.2.20 Cronograma de Construcao

Y

Embankment ‘ ‘

Fonte: Equipe de Estudo da JICA

Tabela 7.2.9 Capacidade Operacional

) . - [3]workable | [4] month
unit | [1] quantity [2] capacity days (3120 Remarks
[Left side]
excavation soil m3 13,300 220 x2set 30.2 1.5 |backhoe-0.8m3
rock m3 825 63 x2 set 6.5 0.3 |excavator(breaker)
backfilling m3 5,200 410 x1set 12.7 0.6 |bulldozer
concrete bulkhead - Alift 0.5 |interval is 5days
spillway - 18lift 3.0 |interval is 5days
[Right side]
excavation  soil m3 6,700 220 x2 set 15.2 0.8 |backhoe-0.8m3
rock m3 825 63 x2 set 6.5 0.3 |excavator(breaker)
backfilling m3 10,000 410 x2 set 12.2 0.6 |bulldozer
concrete bulkhead - 12lift 2.0 |interval is 5days
spillway - 18lift 3.0 |interval is 5days
[Additional Spillway]
excavation  soil m3 39,000 220 x6 set 29.5 1.5 |backhoe-0.8m3
backfilling m3 10,000 410 x2 set 12.2 0.6 |bulldozer
concrete - 1.5 |interval is 5days

Fonte: Equipe de Estudo da JICA
7.2.4  Cronograma de projeto

O cronograma de projeto da construcdo é apresentado na figura a seguir. A duracdo do projeto € de 4
anos.

1 2 ‘3 ‘4
~Detail Design [TITTOITITTLT
- P/Q & Tendering ——— ' ralnlsl‘,eason '
- Construction |¥
Heightening Oeste dam/ Gate
Heightening Sul dam spillway/ Tunnel spillway/ Gate ﬁ
Mirim D/S Water Gate + Revetment e ——
Mirim U/S Water Gate + Drainage Channel | Gate Procreation [} f| [T | kil mimiziapetetee
Fonte: Equipe de Estudo da JICA
Figura7.2.21 Cronograma do Projeto
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7.3 Estimativa de Custos
7.3.1 Condigdes para a Estimativa de Custos
(D) Nivel de precos
1) Nivel de precos
O nivel de precos ¢ definido em abril de 2011.
2) Taxa de cambio
A seguir s8o mostradas as taxas de cambio utilizadas nas estimativas de custos (4/2011).
i) US$1,0=%¥8448
i) US$10=R$0,617
(¥1,0 = R$52,12)
Onde USS$: Dolar Norte-Americano;
¥ lene Japonés; e
R$: Real Brasileiro
3) Moeda da estimativa de custos
Os custos séo estimados em Reais Brasileiros.
(2) Componentes dos Custos
1) Custo do projeto
A seguir, sdo mostrados os componentes dos custos do projeto.
i) Custo da construgédo
i) Aquisicédo de terras e compensagao
iii) Custo de administracdo do governo
iv) Custo dos servigos de engenharia
v) Contingéncia fisica
vi) Contingéncia de preco
Nota: Os impostos estdo incluidos em cada estimativa de custo.
2) Custo da construgdo
O custo da construcdo é estimado nos termos do acordo nas seguintes partes.
i) Custo das obras principais: :multiplicacdo das quantidades de obra por seu custo unitario,
ii) Custo das outras obras principais :30% das obras principais, e

iii) Custo das obras temporarias :multiplicacdo das quantidades da obra por seu custo
unitario, e 20% (dependendo da precisdo da quantificacdo) das obras temporarias.
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3) Custo de administragdo do governo
O custo de administracdo do governo é estimado a seguir.
Administracdo do governo = (Custo da construcdo + Aquisicao de terras e compensacao) x 3%

4) Custo dos servicos de engenharia
O custo dos servicos de engenharia € estimado a seguir.

- Servicos de engenharia = Custo da constru¢do x 15%~20%

(Projeto executivo = 5~10%, Supervisao=10%)

- A renovagdo da barragem é estimada em 15% a 20% dependendo da situag&o.

- Outras obras séo estimadas em 15%.
5) Contingéncia fisica

A contingéncia fisica é estimada em 10% do custo total da construgdo, incluindo os custos dos
servicos de administracdo e de engenharia, aquisicao de terras e compensacao, respectivamente.

6) Contingéncia de preco

A contingéncia de preco é estimada em 5% do custo total da construcéo, incluindo os custos dos
servicos de administracdo e de engenharia, aquisicdo de terras e compensacdo, e a contingéncia fisica,
respectivamente.

7.3.2 Quantidades das obras
(D) Sobre-elevacdo das Barragens

As principais quantidades das obras de sobre-elevacdo das barragens sdo resumidas na Tabela 7.3.1 a
sequir.

Tabela 7.3.1 Resumo das Quantidades da Sobre-elevacéo das Barragens

(unit:R$)
Unit Oeste d_am Sul dam spillway
Quantity Quantity

Earth Works

Excavation (Sand) (DMT up to 5km) m3 59,000 4,400

Excavation (Rock) (DMT up to 5km) m3 1,650 500

Back Filling, Selected Materials (DMT up to 5km) m3 25,000

Embankment, Selected Materials (DMT up to 5km) m3
Concrete Works

Concrete (including Batcher plant,Scaffold, etc) fck=16Mpa m3 12,500 -

Concrete (including Form, Scaffold, etc) fck=25Mpa m3 3,500 4,050

Reinforcement - deformed bar t 140 70

Demolishing of Existing Concrete Structure (DMT up to 5km) m3 250 800

Consolidation Grout m 380
Substructure Work

Driving and Furnishing Steel Sheet Pile Type Il L=2.0m sheet

Driving and Furnishing Steel Sheet Pile Type 11 L=2.5m sheet

Driving and Furnishing Steel Sheet Pile Type Il L=5.5m sheet

Driving and Furnishing Precast Pc Pile f400,L.=10.0m nos -

Driving and Furnishing Precast Pc Pile £300,L=11.0m nos -

Driving and Furnishing Precast Pc Pile f400,L=27.0m nos ---

Driving and Furnishing Precast Pc Pile £300,L=27.0m nos -

Concrete Block (Production, Installation cost) w=0.5t/m2 m2
Revetment Works

Driving and Furnishing Concrete Sheet Pile T=120,B=500 m2

(Including head cover)
Driving and Furnishing Concrete Sheet Pile on T=120,B=500 m2 N
the Water
(Including head cover)

Gabion Box (including geotextile) m3 -

Sodding m2 -

Rubble-mound m3 -
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Drainage Channel Works
Tributary switching channel (Earth type) m -—-
Tributary switching channel (Box culvert type) m
Drainage channel m -
Tunnel Works
Horse Shaped Tunnnel (2R Type) 2R=5m m 430
Road Works
Macadam Pavement (Crushed Stones(10-40)) T=100 m2 ---
Super Structure (Including handrail, paving, etc) m2
General Road(including paving) width=8m,h=3m m 1,500
Road Bridge (Including Substructure, ancillary m2 160
works)
Other Works
Main works * 30%
Temporary Work
Cofferdam (Eexcavation Common / Dredging As Temporary Works) m3
Driving Steel Sheet Pile Type Il L=10.0m sheet
Cellular Cofferdam 8.5, h8.5 set 3
6.0, h6.0 set 9
Cellular Cofferdam (Only move) 8.5, h8.5 set 3
6.0, h6.0 set 8
Stream Diversion Channel (B=30.0*h=2.5) m
Temporary main works * 20%
(dewatering, site cleaning, etc)
Civil Works Total
Water gate t 29 22
Fonte: Equipe de Estudo da JICA
(2) Comporta e Revestimento
As principais quantidades das obras sdo resumidas na Tabela 7.3.2 a seguir.
Tabela 7.3.2 Resumo das Quantidades das Comportas e do Revestimento
Unit Water Gate U/S Water Gate D/S Revetment
Civil Works
Earth Works
Excavation (Sand) (DMT up to 5km) m3 4,800 3,600
Excavation (Rock) (DMT up to 5km) m3
Back Filling, Selected Materials (DMT up to 5km) m3 1,600 650 2,800
Embankment, Selected Materials (DMT up to 5km) m3 7,400
Concrete Works
Concrete (including Batcher plant,Scaffold, etc) fck=16Mpa m3
Concrete (including Form, Scaffold, etc) fck=25Mpa m3 2,150 1,300
Reinforceing bar t 170 100
Substructure Work
Driving and Furnishing Steel Sheet Pile Type I1 L=2.0m sheet 110
Driving and Furnishing Steel Sheet Pile Type Il L=2.5m sheet 115
Driving and Furnishing Steel Sheet Pile Type Il L=5.5m sheet 128
Driving and Furnishing Precast Concrete Pile $400,L.=10.0m nos 80
Driving and Furnishing Precast Concrete Pile $300,L=11.0m nos 50
Driving and Furnishing Precast Concrete Pile $400,L=27.0m nos 112
Driving and Furnishing Precast Concrete Pile $300,L=27.0m nos 48 -
Concrete Block (Production, Installation cost) w=0.5t/m2 m2 320 370
Revetment Works
Driving and Furnishing Concrete Sheet Pile (Inc. head cover) m2 - 400
Driving and Furnishing Concrete Sheet Pile on the Water (Inc. head cover) m2 5,400
Gabion Box (including geotextile) m3 140
Sodding m2 3,000 200
Rubble-mound m3 10,400
Drainage Channel Works
Tributary switching channel (Earth type) m 1,000
Tributary switching channel (Box culvert type) m 60 -
Drainage channel m 6,000
Road Works
Macadam Pavement (Crushed Stones(10-40)) T=100 m2 300
Super Structure (Including handrail, paving, etc) m2 165
Temporary Work
Cofferdam (Eexcavation Common / Dredging As Temporary Works) m3 5,000 6,100
Driving Steel Sheet Pile Type Il L=10.0m sheet 220 280
Stream Diversion Channel (B=30.0*h=2.5) m 120
Metal works
Water gate t 170 140
Fonte: Equipe de Estudo da JICA
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3 Aquisicdo de terras e compensacao
As quantidades da aquisicao de terras e da compensagdo sdo resumidas e apresentadas na Tabela 7.3.3.

- A sobre-elevacdo da barragem Oeste requer a aquisicdo de terras e compensacao. Esta area tem
670.000 m”.

- A comporta & montante no Mirim requer &rea para acessos e diques.

Tabela 7.3.3 Resumo das Quantidades da aquisicdo de terras e da compensacao

Local Aquisicao ;je terras Compensagéio
(m°)
Sobre-elevacdo da barragem Oeste 670.000 —
Sobre-elevacédo da barragem Sul —
Comporta a montante no Mirim 6.300
Comporta a jusante no Mirim — —

Fonte: Equipe de Estudo da JICA
7.3.3 Analise do Custo Unitario
(D) Referéncia a Analise Econémica

O custo do projeto e as proporcdes de cada obra sdo classificados em quatro (4) recursos e elementos.
Estes custos unitarios incluem despesas indiretas, lucros e impostos

1) Mao de obra,
2) Materiais,
3) Equipamentos e
4) Despesas indiretas e lucros.
A proporcéo dos recursos é classificada em dois (2) tipos.
1) Obras civis;
2) Obras metalicas;
2 Construcdo

O custo do projeto e as propor¢des das obras sdo definidos para os itens de obra principais, tais como
escavacdo (m°), enchimento (m®), concreto (m®), ferragem de reforgo (ton), estaca-prancha de
aco/concreto (m, m?) e comportas de aco (ton). Os precos unitérios de construcéo se referem aos dados
do DNIT (Departamento Nacional de Infraestrutura de Transportes) e a PINI (Empresa de pesquisa de
precos da construgéo).

Como ilustrado na Tabela 7.3.4, com o objetivo de calcular os custos para fins do Estudo de
Viabilidade, foram determinados os custos unitarios de 38 tipos de obras. Todos 0s custos unitarios se
baseiam nos precos em vigor em Abril de 2011. Os custos unitarios finais para a estimativa de custos
sdo apresentados em resumo na tabela a seguir.

Tabela 7.3.4 Resumo dos Custos Unitérios para a Estimativa de Custos
No. Item da Obra Unidade (R$)

OBRAS DE TERRAPLENAGEM

Al Escavacdo (Areia, DMT até 5km) m? 15
A2  Escavacio (Rocha, DMT até 5km) m° 100
A3 Re-aterro, Materiais Selecionados (DMT até 5km) m? 40
A4 Aterro, Materiais Selecionados (DMT até 5km) m° 15
OBRAS DE CONCRETO
NIPPON KOEI CO LTD NOVEMBRO/2011
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Bl  Concreto (incluindo unidade de mistura, andaimes, etc.) fck=16Mpa m® 730
B2 Concreto (incluindo formas, andaimes, etc.) fck=25Mpa m? 600
B3 Ferragem de reforgo t 7.500
B4 Demoligdo das Estruturas de Concreto Existentes (DMP té 5km) m? 540
B5  Argamassa de Consolidagio m 1.250
OBRAS DE SUB-ESTRUTURA
Cl Fixacédo e Fornecimento de Estacas-Prancha de Ago Tipo Il, C=2,0m prancha 1.100
C2 Fixacdo e Fornecimento de Estacas-Prancha de Aco Tipo Il, C=2,5m prancha 1.400
C3 Fixacdo e Fornecimento de Estacas-Prancha de Ago Tipo Il, C=5,5m prancha 3.000
c4 Fixacéo e Fornecimento de Estacas Pré-moldadas de Concreto $400, C=10,0m unidade 2.000
C5 Fixacédo e Fornecimento de Estacas Pré-moldadas de Concreto ¢300, C=11,0m unidade 1.640
C6 Fixacéo e Fornecimento de Estacas Pré-moldadas de Concreto ¢400, C=27,0m unidade 5.500
c7 Fixacéo e Fornecimento de Estacas Pré-moldadas de Concreto $300, C=27,0m unidade 4.000
C8 Blocos de Concreto (Produgao, custo de instalagio peso = 0,5t/m?) m2 300
OBRAS DE REVESTIMENTO
D1 Fixacgdo e Fornecimento de Estacas-Prancha de Concreto (incluindo cobertura do m? 360
topo), T=120, B=500
D2 Fixacgdo e Fornecimento de Estacas-Prancha de Concreto (incluindo cobertura do m? 440
topo), T=120, B=500 (incluindo cobertura do topo)
D3 Caixao Gabido (incluindo material geotéxtil) m? 290
D4  Gramado m? 2
D5 Barreira de cascalho me 80
OBRAS DO CANAL DE DRENAGEM
E1l Canal de desvio do tributario (tipo de terra) m 260
E2 Canal de desvio do tributario (tipo caixa de bueiro) m 16.000
E3  Canal de drenagem m 250
OBRAS VIARIAS
F1 Pavimentacdo Macadame (Brita(10-40), T=100) m? 20
F2 Super-estrutura (incluindo guard-rail, pavimentacéo, etc.) m? 1.400
F3 Rodovias em Geral (incluindo pavimentagao) m? 1.570
Fa Pontes sobre as Vias (incluindo sub-estrutura, obras auxiliares) m? 3.000

OBRAS METALICAS

Gl Comporta t 40.800

OBRAS TEMPORARIAS

H1 Ensecadeira (Escavagdo Comum / Dragagem como Obras Temporarias) m’ 50
H2 Fixacdo das Estacas-Prancha de Aco tipo Il (Material reciclavel), L = 10,0m prancha 660
H3 Ensecadeira Celular, ¢8,5, h=8,5 conjunto  113.000
H4 Ensecadeira Celular, ¢6,0, h=6,0 conjunto 43.000
H5  Ensecadeira Celular (apenas movimentagio), $8,5, h8,5 conjunto ~ 96.500
H6 Ensecadeira Celular (apenas movimentacéo), ¢6,0, h6,0 conjunto 21.500
H7  Canal de Desvio da Corrente (Canal de concreto B=12,0*h=3,0) m 6.000
H8 Canal de desvio da Corrente (B=30,0*h=2,5) m 600
Tunnel Works
G1 House shoe Tunnel (2R 6.0 m) m 35000

Fonte: Equipe de Estudo da JICA
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3 Aquisicdo de terras e compensacao
Os custos da aquisicdo de terra sdo estimados a seguir. O custo de compensacdo é detalhado no Anexo
F.
Aquisicdo de terras  Média=R$ 1,4/m? (Variagio:R$ 0,43~2,0/m?)
7.3.4  Custos Diretos de Construcdo

Os custos diretos de construcdo foram estimados com base nas quantidades de obras e nos custos
unitarios, e seu resumo é apresentado nas Tabelas 7.3.5 e 7.3.6, que mostra os detalhes dos custos de
construcao diretos resumidos.

Tabela 7.3.5 Resumo dos Custos Diretos de Construgéo
(unidade: R$)

Oeste dam Sul dam Floodgate (U/S) Floodgate (D/S) Revetment

Earth Works 1,073,000 247,000 80,000 112,000
Concrete Works 10,260,000 2,127,000 2,565,000 1,530,000
Substructure Work - 1,449,000 474,000
Revetment Works 6,000 185,000 3,208,000
Drainage Channel

Works 2,720,000

Road Works 2,835,000 237,000

Other Works 4,250,000 638,000 2,167,000 681,000 996,000
Temporary Work 2,939,000 277,000 1,497,000 584,000 432,000
%\QI Works 21,357,000 3,042,000 10,888,000 3,534,000 4,748,000
Metalworks Total 6,936,000 5,712,000

Total 21,357,000 3,042,000 17,824,000 9,246,000 4,748,000

Fonte: Equipe de Estudo da JICA
7.35 Custo da Aquisicao de terras e da Compensacao

O resumo dos custos da aquisicdo de terras e da compensacao estimados com base nas quantidades e
Nos custos unitarios é apresentado na tabela a seguir.

Tabela 7.3.7 Resumo dos Custos da Aquisicdo de terras e da Compensacao

(R$)
Land acquisition Compensation
Location unit cost=R$1.75* unit=R$1,100/house Total
Area (m?) Amount House Amount

Heightening of Oeste dam 670,000 966,000 -—-- 0 966,000
Heightening of Sul dam Spillway - - 0 -—--
Mirim Upstream Gate 6,300 9,000 0 9,000
Mirim Downstream Gate -—-- -—-- 0 -

Total 975,000 0 975,000

- Nota: O local da aquisicéo de terras é na zona rural
Fonte: Equipe de Estudo da JICA
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APPENDIX-1 :

Result of measure thickness



Dam

Oeste Dam

Upstream side

Downstream si

e

Date

12 May, 2011

View from
Upstream

Top

1230 L 730 540
A Gate B
A\ A A 4
Bottom )
Unit : mm
Measurement . Result of Measurement Evaluated
. Position thick
Location No.1 No.2 No.3 No.4 No.5 |Average| "Mexness
A |Top 5.4 5.4 6.2 6.3 5.7 5.80
No'g unit | 1100 |Lef 5.4 5.4 5.4 5.8 6.0 5.60 5 03
upstream .
side Bottom 5.9 6.5 6.5 6.8 6.2 6.38
Right — — — — — —
B |Top 6.4 6.4 7.3 6.2 6.7 6.60
DN"'l:mt 450 |Left 6.1 6.2 6.8 6.7 62| 640|
ownstream .
side Bottom 7.1 6.1 6.8 6.8 5.8 6.52

Right —




Dam

Oeste Dam Date 12 May, 2011

Unit No.

No.1 Unit

G1
G2
G3

G4
G5
G6

G7
G8
G9

G10 —.

Downstream

Detail A D
[ !
!

| Upstream

|
I 1 I
T
|
|
|
|
|
|
|
|
|

A

A

@ U
Detail A

Front View

I L_.___ ........... _|_ ........... R R R

Unit : mm

Measurement Location Eesult of Measurement -

No.1 No.2 No.3 No.4 No.5 [Average| Design

® — — — — — — 100

G1 Right ® 20.0 — — — — 20.0 20
® 65.0 — — — — 65.0 60

@ 105.0 — — — — 105.0 100

G2 Right ® 20.0 — — — — 20.0 20
® 65.0 — — — — 65.0 60

) 12.3 12.5 12.2 13.1 12.6 12.5 15

@) 100.0 — — — — 100.0 100

G3 Right ® 20.0 — — — — 20.0 20
@ 12.7 12.6 13.2 12.7 12.8/ 12.8 15

® 65.0 — — — — 65.0 60

O 13.1 11.8 11.9 13.1 12.9] 126 15

@) 100.0 — — — — 100.0 100

G4 Right ® 20.0 — — — — 20.0 20
@ 12.3 12.8 12.3 13.2 12.8| 12.7 15

® 65.0 — — — — 65.0 60

@ 100.0 — — — — 100.0 100

G5 Right ® 20.0 — — — — 20.0 20
® 65.0 — — — — 65.0 60




Unit : mm

Measurement Location

Result of Measurement

No.1 No.2 No.3 No.4 No.5 [Average| Design

® 100.0 — — — — 100.0 100

G6 Right ©) 20.0 — — — — 20.0 20

® 65.0 — — — — 65.0 60

® 10.5 10.6 10.2 10.1 10.6 10.4 15

@) 95.0 — — — — 95.0 100

G7 Right ® 20.0 — — — — 20.0 20
@ 13.8 13.5 13.5 13.6 13.5 13.6 15

® 65.0 — — — — 65.0 60

® 100.0 — — — — 100.0 100

G8 Right ® 20.0 — — — — 20.0 20

® 65.0 — — — — 65.0 60

® 100.0 — — — — 100.0 100

G9 Right ® 20.0 — — — — 20.0 20

® 65.0 — — — — 65.0 60

® 100.0 — — — — 100.0 100

G10 Right ® 20.0 — — — — 20.0 20
® 65.0 — — — — 65.0 60




Dam

Sul Dam

Upstream side

Downstream si

Date 12 May, 2011

View from
Upstream

. 580 740 __ 950 _
A Gate B
A\ &) A 4
Bottom )
Unit : mm
Measurement .. Result of Measurement Evaluated
. Position thick
Location No.1 No.2 No.3 No.4 No.5 |Average| "Mexness
A |Top 9.4 9.3 9.3 9.2 9.1 9.26
No. f Unit | 250 [[eft 9.2 9.2 9.5 9.2 9.2 9.26 017
upstream .
side Bottom 9.2 9.2 8.7 9.2 8.7 9.00
Right — — — — - -
B Top 8.6 8.6 8.5 8.8 8.8 8.66
NO. 2 Unlt 100 Left o _ _ _ _ _
Downstream 8.66
side Bottom — — — — — —

Right




Dam Sul Dam Date 12 May, 2011
Unit No. No.2 Unit
< 1680 .
I—!I . Downstream
/ ; Detail A D
G1 | ! 1 [} '
| I 190 !
G2 | L-frr—-————— d————— i
| i ™ 195 i R
G3 | _ !
o | | [ 200 T
| : | 195 Upstream
G5 | '
| ! | 190)
G6 |
| ! | 200
G7 | | 950
| 1 | Y ®, . ® L ©)
G8 |
G9
G10 i ] _“_©
Gll —_—] | “@ v
Detail A
Front View Unit : mm
M t Locati Result of Measurement
casurement Location No.1 No.2 No.3 No.4 No.5 |Average| Design
) 12.5 12.5 12.6 12.6 12.7] 12.58 12.7
@ 122.0 = = — — 122.00 123
G1 Upstream| ® 26.0 — — — — 26.00 | 25.4
@ 16.0 16.0 16.5 16.5 16.0 16.20 16
® 100.0 = = = = 100.00 100




APPENDIX-2 :

Structural calculation for control gates
(After heightning)



1. Strength Calculation for Control Gate in Oeste Dam (After heightning)

1.1 Design conditions
(1) Type Slide gate
(2) Quantity 7 sets
(3) Gate center elevation EL. 339.25 m
(4) Max. water level EL. 364.65 m  (heightning
(5) Flood water level EL. 362.30 m
(6) Normal water level EL. 340.79 m
(7) Diameter ¢ 1.50 m
(8) Seismic intensity 0.05
(9) Sealing system Metal seal at both side of gate leaf
(10) Foundation rock elevation EL. 337.60 m
(11) Operation device Hydraulic cylinder
(12) Lifting height 1.57 m
(13) Operating system Local
(14) Allowable stress ABNT NBR 8883
1.2 Design load
(1) CCN (Normal water level Only)
wEL 340.790 m
H= 1540 m { | Y
JEL 339250 m | || | g
Ol 1n
D:Diameter = 0150 m
Load of normal water level only
Ps= yoxHxA
= 981 x 154 x 1.77
= 26.69 kN
Where, Ps :Hydrostatic load
y0 :Specific gravity of water = 9.81 KkN/m?®
H :Design head = 154 m

20 m)

A :Receiving pressure area = r-Ds¥4 =m x 150 2/4

= 177



(2) CCE1(Normal water level + Dynamic water pressure during earthquake)

H=

3)

7 EL 340.790 m

154 m
y= 154 m N
EL 33925 m
h= 3.19
Ds J
H= 165 m Ol 1n
EL 337.60 Foundation rock|elevation
a) Hydrostatic load
Ps= yoxHxA
= 981 x 154 x 177
= 26.69 kN
b) Dynamic pressure load during earthquake
Ps= y0-7/8+k-(h-y)"*-A
= 981 x 7/8 x 0.05 319 x 154 Y2x 177
= 1.68 kN
¢) Total load
Pw= Ps+Py
= 2669 + 168
= 2838 kN

CCE2(Flood water level only)
wEL 36230 m

H= 23.05 m

EL 339.25

D: Diameter

0150 m



Ps=

YOXHXA

981 x 23.05 «x

399.55 kN

Where, Ps

1.77

:Hydrostatic load

v0 :Specific gravity of water = 9.81 kN/m®
H :Design head = 23.05 m
A :Receiving pressure area = g-Ds¥/4 =m x 150 2/4
= 177 m
(4) CCL(Flood water level+ Dynamic water pressure during earthquake)
v EL  362.30
23.05 m
EL 339.25
. H=| 2470 m
S
LU
H= 1.65 m T
EL 337.60 Foundation rock gjevation
a) Hydrostatic load
Ps= yo-H-A
= 981 x 2305 x 177
= 399.55 KN

b) Dynamic pressure load during earthquake
Ps= y0-7/8+k-(h-y)"*-A

= 981 x 7/8 x
= 1810 kN
c) Total load
Pw= Ps+Py

0.05

= 39955 + 18.10

417.65 kN

X

2470 x 23.05 Y2x 177



(5) Max. water level

WVEL 364.65
H= 2540 m /TN
EL 339.25
Ds
rdJ'Ln
D:Diameter = 9150 m
Ps= yoxHxA
= 981 x 2540 x 1.77
= 440.29 kN
Where, Ps :Hydrostatic load
yo :Specific gravity of water = 9.81 kN/m®
H :Design head = 2540 m
A :Receiving pressure area = g-Ds¥4 =m x 150 2/4
= 177 m?
(5) Comparison of loads
unit:kN
Case - i i
Coefficient Hydrostatic load Dynamic water
only pressure
Water level Hydrostatic| Dynamic Actual [ Converted [ Actual [ Converted
load only [water pressure  load load load load
0.50 0.90 26.69 53.39 28.38 31.53
Normal water level
CCN CCE1
0.63 0.90 399.55 |634.21 417.65 |464.06
Flood water level
CCE2 CCL
Max. water level 0.80 — 44029 | 55036 | — | —

The strength calculation is made for CCE2 since the maximum converted load acts on the bonnet

at CCE2.




1.3 Strength calculation of bonnet

The bonnet is calculated as a box ramen as shown in the model figure below.

Stiffening girder 12 Neutral axis
\I J
e2
A \ c A
1 h1
B Skin plate of bonnet 11 ho
A C A
e2
12
LO
e L1 el
Where, LO :Width of bonnet = 1575 mm
hO :Depth of bonnet = 315 mm

(1) Internal pressure
pi= yoxH
9.81 x  23.05
0.226 N/mm?
pi :Internal pressure
v0 :Specific gravity of water
H :Design head
(2) Effective width of skin plate

The effective width is calculated so that the flange of stiffening girder may support the load

together with the skin plate.

a) Point A
I/L=0.02
A=
0.02<1/L.<0.3
A={1.06-3.2( I/L)+4.5( 1 /L)*} |
0.3=I/L
A= 0.15L
Where,

L :Equivalent supporting
Point A = 0.2 (10+h0)
PointB = 06h0 =
PointC =06L0 =

226.121 kN/m?

(N/mm?)
9.81 kN/m®
23.05 m

b) Point B and C
I/L=0.05
A=
0.05<1/L<0.3
A={1.1-2( I/L)} |
0.3=I/L
A=0.15L

L :Effective width of one side of skin plate mm
| :Half of supporting length of skin plate

315 /2= 158 mm

length

= 02 x ( 1575 + 315)=378 mm
06 x 315 = 189 mm
0.6 x 1575 = 945 mm



. Effective width of skin plate
Position
Imm | Lmm | /L | Amm | 2Amm
Point A 158 | 378 | 0.42 57 114
Point B 158 189 | 0.83 28 56
Point C 158 945 | 0.17 | 121 242

(3) Section properties of stiffening girder

tl : Thickness of skin plate mm
b3 tZ‘L A b 1=20, t2 : Thickness of web mm
T SR t3 : Thickness of flange mm
b1 : Effective width mm
Byl b2 bz : Width of web mm
<> bZ : Width of flange mm
Posi| Skin plate Web Flange Section properties
tion| t1 [bl| t2 |[b2] t3]|b3]|1(mm*) |zimm®|zo(mm?)|A mm? |[Awmm?)| e (mm)
A | 125 |114| 12.8 [100| 20 | 65 |10297124| 166083 146058 4005 1280 62
B | 125 | 56 | 12.8 [100]| 20 | 65 | 7547377 | 101580 129680 3280 1280 74
C | 125 (242) 12.8 |100| 20 | 65 |13863875| 300735 160462 5605 1280 46

(4) Sectional force

Stiffening girder Neutral axis

=
ERRRE R RRR AN RRRRR NN

1) Acting load
It is assumed that the internal design pressure between the stiffeners acts as the distributed load.
The acting load converts into the design load which is calculated by the ratio of an acting axis
and a neutral axis.
W = pi+b-(2h0+L0)/(2h1+L1)
0226 x 315 x ( 2 x 315+ 1575 )/( 2 x 407 + 1724 )
62 N/mm




Where, W :Converted acting load N/mm
ps : Design internal pressure 0.226 N/mm?
b :Width of receiving pressure = 315 mm

hC : Depth of bonnet = 315 mm
h1l :Length of neutral axis = hO+e= 315 + 2 x 46 = 407 mm
LO :Width of bonnet = 1575 mm

LO+2e: 1575 + 2 x 74 = 1724 mm

L1 :Length of neutral axis

2)  Acting load on each part

[Stiffness ratio]

k = (I12-h1)/(11-L1)

(13863875 x 407 )/ (7547377 x 1724 )= 0.434
h1/L1
407 [ 1724 = 0.236
[Bending moment]

MA=W-L1%12-{(1+n°-K)/(1+k)}

MB=MA-W-h’/8

MC=MA-W-L1%/8
[Axial force]

Section A-B NAB=W-L1/2 (Tensile force)

Section B-C NBC=W-h1/2 (Tensile force)
[Shearing force]

Section A-B SAB=W-h1/2

Section B-C SAC=W"-11/2
[Result of calculation]

MA= 10942410 N-mm MB= 9659805 N-mm
MC= -12037612 N-mm

N e

>
1]

[ C B
B —| B
VA= 0 N
NAB= 53330 N NBC= 12599 N
SAB= 12599 N SBC= 53330 N

(5) Stress of bonnet
1) Stress at "A"
Bending stress



[Bending stress(Inside)]

cAi = MAJ/Zi+NAB/A
10942410 / 166083 + 53330 / 4005
65.9 + 13.3 = 79.2 N/mm?> <oca= 157.5 N/mm?
[Bending stress(Outside)]

cAo0 = -MA/Zo+NAB/A
-10942410 / 146058 + 53330 / 4005
749 + 133 = -61.6 N/mm’> <oca= 157.5 N/mm?
Shearing stress

A = SBC/Aw

53330 / 1280
41.7 N/mm?® <ta= 90.9 N/mm?

2) Stress at "B"
Bending stress
[Bending stress(Inside)]
oBi = MB/Zi+NAB/A
9659805 / 101580 + 53330 / 3280
951 + 16.3 = 111.4 N/mm? <oca= 157.5 N/mm?
[Bending stress(Outside)]
oBo = -MB/Zo+NAB/A
-9659805 / 129680 + 53330 / 3280
745 + 16.3 = -582 N/mm’> <ca= 157.5 N/mm’
Shearing stress
B = SAB/Aw
= 12599 / 1280
= 98 N/mm’> <ta= 90.9 N/mm?
3) Stress at "C"
Bending stress
[Bending stress(Inside)]
oCi = MC/Zi+NBC/A
= -12037612 / 300735 + 12599 / 5605
= -400 + 22 = -37.8 N/mm’ <ca= 157.5 N/mm’
[Bending stress(Outside)]
oCo = -MC/Zo+NBC/A
12037612 / 160462 + 12599 / 5605
750 + 22 = 77.3 N/mm® <ca= 157.5 N/mm?

Shearing stress
1C = SBC/Aw
53330 / 1280
41.7 N/mm?> <ta= 90.9 N/mm?




(6) Allowable stresses
Allowable bending stress

Outside

ca= 250 x 0.63 = 157.5 N/mm’ Material : A36(ASTM)
Inside

ca= 250 x 0.63 = 157.5 N/mm? Material : A36(ASTM)

Coefficient: 0.63
Allowable shearing stress
Outside
ta= 90.9 N/mm? Material : A36(ASTM)
1.4 Operating load
The operating load is summed up the following loads.
(1) Self weight
Gate leaf Gl
Rod of cylinder G2
Total load G
(2) Friction force of seal plate
F2= u,*P
= 04 x 440.290 = 176.12 kN
Where, W, :Frictional coefficient of metal seal

16 x 981 = 157 kN
0.77 kN
16.47 kN

0.4

P :Hydrostatic pressure at operation 440.29 kN

(3) Buoyancy
F3= y0/W0-G1
= 981 / 77.0x 1570 = 200 kN
ZZIZ, v0 :Specific gravity of water
WO : Specific gravity of steel material
(4) Friction force of seal in cylinder
F4=d-m-b*n-p, P
= 0.090 x © x 0.006 x 1 x 0.7 x 440.290 = 0.523 kN

9.81 kN/m3
77.01 kN/m3

Where, d :Outside diameter of rod = 0.090 m
b :Contact width of V-packing = 0.006 m
n :Quantity of V-packing = 1 piece
Ky :Frictional coefficient of V-packing = 0.7
P :Pressure on V-packing = 440.290 kN
(5) Total operating load
(Unit:kN)
Load Raising Lowering
Self weight G | 1647 | 1647
Friction force of seal plate F2 l 176.12 T 176.12
Buoyancy F3 T 2.00 T 2.00
Friction force of seal in cylinder F4 ! 0.52 T 0.52
Total load ! 191.11 T 162.17




19111 kN — 200.00 kN
162.17 kN — 170.00 kN

Raising load Fu
Lowering load Fd
15 Capacity of cylinder
(1) Design conditions
Type of cylinder Fixed cylinder
Rated pressure Raising (Setting pressure of relief valve) P1 = 21.0 MPa

Lowering (Setting pressure of relief valve) P2 = 12.6 MPa
Working pressure  Raising (Effective operating pressure) P1' = 189 MPa
Lowering (Effective operating pressure) P2 = 11.3 MPa
Operating speed 0.1 m/min
Operating load Raising Wu = 200.00 kN
Lowering Wd = 170.00 kN
Cylinder Inside diameter of tube D = 160 mm
Outside diameter of rod d = 90 mm
Cylinder stroke S = 1570 mm

(2) Pulling and pushing forces of cylinder
1) Rated pressure
Pulling force (Raising)

Fy = x (D? —d?) x p{
21.0
= x (1602 — 90 2 ) «x
1000
= 288.6 kN
Pushing force (Lowering)
Fy= xD? x py
5 12.6
= x 160 © x———
1000
= 253.3 kN
2) Working pressure
Pulling force (Raising)
F, = Z x (D2 —d2) x py
18.9
= x (1602 — 90 %)
1000

= 2598 kKN > Wy = 200 kN
Pushing force (Lowering)

Fd,:

xD? x p,

11.3
x 160 2 x——
1000

= 2280 kN > W4 = 170.00 kN




2. Strength Calculation for control gate in Oeste dam (After heightning)

21D
1)
(2)
3)
(4)
Q)
(6)
(7)
(8)
(9)

esign conditions
Type
Quantity
Gate center elevation
Max. water level
Flood water level
Normal water level
Diameter
Seismic intensity
Sealing system

(10) Basic grand level
(11) Operation device
(12) Lifting height

(13) Operating system
(14) Allowable stress

22D

esign head

Slide gate
5 sets
EL. 368.00
EL. 408.00
EL. 401.00
EL. 387.00
0 1.50
0.05
Metal seal at both side of gate leaf
EL. 357.50 m
Hydraulic cylinder
1.57 m

(heightning

3 3 3 3 3

Local
ABNT NBR 8883

(1) CCN (Nomal water level Only)
wEL 387.000 m

20 m)

H= 19.000 m

EL 368.000 m

Load of normal water level only

Ps= yoxHxA
9.81 x 19.00
329.35 kN

x 177

Where, Ps :Hydrostatic load

vo :Specific gravity of water
H :Design head

9.81 kN/m®
19.00 m

A :Receiving pressure area = g-Ds*/4 =7 X

= 177

D :Diameter = 0150 m

1.50 ?/4



(2) CCE1(Normal water level + Dynamic water pressure during earthquake)

H= 19.00 m

3)

o EL 387.000 m

= 19.00 m

EL 368.00 m

Ds

= 1050 m mlm !

EL 357.50 Foundation roc

h= 2950 m

levation

a) Hydrostatic load

Ps= yoxHxA
= 981 x 19.00 x 1.77
= 329.35 kN

b) Dynamic pressure load during earthquake
Ps= y0-7/8+k-(h-y)"*-A

= 981 x 7/8 x 005 x 2950 x 19.00 Y2x 1.77

= 1795 kN

¢) Total load
Pw= Ps+Py
= 32935 + 1795
= 34731 kN

CCE2(Flood water level only)
wEL 401.00 m

H= 33.00 m {11

EL 36800 m

D: Caliber

0150 m



Ps= yoxHxA

572.03 kN

981 x 33.00

X

1.77

Where, Ps :Hydrostatic load

v0 :Specific gravity of water = 9.81 kN/m®
H :Design head = 33.00 m
A :Receiving pressure area = g-Ds¥/4 =m x 150 2/4
= 177 m?
(4) CCL(Flood water level+ Dynamic water pressure during earthquake)
v EL  401.00
33.00 m
EL 368.00
. H=| 4350 m
S
LU
H= 10.50 m T
EL 357.50 Foundation rock gjevation
a) Hydrostatic load
Ps= yo-H-A
= 981 x 3300 x 177
= 57203 KN

b) Dynamic pressure load during earthquake

Ps= y0-7/8+k-(h-y)"*-A

= 981 x 7/8 x 0.05

= 2873 kN
c) Total load
Pw= Ps+Py

= 57203 + 28.73
= 600.76 kN

X

4350 x 33.00 Y2x 177



(5) Max. water level

VEL 408.00
H= 4000 m /TN
EL 368.00
Ds
rdJ'Ln
D:Diameter = 0150 m
Ps= yoxHxA
= 981 x 4000 x 1.77
= 693.37 kN
Where, Ps :Hydrostatic load
yo :Specific gravity of water = 9.81 kN/m®
H :Design head = 40.00 m
A :Receiving pressure area = g-Ds¥4 =m x 150 2/4
= 177 m
(5) Comparison of loads
unit: kN
Case - i i
Coefficient Hydrostatic load Dynamic water
only pressure
KoL Hydrostatic| Dynamic Actual | Converted | Actual | Converted
load only [water pressure  load load load load
0.50 0.90 329.35 | 658.70 | 347.31 | 385.90
Normal water level
CCN CCE1
0.63 0.90 572.03 |907.99 600.76 |667.52
Flood water level
CCE2 CCL
Max. water level 0.80 — 69337 | 86671 | — | —

Because the load of "CCE2" becomes the maximum, strength of the load of "CCE2" is checked.




2.3 Strength calculation of bonnet

The bonnet is calculated as a box ramen as shown in the model figure below.

Stiffening girder 12 Neutral axis
\I J
e2
A \ c A
1 h1
B Skin plate of bonnnet 11 ho
A C A
e2
12
LO
e L1 el
Where, LO :Width of bonnet = 1650 mm
hO :Depth of bonnet = 315 mm

(1) Internal pressure
pi= yoxH
9.81 x  33.00
0.324 N/mm?
pi :Internal pressure
v0 :Specific gravity of water
H :Design head
(2) Effective width of skin plate

The effective width is calculated so that the flange of stiffening girder may support the load

together with the skin plate.

a) Point of A
I/L=0.02
A=
0.02<1/L.<0.3
A={1.06-3.2( I/L)+4.5( 1 /L)*} |
0.3=I/L
A= 0.15L
Where,

323.73 kN/m?

(N/mm?)
9.81 kN/m®
33.00 m

b) Point of B and C
I/IL=0.05
A=
0.05<1/L<0.3
A={1.1-2(l/L)} |
0.3=I/L
A=0.15L

A :Working width in one side of skinplate mm
| :Half of skin plate at support intervals

315 /2= 158 mm

L :Equivalent support inter

Point A = 0.2 (10+h0)
PointB = 0.6 h0 =
PointC =06L0 =

= 0.2 x ( 1650 + 315 )=393 mm
06 x 315 = 189 mm
0.6 x 1650 = 990 mm



. Effective width of skin plate
Position
Imm | Lmm | /L | Amm | 2Amm
Point A 158 | 393 | 0.40 59 118
Point B 158 189 | 0.83 28 56
Point C 825 990 | 0.83 | 149 298

(3) Section properties of stiffening girder

tl : Thickness of skin plate mm
b3 tZ‘L A b 1=20, t2 : Thickness of web mm
T SR t3 : Thickness of flange mm
b1 : Effective width mm
Byl b2 bz : Width of web mm
<> bZ : Width of flange mm
Posi| Skin plate Web Flange Section properties
tion| t1 [bl| t2 |[b2]| t3]b3]|1mm*) |zimm®|zo(mm?)|A mm? |[Awmm?)| e (mm)
A | 126 |[118]| 16.2 |[122] 26 | 100|22214599| 250164 | 309396 6063 1976.4 89
B | 12.6 56 | 16.2 | 122 26 | 10016102576 159431 270177 5282 1976.4 101
C | 126 (298| 16.2 |[122| 26 | 100|33413694| 503218 354710 8331 1976.4 66

(4) Sectional force

Stiffening girder Neutral axis

=
ERRRE R RRR AN RRRRR NN

1) Acting load
It is assumed that the internal design pressure between the stiffeners acts as the distributed load.
The acting load converts into the design load which is calculated by the ratio of an acting axis
and a neutral axis.
W = pi+b-(2h0+L0)/(2h1+L1)
0324 x 315 x ( 2 x 315+ 1650 )/( 2 x 448 + 1852 )
85 N/mm




Where, W : Converted acting load N/mm
ps : Design internal pressure 0.324 N/mm?
b :Width of receiving pressure = 315 mm

hC : Depth of bonnet = 315 mm
h1l :Length of neutral axis = hO+e= 315 + 2 x 66 = 448 mm
LO :Width of bonnet = 1650 mm

LO+2e: 1650 + 2 x 101 = 1852 mm

L1 :Length of neutral axis

2)  Acting load on each part

[Stiffness ratio]

k = (I12-h1)/(11-L1)

(33413694 x 448 )/ (16102576 x 1852 )= 0.502
h1/L1
448 | 1852 = 0.242
[Bending moment]

MA=W-L1%12-{(1+n°-K)/(1+k)}

MB=MA-W-h’/8

MC=MA-W-L1%/8
[Axial force]

Section A-B NAB=W-L1/2 (Tensile force)

Section B-C NBC=W-h1/2 (Tensile force)
[Shearing force]

Section A-B SAB=W-h1/2

Section B-C SAC=W"-11/2
[Result of calculation]

MA= 16578259 N-mm MB= 14457199 N-mm
MC= -19701702 N-mm

N e

>
1]

[ C B
B —| B
VA= 0 N
NAB= 78358 N NBC= 18946 N
SAB= 18946 N SBC= 78358 N

(5) Stress of bonnet
1) Stress at "A"
Bending stress



[Bending stress(Inside)]

cAi = MAJ/Zi+NAB/A
16578259 / 250164 + 78358 / 6063
66.3 + 129 = 79.2 N/mm? <oca= 157.5 N/mm?’
[Bending stress(Outside)]

cAo0 = -MA/Zo+NAB/A
-16578259 / 309396 + 78358 / 6063
53.6 + 12.9 = -40.7 N/mm?> <oca= 157.5 N/mm?
Shearing stress

A = SBC/Aw

78358 / 1976
39.6 N/mm? <ta= 90.9 N/mm?

2) Stress of "B"
Bending stress
[Bending stress(Inside)]
ocAi = MB/Zi+NAB/A
14457199 / 159431 + 78358 / 5282
90.7 + 14.8 = 1055 N/mm? <oca= 157.5 N/mm?
[Bending stress(Outside)]
ocAo0 = -MB/Zo+NAB/A
-14457199 / 270177 + 78358 / 5282
535 + 14.8 = -38.7 N/mm’> <oca= 157.5 N/mm’
Shearing stress
TA = SAB/Aw
= 18946 / 1976
= 96 N/mm’> <ta= 90.9 N/mm?
3) Stress of "C"
Bending stress
[Bending stress(Inside)]
oAi = MC/Zi+NBC/A
= -19701702 / 503218 + 18946 / 8331
= -39.2 + 23 = -36.9 N/mm’ <ca= 157.5 N/mm’
[Bending stress(Outside)]
oAo0 = -MC/Zo+NBC/A
19701702 / 354710 + 18946 / 8331
555 + 2.3 = 57.8 N/mm’® <ca= 157.5 N/mm?

Shearing stress
tA = SBC/Aw
78358 / 1976
39.6 N/mm’ <ta= 90.9 N/mm?




(6) Allowable stresses
Allowable bending stress

Outside

ca= 250 x 0.63 = 157.5 N/mm?’ Material : A36(ASTM)
Inside

ca= 250 x 0.63 = 157.5 N/mm? Material : A36(ASTM)

Coefficient: 0.63
Allowable shearing stress
Outside
ta= 90.9 N/mm? Material : A36(ASTM)
2.4 Operating load
The operating load is summed up the following loads.
(1) Self weight
Gate leaf Gl
Rod of cylinder G2
Total load G
(2) Seal friction
F2= u,*P
= 04 x 693371 = 277.35 kN
Where, W, :Frictional coefficient of metal seal

25 x 981 = 2453 kN
0.77 kN
25.30 kN

0.4

P :Hydrostatic pressure at operation 693.37 kN

(3) Buoyancy
F3= y0/W0-G1
= 981 / 77.0x 2453 = 312 kN
ZZIZ, v0 :Specific gravity of water
WO : Specific gravity of steel material
(4) Friction force of seal in cylinder
F4=d-m-b*n-p, P
= 0.090 x © x 0.006 x 1 x 0.7 x 693.371 = 0.823 kN

9.81 kN/m3
77.01 kN/m3

Where, d :Rod outside diameter = 0.090 m
b :Width of contact of VV-packing = 0.006 m
n :Quantity of V-paccking = 1 piece
Ky :Frictional coefficient of V-packing = 0.7
P :Pressure on V-packing = 693.371 kN
(5) Total operating load
(Unit:kN)
Load Raising Lowering
Self weight G l 25.30 ! 25.30
Seal friction F2 l 277.35 T 27735
Buoyancy F3 T 3.12 T 3.12
Friction force of seal in cylinder F4 ! 0.82 T 0.82
Total load l 300.34 T 256.00




300.34 kN — 310.00 kN
256.00 kN — 260.00 kN

Raising load Fu
Lowerring load Fd

2.5 Capacity of cylinder
(1) Design conditions

Type of hoist Fixed cylinder

Rated pressure Raising (Setting pressure of relief valve) P1 = 16.0 MPa
Lowering (Setting pressure of relief valve) P2 = 9.6 MPa

Working pressure  Raising (Effective operating pressure) P1' = 144 MPa
Lowering (Effective operating pressure) P2 = 86 MPa

Operating speed 0.1 m/min

Operating load Raising Wu = 310.00 kN
Lowerring Wd = 260.00 kN

Cylinder Inside diameter of tube D = 200 mm
Outside diameter of rod d = 100 mm
Cylinder stroke S = 1570 mm

(2) Power to push and power to pull
1) Rated pressure
Pulling force (Raising)

Fy = x (D? —d?) x py
16.0
= x (12002% — 1002 ) x
1000
= 377 kN
Pushing force (Lowering)
Fqu= xD? x p,
= x 200 2 x
1000
= 301.6 kN
2) Working pressure
Pulling force (Raising)
F, = Z x (D2 —d?2) x py
14.4
= x (12002% — 1002 )
1000

= 3393 kN > W, = 310 kN
Pushing force (Lowering)

Fd,:

xD? x p,

8.6
x 200 2 x——
1000

= 2714 kN > W4 = 260.00 kN




APPENDIX-3 :

Structural calculation for control gates
(Before heightning)



1. Strength Calculation for Control Gate in Oeste Dam (Before heightning)

1.1 Design conditions
(1) Type Slide gate
(2) Quantity 7 sets
(3) Gate center elevation EL. 339.25 m
(4) Max. water level EL. 362.65 m  (heightning
(5) Flood water level EL. 360.30 m
(6) Normal water level EL. 340.79 m
(7) Diameter ¢ 1.50 m
(8) Seismic intensity 0.05
(9) Sealing system Metal seal at both side of gate leaf
(10) Foundation rock elevation EL. 337.60 m
(11) Operation device Hydraulic cylinder
(12) Lifting height 1.57 m
(13) Operating system Local
(14) Allowable stress ABNT NBR 8883
1.2 Design load
(1) CCN (Normal water level Only)
wEL 340.790 m
H= 1540 m { | Y
JEL 339250 m | || | g
Ol 1n
D:Diameter = 150 m
Load of normal water level only
Ps= yoxHxA
= 981 x 154 x 177
= 26.69 kN
Where, Ps :Hydrostatic load
y0 :Specific gravity of water = 9.81 KkN/m?®
H :Design head = 154 m

00 m)

A :Receiving pressure area = r-Ds¥4 =m x 150 2/4

= 177



(2) CCE1(Normal water level + Dynamic water pressure during earthquake)

H=

3)

7 EL 340.790 m

154 m
y= 154 m N
EL 33925 m
h= 3.19
Ds J
H=  1.65 m O 1n
EL 337.60 Foundation rockelevation
a) Hydrostatic load
Ps= yoxHxA
= 981 x 154 x 177
= 26.69 kN
b) Dynamic pressure load during earthquake
Ps= y0-7/8+k-(h-y)"*-A
= 981 x 7/8 x 0.05 319 x 154 Y2x 177
= 1.68 kN
¢) Total load
Pw= Ps+Py
= 2669 + 168
= 28.38 kN

CCE2(Flood water level only)
wEL 36030 m

H= 21.05 m

EL 339.25

D: Diameter

0150 m



Ps=

YOXHXA

981 x 21.05 «x

364.89 kN

Where, Ps

1.77

:Hydrostatic load

v0 :Specific gravity of water = 9.81 kN/m?®
H :Design head = 21.05 m
A :Receiving pressure area = g+Ds?/4 =7 x 150 2/4
= 177 m?
(4) CCL(Flood water level+ Dynamic water pressure during earthquake)
v EL  360.30
21.05 m
EL 339.25
. H=| 2270 m
S
LU
H= 1.65 m |
EL 337.60 Foundation rock glevation
a) Hydrostatic load
Ps=yo-H-A
= 081 x 2105 x 177
= 364.89 KN

b) Dynamic pressure load during earthquake
Ps= y0-7/8+k-(h-y)"*-A

= 981 x 7/8 x
= 16.58 kN
c) Total load
Pw= Ps+Py

0.05

= 36489 + 16.58

38146 kN

X

2270 x 21.05 Y2x 177



(5) Max. water level

WVEL 362.65
H= 2340 m /TN
EL 339.25
Ds
rdJ'Ln
D:Diameter = 0150 m
Ps= yoxHxA
= 981 x 2340 x 1.77
= 405.62 kN
Where, Ps :Hydrostatic load
yo :Specific gravity of water = 9.81 kN/m®
H :Design head = 2340 m
A :Receiving pressure area = g-Ds?/4 =7 x 150 2/4
= 177 m?
(5) Comparison of loads
unit:kN
Case - i i
Coefficient Hydrostatic load Dynamic water
only pressure
Water level Hydrostatic| Dynamic Actual [ Converted [ Actual [ Converted
load only [water pressure  load load load load
0.50 0.90 26.69 53.39 28.38 31.53
Normal water level
CCN CCE1l
0.63 0.90 364.89 |579.18 381.46 |423.85
Flood water level
CCE2 CCL
Max. water level 0.80 — 40562 [ 50703 | — | —

The strength calculation is made for CCE2 since the maximum converted load acts on the bonnet

at CCE2.




1.3 Strength calculation of bonnet

The bonnet is calculated as a box ramen as shown in the model figure below.

Stiffening girder 12 Neutral axis
\I J
e2
A \ c A
1 h1
B Skin plate of bonnet 11 ho
A C A
e2
12
LO
e L1 el
Where, LO :Width of bonnet = 1575 mm
hO :Depth of bonnet = 315 mm

(1) Internal pressure
pi= yoxH
9.81 x  21.05
0.207 N/mm?
pi :Internal pressure
v0 :Specific gravity of water
H :Design head
(2) Effective width of skin plate

The effective width is calculated so that the flange of stiffening girder may support the load

together with the skin plate.

a) Point A
I/L=0.02
A=
0.02<1/L.<0.3
A={1.06-3.2( I/L)+4.5( 1 /L)*} |
0.3=I/L
A= 0.15L
Where,

L :Equivalent supporting
Point A = 0.2 (10+h0)
PointB = 06h0 =
PointC =06L0 =

206.501 KkN/m?

(N/mm?)
9.81 kN/m®
21.05 m

b) Point B and C
I/L=0.05
A=
0.05<1/L<0.3
A={1.1-2( I/L)} |
0.3=I/L
A=0.15L

L :Effective width of one side of skin plate mm
| :Half of supporting length of skin plate

315 /2= 158 mm

length

= 02 x ( 1575 + 315)=378 mm
06 x 315 = 189 mm
0.6 x 1575 = 945 mm



. Effective width of skin plate
Position
Imm | Lmm | /L | Amm | 2Amm
Point A 158 | 378 | 0.42 57 114
Point B 158 189 | 0.83 28 56
Point C 158 945 | 0.17 | 121 242

(3) Section properties of stiffening girder

tl : Thickness of skin plate mm
b3 tZ‘L A b 1=20, t2 : Thickness of web mm
T SR t3 : Thickness of flange mm
b1 : Effective width mm
Byl b2 bz : Width of web mm
<> bZ : Width of flange mm
Posi| Skin plate Web Flange Section properties
tion| t1 [bl| t2 |[b2]| t3]b3]|1(mm*) |zimm®|zo(mm?)|A mm? |[Awmm?)| e (mm)
A | 125 |114| 12.8 [100| 20 | 65 |10297124| 166083 146058 4005 1280 62
B | 125 | 56 | 12.8 [100]| 20 | 65 | 7547377 | 101580 129680 3280 1280 74
C | 125 (242) 12.8 |100| 20 | 65 |13863875| 300735 160462 5605 1280 46

(4) Sectional force

Stiffening girder Neutral axis

=
ERRRE R RRR AN RRRRR NN

1) Acting load
It is assumed that the internal design pressure between the stiffeners acts as the distributed load.
The acting load converts into the design load which is calculated by the ratio of an acting axis
and a neutral axis.
W = pi+b-(2h0+L0)/(2h1+L1)
0.207 x 315 x ( 2 x 315+ 1575 )/( 2 x 407 + 1724 )
57 N/mm




Where, W :Converted acting load N/mm
ps : Design internal pressure 0.207 N/mm?
b :Width of receiving pressure = 315 mm

hC : Depth of bonnet = 315 mm
h1l :Length of neutral axis = hO+e= 315 + 2 x 46 = 407 mm
LO :Width of bonnet = 1575 mm

LO+2e: 1575 + 2 x 74 = 1724 mm

L1 :Length of neutral axis

2)  Acting load on each part

[Stiffness ratio]

k = (I12-h1)/(11-L1)

(13863875 x 407 )/ (7547377 x 1724 )= 0.434
h1/L1
407 | 1724 = 0.236
[Bending moment]

MA=W-L1%12-{(1+n°-K)/(1+k)}

MB=MA-W-h’/8

MC=MA-W-L1%/8
[Axial force]

Section A-B NAB=W-L1/2 (Tensile force)

Section B-C NBC=W-h1/2 (Tensile force)
[Shearing force]

Section A-B SAB=W-h1/2

Section B-C SAC=W"-11/2
[Result of calculation]

MA= 9992960 N-mm MB= 8821644 N-mm
MC= -10993134 N-mm

N e

>
1]

[ C B
B —| B
VA= 0 N
NAB= 48703 N NBC= 11506 N
SAB= 11506 N SBC= 48703 N

(5) Stress of bonnet
1) Stress at "A"
Bending stress



[Bending stress(Inside)]

cAi = MAJ/Zi+NAB/A
9992960 / 166083 + 48703 / 4005
60.2 + 12.2 = 72.3 N/mm?> <oca= 157.5 N/mm?
[Bending stress(Outside)]

cAo0 = -MA/Zo+NAB/A
-9992960 / 146058 + 48703 / 4005
-68.4 + 122 = -56.3 N/mm’ <ca= 157.5 N/mm?
Shearing stress

A = SBC/Aw

48703 / 1280
38.0 N/mm? <ta= 90.9 N/mm?

2) Stress at "B"
Bending stress
[Bending stress(Inside)]
oBi = MB/Zi+NAB/A
8821644 / 101580 + 48703 / 3280
86.8 + 14.8 = 101.7 N/mm? <oca= 157.5 N/mm?
[Bending stress(Outside)]
oBo = -MB/Zo+NAB/A
-8821644 / 129680 + 48703 / 3280
-68.0 + 14.8 = -53.2 N/mm’> <ca= 157.5 N/mm’
Shearing stress
B = SAB/Aw
= 11506 / 1280
= 90 N/mm’> <ta= 90.9 N/mm?
3) Stress at "C"
Bending stress
[Bending stress(Inside)]
oCi = MC/Zi+NBC/A
= -10993134 / 300735 + 11506 / 5605
= -366 + 21 = -345 N/mm’ <ca= 157.5 N/mm’
[Bending stress(Outside)]
oCo = -MC/Zo+NBC/A
10993134 / 160462 + 11506 / 5605
685 + 21 = 70.6 N/mm? <ca= 157.5 N/mm?

Shearing stress
1C = SBC/Aw
48703 / 1280
380 N/mm’ <ta= 90.9 N/mm?




(6) Allowable stresses
Allowable bending stress

Outside

ca= 250 x 0.63 = 157.5 N/mm’ Material : A36(ASTM)
Inside

ca= 250 x 0.63 = 157.5 N/mm? Material : A36(ASTM)

Coefficient: 0.63
Allowable shearing stress
Outside
ta= 90.9 N/mm? Material : A36(ASTM)
1.4 Operating load
The operating load is summed up the following loads.
(1) Self weight
Gate leaf Gl
Rod of cylinder G2
Total load G
(2) Friction force of seal plate
F2= u,*P
= 04 x 405.622 = 162.25 kN
Where, W, :Frictional coefficient of metal seal

15 x 0981 = 1472 kN
0.77 kN
15.49 kN

0.4

P :Hydrostatic pressure at operation 405.62 kN

(3) Buoyancy
F3= y0/W0-G1
= 981 [/ 77.0x 1472 = 187 kN
ZZIZ, v0 :Specific gravity of water
WO : Specific gravity of steel material
(4) Friction force of seal in cylinder
F4=d-m-b*n-p, P
= 0.090 x © x 0.006 x 1 x 0.7 x 405.622 = 0.482 kN

9.81 kN/m3
77.01 kN/m3

Where, d :Outside diameter of rod = 0.090 m
b :Contact width of V-packing = 0.006 m
n :Quantity of V-packing = 1 piece
Ky :Frictional coefficient of V-packing = 0.7
P :Pressure on V-packing = 405.622 kN
(5) Total operating load
(Unit:kN)
Load Raising Lowering
Self weight G ! 15.49 ! 15.49
Friction force of seal plate F2 ! 162.25 T 162.25
Buoyancy F3 T 1.87 T 1.87
Friction force of seal in cylinder F4 ! 0.48 T 0.48
Total load ! 176.34 T 149.12




176.34 kN — 180.00 kN
14912 kN — 150.00 kN

Raising load Fu
Lowering load Fd
15 Capacity of cylinder
(1) Design conditions
Type of cylinder Fixed cylinder
Rated pressure Raising (Setting pressure of relief valve) P1 = 21.0 MPa

Lowering (Setting pressure of relief valve) P2 = 12.6 MPa
Working pressure  Raising (Effective operating pressure) P1' = 189 MPa
Lowering (Effective operating pressure) P2 = 11.3 MPa
Operating speed 0.1 m/min
Operating load Raising Wu = 180.00 kN
Lowering Wd = 150.00 kN
Cylinder Inside diameter of tube D = 160 mm
Outside diameter of rod d = 90 mm
Cylinder stroke S = 1570 mm

(2) Pulling and pushing forces of cylinder
1) Rated pressure
Pulling force (Raising)

Fy = x (D? —d?) x pi
21.0
= x (11602 — 90 2 ) «x
1000
= 288.6 kN
Pushing force (Lowering)
Fy= xD? x py
5 12.6
= x 160 © x———
1000
= 253.3 kN
2) Working pressure
Pulling force (Raising)
F, = Z x (D2 —d2) x py
18.9
= x (1602 — 90 %)
1000

= 2598 kKN > W, = 180 kN
Pushing force (Lowering)

Fd,:

xD? x p,

11.3
x 160 2 x——
1000

= 2280 kN > W4 = 150.00 kN




2. Strength Calculation for control gate in Oeste dam (Before heightning)

21D
1)
(2)
3)
(4)
Q)
(6)
(7)
(8)
(9)

esign conditions
Type
Quantity
Gate center elevation
Max. water level
Flood water level
Normal water level
Diameter
Seismic intensity
Sealing system

(10) Basic grand level
(11) Operation device
(12) Lifting height

(13) Operating system
(14) Allowable stress

22D

esign head

Slide gate
5 sets
EL. 368.00
EL. 408.00
EL. 399.00
EL. 387.00
0 1.50
0.05
Metal seal at both side of gate leaf
EL. 357.50 m
Hydraulic cylinder
1.57 m

(heightning

3 3 3 3 3

Local
ABNT NBR 8883

(1) CCN (Nomal water level Only)
wEL 387.000 m

00 m)

H= 19.000 m

EL 368.000 m

Load of normal water level only

Ps= yoxHxA
9.81 x 19.00
329.35 kN

x 177

Where, Ps :Hydrostatic load

vo :Specific gravity of water
H :Design head

9.81 kN/m®
19.00 m

A :Receiving pressure area = g-Ds*/4 =7 X

= 177

D :Diameter = 150 m

1.50 ?/4



(2) CCE1(Normal water level + Dynamic water pressure during earthquake)

H= 19.00 m

3)

o EL 387.000 m

= 19.00 m

EL 368.00 m

Ds

= 1050 m mlm !

EL 357.50 Foundation roc

h= 2950 m

levation

a) Hydrostatic load

Ps= yoxHxA
= 981 x 19.00 x 1.77
= 329.35 kN

b) Dynamic pressure load during earthquake
Ps= y0-7/8+k-(h-y)"*-A

= 981 x 7/8 x 005 x 2950 x 19.00 Y2x 1.77

= 1795 kN

¢) Total load
Pw= Ps+Py
= 32935 + 1795
= 34731 kN

CCE2(Flood water level only)
wEL 39900 m

H= 31.00 m {11

EL 36800 m

D: Caliber

0150 m



Ps= yoxHxA

537.36 kN

981 x 31.00

X

1.77

Where, Ps :Hydrostatic load

v0 :Specific gravity of water = 9.81 kN/m®
H :Design head = 31.00 m
A :Receiving pressure area = g-Ds¥/4 =7 x 150 2/4
= 177 m?
(4) CCL(Flood water level+ Dynamic water pressure during earthquake)
v EL  399.00
31.00 m
EL 368.00
. H=| 4150 m
S
LU
H= 1050 m T
EL 357.50 Foundation rock gjevation
a) Hydrostatic load
Ps= yo-H-A
= 981 x 3100 x 177
= 53736 KN

b) Dynamic pressure load during earthquake

Ps= y0-7/8+k-(h-y)"*-A

= 981 x 7/8 x 0.05

= 27.20 kN
c) Total load
Pw= Ps+Py

= 53736 + 27.20
= 56456 kN

X

4150 x 31.00 Y2x 177



(5) Max. water level

VEL 408.00
H= 4000 m /TN
EL 368.00
Ds
rdJ'Ln
D:Diameter = 150 m
Ps= yoxHxA
= 981 x 4000 x 1.77
= 693.37 kN
Where, Ps :Hydrostatic load
yo :Specific gravity of water = 9.81 kN/m®
H :Design head = 40.00 m
A :Receiving pressure area = g-Ds¥4 =m x 150 2/4
= 177 m?
(5) Comparison of loads
unit: kN
Case . i i
Coefficient Hydrostatic load Dynamic water
only pressure
KoL Hydrostatic| Dynamic Actual | Converted | Actual | Converted
load only [water pressure  load load load load
0.50 0.90 329.35 | 658.70 | 347.31 | 385.90
Normal water level
CCN CCE1
0.63 0.90 537.36 |852.96 564.56 |627.29
Flood water level
CCE2 CCL
Max. water level 0.80 — 69337 | 86671 | — | —

Because the load of "CCE2" becomes the maximum, strength of the load of "CCE2" is checked.




2.3 Strength calculation of bonnet

The bonnet is calculated as a box ramen as shown in the model figure below.

Stiffening girder 12 Neutral axis
\I J
e2
A \ c A
1 h1
B Skin plate of bonnnet 11 ho
A C A
e2
12
LO
e L1 el
Where, LO :Width of bonnet = 1650 mm
hO :Depth of bonnet = 315 mm

(1) Internal pressure
pi= yoxH
9.81 x  31.00
0.304 N/mm?
pi :Internal pressure
v0 :Specific gravity of water
H :Design head
(2) Effective width of skin plate

The effective width is calculated so that the flange of stiffening girder may support the load

together with the skin plate.

a) Point of A
I/L=0.02
A=
0.02<1/L.<0.3
A={1.06-3.2( I/L)+4.5( 1 /L)*} |
0.3=I/L
A= 0.15L
Where,

304.11 kN/m?

(N/mm?)
9.81 kN/m°
31.00 m

b) Point of B and C
I/IL=0.05
A=
0.05<1/L<0.3
A={1.1-2(l/L)} |
0.3=I/L
A=0.15L

A :Working width in one side of skinplate mm
| :Half of skin plate at support intervals

315 /2= 158 mm

L :Equivalent support inter

Point A = 0.2 (10+h0)
PointB = 0.6 h0 =
PointC =06L0 =

= 0.2 x ( 1650 + 315 )=393 mm
06 x 315 = 189 mm
0.6 x 1650 = 990 mm



. Effective width of skin plate
Position
Imm | Lmm | /L | Amm | 2Amm
Point A 158 | 393 | 0.40 59 118
Point B 158 189 | 0.83 28 56
Point C 825 990 | 0.83 | 149 298

(3) Section properties of stiffening girder

tl : Thickness of skin plate mm
b3 tZ‘L A b 1=20, t2 : Thickness of web mm
T SR t3 : Thickness of flange mm
b1 : Effective width mm
Byl b2 bz : Width of web mm
<> bZ : Width of flange mm
Posi| Skin plate Web Flange Section properties
tion| t1 [bl| t2 |[b2]| t3]b3]|1mm*) |zimm®|zo(mm?)|A mm? |[Awmm?)| e (mm)
A | 126 |[118]| 16.2 |[122] 26 | 100|22214599| 250164 | 309396 6063 1976.4 89
B | 12.6 56 | 16.2 | 122 26 | 10016102576 159431 270177 5282 1976.4 101
C | 126 (298| 16.2 |[122| 26 | 100|33413694| 503218 354710 8331 1976.4 66

(4) Sectional force

Stiffening girder Neutral axis

=
ERRRE R RRR AN RRRRR NN

1) Acting load
It is assumed that the internal design pressure between the stiffeners acts as the distributed load.
The acting load converts into the design load which is calculated by the ratio of an acting axis
and a neutral axis.
W = pi+b-(2h0+L0)/(2h1+L1)
0304 x 315 x ( 2 x 315+ 1650 )/( 2 x 448 + 1852 )
79  N/mm




Where, W : Converted acting load N/mm
ps : Design internal pressure 0.304 N/mm?
b :Width of receiving pressure = 315 mm

hC : Depth of bonnet = 315 mm
h1l :Length of neutral axis = hO+e= 315 + 2 x 66 = 448 mm
LO :Width of bonnet = 1650 mm

LO+2e: 1650 + 2 x 101 = 1852 mm

L1 :Length of neutral axis

2)  Acting load on each part

[Stiffness ratio]

k = (I12-h1)/(11-L1)

(33413694 x 448 )/ (16102576 x 1852 )= 0.502
h1/L1
448 | 1852 = 0.242
[Bending moment]

MA=W-L1%12-{(1+n°-K)/(1+k)}

MB=MA-W-h’/8

MC=MA-W-L1%/8
[Axial force]

Section A-B NAB=W-L1/2 (Tensile force)

Section B-C NBC=W-h1/2 (Tensile force)
[Shearing force]

Section A-B SAB=W-h1/2

Section B-C SAC=W"-11/2
[Result of calculation]

MA= 15573516 N-mm MB= 13581005 N-mm
MC= -18507660 N-mm

N e

>
1]

[ C B
B —| B
VA= 0 N
NAB= 73609 N NBC= 17798 N
SAB= 17798 N SBC= 73609 N

(5) Stress of bonnet
1) Stress at "A"
Bending stress



[Bending stress(Inside)]

cAi = MAJ/Zi+NAB/A
15573516 / 250164 + 73609 / 6063
62.3 + 121 = 744 N/mm® <ca= 157.5 N/mm?
[Bending stress(Outside)]

cAo0 = -MA/Zo+NAB/A
-15573516 / 309396 + 73609 / 6063
-50.3 + 12.1 = -38.2 N/mm? <oca= 157.5 N/mm?
Shearing stress

A = SBC/Aw

73609 / 1976
37.2 N/mm?® <ta= 90.9 N/mm?

2) Stress of "B"
Bending stress
[Bending stress(Inside)]
ocAi = MB/Zi+NAB/A
13581005 / 159431 + 73609 / 5282
85.2 + 139 = 99.1 N/mm? <oca= 157.5 N/mm?
[Bending stress(Outside)]
ocAo0 = -MB/Zo+NAB/A
-13581005 / 270177 + 73609 / 5282
-50.3 + 13.9 = -36.3 N/mm’® <ca= 157.5 N/mm’
Shearing stress
TA = SAB/Aw
= 17798 | 1976
= 90 N/mm’> <ta= 909 N/mm?
3) Stress of "C"
Bending stress
[Bending stress(Inside)]
oAi = MC/Zi+NBC/A
= -18507660 / 503218 + 17798 / 8331
= -368 + 21 = -346 N/mm’ <ca= 157.5 N/mm’
[Bending stress(Outside)]
oAo0 = -MC/Zo+NBC/A
18507660 / 354710 + 17798 / 8331
522 + 2.1 = 543 N/mm® <ca= 157.5 N/mm?

Shearing stress
tA = SBC/Aw
73609 / 1976
37.2 N/mm?> <ta= 90.9 N/mm?




(6) Allowable stresses
Allowable bending stress

Outside

ca= 250 x 0.63 = 157.5 N/mm’ Material : A36(ASTM)
Inside

ca= 250 x 0.63 = 157.5 N/mm? Material : A36(ASTM)

Coefficient: 0.63
Allowable shearing stress
Outside
ta= 90.9 N/mm? Material : A36(ASTM)
2.4 Operating load
The operating load is summed up the following loads.
(1) Self weight
Gate leaf Gl
Rod of cylinder G2
Total load G
(2) Seal friction
F2= u,*P
= 04 x 693371 = 277.35 kN
Where, W, :Frictional coefficient of metal seal

25 x 981 = 2453 kN
0.77 kN
25.30 kN

0.4

P :Hydrostatic pressure at operation 693.37 kN

(3) Buoyancy
F3= y0/W0-G1
= 981 / 77.0x 2453 = 312 kN
ZZIZ, v0 :Specific gravity of water
WO : Specific gravity of steel material
(4) Friction force of seal in cylinder
F4=d-m-b*n-p, P
= 0.090 x © x 0.006 x 1 x 0.7 x 693.371 = 0.823 kN

9.81 kN/m3
77.01 kN/m3

Where, d :Rod outside diameter = 0.090 m
b :Width of contact of VV-packing = 0.006 m
n :Quantity of V-paccking = 1 piece
Ky :Frictional coefficient of V-packing = 0.7
P :Pressure on V-packing = 693.371 kN
(5) Total operating load
(Unit:kN)
Load Raising Lowering
Self weight G l 25.30 ! 25.30
Seal friction F2 l 277.35 T 27735
Buoyancy F3 T 3.12 T 3.12
Friction force of seal in cylinder F4 ! 0.82 T 0.82
Total load l 300.34 T 256.00




300.34 kN — 310.00 kN
256.00 kN — 260.00 kN

Raising load Fu
Lowerring load Fd

2.5 Capacity of cylinder
(1) Design conditions

Type of hoist Fixed cylinder

Rated pressure Raising (Setting pressure of relief valve) P1 = 16.0 MPa
Lowering (Setting pressure of relief valve) P2 = 9.6 MPa

Working pressure  Raising (Effective operating pressure) P1' = 144 MPa
Lowering (Effective operating pressure) P2 = 86 MPa

Operating speed 0.1 m/min

Operating load Raising Wu = 310.00 kN
Lowerring Wd = 260.00 kN

Cylinder Inside diameter of tube D = 200 mm
Outside diameter of rod d = 100 mm
Cylinder stroke S = 1570 mm

(2) Power to push and power to pull
1) Rated pressure
Pulling force (Raising)

Fy = x (D? —d?) x py
16.0
= x (12002% — 1002 ) x
1000
= 377 kN
Pushing force (Lowering)
Fqu= xD? x p,
= x 200 2 x
1000
= 301.6 kN
2) Working pressure
Pulling force (Raising)
F, = Z x (D2 —d2) x py
14.4
= x (12002% — 1002 )
1000

= 3393 kN > W, = 310 kN
Pushing force (Lowering)

Fd,:

xD? x p,

8.6
x 200 2 x——
1000

= 2714 kN > W4 = 260.00 kN




APPENDIX-4 :

Structural calculation for conduit pipes
(After heightning)



1. Strength Calculation for Conduit Pipe in Oeste Dam (After heightning)
1.1 Design Conditions

@ Type Circular section embedded steel pipe
(Exposed pipe at control gate chamber)
2 Quantity 7 lanes
3) Diameter 1500 mm
4 Pipe center elevation EL. 33925 m
(5) Max. water level EL. 364.65 m (heightning 20 m )
(6) Flood water level EL. 36230 m
@) Normal water level EL. 34150 m
(8) Material ASTM A36(equivalent to SS400 of JIS G3101)
€)] Allowable stress ABNT NBR 8883:2008
(10) Young's modulus Es= 206 kN/mm®
1.2 Allowable Stress
Yield point ABNT Allowable stress
. CCN CCE CCL
Material NBR
Gy 8883 ca oca ca
(N/mm?®) (N/mm?) (N/mm?) (N/mm?)
250 Safety factor 0.50 0.63 0.80
Allowable stress 125.0 157.5 200.0
1.3 Strength Calculation for Conduit Pipe
PxD
oy = (N/mm?)
2%t
Where,
D : Internal diameter(mm)
P : Hydraulic pressure(MPa)
t : Shell thickness(mm)
. D t H P G, |Allowable stresd
Location Case
(mm) [ (mm) [ (m) | (MPa) |(N/mm?)| (N/mm?)
Upstream  |Max. water level 15000 5.93( 25.40 | 0.249 | 315 200.0
Flood water level 15000 5.93( 23.05 | 0.226 | 28.6 157.5
Normal water level 1500.0 593 2.25 0.022 2.8 125.0
Downstream|Max. water level 1500.0 6.51 [ 25.40 | 0.249 | 28.7 200.0
Flood water level 15000 6.51( 23.05 | 0.226 | 26.1 157.5
Normal water level 1500.0 6.51  2.25 0.022 2.5 125.0




2. Strength Calculation for Conduit Pipe in Sul dam (After heightning)

2.1 design conditions

@ Type Circular section embedded steel pipe
(Exposed pipe at control gate chamber)
2 Quantity 5 lanes
3) Diameter ¢ 1500 mm
4 Pipe center elevation EL. 36800 m
(5) Max. water level EL. 408.00 m (heightning 20 m )
(6) Flood water level EL. 401.00 m
(7) Normal water level EL. 387.00 m
(8) Material ASTM A36(equivalent to SS400 of JIS G3101)
€)] Allowable stress ABNT NBR 8883:2008
(10) Young's modulus Es= 206 kN/mm®
2.2 Allowable Stress
Yield point ABNT Arrowed stress
. CCN CCE CCL
Material NBR
Gy 8883 ca oca ca
(N/mm?®) (N/mm?) (N/mm?) (N/mm?)
250 Safety factor 0.50 0.63 0.80
Allowable stress 125.0 157.5 200.0
2.3 Strength Calculation for Conduit Pipe
PxD
oy = (N/mm?)
2%t
Where,
D : Internal diameter(mm)
P : Hydraulic pressure(MPa)
t : Shell thickness(mm)
. D t H P G;  |Allowable stress
Location Case
(mm) [ (mm) [ (m) | (MPa) |(N/mm?)| (N/mm?)
Upstream  |Max. water level 1500.0( 9.17 | 40.00 | 0.392 | 32.1 200.0
Flood water level 15000 9.17( 33.00 | 0.324 | 26.5 157.5
Normal water level 15000 9.17( 19.00 | 0.186 | 15.2 125.0
Downstream|Max. water level 1500.0 8.66 | 40.00 [ 0.392 [ 34.0 200.0
Flood water level 1500.0( 8.66 | 33.00 | 0.324 | 28.0 157.5
Normal water level 1500.0 8.66 | 19.00 [ 0.186 | 16.1 125.0




APPENDIX-5 :

Structural calculation for conduit pipes
(Before heightning)



1. Strength Calculation for Conduit Pipe in Oeste Dam (Before heightning)
1.1 Design Conditions

1)

)
©)
(4)
(®)
(6)
(")
(8)
9)
(10)

Type

Quantity
Diameter

Pipe center elevation

Max. water level
Flood water level
Normal water level
Material
Allowable stress
Young's modulus

1.2 Allowable Stress

Circular section embedded steel pipe
(Exposed pipe at control gate chamber)

m )

7 lanes
1500 mm

EL. 33925 m
EL. 36265 m (heightning 0.0
EL. 36030 m
EL. 34150 m
ASTM A36(equivalent to SS400 of JIS G3101)
ABNT NBR 8883:2008
Es= 206 kN/mm?

Yield point ABNT Allowable stress
. CCN CCE CCL
Material NBR
Gy 8883 ca ca ca
(N/mm?®) (N/mm?) (N/mm?) (N/mm?)
250 Safety factor 0.50 0.63 0.80
Allowable stress 125.0 157.5 200.0
1.3 Strength Calculation for Conduit Pipe
PxD
oy = (N/mm?)
2xt
Where,
D : Internal diameter(mm)
P : Hydraulic pressure(MPa)
t : Shell thickness(mm)
. D t H P G;  |Allowable stress
Location Case
(mm) [ (mm) | (M) | (MPa) [(N/mmd)| (N/mm?)
Upstream  |Max. water level 15000 5.93( 23.40 | 0.230 | 29.0 200.0
Flood water level 1500.0( 5.93( 21.05 | 0.207 | 26.1 157.5
Normal water level 1500.0 593 2.25 0.022 2.8 125.0
Downstream|Max. water level 1500.0 6.51  23.40 | 0.230 | 26.4 200.0
Flood water level 1500.0( 6.51( 21.05 | 0.207 | 23.8 157.5
Normal water level 1500.0 6.51  2.25 0.022 2.5 125.0




2. Strength Calculation for Conduit Pipe in Sul dam (Before heightning)
2.1 design conditions

@ Type Circular section embedded steel pipe
(Exposed pipe at control gate chamber)
2 Quantity 5 lanes
3) Diameter ¢ 1500 mm
4 Pipe center elevation EL. 36800 m
(5) Max. water level EL. 408.00 m (heightning 00 m )
(6) Flood water level EL. 39900 m
(7) Normal water level EL. 387.00 m
(8) Material ASTM A36(equivalent to SS400 of JIS G3101)
€)] Allowable stress ABNT NBR 8883:2008
(10) Young's modulus Es= 206 kN/mm®
2.2 Allowable Stress
Yield point ABNT Arrowed stress
. CCN CCE CCL
Material NBR
Gy 8883 oca ca ca
(N/mm?®) (N/mm?) (N/mm?) (N/mm?)
250 Safety factor 0.50 0.63 0.80
Allowable stress 125.0 157.5 200.0
2.3 Strength Calculation for Conduit Pipe
PxD
oy = (N/mm?)
2%t
Where,
D : Internal diameter(mm)
P : Hydraulic pressure(MPa)
t : Shell thickness(mm)
. D t H P G;  |Allowable stress
Location Case
(mm) [ (mm) [ (m) | (MPa) |(N/mm?)| (N/mm?)
Upstream  |Max. water level 1500.0( 9.17 | 40.00 | 0.392 | 32.1 200.0
Flood water level 15000 9.17 | 31.00 | 0.304 | 24.9 157.5
Normal water level 15000 9.17( 19.00 | 0.186 | 15.2 125.0
Downstream|Max. water level 1500.0 8.66 | 40.00 [ 0.392 [ 34.0 200.0
Flood water level 1500.0| 8.66 | 31.00 | 0.304 | 26.3 157.5
Normal water level 1500.0 8.66 | 19.00 | 0.186 | 16.1 125.0




APPENDIX-6 :

Stability Analysis of Oeste dam



(1) Existing

1) Design Condition

Design condition of Dam stability analysis is considered as shown in the table 1 below.

Table 1 Design condition of Existing
Bulkhead section | Spillway section
Elevation of Top of Dam EL.m 363.150] = -----
Basic triangle Top Elevation EL.m 363.900 362.900
Upstream Slope 1ln 0.030] = -----
Downstream Slope 1:n 0.730 0.780
Upper surface of the downstream slope 1:n 0.030f @ -
Dam base elevation EL.m 337.600 337.600
Crest width of non-overflow section m 2900 @ -
Reservoir sediment level EL.m 338.500 —
Reservoir water level [ CCN ] EL.m 340.790 —
[CCE] EL.m 362.650 —
[CCL] EL.m 360.300 —
Downstream water level [ CCN ] EL.m 340.090 —
[CCE] EL.m 347.740 —
[CCL] EL.m 341.950 —
Unit weight of concrete dams kN/m* 23.5 -
Weight of sediment in the water kN/m* 8.5 —
Unit weight of water kN/m® 10.0 -
Seismic Coefficient: Horizontal (kh) 0.050 —
Seismic Coefficient: Vertical _ (kv) 0.030 —
Coefficient of earth pressure
(Rankine coefficient of earth pressure) 0.40 —
Uplift pressure coefficient 1/3 —
Shear strength of foundation KN/m? 1,000.0 —
Friction angle of foundation deg 38.00 —
Internal friction coefficient 0.78 —
290 .
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Bulkhead section

Spillway section

Figl Typical section of Existing




2) Stability Analysis of Existing dam
[Bulkhead section]

- CCN: Normal water

Resume of Acting Force and Moment
[CCN : Normal water ]

V(KN) H(kN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 6,251.14 13.103 81,905.56
W/O Dead Load
Seismic
W/O Seismic
U/S Water weight 1.53 19.934 30.50
D/S Water weight 22.63 0.605 13.70
U/S Water Pressure 50.88 1.063 54.09
D/S Water Pressure -31.00 0.830 -25.73
Dynamic Water Pressure
Earth Pressure 0.10 19.957 2.00
Soil weight 1.38 0.300 0.41
Uplift -520.43 10.132 -5,272.78
Total 5,754.97 21.26 76,678.98 28.77
Control of Stability [CCN]
- Barycentric position
_ Mx+My 76,650.21 _
X= v 5.754.97 =13.319m
- Excentricity
e=B x=-—299€ 13310 =}3336m|
2 2
- Safety factor due to Lifting
zV 6,275.40 _
FSF “su 52043 =12.058 >1.30 ... -OK-
- Safety factor due to overturning
XMe 76,678.98 _
FST = SMt | 28.77 =2665241 150 oK
- Safety factor due to sliding
V= 5,754.97 kN FSD-¢ 1.50
H= 21.26 kN FSD-c 3.00
L= 19.966 m tang 0.78
*|
3V -tang _ 5,754.97*0.78 =2,092.58
FSD, 1.50
. *
c-l _ 1,000.0%19.966 =6,655.33
FSD, 3.00
3V -tang LC |
FSD FSD 2,992.58+6,655.33 _
FSD = * = 21.26 453806 10 -Ok-
- Safety factor due to bearing power
Vv 6xe 5,754.97 6%3.336
_v — 1.0+ —_—
a=3 X[li B j— 19.966 X 10966 )

vertical stress of upstream =
vertical stress of downstream =

577.220 kN/m = 0 kN/m (Tensile force not occur)
-0.729 kN/m < 0 kN/mi (Tensile force occur) but downstream side -OK-




- CCE: Maximum Flood water

Resume of Acting Force and Moment
[CCE : Maximum Flood water]

V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 6,251.14 13.103 81,905.56
W/O Dead Load
Seismic i
W/O Seismic —
U/S Water weight 94.13 19.716 1,855.82
D/S Water weight 375.29 2.467 926.03
U/S Water Pressure 3,137.51 8.350 26,198.21
D/S Water Pressure -514.10 3.380 -1,737.66
Dynamic Water Pressure
Earth Pressure 0.10 19.957 2.00
Soil weight 1.38 0.300 0.41
Uplift -2,520.64 10.638 -26,813.31
Total 4,200.02 2,624.79 57,876.10 24,460.96
Control of Stability [CCE]
- Barycentric position
_ Mx+My 33,415.14 _
X==—, " ="az0002  _-9%6m
- Excentricity
B
e=—-x=—29€ 7956  —p.o27m|
2 2
- Safety factor due to Lifting
zV 6,720.66 _
FSF =50 252064 =2.666 >1.10 ... -OK-
- Safety factor due to overturning
¥*Me 57,876.10 _
FST = SMt  24,460.96 =2.366 >1.20 ... -OK-
- Safety factor due to sliding
V= 4,200.02 kN FSD-¢ 1.10
H= 2,624.79 kN FSD-c 1.50
L= 19.966 m tang 0.78
*|
2V -tang _ 4,200.02*0.78 =2.978.20
FSD¢ 1.10
c-l 1,000.0*19.966 _
Fsp, - 5o =13,310.67
3V -tang c-l
FsD, " FsD, 2,978.20+13,310.67 —6.206
FSD=——"——= 2,624.79 e >1.0...-OK-
=H
- Safety factor due to bearing power
Vv (,,6xe)__420002 . 6x2027
a=g (ﬁ B j =" 10.966 X0t 19966 )
vertical stress of upstream = 82.221 kN/m = 0 kN/m (Tensile force not occur)

vertical stress of downstream = 338.507 kN/mi = 0 kN/mi (Tensile force not occur) -OK-



- CCL: Flood water + Seismic

Resume of Acting Force and Moment
[CCL : Flood water + Seismic ]

V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 6,251.14 13.103 81,905.56
W/O Dead Load
Seismic -187.53 312.56 13.103 8.977 -2,457.17 2,805.86
W/O Seismic
U/S Water weight 77.29 19.739 1,525.59
D/S Water weight 69.07 1.059 73.18
U/S Water Pressure 2,576.45 7.567 19,496.00
D/S Water Pressure -94.61 1.450 -137.18
Dynamic Water Pressure 150.29 9.080 1,364.63
Earth Pressure 0.10 19.957 2.00
Soil weight 1.38 0.300 0.41
Uplift -1,479.11 11.357 -16,797.51
Total 4,730.96 2,946.07 64,251.65 23,529.72
Control of Stability [CCL]
- Barycentric position
_ Mx+My  40,721.93 _
X==—— ~“ar3006  o008m
- Excentricity
B
e=— - x=—22966 -8.608 =[1.375 m|
2 2
- Safety factor due to Liftina
v 6,210.07
FSF=—=x—rr— =4,
U 1,479.11 4.199 >1.10 ... -OK-
- Safety factor due to overturning
>Me
FeT =00 0429185 ;45
Mt  23,529.72 >1.10 ... -OK-
- Safety factor due to sliding
V= 4,730.96 kN FSD-¢ 1.10
H= 2,946.07 kN FSD-c 1.30
L= 19.966 m tang 0.78
|
2V -tang _ 4,730.96*0.78 =3.354.68
FSD¢ 1.10
c-l 1,000.0%19.966 _
FsD, = 130 =15,358.46
3V -tang c-l
FSD, + FSD, 3,354.68+15,358.46 —6.352
FSD = = 2,946.07 e >1.0 ... -OK-
=H
- Safety factor due to bearing power
V (,, Bxe)__4730.96 , __6x1375
a=gx [” B ] ="19.966 X(1.0t 19.966 )
vertical stress of upstream = 139.043 kN/mi Z 0 kN/mi (Tensile force not occur)
vertical stress of downstream = 334.870 kN/m = 0 kN/mi (Tensile force not occur) -OK-




- CCC: Construction

Resume of Acting Force and Moment
[CCC : Construction ]

V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 6,251.14 13.103 81,905.56
W/O Dead Load
Seismic
W/O Seismic
U/S Water weight
D/S Water weight
U/S Water Pressure
D/S Water Pressure
Dynamic Water Pressure
Earth Pressure
Soil weight
Uplift
Total 6,251.14 81,905.56
Control of Stability [ccq]
- Barycentric position
_ Mx+My 81,905.56 _
X= v =" 625114 =13.102 m
- Excentricity
e=B x=—2996 15100 =p3119m)
2 2
- Safety factor due to Lifting
Vv 6,251.14 _
FSF=S0"" o000 = >1.20 ... -OK-
- Safety factor due to overturning
XMe 81,905.56 —w
FSTZZMt = 0.00 - >1.30 ... -OK-
- Safety factor due to sliding
V= 6,251.14 kN FSD-¢ 1.30
H= 0.00 kN FSD-c 2.00
L= 19.966 m tang 0.78
*|
XV -tang _ 6,251.14*0.78 =3750.68
FSD¢ 1.30
c-l 1,000.0*19.966 _
FsD, = 500 =9,983.00
3V -tang c-l
FSD, *EsD 3,750.68+9,983.00 _
FSD=—— 2 ¢ - - -OK-
SH 0.00 >1.0 ... -OK
- Safety factor due to bearing power
V _(,,6xe)__6:25114 , __6x3119
q =§X[1i B ]= 19.966 x(1.0t 19.966 )
vertical stress of upstream = 606.568 kN/mi = 0 kN/m (Tensile force not occur)
vertical stress of downstream = 19.626 kN/mi = 0 kN/m (Tensile force not occur) -OK-




[Spillway section]

- CCN: Normal water

Resume of Acting Force and Moment
[CCN : Normal water |

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 5,866.42 13.156 77,178.62
W/O Dead Load -14.69 7.934 -116.55
Seismic
W/O Seismic
U/S Water weight
D/S Water weight 24.18 0.647 15.64
U/S Water Pressure 50.88 1.063 54.09
D/S Water Pressure -31.00 0.830 -25.73
Dynamic Water Pressure
Earth Pressure
Soil weight 1.38 0.300 0.41
Uplift -514.40 10.014 -5,151.20
Total 5,361.51 21.26 71,926.51 28.77
Control of Stability [CCN]
- Barycentric position
~ Mx+My 71,897.74 _
X= v = 536151 =13.410 m
- Excentricity
B
e-S.x-—22734 43410 =}3543m|
2 2
- Safety factor due to Lifting
>V 5,875.91
FSF=——=—2—2=2 =1,
pV) 514.40 11423 >1.30 ... -OK-
- Safety factor due to overturning
*Me  71,926.51
FST = =—=t=_ = .
=Mt 28.77 2,500.052 >1.50 ... -OK-
- Safety factor due to sliding 48
V= 5,361.51 kN FSD-¢ 1.50
H= 21.26 kN FSD-c 3.00
L= 19.734 m tang 0.78
. *|
IV -tang _ 5,361.51*0.78 =2,787.99
FSD, 1.50
c-l 1,000.0%19.734 _
FSD, 300 =6,578.00
3V -tang L |
FSD FSD, 2,787.99+6,578.00
[ c =
FD=——7 = 21.26 440.545 >1.0 ... -OK-
- Safety factor due to bearing power
\Y 6xe 5,361.51 6x3.543
=— = + —_—
9=g X(li B j 19.734 x(L.0x 10734 )

vertical stress of upstream =
vertical stress of downstream =

564.360 kN/mi = 0 kN/mi (Tensile force not occur)
-20.982 kN/m < 0 kN/mi (Tensile force occur) but downstream side -OK-




- CCE: Maximum flood water

Resume of Acting Force and Moment
[CCE : Maximum Flood water ]

V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 5,866.42 13.156 77,178.62
W/O Dead Load -14.69 7.934 -116.55
Seismic
W/O Seismic
U/S Water weight
D/S Water weight 401.00 2.637 1,057.44
U/S Water Pressure 3,137.51 8.350 26,198.21
D/S Water Pressure -514.10 3.380 -1,737.66
Dynamic Water Pressure
Earth Pressure
Soil weight 1.38 0.300 0.41
Uplift -2,491.42 10.514 -26,194.79
Total 3,761.31 2,624.79 51,924.72 24,460.96
Control of Stability [CCE]
- Barycentric position
Mx+My  27,463.76
Xem—m——=— = - =
v 3,761.31 7.302m
- Excentricity
e-2x-—22728 7300 -psesm|
2 2
- Safety factor due to Lifting
zV 6,252.73
FSF=—"=—2=—>2 = =)
U 2,491.42 2510 >1.10 ... -OK-
- Safety factor due to overturning
Me
FST = __51,924.72 =9 123
IMt  24,460.96 >1.20 ... -OK-
- Safety factor due to sliding 49
V= 3,761.31 kN FSD-¢ 1.10
H= 2,624.79 kN FSD-c 1.50
L= 19.734 m tang 0.78
. *|
2V -tang _ 3,761.31*0.78 =2667.11
FSD, 1.10
c-l 1,000.0*19.734 _
FsD, 150 =13,156.00
3V -tang L& [
FSD, FSD, 2,667.11+13,156.00 -6.028
FSD=—— = 2,624.79 - >1.0... -OK-
=H
- Safety factor due to bearing power
\% 6xe 3,761.31 6x2.565
- e —— + ——
9= X[li B J 19.734 x(L.0x 10734 )
vertical stress of upstream = 41.956 kN/m = 0 kN/mi (Tensile force not occur)
vertical stress of downstream = 339.245 kN/mi = 0 kN/mi (Tensile force not occur) -OK-




- CCL: Flood water + Seismic

Resume of Acting Force and Moment
[CCL : Flood water + Seismic ]

V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 5,866.42 13.156 77,178.62
W/O Dead Load -14.69 7.934 -116.55
Seismic -175.99 293.32 13.156 8.433 -2,315.36 2,473.67
W/O Seismic 0.44 -0.73 7.934 32.047 3.50 -23.54
U/S Water weight
D/S Water weight 73.80 1.132 83.54
U/S Water Pressure 2,576.45 7.567 19,496.00
D/S Water Pressure -94.61 1.450 -137.18
Dynamic Water Pressure 150.29 9.080 1,364.63
Earth Pressure
Soil weight 1.38 0.300 0.41
Uplift -1,461.96 11.225 -16,410.50
Total 4,288.02 2,926.10 58,423.25 23,173.99
Control of Stability [CCcL]
- Barycentric position
_ Mx+My  35,249.26 _
X=TVT T azesop 20m
- Excentricity
e=B o127 g5 =(1.647 m|
2 2
- Safety factor due to Lifting
zV 5,749.98
FSF=—"=—Xt— =3
U 1,461.96 3.933 >1.10 ... -OK-
- Safety factor due to overturning
FsT_ZMe __58423.25 0521
Mt 23,173.99 >1.10 ... -OK-
- Safety factor due to sliding 50
V= 4,288.02 kN FSD-¢ 1.10
H= 2,926.10 kN FSD-c 1.30
L= 19.734 m tang 0.78
. *|
2V -tang _ 4,288.02*0.78 =3,040.60
FSD, 1.10
c-l 1,000.0*19.734 _
FSD, = 130 =15,180.00
3V -tang L C [
FSD, FSD, 3,040.60+15,180.00 —6.227
FSD=—— "= 2,926.10 ™ >1.0... -OK-
>H
- Safety factor due to bearing power
\% 6xe 4,288.02 6x1.647
- e —— + —
9= X[li B J 19.734 x(L.0s 10734 )
vertical stress of upstream = 108.480 kN/mi Z 0 kN/mi (Tensile force not occur)
vertical stress of downstream = 326.101 kN/m = 0 kN/mi (Tensile force not occur) -OK-




- CCC: Construction

Resume of Acting Force and Moment
[CCC : Construction ]

V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 5,866.42 13.156 77,178.62
W/O Dead Load -14.69 7.934 -116.55
Seismic
W/O Seismic
U/S Water weight
D/S Water weight
U/S Water Pressure
D/S Water Pressure
Dynamic Water Pressure
Earth Pressure
Soil weight
Uplift
Total 5,851.73 77,062.07
Control of Stability [ccq]
- Barycentric position
_ Mx+My  77,062.07 _
X2V T eesirz . leom
- Excentricity
B
e=-x 19'2734 -13.169  =|-3.302m|
- Safety factor due to Lifting
FSF->Y __585173 —w
U 0.00 >1.20 ... -OK-
- Safety factor due to overturning
FsT o ZMe __77,062.07 o
Mt 0.00 >1.30 ... -OK-
- Safety factor due to sliding 51
V= 5,851.73 kN FSD-¢ 1.30
H= 0.00 kN FSD-c 2.00
L= 19.734 m tang 0.78
. |
2V -tang _ 5,851.73*0.78 =3511.04
FSD, 1.30
c-l 1,000.0*19.734 _
FD, > 00 =9,867.00
3V -tang L C [
FSD, FSD, 3,511.04+9,867.00 Cw
FSD = >H = 0.00 >1.0 ... -OK-
- Safety factor due to bearing power
\% 6xe 5,851.73 6x3.302
- e —— + ——
9= X[li B J 19.734 x(L.0x 10734 )

vertical stress of upstream =
vertical stress of downstream =

594.233 kN/m = 0 kN/m (Tensile force not occur)
-1.172 kN/mi < 0 kN/mi (Tensile force occur) but downstream side -OK-




(2) After heightening

1) Design Condition

Design condition of Dam stability analysis is considered as shown in the table 2 below.

Table 2 Design condition of After heightening

Bulkhead section | Spillway section

Elevation of Top of Dam EL.m 365.160] = -----
Basic triangle Top Elevation EL.m 363.900 364.900
Upstream Slope 1in 0.030] = -----
Downstream Slope 1:n 0.730 0.780
Upper surface of the downstream slope N
Dam base elevation EL.m 337.600 337.600
Crest width of non-overflow section m 2900 @ -
Reservoir sediment level EL.m 338.500 —
Reservoir water level [ CCN ] EL.m 340.790 —

[CCE] EL.m 364.660 —

[CCL] EL.m 362.300 —
Downstream water level [ CCN ] EL.m 340.090 —

[CCE] EL.m 347.740 —
[CCL] EL.m 342.060 —

Unit weight of concrete dams kN/m* 23.5 —
Weight of sediment in the water kN/m® 8.5 -
Unit weight of water kN/m® 10.0 —
Seismic Coefficient: Horizontal (kh) 0.050 —
Seismic Coefficient: Vertical _(kv) 0.030 —
Coefficient of earth pressure
(Rankine coefficient of earth pressure) 0.40 —
Uplift pressure coefficient 1/3 —
Downstream cover thickness m | - 1.83
Concrete mat elevation (Top point) EL.m 342500 @ -
Concrete mat length (Base point) m 1.000f = -----
Shear strength of foundation kN/m? 1,000.0 -
Friction angle of foundation deg 38.00 —
Internal friction coefficient - 0.78 —

290 After Heightening
Besic Triangle Top Bulkhead Elevation
EL.36390 EL.365.16
L Existing Bulkhead Elevation =
EL.33.15 N
S -
\ B
\ B
o &
3 &
i
N

271 674
¥= 6765

y=9.346

EL.337.60

1997

After haightening
Basic Triangle Top
EL.384.50

Existing

Basic Triangle Top
1.362.50

EL.3f
Existing Spillway
EL.380.30

249,635
x=14713
y=8.430

EL.337.60

F After heighteing Spiltway
62.30

-4.089

3464
=21.805
y=01.287

Existing

After heightening

19

73 1.53

2129

Determinatimg Bulkhead Section

Determinatimg Spillway section

Fig2 After heightening Bulkhead section




2) Stability Analysis of after heightening

[Bulkhead section]

- CCN: Normal water
Resume of Acting Force and Moment

[CCN : Normal water |

-- V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 6,384.34 13.201 84,276.48
Mat section
W/O Dead Load
Seismic
Seismic of mat
W/O Seismic
U/S Water weight 1.53 19.934 30.50
D/S Water weight 22.63 19.360 438.12
U/S Water Pressure 50.88 1.063 54.09
D/S Water Pressure -31.00 0.830 -25.73
Dynamic Water Pressure
Earth Pressure 0.10 19.957 2.00
Soil weight 1.38 0.300 0.41
Uplift -520.43 10.132 -5,272.78
Total 5,888.17 21.26 79,474.32 28.77
Control of Stability [CCN]
- Barycentric position
_ Mx+My 79,445.55 _
X=— =G a1y =13.492 m
- Excentricity
o= By 19966 -13492  =-3.509 m|
2 2
- Safety factor due to Lifting
Y 6,408.60 _
FSF:EZ a3 =12.314 5130 . -OK.
- Safety factor due to overturning
psT_ZMe_ DBATSZ ) 762403
“yMmt  28.77 o >1.50 ... -OK-
- Safety factor due to sliding
V= 5,888.17 kN FSD-¢ 1.50
H= 21.26 kN FSD-c 3.00
L= 19.966 m tang 0.78
. *
2V -tang _ 5,888.17*0.78 -3,061.85
FSD, 1.50
. *
c-l _ 1,000.0%19.966 =6,655.33
FSD, 3.00
3V -tang LC |
FSD FSD 3,061.85+6,655.33 _
FSD = * = 21.26 457.064 10 -Ok-
- Safety factor due to bearing power
Vv 6xe 5,888.17 " 6x3.509
q :gx[li B j: 19.966 X(1.0% 19.966 )

vertical stress of upstream =
vertical stress of downstream =

605.913 kN/m = 0 kN/mi (Tensile force not occur)
-16.079 kN/m < 0 kN/mi (Tensile force occur) but downstream side -OK-




- CCE: Maximum flood water

Resume of Acting Force and Moment
[CCE : Maximum Flood water ]

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 6,384.34 13.201 84,276.48
Mat section
W/O Dead Load
Seismic
Seismic of mat
W/O Seismic
U/S Water weight 109.50 19.697 2,156.77
D/S Water weight 375.29 17.498 6,566.82
U/S Water Pressure 3,661.22 9.020 33,024.20
D/S Water Pressure -514.10 3.380 -1,737.66
Dynamic Water Pressure
Earth Pressure 0.10 19.957 2.00
Soil weight 1.38 0.300 0.41
Uplift -2,587.53 10.707 -27,703.39
Total 4,281.70 3,148.50 65,298.68 31,286.95
Control of Stability [CCE]
- Barycentric position
~ Mx+My 34,011.73 _
X==— ~Tazsi70_ /o%m
- Excentricity
e=D. - —12360 -7.944 =|2.039 m|
2 2
- Safety factor due to Lifting
VvV 6,869.23 _
FSF "YU  2,587.53 =2.655 >1.10 ... -OK-
- Safety factor due to overturning
>Me 65,298.68
FST="—e—m———— =2.087
sMt  31,286.95 >1.20 ... -OK-
- Safety factor due to sliding
V= 4,281.70 kN FSD-¢ 1.10
H= 3,148.50 kN FSD-c 1.50
L= 19.966 m tang 0.78
. i
2V -tan ¢ _ 4,281.70*0.78 =3.036.11
FSD¢ 1.10
c-l 1,000.0%19.966 _
Fsp, - 55 =13,310.67
3V -tang c-l
FSD, ' FSD, 3,036.11+13,310.67 5192
FSD=—H~——— = 3,148.50 = >1.0... -OK-
>H
- Safety factor due to bearing power
\% 6xe 4,281.70 6x2.039
= —— 1.0+ _—
a=7 X[li j 19.966 X 19.066 )
vertical stress of upstream = 83.046 kN/m = 0 kN/mi (Tensile force not occur)
vertical stress of downstream = 345.864 kN/m = 0 kN/m (Tensile force not occur) -OK-




- CCL: Flood water + Seismic

Resume of Acting Force and Moment
[CCL : Flood water + Seismic |

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 6,384.34 13.201 84,276.48
Mat section
W/O Dead Load
Seismic -191.53 319.22 13.201 9.346 -2,528.29 2,983.40|—
Seismic of mat —
W/O Seismic —
U/S Water weight 91.51 19.719 1,804.44
D/S Water weight 72.60 18.881 1,370.76
U/S Water Pressure 3,050.45 8.233 25,114.35
D/S Water Pressure -99.46 1.487 -147.90
Dynamic Water Pressure 177.94 9.880 1,758.05
Earth Pressure 0.10 19.957 2.00
Soil weight 1.38 0.300 0.41
Uplift -1,563.96 11.416 -17,853.39
Total 4,793.06 3,449.53 67,072.00 29,708.31
Control of Stability [CCL]
- Barycentric position
Mx+My  37,363.69
X = = 2 =7.
v 4,793.06 7.795m
- Excentricity
e=D .- —12360 -7.795 =|2.188 m|
2 2
- Safety factor due to Lifting
VvV 6,357.02 _
FSF "YU  1,563.96 =4.065 >1.10 ... -OK-
- Safety factor due to overturning
XMe 67,072.00
FST=—=rree——— =2.258
>Mt  29,708.31 >1.10 ... -OK-
- Safety factor due to sliding
V= 4,793.06 kN FSD-¢ 1.10
H= 3,449.53 kN FSD-c 1.30
L= 19.966 m tang 0.78
. X |
2V -tang _ 4,793.06%0.78 -3,398.72
FSD, 110
. %
c-l _ 1,000.0%19.966 ~15,358.46
FSD, 1.30
3V -tang c-l
FSD, " FsD, 3,398.72+15,358.46 5438
FSD=——"———= 3,449.53 e >1.0... -OK-
>H
- Safety factor due to bearing power
\Y, 6xe 4,793.06 6x2.188
=— 2 e 1.0 @ ——2=———
a=7 X[li 5 j* 19.966 X 19.966
vertical stress of upstream = 82.215 kN/m = 0 kN/mi (Tensile force not occur)
vertical stress of downstream = 397.919 kN/m = 0 kN/mi (Tensile force not occur) -OK-




- CCC: Construction

Resume of Acting Force and Moment
[CCC : Construction ]

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 6,384.34 13.201 84,276.48
Mat section
W/O Dead Load
Seismic
Seismic of mat
W/O Seismic
U/S Water weight
D/S Water weight
U/S Water Pressure
D/S Water Pressure
Dynamic Water Pressure
Earth Pressure
Soil weight
Uplift
Total 6,384.34 84,276.48
Control of Stability [ccq]
- Barycentric position
_ Mx+My  84,276.48 _
X==— ~“easaga 13200m
- Excentricity
e=B x=—2226 13500 =-3.217 m|
2 2
- Safety factor due to Lifting
zV 6,384.34 —w
FSF‘E‘ 0.00 - >1.20 ... -OK-
- Safety factor due to overturning
84,276.48
FsT o ZMe RIS =
SMt 0.00 >1.30 ... -OK-
- Safety factor due to sliding
V= 6,384.34 kN FSD-¢ 1.30
H= 0.00 kN FSD-c 2.00
L= 19.966 m tang 0.78
. *i
IV -tang _ 6,384.34*0.78 ~3,830.60
FSD¢ 1.30
c-l 1,000.0%19.966 B
=) = > 00 =9,983.00
3V -tang c-l
FSD, " FsD, 3,830.60+9,983.00 .
FSD = = 0.00 - >1.0 ... -OK-
>H
- Safety factor due to bearing power
\Y, 6xe 6,384.34 6x3.217
=— 2 e .06 ——=c=
a=7 X[li 5 j* 19.966 X 19.966 )
vertical stress of upstream = 628.911 kN/m = 0 kN/mi (Tensile force not occur)
vertical stress of downstream = 10.627 kN/m = 0 kN/mi (Tensile force not occur) -OK-




[Spillway section]

- CCC: Construction

Resume of Acting Force and Moment
[CCC : Construction ]

V(KN) H(kN) X(m) Y(m) Me(KN.m) Mt(kN.m) Remark
Dead load 5,851.74 13.169 77,061.56
Seismic 0.00 0.00
U/S Water pressure,weight 0.00 45.00 19.734 1.000 0.00 45.00
D/S Water pressure,weight 0.00 0.00
Dynamic Water Pressure 0.00 0.00
Earth Pressure 0.00 19.734 0.00 0.00
Soil weight 1.38 0.300 0.00 0.41
Uplift -98.67 0.00 13.156 0.000 -1,298.10 0.00
Total 5,753.07 46.38 75,763.46 45.41
Control of Stability [cca)
- Barycentric position
Mx+ My 75,718.05 _
= v ="5753.07 =13.161m
- Excentricity
e:g- :% -13.161 =-3.204 m|
- Safety factor due to Lifting
zV 5,851.74 _
FSF=S0 =" o867 =59:306 >1.20 ... -OK-
- Safety factor due to overturning
>Me 75,763.46 _
FST =S~ 4541 1668431 . 130.. -0k
- Safety factor due to sliding
V= 5,753.07 kN FSD-¢ 1.30
H= 46.38 kN FSD-c 2.00
L= 19.734 m tang 0.78
2V -tang _ 5,753.07*0.78 =3.451.84
FSD¢ 1.30
c-l 1,000.0%19.734 B
FsD = > 00 =9,867.00
2V -tang L |
FSD FSD 3,451.84+9,867.00 _
FSD = 2 = 46.38 =287.168 >1.0 ... -OK-
>H
- Safety factor due to bearing power
v 6xe 5,753.07 6x3.294
q ZEX[H 5 j: 19.734 X(1.0 o738
vertical stress of upstream = 583.505 kN/mi = 0 kN/mi (Tensile force not occur)
vertical stress of downstream = -0.443 kN/m < 0 kN/mi (Tensile force occur)

but downstream side -OK-




- CCN: Normal water

Resume of Acting Force and Moment
[CCN : Normal water ]

V(KN) H(kN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 993.39 11.287 11,212.39
Seismic
U/S Water pressure,weight| 0.00 31.05 21.294 1.730 0.00 53.72
D/S Water pressure,weight 24.96 32.00 0.658 0.843 16.42 26.99
Dynamic Water Pressure
Earth Pressure
Soil weight
Uplift -488.69 0.00 10.179 0.000 -4,974.15 0.00
Total 529.66 63.05 6,254.66 80.71
V(KN) U(kN) H(kN) Me(kN.m) Mt(kN.m)
[CCC] 5,851.74 -98.67 46.38 75,763.46 45.41
[CCN] 1,018.35 -488.69 63.05 6,254.66 80.71
6,870.09 -587.36 109.43 82,018.12 126.12
Control of Stability [CCN]
- Barycentric position
_ Mx+My _ 6,173.95 -
= =""520.66 11.656 m
- Safety factor due to Lifting
e:%_xz—21_2294 - 11.656 =|-1.009 m|
- Safety factor due to Lifting
Y 6,870.09 _
FSF “su = 587.36 =11.697 >1.30 ... -OK-
- Safety factor due to overturning
*Me _82,018.12 _
FST=Swi~ 12612 650318 . 150.. .0k
- Safety factor due to sliding
V= 6,282.73 kN FSD-¢ 1.50
H= 109.43 kN FSD-c 3.00
L= 21.294 m tang 0.78
2V -tang _ 6,282.73*0.78 =3,267.02
FSD, 150
c-l 1,000.0*21.294 _
FoD - 300 =7,098.00
2V -tang  c-l
FSD. | FSD 3,267.02+7,098.00 04714
FSD=——¢ “7¢_ 109.43 o >1.0 ... -OK-
*H
- Safety factor due to bearing power
Vv 6xe 529.66 . 6x1.009
a= EX(H? j: 21.294 (102 21.294

(Stress during to construction)

vertical stress of upstream = 31.95  kN/m +
Existing dam downstream part (-)= 18.83  kN/mi +

583.51 kN/ni
-0.44 kN/mi

Existing dam downstream part (+)= (17.79-31.95)x19.734/21.294+31.95

vertical stress of downstream =
-OK-

=615.46
=18.39
=18.83
=17.79

kN/mi = 0 kN/rd
KN/m = 0 kN/rrd
KN/m = 0 kN/rrf
KN/mi = 0 kN/rd




- CCE: Maximum flood water

Resume of Acting Force and Moment
[CCE : Maximum Flood water ]

V/(KN) H(kN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 993.39 11.287 11,212.39
Seismic
U/S Water pressure,weight 0.00 3,616.22 21.294 9.120 0.00 32,979.93
D/S Water pressure,weight 401.00 514.10 2.636 3.380 1,057.19 1,737.65
Dynamic Water Pressure
Earth Pressure
Soil weight
Uplift -2,661.03 0.00 11.297 0.000 -30,061.67 0.00
Total -1,266.65 4,130.32 -17,792.09 34,717.58
V(kN) U(kN) H(kN) Me(kN.m) Mt(kN.m)
[CCC] 5,851.74 -98.67 46.38 75,763.46 45.41
[CCE] 1,394.39 -2,661.03 4,130.32 -17,792.09 34,717.58
7,246.13 -2,759.70 4,176.70 57,971.37 34,762.99
Control of Stability [CCE]
- Barycentric position
Mx + My -52,509.67 _
X= = = 126665  L4%6m
- Safety factor due to Lifting
e= g -x= —21'2294 - 41.456 =-30.809 m|
- Safety factor due to Lifting
2V 7,246.13 _
FSF YU 2,759.70 =2.626 >1.10 ... -OK-
- Safety factor due to overturning
XMe 57,971.37 _
FST= sMt  34,762.99 =1.668 >1.20 ... -OK-
- Safety factor due to sliding
V= 4,486.42 kN FSD-¢ 1.10
H= 4,176.70 kN FSD-c 1.50
L= 21.294 m tang 0.78
XV -tang _ 4,486.42*0.78 =3.181.28
FSD, 110
c-l 1,000.0*21.294 _
=R 5o =14,196.00
3V -tang c-l
FSD. | ESD 3,181.28+14,196.00 2161
FSD=—F* <= 4,176.70 - >1.0 ... -OK-
*H
- Safety factor due to bearing power
\ 6xe -1,266.65 . 6x30.809
q=gx[1i B J= 21.294 (L0x 21208 )
(Stress during to construction)
vertical stress of upstream = -575.88  kN/mi + 583.51kN/mi =7.63 kKN/m = 0 kN/mi
Existing dam downstream part (-)= 381.25 KkN/mi+  -0.44 kKN/m =380.81 kKN/m' = 0 kN/mi
Existing dam downstream part (+)= (456.91-575.88)x19.734/21.294-575.88 =381.25 kN/m = 0 kN/m
vertical stress of downstream = =456.91 kKN/m = 0 kN/mi

-OK-




- CCL: Flood water + Seismic

Resume of Acting Force and Moment
[CCL : Flood water + Seismic ]

- V(kN) H(kN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 993.39 11.287 11,212.39
Seismic -205.35 342.26 14.229 9.084 -2,921.93 3,109.09|—
U/S Water pressure,weight| 0.00 3,005.45 21.294 8.340 0.00 25,065.45
D/S Water pressure,weight| 84.33 108.11 1.209 1.550 101.95 167.57
Dynamic Water Pressure 0.00 177.94 21.294 9.880 0.00 1,758.05
Earth Pressure
Soil weight
Uplift -1,603.08 0.00 11.972 0.000 -19,191.84 0.00
Total -730.71 3,633.76 -10,799.43 30,100.16
V(KN) U(kN) H(KN) Me(kN.m) Mt(kN.m)
[CCC] 5,851.74 -98.67 46.38 75,763.46 45.41
[CCL] 872.37 -1,603.08 3,633.76 -10,799.43 30,100.16
6,724.11 -1,701.75 3,680.14 64,964.03 30,145.57
Control of Stability [CCL]
- Barycentric position
Mx+My  -40,899.59 _
X= = 7307 55.972 m
- Safety factor due to Lifting
e=%—>(=—21'2294 -55.972 =|-45.325 m|
- Safety factor due to Lifting
TV 6,724.11 _
FSF “yu 170175 =3.951 >1.10 ... -OK-
- Safety factor due to overturning
~Me 64,964.03 _
FST = Mt 30,14557 =2.1%6 >1.10 ... -OK-
- Safety factor due to sliding
V= 5,022.36 kN FSD-¢ 1.10
H= 3,680.14 kN FSD-c 1.30
L= 21.294 m tang 0.78
IV -tang _ 5,022.36*0.78 =3561.31
FSD¢ 1.10
. %
c-l _ 1,000.0*21.294 =16,380.00
FSD, 1.30
3V -tang c-l
FSD. | FSD 3,561.31+16,380.00 -5 419
FSD = : t = 3,680.14 - >1.0... -OK-
ZH
- Safety factor due to bearing power
Vv 6xe -730.71 . 6x45.325
q:EX[li 5 ]: 21.204 x(10x 21208 )
(Stress during to construction)
vertical stress of upstream = -472.51  kN/mi + 583.51 kN/mi =111.00 kKN/m' = 0 kN/mi
Existing dam downstream part (-)= 339.68 kN/mi + -0.44 kKN/m =339.24 kN/m = 0 kN/mi
Existing dam downstream part (+)= (403.88-472.51)x19.734/21.294-472.51 =339.68 kKN/m = 0 kN/mi
vertical stress of downstream = =403.88 kKN/m = 0 kN/mi

-OK-




APPENDIX-7 :

Stability Analysis of Sul dam



(1) Design condition

Design condition of Dam Spillway stability analysis is considered as shown in the table 1 below.

Table1 Design condition of Existing
Existing After heightening

Elevation of Top of Dam EL.m 399.000 401.000
Upstream Slope lin 0.030 —
Downstream Slope 1:n 1.100 —
Dam base elevation EL.m 383.800 383.800
Reservoir sediment level EL.m 394.510 —
Reservoir water level [ CCN ] EL.m 383.800 —

[CCE] EL.m 406.000 408.000

[CCL] EL.m 399.000 401.000
Unit weight of concrete dams kN/m* 23.5 —
Weight of sediment in the water kN/m® 8.5 —
Unit weight of water kN/m* 10.0 —
Seismic Coefficient: Horizontal (kh) 0.050 —
Seismic Coefficient: Vertical  (kv) 0.030 —
Coefficient of earth pressure
(Rankine coefficient of earth pressure) 0.40 —
Uplift pressure coefficient 1/3 —
Shear strength of foundation kN/m? 1,000.0 —
Friction angle of foundation deg 38.00 —
Internal friction coefficient 0.78 —

200 6.86
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Fig 1l

Typical section of Existing

After heightening



(2) Stability Analysis
1) Existing dam
- CCN: Normal water

Resume of Acting Force and Moment

[CCN : Normal water ]

-- V/(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(KN.m) Remark
Dead load 5,590.16 15.131 84,584.66
Seismic
U/S Water Pressure
Dynamic Water Pressure
Earth Pressure 401.46 3.570 1,433.23
Uplift
Total 5,590.16 401.46 84,584.66 1,433.23
Control of Stability [CCN]
- Barycentric position
~ Mx+My 83,151.43 _
X=—— = "559016 14.875m
- Excentricity
B
e=—- 24.590 -14.875  =|-2.580 m|
2 2
- Safety factor due to Lifting
2V __5590.16 .
FSF_zu ~0.00 - >1.30 ... -OK-
- Safety factor due to overturning
_ZMe  84,584.66 _
FST= Mt  1,433.23 =59.017 >1.50 ... -OK-
- Safety factor due to sliding
V= 5,590.16 kN FSD-¢ 1.50
H= 401.46 kN FSD-c 3.00
L= 24590 m tang 0.78
. K|
2V -tan ¢ _ 5,590.16*0.78 =2.906.88
FSD, 1.50
c-l 1,000.0*24.590 _
=N 300 =8,196.67
XV -tang c-l
FSD, " Fsp, 2,906.88+8,196.67 27 658
FSD=——"————-= 401.46 - >1.0...-OK-
>H
- Safety factor due to bearing power
\Y 6xe 5,590.16 6x2.580
=L e 1.0y @ ——
a=5 (“ B j 24.590 X( 24500 )
vertical stress of upstream = 370.447 kN/m = 0 kN/m (Tensile force not occur)
vertical stress of downstream = 84.222 kN/m = 0 kN/mi (Tensile force not occur) -OK-




- CCE: Maximum flood water

Resume of Acting Force and Moment
[CCE : Maximum Flood water ]

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 5,590.16 15.131 84,584.66
Seismic
U/S Water Pressure 2,219.20 6.281 13,939.41
Dynamic Water Pressure
Earth Pressure 195.00 3.570 696.14
Uplift -909.83 16.393 -14,915.15
Total 4,680.33 2,414.20 69,669.51 14,635.55
Control of Stability [CCE]
- Barycentric position
_ Mx+My 55033.96  _
X=—— ~“aesoa3 _l17%9m
- Excentricity
e=B 2850 49759  j0536m|
2 2
- Safety factor due to Lifting
Y 5,590.16 _
FSF = U 909.83 =6.144 >1.10 ... -OK-
- Safety factor due to overturning
>Me  69,669.51
= =——————  =4.760
FST Mt  14,635.55 >1.20 ... -OK-
- Safety factor due to sliding
V= 4,680.33 kN FSD-¢ 1.10
H= 2,414.20 kN FSD-c 1.50
L= 24590 m tang 0.78
X |
2V -tan ¢ _ 4,680.33*0.78 =3.318.78
FSD, 110
c-l 1,000.0*24.590 _
= 50 =16,393.33
XV -tang c-l
FsD, " FsD, 3,318.78+16,393.33 8165
FSD=——"——-= 2,414.20 e >1.0...-OK-
=H
- Safety factor due to bearing power
\Y 6xe 4,680.33 6x0.536
= | a—— 1.0+ —_—
a=g X(li B ]— 24.590 X(1.0 24500 )
vertical stress of upstream = 165.442 kN/m = 0 kN/mi (Tensile force not occur)
vertical stress of downstream = 215.227 kN/m = 0 kN/mi (Tensile force not occur) -OK-



- CCL: Flood water + Seismic

Resume of Acting Force and Moment
[CCL : Flood water + Seismic ]

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 5,590.16 15.131 84,584.66
Seismic -167.70 279.51 15.131 5.732 -2,537.54 1,602.14
U/S Water Pressure 1,155.20 5.067 5,853.01
Dynamic Water Pressure 67.39 6.080 409.71
Earth Pressure 195.00 3.570 696.14
Uplift -622.95 16.393 -10,212.17
Total 4,799.51 1,697.09 71,834.95 8,561.00
Control of Stability [CCL]
- Barycentric position
_ Mx+My  63273.95  _
X==— ~“a79951 1318m
- Excentricity
B
e=—-x=—24590 43183  —j0s888m|
2 2
- Safety factor due to Lifting
IV 542245 _
FSF = U 62295 =8.705 >1.10 ... -OK-
- Safety factor due to overturning
XMe 71,834.95
FST = =——  =8.391
>Mt 8,561.00 >1.10 ... -OK-
- Safety factor due to sliding
V= 4,799.51 kN FSD-¢ 1.10
H= 1,697.09 kN FSD-c 1.30
L= 24590 m tang 0.78
ZV-tang _ 4,799.51%0.78 _
FSD, 710 =3,403.29
cl _ 1,000.0%24.590
FSD, 130 =18,915.38
3V -tang  c-l
FSD,  FSD, 3,403.29+18,915.38 13151
FSD=——»~ ——— = 1,697.09 - >1.0 ... -OK-
=H
stor due to bearing power
\ 6xe 4,799.51 6x0.888
=L 22 e 1.0t ——
a=3 X(li B ] 24.590 X0 24500 )
vertical stress of upstream = 237.472 kN/mi Z 0 kN/m (Tensile force not occur)
vertical stress of downstream = 152.891 kN/mi Z 0 kN/mi (Tensile force not occur) -OK-




2) After heightening of dam

- CCN: Normal water

Resume of Acting Force and Moment
JCCN : Normal water |

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 6,258.17 15.192 95,074.08
Seismic
U/S Water Pressure
Dynamic Water Pressure
Earth Pressure 401.46 3.570 1,433.23
Uplift
Total 6,258.17 401.46 95,074.08 1,433.23
Control of Stability [CCN]
- Barycentric position
Mx+My  93,640.85 _
X= v ="5.258.17 =14.963 m
- Excentricity
e=B . x-—24590 14963  =|2.668m|
2 2
- Safety factor due to Lifting
zV 6,258.17 e
FSF:EZ 0.00 - >1.30 ... -OK-
- Safety factor due to overturning
XMe 95,074.08 _
FST = sMt  1,433.23 =66.336 >1.50 ... -OK-
- Safety factor due to sliding
V= 6,258.17 kN FSD-¢ 1.50
H= 401.46 kN FSD-c 3.00
L= 24590 m tang 0.78
. *i
2V -tang _ 6,258.17*0.78 =3,254.25
FSD,
%
c-l _ 1,000.0*24.590 =8,106.67
FSD, 3.00
3V -tang L |
FSD FSD 3,254.25+8,196.67 _
FSD = : : 401.46 =28.523 >1.0... -OK-
*H
stor due to bearing power
\Y 6xe 6,258.17 6x2.668
_ —_— + —_—
a=3 X(li B j‘ 24.590 x(1.0 24500 )

vertical stress of upstream =
vertical stress of downstream =

420.179 kN/m = 0 kN/mi (Tensile force not occur)
88.822 kN/mi = 0 kN/mi (Tensile force not occur)




- CCE: Maximum flood water

Resume of Acting Force and Moment
[CCE : Maximum Flood water ]

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 6,258.17 15.192 95,074.08
Seismic
U/S Water Pressure 2,683.20 7.020 18,835.15
Dynamic Water Pressure
Earth Pressure 195.00 3.570 696.14
Uplift -991.80 16.393 -16,258.85
Total 5,266.37 2,878.20 78,815.23 19,531.29
Control of Stability [CCE]
- Barycentric position
_ Mx+My 59,283.94  _
X==— ~soe637 _11257m
- Excentricity
e=B.y_ 24590 -11.257 =/1.038 m|
2 2
- Safety factor due to Lifting
VvV 6,258.17 _
FSF = U 991.80 =6.310 >1.10 ... -OK-
- Safety factor due to overturning
*Me 78,815.23 _
FST= Mt 19,531.29 =4.035 >1.20 ... -OK-
- Safety factor due to sliding
V= 5,266.37 kN FSD-¢ 1.10
H= 2,878.20 kN FSD-c 1.50
L= 24590 m tang 0.78
x|
2V -tang _ 5,266.37*0.78 =3734.34
FSD¢ 1.10
c-l 1,000.0*24.590 _
o " 50 =16,393.33
3V -tang c-l
FSD, " Fsp, 3,734.34+16,393.33 —6.993
FSD = = 2,878.20 e >1.0...-OK-
=H
stor due to bearing power
\ 6xe 5,266.37 6x1.038
=L s 1.0 @ ————
a=3 X(li B ] 24.590 X0 24500 )
vertical stress of upstream = 159.924 kN/mi Z 0 kN/m (Tensile force not occur)
vertical stress of downstream = 268.410 kN/m = 0 kN/mi (Tensile force not occur) -OK-



- CCL: Flood water + Seismic

Resume of Acting Force and Moment
[CCL : Flood water + Seismic ]

V(KN) H(KN) X(m) Y(m) Me(kN.m) Mt(kN.m) Remark
Dead load 6,258.17 15.192 95,074.08
Seismic -187.75 312.91 15.192 6.462 -2,852.22 2,022.01
U/S Water Pressure 1,479.20 5.733 8,480.75
Dynamic Water Pressure 86.29 6.880 593.65
Earth Pressure 195.00 3.570 696.14
Uplift -704.91 16.393 -11,555.88
Total 5,365.51 2,073.39 80,665.98 11,792.55
Control of Stability [CCL]
- Barycentric position
_ Mx+My 6887343  _
X= v ="536551 =12.836 m
- Excentricity
e=B =250 15836  =}0541m|
2 2
- Safety factor due to Lifting
VvV 6,070.42 _
FSF = sU 70491 =8.612 >1.10 ... -OK-
- Safety factor due to overturning
~Me 80,665.98 _
FST = SMt  11,792.55 =6.840 >1.10 ... -OK-
- Safety factor due to sliding
V= 5,365.51 kN FSD-¢ 1.10
H= 2,073.39 kN FSD-c 1.30
L= 24590 m tang 0.78
*|
2V -tang _ 5,365.51*0.78 =3.804.63
FSD¢ 1.10
c-l 1,000.0*24.590 _
co " T30 =18,915.38
2V -tang . c-l
FSD FSD, 3,804.63+18,915.38 _
FRSD=———— = 2,073.39 1098 0. 0k
=H
stor due to bearing power
\Y 6xe 5,365.51 6x0.541
=L e 1.0t ———
a=3 X(li B ] 24.590 X0 24500 )
vertical stress of upstream = 247.002 kN/m = 0 kN/m (Tensile force not occur)
vertical stress of downstream = 189.396 kN/mi = 0 kN/mi (Tensile force not occur) -OK-
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