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APRESENTACAO



Este conjunto de documentos s¢ constitut no Relatono Final do Projeto do Agude
Angicos, desenvolvido no ambito dos contratos firmados entre a VBA CONSULTORES € a
SRH - SECRETARIA DOS RECURSOS HiDRICOS € a SDU - SECRETARIA DE DESENVOLVIMENTO
URBANO E MEIO AMBIENTE do Estado do Ceara.

O Projeto do Agude Angicos se insere no contexto do PRO-URB/CE - PROJETO DE
DESENVOLVIMENTO URBANO que se encontra em fase inicial de implementagio pelo
Govermno do Estado do Ceara, o qual esta em entendimentos finais com o Banco Mundial
para obtengiio de financiamento

O PRO-URB ¢ constituido por dois segmentos basicos:

o de agdes no setor de urbamismo, com a mplantagéo de projetos Habitar, em
municipios selecionados, para populagio de baixa renda;

o de agdes no sctor hidrico, com a implantagdo de agudes e adutoras associadas
para abastccimento d'agua de populagdes urbanas, dentro de uma adequada
Politica de Recursos Hidricos para o Ceara

O Agude Angicos, com 56.063 hm?, ¢ um dos prnimeiros quatro agudes escolhidos
dentre do elenco de quarenta umdades previstas no PRO-URB, devendo ter como fungdo
primordial o abastecimento das cidades de Senador 84, Uruoca ¢ Campandrio

O presentemente denommado Projeto do Agude Angicos compreende, de fato, os
seguintes estudos

Projeto Executivo da barragem,

Projeto Fxecutivo da Adutora Senador Sa / Uruoca, sendo que a cidade de
Campanano se situa nas margens do no Coreall com captagio direta no
mesmo;

Cadastro das propriecdades ¢ benfeitorias a serem submersas pela bacia
hidraulica,

Plano de Reassentamento da Populagdo, que sera diretamente atingida;

Plano de Aproveitamento do Agude, com identificacio dos demais usos
programados para o reservatorio. em especial a urigagdo de dreas propicias € a
piscicultura, ¢ mcluindo a avaliagio econdmica dos empreendimentos,

Relatério de Impacto Ambiental. com o EIA / RIMA do conjunto de
intervengdes

No global. este Relatorio Final estd composto dos seguintes documentos

TOMO 1 SINTESE

TOMO 2° PrROJETO EXECUTIVO DA BARRAGEM

VOLIJME 1 - RELATORIO GERAL
VOLUMLE 2 - ESTUDOS DE BASE
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VOLUME 3 - AMEVORIADE CALCULO
NOLUME 4 - PLANTAS '
VOLUME 3 - ESPECIFICACC)ES TECNICAS
TOMO 3 ReLaTARD ne [MoacTo N S0 Avingrme
SYOLUNE 1 - S1virse
VOLUME 2 - EIA
VOLINE 3-Rivs
VOLUME 4 - DOCUMENTACAO FOTOGRAFICA
TOMO 4. PLANO DE APROVEITAMENTO DO RESERVATORIO
VOLUANE 1 - RELATORIO GERAL
TOMO 5 PLANO DE REASSENTAMENTO DA POPULACAO
VOLUME 1 - RELATORIO GERAL
TOMO 6 FROJETO EXECUTIVO DA ADUTORA
VOLUME 1 - RELATORIOQ GERAL
VOLUME 2 - ESPECIFICAGOES TECNICAS
VOLUME 3 - PLANTAS
TOMQO 7 ANALISE ECOMNOMICA
TOMQ 8 CADASTRO

VOLUME 1 - RELATORIO GERAL
VOLUME 2 - T AuDos

Este volume especifico correspondente ao Tomo 2 - Projeto Execubvo da Barragem,
Volume 3 - Memonas de Calculo - apresentando a memodria de calculo dos principais

clementos da barragem
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1- DETIILHHMENIS GEOMETRICO DO MACICO
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1 - DETALHES GEOMETRICOS DO MACICO

11 - FOLGA DA BARRAGEM

A fim de ser evitado o galgamento da barragem pela agio das vagas determinou-se
uma altura que se¢ chama folga da barragem Para o cdlculo da folga uthzou-se as

expressOes seguuntes

,2
£=0,75H
2g

H =0,75+0,34/F — 0,26{F (Stevenson)

v=L15+2H(Gaillard)

onde-

f = folga

F = fetch = 4,60 km (maior comprimento que pode ser obtido, higando-se em linha
reta, o eixo da barragem ao contorno da curva de nivel correspondente & cota méxima, isto
¢, a cota de sangna mass a lama d'agha no sangradouro, cota 107,28 m, obtido da planta
da bacia hidraulica)

v = velocidade da onda = 3,70 m/s
H=alturadaonda=1,10m

a) Calculo da Altura da Onda

A altura das ondas foi calculada pela expressio.
H =0,75+0,34/F - 0,26Y/F (Stevenson )
para F=4,60 Km- fetch

obteve-se’

H = 1,10 m, altura da Onda

000011



b) Calculo da Velocidade da Onda

V=1,5+2 H Velocidade daonda. m 7 s
V=3 69ms

¢) Calculo da Folega

f= 1.02 ~ 0,0232F - 0.0362 ¥F - 0,482 - 0,345 4F
f=1.532m. adotou-se f=1,601m
onde F = 4,60 km

1.2 - REVANCHE

Calculados f =1.60m folga

hs =1,80m limna vertente
R=f+hs
R=1,60m+180m
R=340m

1.3 - COTA DE COROAMENTO

Ce=Cs+R

onde

Cs = 105,50 cota solera sangradouro

R = 3,40 revanche

Cc = 108,90 cota do coroamento da barragem

1.4 - ALTURA DO MACIGO

Cota do coroamento - 108,90 m
Cota do talegue - 90,00 m
Altura do macigo - 18,90m

1.8 - LARGURA DO COROAMENTO

Para determunagio da largura do coroamento foram usadas as seguintes expressoes’

PREECE Ic=1.10VH ~1
BUREAU OF RECLAMATION. Lc = 0,20 H + 3 (m) (pequenas barragens)

annn12




onde

Lc¢ - Largura do coroamento
H - altura da barragem acima do lerto do no

ParaHH=18,90m
PREECE Lc=567m
BUREAU Lc - 6,6 m

Adotou-se o valor de 6,00 m
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2 - GRANULOMETRIA DOS MATERIAIS COMPONENTES DR DRENAGEM
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2 - GRANULOMETRIA DOS MATERIAIS COMPONENTES DA DRENAGEM

INTERNA

21 -DRENOS E "ROCK-FILL"
a) Granulometna da Areia
Disa = 0,01 mm (DD 5 do matenal argiloso).
Dgsa = 4,80 mm (Dgsg do material argiloso)
Dysp = Dy 5 da aresa (filtro)
5xD15A <Di1sp <4xDgsa
5x0,01 <Djsg <4x4,80

0,05 mm <Dj5p <19,2 mm.

A are1a do Areal do Rio Tiuagugu estudada se enquadra dentro da faixa especificada

¢ sera utilizada na drenagem interna da barragem.

b) Granulometna da Brita "A™
D15 = 0,35 mm (D15 da arcia)
Dgsp = 1,7 mm (Dgs da areta)
Djs5¢c =Dj5 dabrita "A"
5xDjsp <Djsc <4xDgsp
5%0,35<Dysc <4x17

1,75 mm <Dy 50 <6,8 mm.

A brita "A" devera ser confeccionada atendendo 2
dentro da faixa mostrada na figura a seguir

especificagio acima, ficando

e g -
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c¢) Granulometria da Brita "B"-
Disc = 3,3 mm (D15 dabnta "A")
Dgsc = 19 mm (Dgs da bnta "A").
Djysp =Dy dabnta "B”
5xDysc <Disp <4 xDgsc
5%x33<Disp<4x19

16,5 mm < Djsp < 76,00 mm.

A brita "B" devera ser confeccionada atendendo a especificagdo acima, ficando
dentro da faixa mostrada na figura a seguir

d) Granulometria do Enrocamento
Dj5p = 35 mm (D 5 da Brita "B")
Dgsp = 160 mm (Dgs da Brita "B")
Dj s = D15 do enrocamento.
5xDjysp <Disg < 4xDgsp

5x 35 <Djysg <4x 160 mm

175 mm < Dy sE < 640 mm.

O enrocamento devera atender & especificagio acima, ficando dentro da faixa
mostrada na figura a segwr.
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2.2 - RIP-RAP

a 1) Camada Externa (Enrocamento)

A experiéncia temn mostrado que na maioria dos casos, o enrocamento de pedras
jogadas constitm 0 melhor tipo de protegdo do talude de montante, a custo minimo,
motivo pelo qual aqu € adotado Para dimensionamento do Rip-Rap utilizou-se
pnmeiramente as recomendagdes do Tenessee Valley Authonty

¢ = CV2 onde-

¢ = espessura do Rip-Rap,
V= welocidade das ondas em metros;
C = coeficiente em fungdo do talude ¢ peso especifico do material

para V =3,69m/s
C=10,027
¢ = 0,37 m, adotou-se ¢ = 60 cm devido o compnimento do fetch

O "U. 5. Army Corps Engineers” indica para uma altura da onda entre (,60 -
1,20m uma espessura de 0,45 me Dgp = 0,30 m

Ds( - representa o didmetro mimimo de 50% do enrocamento
Adotou-se € = 60 cm devido o comprimento do fetch

Esta camada deve assentar-sc¢ sobre trés camadas filtrantes, cujas caracteristicas
estdo indicadas a seguir.

a 2) Camadas Internas

- Espessuras adotadas.
e2 = 0,30 m (Brita "B");
e3 = 0,20 m (Brita "A");
e4 = 0,20 m (Areia).
- Granulometrias:
As granulometnas da Brita "B", Brita "A" ¢ Areia sdo as mesmas especificadas
antertormente.
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3- CALCULO DO SANGRADOURO
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- CALCULC DO SANGRADOURO

w

1 1 - DETERMINACAO DA EXTENSAO DA CRISTA

L- &
H

Cd -
onde
H = 13mina de sangna = 1.80 m
Qs = descarga de projeto 506,08 m? s
L =100.00 m

n

31 2 - GEOMETRIA DA CRIST
(P“HO) = (P"hO) - q:’, i Qg (P-i—ho)-‘- (I)
dados
P=2m
Ho=178m
g = Q1. =5.0608 m> s m

arbritando-se valores a ho. define-se a igualdade de (1)

(P + Ho) = 3.78

ha P-ho Va ha P~+ho
1500 3 500 1429 0104 3604
1600 3600 1396 0.098 3698
1700 3700 1352 0.693 3703
1670 3670 1363 0 093 3 763
[ 1cso | 3086 | 135" [ ocmed | 3780 |
Va = 1357 m's
ha = 0.094m
ho= 1686m

logo, ha:/Ho =0.0327416

¢ 0s parametros para defimgdo da cnsta, serdo
(vide figura 9-2 1, pgs 366 e 367 do "Design of Small Dams™

Y“o'Ho = 0250
Yo/Ho = 0.1G4
Ri/Ho= 0,503
ol iI_T N — AR Es]
k= J. v
n= 1,847

Coaordenadas do Ponto C Xe=0455%8 Ye=018512

000020
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RAIOS DOS CIRCULOS A MONTANTE DA CRISTA
R1 =089534 R2=03738
Sendo exponencial de jusante detinnda pela expiressio

- = - 0.510(-%—-) 1.847 (1)
1.78 £ 1,78

Determina¢io do Ponto P - Intersegio Exponencial : Reta:
Arbitiando-se um coeficiente angular de - 1,111111 para a reta. vem.

(I} Sumplficada Y =-0,3129424  (X)" L.847 (O
dY/dX =-0.5780046  (X)" 0.847 (IV)

Declvdade dareta dYdN--1.09 = -1.111111 (TV)

Igualando-se (IV) e (V). tem-se  0.302501 (Xt)" 0836=1.1111111
Nt = 2.163196

que substiundo em (Hl). resulta Yt=-1.30133
PONTO DE ORIGEM DA CURVA REVERSA - PONTO B
Equagdo da rela

X-X=dY/ dX Y -3

Y - - 1301327
X - 21631958

= - L111111

-1.25x B + 2.40353508 = Yb - 1.3G13269
Xb=-09Yb + 09920015 D
Raio minimo da curva reversa

3291 (v + 6,4 H) + 16

R > 0.3048(10)"x. onde x =

11.85xH - 64
sendo H= 35,186 m
v = (2gH)"1/2= 10,087087 m/s

x=1.2628221

000021



13

R > 5582607 m R = 6m
~ O.. -
alfa = arctg (dY dX) = -/83»}'98’1": - 4&’ 344
sn(alfa) = - 0.743294 cos(alfa) = 0 6689617
alia2 - 1.418991

tg(alta 2y = - 0.443362
BPI=Rg(alta2) = 2672174 m

Y = BPIsin(alfa) = 1,9862116
Yb=-(P-Y) Yb= -1,51379
que substindo em (VI), resulta.

Xb= -0,9Yb-0,9920015
Xb=2354411

PONTO FINAL DA CURVA REVERSA - PONTO D
Yd = -P, logo
Xd = Xb + BPICOS(alfa) ~ BPI

Xd =6,814176

COORDENADAS DA SOLEIRA DO VERTEDOURO

X Y
-0,45568 -0,18512 Ponto C
0 0 ko
0.15 -0,009413 Exponencial
0.35 -0.045015
0.55 -0,103732
0.75 -0.183951
0.935 -0.284656
1,13 -0,40511
1,33 -0,544742
1,55 -0,703084
1.75 -0,879743
1,95 -1,074381
2,15 -1,286703
2,1631958 -1,301327 Ponto T
2,3544111 -1,513788 Ponto B
6,8141759 -3,5 Ponto D

000022
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3 13- PERFIL DA CRISTA

hS

0 015 035 055 075 085 1.15 135 155 175 195 215

3 2 - BACIA DE TRANSICAO

vi =10.087 m's
L =100m
Q = 306,08 m’/s

q =5.061 mis.m
vi=¢g/v1=0.502m

NF=v1l/(g ¥1)'1.2=4,545

y2=vl ((1+8NF"2)"1/2-1)/2 = 2,985

Com o valor de NF encontra-se o valor da relagio I - y2
(OPEN - CHANNEL HYDRAULICS, pg. 398, Fig 15-4)

Para NF = 4.545 tem-se, L / y2 = 5,92, logo
L=1767m

Sendpn T = n comnrimeantn da hoca da teancieSn o ATWVATAR T =Y m

000023
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A bacia de transigdo projetada tem a tinalidade de conter o prisma de fluxo
cnquanto este <ofre desaceleragdo. passando a escoar em regima suberitico

A construgdo da bacia de transigdo consiste do arrasamento do perfil do terreno
ceendl 3 usaniz Jdooveiedas Cleago nd ceia 13200, sendo prolongads o corte aie
alcangar cotas que apresentem declnidade normal em diregiic ao leito dono Foiferta a
Upyd0 por se manfter © fundo da bada em rocha, com a consirugdo de um cordio de
finagdo de concieto no hmuite de jusante desta, cuja finahdade ¢ o de evitar a propagagao de
e17830 em diregdo ac vertedor

Esta solugdo altermativa visou reduar os custos do sangradouro em termos de
volume de concreto ciclopico necessario para revestimento do fundo da bacia de transig3o,
€ Ird fequerer apenas uma manutengdo preventiva para corregdo de possiveis sulcos
e1051v08 (ue venham a surgwr apos as grandes chetas

3 3 - MUROS DE CONTENQAO

Foram piojetadas duas se¢des tipos para os muros de contenglio que atendem as
caigas solicitantes das ombreiras do sangradouro em fungdo do perfil do subsolo obtidos
pelas sondagens geotécnicas

Os muros sdo do tipo gravitano, de concreto armado devido a altura de aterro.

dimensionados sem contraforles de forma a asscgurar maior estabiidade no caso de
sobrecarregamenios acidentais

331-8SecikoooTiPOo1 (A)

Fo1 calculada para a siuagdo de empuxo maximo devido a altura de aterro em
fungio da cota do coroamento da barragem

A segdo tipo 1 tem a forma apresentadana Figura 8 1

5
28
T
T
¢ T
kL Jos I
3188 10, 240 3
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3.3 1 1 - VERIFICAGAO QUANTO A ESTABILIDADE DIMENSIONAL

O empuxo ativo fo1 calculado pela expressdo-

E =

a

1 | et

2
A
! SAT a

Sendo E;. o empuxo ativo em tfm, Y, o peso especifico do solo suposto
saturado. h, a altura de aterro. k,. o coeficiente de empuxo atrvo

¢ - toles-?)

Sendo ¢, o dngulo de atnto interno= 28,3°, 7, = 2,15 t¢m?, tem-se.

28,3

= z oL = S
k. = 1, (45 2) 0,357

E, - % < 2,15 » 7,90 ~ 0,357 = 23,95 tym E, =24 t/m

O peso resistente e sua abscissa em relagio ao ponto "A" da Fig. 8.1 fo
decomposto em trés partes como se segue

Wi = (0’50 %9;79) x 7,30 x 2,40 = 10,51 t/m
x, = 150 + 0,25 = 1,75m
W, = (2’60—-21&9) <« 2,15 < 7,30 = 39,23 t/m
o = 150 + 070 + 23— 340m
W, = 0,60 x 4,60 x 2,40 = 6,62 t/m
X; :535—0-2 2,30 m
= W1+ Wz + W, W, = 10,51 + 39,23 + 6,62 = 56,36 t/m

10,51 x 1,75 + 39.23 x 3,40 + 6,62 x 2,30
56,36

Xp = = 2,9m X,=29m

N00no
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Nos calculos acima. considerou-se o peso especifico do concreto  como
sendo .= 2,4 tpm?

A abscissa da resultante total em relagdo ao Ponto "A" ¢ dada por

5=0,425x2.63=1,119m

Xra=X; - ¥ Xra=2,96-1,119=1,84 m

4,60

cho MEDIO 3

= 1L53m

Como Xy, > Xgrco Mipior 8 Tesultante passa no tergo central
O momento de tombamento em torno do ponto "A" € dado por
M;=E;x2,63=24x2,63=63,12 tpra/m.

O momento resistente € dado por

. 66,82
O coeficiente de seguranga ¢ (C, = M. . 166 = 2,6:
M. 63.12

Logo, Cs> 1,5

A verficagdo contra o escorregamento, fo1 feita admitindo-se que o muro esta
agsente em solo, 0 que se constitui numa seguranga adicional, uma vez que a fundagdo na
verdade esta encravada no substrato rochoso

We = T, 2 _

E

L2

Para solo, tem-se CS =

56.36 x Tg28°,3

= 1,29, C¢> 1,2
¢ 24
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E no caso de se constderar ainda o eferto favoravel do empuxo passivo, dado por

1 2 1
= — x 2,15 < 0,4° x = 0,481 t¥Fm
EP 2 0,357 f
36,36 x T 28°,3
Assim C‘ = . Tt = 1.29>1.2

21 - 0,481
33.12-CALCULO ESTRUTURAL

A laje vertical foi calculada supondo cngastada na laje honzontal ¢, por sua vez, a
laje de fundagio fo1 calculada como dois consolos.

a) LAJE VERTICAL
Momento de servigo My =E;x 2,63 =24 x 2,63 = 63,12 tfm'm
Se¢do de Engastamento

Kef

M,=14xM, = 1.4x63,12=88.36 trmym x 1000 ;tf— = 88,368 kgf m/m

Com b=1,00 m, h = 70 cm, recobr=3 cm; d=70-5 = 65 cm
Vo
Empregando ago CA-50A. v-=1.4, fck=140 Kgf'em?, tem-se r = 0,177

Logo, d,, =1

88 368

d_ = 0.177\}!' == = 52,61em d_ =52,61 cm<65cm
Assim com d = 65 cm,
d 65
= == = = = (,218
N Y f88 368 j
b V 1,00

Comr= 0,218, Y_ = 1,4, fck = 140, ago CA-50A, tem-se o = 31,17

A, - Md A = 88 368 = 36,57 om?
o xd 3117 = 65

Resultando em 13 © 3/4" por metro ou 1 © 3/4" cada 7,7 cm

0nngory
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A face compnmuda foi dimensionada para 0 momento causado pelo empuxo da
agua

E, ~ % =, * k, v h* sendok, = 1.0tfmd, e v, =1,00 tFm?
E, = 0,5 x 1,00 x 1.00 x 5.68 = 16,131 tfm E, = 16 131 ket'm’
5.68

= 30 541,35 kef mvm

Momento do empuxo da dgua M_ = 16131 «
Momento de Caleulo My = 1,4 x 30 541,35 = 42 757,89 kgf m/m

dyp = 0.177 x \1%9 dy = 0,177\;'? ;;8 = 36,60 cm’

Na face supenior d = 50 cm - 2,5 cm = 47,5 cm, assmm d, ;. < d

Logo r = —~—4,_7—’.5: = (0,229, oo = 37.83
j42 758
Y 1,00
o - d 37.83 x 47.5

Resultando em 12 ® 5/8" por metro ou 1 ® 5/8" cada 8.3 cm
b) LAJE HORIZONTAL

A resultante do sistema de forgas da segdo tipo 1, mtercepta o exe das abscissas no
ponto xp, = 1,84 m ¢ tem resultante R dada por

R = EJ = W2, sendo E, = 24 tfim ¢ Wy = 56,36 tfm
Assim, R, =E, ¢ Ry = W, e R = 61,25 tf/m

As tensbes do terreno (reagao) na base da fundacio terad distnibuigio trapezardal
0s extremos sio

WT= Ry
Y
I S . - S
2 30 -

v N 0N0NN°8



20

o, = 030 1y 6 908 4 o gp e
.00~ 46 100 - 4.6
S6. { 6 = 0,
- - 36 (. 0.66 Y _ | 70 tfm:
1,00« 4.6 L 100 x 4,6)
- 1 150 310 .
Il 0 |
qra=170
lge
G A= 22 BO 1

6, = 14,219 + 1,70 = 15,92 thm?

Céalculo do momento de engaste do consolo maws desfavordvel da segdo

O -0"'=100x 60cm

Moo =15,92%1,5x %+(22,3-15,92)x 1,5x§x 1.5=28,23tE m/m

<> 28 230kgt m/m

Me = b4 % Mg -0 = L4~

A= 0,177 ‘] 39522 _ 35 18cm

3

28 230 = 39 522 kef m/m

d = 60-5 = 55cm d,. <d

nonnNzyg
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5 39 522
e = 0276 0= 3978 A, = oo = 18,06 o
39 522 s 39,78 « 55
\ Lo

Resultando em 10 © 5/8" por metro ou 1 @ 5/8" cada 10 cm.

r

1
~ da segdo de ferro principal (cm
Armadura de distnbuigdo’ maior entre < 5 ¢ pal (om)

no minimo 0,9 cm® / m
« Segdo de Engastamento- % » 36,57 cm® = 7,31 (1d 5/8" cada 25 cm)
« Face Vertical % x 23,79 cm’® = 4,75 (1 ® 5/8" cada 33 cm)
» Laje Honzontal -; x 18,06 cm® = 3,61 (1 ® 3/8" cada 20 cm)

33.2-SecAoTiro 2 (E)

A segdo upo 2 suporta aterro taludado conforme mostra a Figua 8.2

g 8
[+ n
\}1 'L

«—E8

0.4.0%
71

As formulas ¢ passos de calculo sdo 1dénticos aos da segio ftipo 1, e portanto so

R T e MR Lo N LT

00030
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33 1 1 - VERIFICAGAO DA ESTABILIDADE DIMENSIONAL

O empuxo ativo para este tipo de carregamento € dado pela formula de RANKINE

1 : COSB - 'I-C‘C)Szﬁ - cos Q
E.-5 v h -COSB. - '"'".“\f - :
“ COSB + ycos B - cos Q

Sendo B = ARC Tg 51_5 = 21,8°

0,928- 0,294

= 16,81 tf/m
0,928 + 0,294

Assm E, = 0,5x2,15x5. 70 «0,928 x

W, = 5,09 tfm X, =1,95m
W, = 30,02 tf/m X,=2,95m

W, =3.93 t/m X, =2,05m
W, = 39,04 tf'm X, = 2,66 m

Xpi~ 1,84m, Xrereomepio = 1,36m.

A resultante passa no tergo central

O coeficiente de seguranga quanto ao tombamento em relagdo ao ponto "A" é-

39,04 x 2,66

C, = =22 =325> 15
16,81 x 190

O coeficiente de seguranga quanto ao escorregamento &

39,04 x Tg28°,3

= 1,25 > 1,2
16,81

C‘:

3.3.2.2 - CALCULO ESTRUTURAL

Prosseguimento 1déntico ao da seg@o tipo 1.

a) LAJE VERTICAL
Momento de Servigo Mt =FEax 1,90 =16,81x1,90= 31,93 tf'm

nnnnal
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Dimensionamento da Segdo de Engastamento

M,=L4- M, =1L4-3L93=1 702 rmm

Utthzando aco T A-504 I fch=140kem r1r=0177
! - EI_'FH: _ . .
dvee =T Vi < Jyp = U177 = \; 100 = 37,42 cm < 45¢m
Assuncomd = 45em =y = id = ¥ T - 43 = (,212
,& 144.702
Vb \' 100
Yo = 1.4 fck = 140 kg/m Utlizando ago CA-50A o= 36,74

_ M, . 41702
axd 367445

As =27,03cm’ resulta em 10 @ 3/4" C 10cm (engastamento)

A face comprimuda serd dunensionada para 0 momento causado pelo empuxo da

Ew=0,5xK,xha- K, =100 E,=05x100(10728-101,6)*=16,131t/m
Momento do empuxo da agua

5,68

3
M, =1,4x 30 541.36 = 42 758,00 kgf.m

Ey=16131kgm M, = 16131 «

= 30541.36 kg m

v iy
M, 42,758
=rx L, j— o =0,177 =

=36,06cm < 45cm

L)

d 43

r = 1= —=e—ee=—=0(,217 Tabela 21 o = 36,96
M, 42758
Y b ¥ 1,00

M, 42758

A = = =257 cm’? 13® 5/8"0u1® 5/8" cada 7,7cm
axd 36,96x45

000632
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b) LAJE HORIZONTAL

A resultante do sistema de forgas da segdo tipo E. mntercepta o exo das abscissas no

ponio y=1.84m (tambem) e y=0 ¢ R:\-"']::;zl W!e, R= v16,81°+ 39,04° = 42,50 t/m

R, = 16,81 tm R, = 39,04 tm

As tensdes do terreno (reagdo) na base AB tera distnbuigdo trapezoidal ¢ os
extremos 830

e

o - Yy, 8z o= 304 (1 65061 ) oo
bxL b-L 1.00- 4.10 1,00 4,10
P, 6xe 9,04 <0,
oy = {1-6 o oy -0 6x061 3 ;0 tm?
bl \ bxL 1,00<4,10 { 1,00x4,10
_, 13

0B:1 o2
Ja:=18 02

18,02-1L,02
4,10 2,80
5, =3+1,02=11,61+1,02 =12,62 Um?

x=11,61

Calculo do momento de engate do consolo mas desfavoravel na segio do
O-0"=100v40cm

nnnn33
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M, . = [12,62x1,3]x 3'23—[(13,02-12.62) ¥ 1,3]3;% x1,3=16,747t.m'm
<> 16 748kg.m/m

iM
M, = L4 xM, =234472kgm .5 = r\.'—bi
23 447.2
= 0177 = |— = 27,10 cm < 35cm
ran Y L00
d 35 - o
r= r=-——=——0=—=0,228 Tabela 21 fck=140 kg/cm? *=37,83
M, [23447,2
Vb \ 100

Aq'—‘ M;) = ;3 ::7’325 =17,70cm?® —> 9® 5/8" ould 5/8" cada 1l.1cm
oo ,83%

) 1 da se¢do de ferro vertical (cm®)
Armadura de distnbwgdo Maior entre< 5

s 2 .
no minime 0,9 cm™ /m

Laje Vertical
1 2 2
. ~ % 27,03 cm® = 5,4cm” (O 5/16" cada 9,1 cm)
Segdo de Engastamento: < 5
0,9 cm’

x 25,71 em® = 514 cm® (O 1/2" cada 25 cm)

1
Face Vertical g
0,9cm’

) L 17,70 cm® = 3,54cm® (& 3/8" cada 20 cm)
Fundagdo | 5

0,9cm’

000034
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4 - TOMADA D'AGUA E ESTRUTURA DE DISSIPACAQO
41 - CALCULO DO DIAMETRO

O diametro fo1 calculado em fungio da vazao regulanzada utihzando-se a formula
do diametro econdmico proposta por LENCASTRE (1983) que tem a forma

D=095xQ¥

Sendo D. o didmetro em m. Q. a vazdo em m?*s
Logo. para a vazio regulanizada de 724 #'s. tém-s¢
D =0,95x0.724%4 = 0,82 m

Adotou-se o diametro I = 800 mm

4 2 - DETERMINAGAO DA PERDA DE CARGA CONTINUA

e 10643 - Q'¥
Empregou-sc a expressio de HIAZEN-WILLIAMS ] = — Q4 7

C
Sendo J. a perda de carga unitana em m'm. Q. a vazio em m¥s. C. o coeficiente
de rugosidade e D. o diametro da tubulagdo em m

Assim. para Q=074 m¥s
C=130
D=08m
L = 66 m (extensdo da galena)

L loe43 - QF
130 . 08"

= 0 00387 Q¥

Bf, =7« L hf, = 0,00387 x Q" « 66 = 0.256 x Q'
ouseja, hf, = 0,256« Q¥

4.3 - PERDA DE CARGA LOCALIZADA

2

g

Empregou-sc a expressdo geral para perda de carga localizada hf, = K x Sy
g

1 0 1 b A

velocidade em m/s, g, a aceleragio da gravidade
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Perdas Consideradas - Cmvo O 800 mm K =0.75
« 2regstros de gaveta @ 800 mm K =2x0,20=0.40

) Q*
e~ ";7‘*2" _)_1_
Assim, hf. = L1535 ~ Y. mas _‘9: = A7 R
2g g 2g DY
2g x
- 4

ol 2 « 16 , . N ,
8o 218 0202 Q% logo hf, =1,15<0,202« QF = 0,232 @
28 2xg=<n” <D

4.4 - PERDA DE CARGA TOTAL
H,=hf, ~hf, H,=0.256 Q" + 0.232 Q?

4.5 - SUBMERGENCIA MINIMA

Segundo a P-NB-590/77, tem 562 1, a submergéncia minuma da entrada da
tubulagio para evitar a formagdo de vortices deve ser o maior valor entre

- 1.5 d, sendo d 0 diametro da tubulagao,
- 05m

logo, 1,5x0,8=12m

Portanto a submergéncia minima serd de¢ 1.20 m

4.6 - DEFINIGAO DA COTA DE ASSENTAMENTO DA GALERIA

A cota do volume morto estabelecida para o reservatonio é 97.00, porém paia
garantir a submergéncia minima de 1.20 m para a tubulagio de @ 800 mm, a cota de
assentamento da geratnz infertor da galena serd

C grrarraz perrior = 97,00 - 1.20 - 0.80 = 95.00

A solewa da caxa de entrada da galeria a montante ficard na cota 97,00 para
garantia da reserva intangivel do reservatono
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4.7 - CURVA DE DESCARGA DA GALERIA

O nivel mimimo operacional é dado por

L2V

3
Hoo cpemaciony = CotaEntrada - HEf -

<g2
Hypo operacional = 97-00-10,256  0.724°% -0.232 - 0,7247 )+ 0.202
Hygnvo opEraciovar = 97.368 m

- Q7 =97.368

A curva caracteristica sera dada pelo quadro abaixo. onde a perda de carga H €

calculada por

H= 025 < Q% + 0,232 + Q

VAZAO COTA H \%
{m?/s) (m) (m} (im/s)
0.724 97630 0,262 1,44
0,924 97.78" 0 419 1.84
1,124 97979 0,611 124
[ 1,324 98.205 0,837 2,63
1.524 98.465 1,097 303
[ 1724 98,759 1,391 3,43
1,924 Q0,086 1.718 1,83
2,124 90 446 2,078 1,22
2,324 99,830 2,471 462 |
2,524 100,265 2,897 502
2,724 100,723 3,355 5,42
2,024 101,215 3.847 5,82
3,124 101,798 4370 6,22
3,324 102,294 4,926 6.61
[l 3524 102,881 5,513 7,01
| 3724 103.500 6132 741
3,924 104.151 6,783 781
4024 104,834 7,466 8.20
4324 105,548 8,180 8,60
5,524 106.294 8,926 900 |
4,724 107.071 9,703 9,40 |

000038
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B )
' i
| Curva caracteristica do Sistema
108 — i
L 106+

oy
Q
(@]
]
I

96; t +—————t e T S e ————+ E
0 1 2 3 4 5 |

Vazéo (m3fs)
|
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4.8 - DIMENSIONAMENTO DA BACIA DE DISSIPAGAO

A estrutura de dissipagio selecionada para a descarga da tomada d'agua for a bacia
de impacto padronizado pelo “BUREAU OF RECLAMATION" nas obras "DESIGN OF
SMALL DAMS® e "DESIGN OF SAMALL CANAL STRUCTURES". cujo processo de
calculo ¢ apresentado a segun

Carga hidraulica maxaima h = 105 44 - 95.8 = 9.64 m's

Velocidadede Impacte 2=,2 2 h=.2 981-9.64=1375m%

. +.524 _
Area ficticia de fluxo quadrado A — 9 = - = 0,329 m
3 13,75
Largura ficticrado fluxo d = v A = 0.329 = 0.573m
Nimero de Fioude Fr = i_ = ,_liL = 5,79
vg o d v9 81 ~ 0,573

Pela ﬁgura 6-10 do DESKEXY OF SMALL CANAL STRUCIURES, %i= 7.8.0u
sgra, W - 78X (A7 =447 m = 149"

Adotou-se entdo a bacia padromizada tipo 10. Figura 6-20. pag 320 do refendo
frvro

4.9 - VERTEDOR DE JUSANTE DA TOMADA D'AGUA

Fo1 adotado o vertedor retangular sem confragdo lateral. tipo BAZIN. com curva de
vazio calculada pela formula simphificada de REHBOCK. cuja expressio €

Q = {11782 - 0,24 - 3‘) £ he"?

da

hY

Comhbhe=h-0.0011

Adotou-se a=0.80m £F=434im

A cunva de vazio do vertedor ¢ apresentada a seguir

000046
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Curva Lamina d'agua x vazio
l i
I
|
T !
- P -
_ -~

30 40
Lamina {cm)
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5 - DIMENSIONAMENTO DA DRENAGEM INTERNA

A estimativa da vazdo total passante pelo sistema de drenagem interna fo1 fetta a
partir da rede de fluxo tragada manualmente, considerando-s¢ as permeabilidades dos
materiais conforme apreseniados a seguir. valores estes determinados nos ensaios de
laboratono e, expenéncias antenores

Para o calculo da vazio utihzou-se a segdo maxima, admitindo-se.

1) A permeabihidade equsvalente considerada para o aterro foi

K= ykn ¥ k, = 3 x 10 cmss 1

2) A vazio total de percolagdo to1 estimada como sendo-

q = of | k xH 2
nd

onde

q = vazio lotal por metro,

nf = ne de linhas de fluxo.

nd = n2 de hnhas equipotenciais,

k = coeficiente de permeabilidade,

H = perda de carga total pela segio
3) Supbe-se que a contribwmgdo de vazio pelas ombrewras fosse desprezivel em

relagio A vazio percolante pelo corpo da barragem, face a baixa permeabilidade aparente
mostrada durante as escavagdes desse material

5.1 - DETERMINAGAO DA LINHA FREATICA

a) Barragem Transformada
XT:JJ_(—!*X XT:ikv"i‘:’(--xrzz
k. V9k, 3

Como £ =47,20m ¢ b = 7,05 m, tem-se

5 <
|+ = 57519 = 1573m, b = 733 = 2,35m , tais valores estdo indicados na

figura a seguir da segio transformada

0N0043
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H=17.28m
B'=b"+0,3/=235+0,3(15,73)=7,0Tm

PARABOLA DE KOZENY
VX2 + Y 4+ X, + Y,
O ponto (B', H) pertence a parabola.

VBILLH =B+ Y,

V(7,077 + (17,28) = 7,07 + ¥,

Y, = 11,60

logo® X;" + Yy’ = X, +23,20X; +134,60 = Y; = ,[23,20 X, +134,56

000044



BARRAGEM
TRANSFORMADA
XT YT
-580 ; 0
| 000 ! 11,60
2,00 i 1345
400 1508
6,00 : 16,55
707 ' 17,28

Corregdo da Parabola

36

BARRAGEM
VERDADEIRA
X Y

- 17,40 0
0.00 11,60
6,00 13,45
12,00 15,08
18,00 16,55

21,21 17.28

For uttizado o &dbaco proposto por G. GILBOY em 1933, que possibilita

2

2en o

, COmMo &

= 90° = a = mh

Entrando-se o dbaco com o valor de

B 21.11

— = ——— = 1,22 ea = 90°, obi€m-s¢ m=0,29

H 17,28

logoa=029H=029x%1728=501m

determmar o ponto de surgéncia da linha freatica para o caso de dreno vertical (o = 90°)

A figura abaixo apresenta as segdes verdadeira ¢ transformada da barragem

SECAO VERDADEIRA

ESC 1

4C0

=
—

PARABGLA DE
KOZENY
T
-
e
H -
a=50Im N\
" T
X
Il% L= 47 20 I ?Lb:?os

SECAO TRANSFORMADA

Ay

xXT
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De acordo com a rede de fluxo tragada, tem-se de (2) que a vazio por metro de
tapete sera

3.3

q = —— i3,0x 107cm‘s) x 17,28 < 100.0 cm x 100 cm/m
Onde ngy = 3,3,

ngq = 6,0,

k =3,0x107 c/s,

H =17,28,

q = 2,85x102¢cm¥/sm
A espessura necesaria do tapete ¢ dada pela seguinte expressao:
esp = (q x FS) / (K x1 100), onde
FS - fator d¢ seguranga igual a 10,
1 - gradiente hidraulico de dimensionamento 1gual a 5%,
k - permeabihidade do dreno

Supondo o tapete executado com arera (k = 7 x 103 m/s), obtém-se uma espessura
minima necessaria de

esp = (0,0285x 10)/(0,05x 7x 103 x 100) = 8,14 cm
que ¢ mnferior a espessura adotada do tapete (1,0 m)
A vazio maxima possivel percolante pelo tapete, em plena carga, € de.

Qpax = (100X 5% x 7x 1073 cm/s x 100) / 10 = 0,35 cm¥/s m
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6 - ESTUDO DO REBAIXAMENTO RAPIDO

Para esse estudo considerou-se a andlise proposta no EM - 11 10-2-1902.
"Engineering and Design Stability of Earth an Rock Fill Dams" - USCE (1970), onde ¢
dado a estimativa da descida da linha de saturagdo em macigos permeavers no talude de
montante durante o rebaixamento do nivel d'agua no reservaténo (ver Anexo I).

Este estudo compreende as seguinte ctapas:

1. ESTIMATIVA DA VAZAO DE DESCARGA

Neste caso considerou-se duas componentes-

» qevwp - vazio dada pela evaporagio da dgua no reservatorio. Para a regido, a
evaporagdo média anual ¢ de 1,67 m.

e  (ubos - vazdo dada pela descarga regutarizada pela tomada dagua com um valor
de 0,724 m’/s

Pela curva COTA-AREA-VOLUME estimou-se qevep da seguinte forma:
COTA 107,28 - V. = 54, 86 hm® - S, = 13,27 km?

COTA 97,00 — V; = 3, 7hm’ - S; = 1,92 km®

Qo = (S' ; S‘) 1,67 = 12,68.10° m’/ano

A vazao total (Q) sera entdo:

Q (m3/ano) = (evep + Giubos

Q = [12,68 + (0,724 x 31,5)] . 10° = 35,510° m*/ano

2 TEMPO PARA REBAIXAMENTO DO NA.MAX PARA NA.MIN.

Lo 54,86 - 3,
 — AVOLUME _ Vi -V: _ ( 37)10‘21’44

Q Q 35,5

t = 1,44 ANOS

3. VELOCIDADE DE DESCIDA DO NIVEL D'AGUA

v=20 107,28 - 97,0 _ 544 m/ane = 09710 °m/s
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4 ESTIMATIVA DA QUEDA DA LINHA DE SATURAGAQ NO MACIGO

Conforme consideragdes apresentadas amteriormente ¢ ilustrada no Anexo I,
tem-se.

onde-

k = permeabilidade do material do macigo
ne = porosidade efetiva

n W - W2
. = =
100 Wi

w1 = teor de umidade saturado
wq = teor de umidade depois da drenagem
V = velocidade de rebaixamento do nivel d'agua de reservatorio

Para o agude Angicos teremos:

k=10"7cnvs
ne = 20%
v=0,22 10°m/s = 0,22,.10~ cm/s

P, = 19 S = 2,3x10?
0,2 x 0,22.10

pelo grafico (Anexo I ) para talude 2,5°1,0 = X =98%

H - Db
Ho

nnnn4n



N A MAX EL 107

28

AH

—

NA MIN EL 9700

N

DH = (1 - x)B = (1 - 0,98)10,28 = 0,20 m

Como a deplegdo da linha fredtica no macigo ¢ muito reduzida em relagdo ao
rebaixamento do nivel digua no agude, ocorrerd a condigiio caracterizada como
rebaixamento ripido
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7 - CALCULO DA ESTABILIDADE DO MACICO

7.1 - CONSIDERAGOES GERAIS

Fo1 escollnda para os estudos de estabilidade a se¢do representada pela maior altura
de aterro compactado (est. 27) A altura maxuma da segdo admitida nas andlises foi de
18,90 m possuindo a crista 6,0 m de largura ¢ posicionada na cota 108,90 m. O ialude de
montante foi dimensionado com inclinagéo 1 V = 2,5 H entre as cotas 108,90 ¢ 98,00 ¢ 1
V = 3,0 H abaixo desta cota. O talude de jusante possu inclinagio 1 V = 2,0 H entre as
cotas 108,90 ¢ 98,00 ¢ abaixo desta cota inclinagio 1 V=2,5H

As mformagdes sobre 0 material de fundagio na regifio de constru¢io da barragem
foram obtidas através de duas sondagens mistas (SM-01 ¢ SM-02) que mostraram a
ocorréncia de um aluviio composto por arcia fina a média pouco siltosa pouco a
medianamente compacta

A geometna da se¢3o de andlise assim como os materiats considerados, estdo
apresentados na figura 1

7.2 - CONDICOES DE SOLICITAGAOD
As condigdes de solicitagido analisadas para a Barragem Angicos foram as seguintes:

Final de Construgio,
Operagdo normal no nivel operacional miximo a montante na cota 107,28;
Rebaixamento Ripido até a cota 97,00

[FV I R

A condigdo de Final de Construgdo representa a situagdo em que o aterro
compactado apresenta nfvess finais de terraplenagem, com pressdes neutras geradas durante
a construgio ainda ndo dissipadas, sendo ¢stimadas nas andlises por parametros de pressio
neutra ry;. Nas analises realizadas foi adotado um valor de 1, constante ¢ igual a 30%. Foi
suposto também nesta condig@o de solicitagio que o nivel d'dgua estivesse coincidente com
a superficic do terreno (cota 90,00) Foram analisadas nesta condi¢io os taludes de
montante ¢ de jusante

A condigdo de Regime de Operagdo considera que as pressdes neutras atuantes no

b s e 4 matada P e raealomd Ar ardebalaniyae str A Flagrrn sgn eA f1a nermanenie

pela segdo Para esta condigio somente foi analisada o talude de jusante, devido a agdo
estabilizante da pressio externa exercida pela agua no talude de montante
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A condigio de Rebaixamento Réapido pretende retratar a situagio em que o nivel
d'agua do reservatorio depleciona enquanto que o nivel piezométnico no mtenor da segdo
ndo rebaxa com 1gual velocidade, sendo admitida para esta situagio 0 mesmo regime de
fluxo da condigio de regime de operagdo Nesta condigio, a retirada da pressdo externa
exercida pela dgua no talude ¢ 2 manutengdo de niveis piezométrico parcialmente drenados
no macigo levam a uma redugio do Fator de Seguranga (F.S.) Foi suposto nas anilises
gque o rebaixamento reahzava-se instantancamente, considerando-se que a superficie
freatica se mantinha na pressdo imediatamente antertor ao rebaixamento se processar

7.3 - PARAMETROS GEOTECNICOS DE ANALISE

Os pardmetros geotécnicos adotados nas anahses, estio apresentados no quadro 1.

QUADRO 1

PARAMETROS GEOTECNICOS

MATERIAL

Aluvido (arela  fina, média
medianamenie compacta

Aterro compactado

Filtro de Areia

a) Solo de Fundagio (Aluvido)

O ingulo de atnto do solo aluvionar foi obtido com base na avaliagio dos
resultados do SPT e consulta bibliografico adequada. Com base nos resultados da SM-2,
gue apreseniou menores valores de SPT, fo1 determinada a densidade relativa (Dr) da areia
e o dngulo de atrito do material, conforme apresentado a seguir

Dados' - Sondagem SM-2,
- SPT=7 na prof = 6,0 m, cota 88,43,
- Cota nivel d'agua = 90,00 m

a) Calculo da pressio vertical efetiva (pv')

pv' = 6m x 20kN/m? - 1,57m x 10 km/m3 = 104 kPa = 10,4 vm?.
000034
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b) Calculo da Densidade Relatrva da areia (Dr)

Com base no grafico proposto por SEED (1971) ¥ entrando-se com pv' = 104 kPa

¢ SPT = 7, obtém-se Dr = 50%.

De acordo cpm figura proposta por SCHULTZ E MELZER 7 (1965) obtém-se a

partir de pv' e N, Dr = 44%

Ja, com base na figura apresentada no "Task Comitee for Foundations Design

Manual" da ASCE ¥ (1972) a compacidade da areia em fung¢iio de N e pv' é dada como
“fofa"

Adotaremos nesta analise, Dr = 45%.

¢) Calculo do a&ngulo de atrito da Areia (&)
¢ 1) MEYERHOF ¥ (1956) sugeriu para areias com mais de 5% de finas.

&=25°+15Dr=25°+15x0,45 = 35°

2

el

SEED, H. B. (1971) - "Simplied Procedure for Evaluatng Soil Liquefaction Potencial”
- Journal ASCE - SM9.

SCHULTZE, ¢ MELZER, K. J. (1965) - "The Determination of the density and
Modulus of Compressibility of Non Cohesive Soil by Soundings” - Proc. 6th Int. Conf.
on Soil Mec. and Foundation Eng. Vol 1.

TASK COM. FOR FOUND. DESIGNE MANUAL (1972) - "Subsurface Investigation
for Design and Construction of Fundations of Buildings" - Journal ASCE - SMG.

MEYERHOF, G. G. (1956) - "Penetration Tests and Bearing Capacity of Cahesionless
Soils" - Journal ASCE - SMI.
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¢ 3) VICTOS DE MELLO - (1971) indica

.
fy @ =~ G712 685 < @ = 34,4°
149 - p, 1,49 - 0.45

Com base nos resultados acima, ¢ constderando-se que se trata de uma area siltosa
adotou-se nas analises de estabihdade um angulo de atnito para o ahrvido de 28° (2'=28°)

b) Aterro Compactado

Os parametros de resisténcia do aterro compactado (coesdo e angulo de atrito)
foram obtidos através de regressdo linear de 6 ponfos da envoltdria de ruptura dos ensaios
de cisathamento rapido ¢ lento reahzados em armostras compactadas na umidade 6tima
(hgt) € grau de compactagdo (GC) de 100%

Os resuitados dos ensaios de cisalhamento direto estdo apresentados no Anexo F do
Volume 3.

¢) Drenos de Areia

Os parimetros de resisténcia do dreno de areia foram estinados com base na
experiéncia do projetista.

7.4 - METODOLOGIA E CRITERIOS DE ANALISE t

Todas as analises realizadas levaram em conta 0 mecanismo da ruptura por meio de
superficie circulares, considerando que a resisténcia ao cisalhamento ao longo desta
superficie ¢ mobilizada uniformemente, como preconiza a teoria do equilibrio limite, ou
seja, todos os pontos ao longo da superficie analisada estdo submetidos ao mesmo F S.

As superficies potencias de ruptura correlacionadas as superficies que
apresentaram o menor F S. foram determunadas a partir da pesquisa automatica processada
por computador pelo programa SSTAB1 (WRIGHT, 1982) ¢¥. A acuricia da localizagdo
do centro do circulo foi pré-fixada em 1,5 m.

= AVEELA A,V B b \B¥7i) - LNG Didddast i Cafdaldou 18 - 1 1uce < fana. cond. on
Soil Mec and Found Eng

& WRIGTH, S.G. (1982) - SSTABI1 - A General Computer Program for Slope Stability
Analysis, Geotechnical Engineering Center - Bureau of Engmneering Research -
University of Texas, Austin,
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As pressdes neutras consideradas nas andlises de estabilidade de Rebaix
Rapido ¢ Regime de Operagiio foram obtidas a partir de redes de fluxo previawenve
desenhadas

Foram considerados como fatores de seguranga admussives os a seguir descritos:

CONDICAO DE SOLICITACAO F.S. ADMISSIVEL
Final de construgdo 1,30

Regime de operagio 1,50
Rebaixamento rapido 1,10

Para a construg@o das redes de fluxo considerou-se a permeabilidade vertical igual a
4.4x10-8cm/s, admitida com base nos ensaios de permeabitidade realizados em amostras de
material compactado, ¢ uma relagio entre as permeabilidades horizontal ¢ vertical iguat a 9.

As figuras 3 ¢ 4 apresentam as equipotenciais para as condigdes analisadas. em
termos do posicionamento das hinhas equipotenciass

75 - RESULTADOS

O quadro 2 apresenta os resultados das analises de estabihdade, para as condigdes
de solicitagdes consideradas. Os valores de F S apresentados correspondem aos minimos
obtidos a partir de pesquisa de superficies potenciats de ruptura circulares. As figuras 2 a 4
indicam para cada tipo de solicitagfio, a localizagio dos circulos criticos associados aos F.S.
obtidos.

QUADRO 2

F.S.'s CRITICOS OBTIDOS DAS ANALISES DE ESTABILIDADE

Montante 1,809
Jusante 1,777

Jusante 1,942
Montante 1,885

E apresentado, em segmda, a histagem computacional dos resultados obtidos.

NHNo3
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FIG 02

ANALISE: FINAL DE CONSTRUGAO
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FIG 03
ANALISE. REGIME DE OPERACAO
(C/ EQUIPOTENCIAIS )
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FIG 04

ANALISE REBAIXAMENTO RAPIDO
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BARRAGEM ANGICOS
ANALISE: FINAL DE CONSTRUCAO: TALUDES DE MONTANTE E JUSANTE

PROGRAM SSTAB1 - CODED BY 5 G. WRIGHT
CODED NOVEMBER, 1970

NUMBER OF SOIL PROFILES ANALYZED = 1
BARRAGEM ANGICOS- EST.Z27-TALUDES DE MONTANTE E JUSANTE -FINAL DE CONSTRU

PROFILE LINE NO. 1 MATERIAL TYPE 1

COORDINATES **#**% X Y

0.00 90.00
44.55 90.00
47.05 91.00
64.55 98.00
66.55 98.00
93.80 108.90
99.80 108.90
103.85 107.28
127.05 98.00
151.05 90.00
196.00 50.00

PROFILE LINE ©NO. 2 MATERIAL TYPE 2

COORDINATES ****% X Y
44.55 90.00
47.05 91.00
95.80 91.00
95.81 107.28
96.81 107.28
96.82 90.00

PROFILE LINE NO 3 MATERIAL TYPE 3

COORDINATES ***** X Y
0.00 90.00
96.80 90.00
100.15 87.00
119.15 87.00
122.50 90.00
190.00 90.00

PROFILE LINE NO. 4 MATERIAL TYPE 4

COORDINATES *#***% X Y

AT VAV

190.00 87.00
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BARRAGEM ANGICOS~ EST.27-TALUDES DE MONTANTE E JUSANTE -FINAL DE CONSTERU

MATERIAL DATA - TVYPE 1
COHESION (UNDRAINED STRENGTH) -  ISOTROPIC
C C/Z REF. HT
0. 4.58 0.00 0.00
PHI - - - - - - = = = = = — - 28.30 DEGREES
UNIT WEBIGHT ~ - - - - - - - - 2.07 TF/M3
VALUE OF R-SUB-U - - -~ - - - 0.30
MATERIAL DATA -~ TYPE 2
COHESION (UNDRAINED STRENGTH) - ISOTROPIC
C C/Z REF. HT.
0. 0.00 0.00 0 00
PHI - = == = = -~ = = = = = = 30.00 DEGREES
UNIT WEIGHT - - - - = - - - -~ 2.00 TF/M3

PORE PRESSURES DETERMINED FROM PIEZOMETRIC LINE

UNIT WEIGHT OF WATER - - - - 1.00 TF/M3
MATERIAL DATA - TYPE 3
COHESION (UNDRAINED STRENGTH) -  ISOTROPIC
C C/Z REF. HT.
G. 0.00 0.00 G.00
PHI - = = = = = = = = = = —- - 28.00 DEGREES
UNIT WEIGHT - ~ - - - - - — - 2.00 TF/M3

PORE PRESSURES DETERMINED FROM PIEZOMETRIC LINE

TTRITITI TTOUT/AYHN /YT 1% rrre 1 AN mTm st

BARRAGEM ANGLLULD— Bol.2/—LFALUDES DB MONLANIE E JUSANTE ~FINAL DE CONSTRU

—— - e & am JEFSS (Y e AT T
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MATERIAL DATA -~ TYPE 4
COHESION (UNDRAINED STRENGTH) -~  ISOTROPIC
c C/z REF. HT.
Jg. 50.00 0.00 0.00
PHI - - - - == - = = = = = =~ 45,00 DEGREES
UNIT WEIGHT - - - - - - = - = 2.50 TF/M3
PORE PRESSURE - — — = = - — — 0.00 TF/M2

1 BARRAGEM ANGICOS- EST.Z27-TALUDES DE MONTANTE E JUSANTE -FINAL DE CONSTRU

PIEZOMETRIC ELEVATION DATA - NPIEZ = 5

X Y
1 0.00 90.00
2 190.00 90.00

1 SLOPE(S) ANALYZED FOR SOIL PROFILE TITLED -
BARRAGEM ANGICOS- EST.27-TALUDES DE MONTANTE E JUSANTE -FINAL DE CONSTRU

KEEP1 = O KEEPZ = O KEEP3 = 0
1 SLOPE DESIGNATION -

BARRAGEM ANGICOS — TALUDES DE MONTANTE E JUSANTE -~-FINAL DE CONSTRUCAO-ES

SLOPE POINTS X Y
0.00 90.00
44.55 90.00
47.05 91.00
64.55 98.00
66.55 98.00
93.80 108.90
99.80 108.90
103.85 107.28
127.05 98.00
1ma Ar on nn
190.00 90.00
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2 SHEAR SURFACE(S) OR SEARCH({ES) CONSIDERED
1 BARRAGEM ANGICOS - TALUDES DE MONTANTE E JUSANTE ~FINAL DE CONSTRUCAO-ES

*%% TNITIAL SEARCH INFORMATION ***

X COOxDINATE FCOR CENTER Or FIRST GRiD - -

Y CCCRDINATE FOR CENTER OF FIRST GRID - -

ALL CIRCLES TANGENT TO A ROCKLINE AT ELEVATION, Y - - - -

CVERALL CRITICAL CIRCLE LOCATED

RO CIRCLE ALLOWED TO PASS BELOW ELEVATION, ¥ - - - - - -

REQUIRED ACCURACY IN CRITICAL CENTER LOCATION - - - - — -

TIME LIMIT = = =~ = =~ = = = = e e — e = = m = = - = —

CONSTANT ARC LENGTH SPECIFIED AS - - - -

ASSUMED DEPTH OF TENSION CRACK - - - - -

ASSUMED DEPTH OF WATER IN TENSION CRACK -

UNIT WEIGHT OF WATER

INITIAL ASSUMED VALUE FOR FACTOR OF SAFETY

INITIAL ASSUMED VALUE FOR SIDE FORCE INCLINATION - - - -

ITERATION LIMIT

ALLOWED FORCE INBALANCE SPECIFIED - - - -

ALLOWED MOMENT INBALANCE SPECIFIED - - - -

20.00 110,
ITERATION 3
ITERATION 4
ITERATION 5
ITERATION 6
ITERATION 7

80.00 110.
20.00  140.

e R a k] £

ITERATION 5

kv o

00 22.99
SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH

00 22,99
00 52.99

P L R e

SLICES WITH

LOW DENOMINATOR

!

LOW DENOMINATOR

|

LOW DENOMINATOR

LOW DENOMINATOR

1

t

LOW DENOMINATOR

T AT TamILT A e R my pp e,

LOW DENOMINATOR -

55

(&]]
<

[
W
[}

87.

87.

120.

20.

00 M

.0C M

01 M

00 M

.50 M

00 SECS.

00 M
.00 M
.00 M
.00 TF/M3

.00

00 DEGREES

20

.04 TF

0.01 Tr-M

SOLUTION DID NOT CONVERGE

1, 2, 3, 4,

SOLUTION DID NOT CONVERGE
SOLUTION DID NOT CCNVERGE

-

1, 2, 3, 4, 5,

000064




ITERATION 6
ITERATION 7
ITERATION 8
3G.00
20.00
ITERATION 3
ITERATION 4

ITERATION 5
50.00

ITERATION 7
ITERATION 8
ITERATION 9
ITERATION 10

ITERATION 11
80.00

ITERATION 3
57.50
24,50

ITERATION 3
54.50

ITERATION 1
84.50
24.50

ITERATION 6

ITERATION 7

ITERATION &

ITERATION S

ITERATION 10
84.50
24.50
54.50

84.50
47.00

TTROAD™TAN 11

ITERATION 12

14C.
170.

170.

170.

147.
111.

111.

111,
141.

141.
171.
171.
171.
134.

SLICES WITH
SLICES WITH
SLICES WITH
00 52.63
00 82.99
SLICES WITH
SLICES WITH

SLICES WITH
00 82.99

SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH

SLICES WITH
00 82.99

SLICES WITH
50 60.45
50 54.49

SLICES WITH
50 54.49

SLICES WITH
50 54.49
50 54.49
SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH
50 54.49
50 54.49
50 54.49

50 54.49
00 54.49

ar TATG WTm

SLICES WITH

LOW
LOW

LOW

LOW
LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

T At

LOW

DENOMINATOR
DENOMINATOR

DENOMINATOR

DENOMINATOR
DENOMINATOR

DENOMINATOR

DENOMINATOR
DENOMINATOR
DENOMINATOR
DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR
DENOMINATOR
DENOMINATOR
DENOMINATOR

DENOMINATOR

DENAMTNRTOR

DENOMINATOR

56

- 1r 2: 3:

- 11 2f 3f 4f 5: 6;

- 1, 2; 3, 41 5} 6!
SOLUTIOH DID NOT CCNVERGE
CIRCLE DOES ROT INTERSECT

~ 43,46,

- 43,46,

- 43,46,
SOLUTION DID NOT

CONVERGE
6,

6,7, 8,
6, 7,

6, 7, 8,
CONVERGE

- 11 2! 4f 5f
SOLUTION DID NOT

- 42,
SOLUTION DID NOT CONVERGE
CIRCLE DOES NOT INTERSECT

- 13,14,15,156,
SOLUTION DID NOT CONVERGE

- 12,
SOLUTION DID NOT CONVERGE
SOLUTION DID NOT CONVERGE

1, 2, 3,
SOLUTION DID NOT CONVERGE
CIRCLE DOES NOT INTERSECT
CIRCLE DOES NOT INTERSECT
CIRCLE DOES NOT INTERSECT
SOLUTION DID NOT CONVERGE

- 1 2 4

1,

SLOPE

SLOPE

SLOPE
SLOPE
SLOPE
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57

ITERATION 13 SLICES WITH LOW DENOMINATOR - 1, 2, 3, 4,
ITERATION 14 SLICES WITH LOW DENOMINATCR - 1,
ITERATION 15 SLICES WITH LOW DENOMINATOR - 1, 2, 3, 4, 5,
52.C0 134.00 54.45 SCOLUTION DID NOT (CNVERGE
47 00  145.00 54.49 SOLUTION DID NOT CONVERGE
ITERATION 9 SLICES WITH LOW DENOMINATOR - 1,
ITERATION 10 SLICES WITH LOW DENOMINATOR - 1, 2, 3, 5,
ITERATION 11 SLICES WITH LOW DENOMINATOR - 1, 2,
ITERATION 12 SLICES WITH LOW DENOMINATOR - 1, 2, 3, 4, 5,
ITERATION 13 SLICES WITH LOW DENOMINATOR - 1, 2,
50.00 137.00 54.49 SOLUTION DID NOT CONVERGE
ITERATION 3 SLICES WITH LOW DENOMINATOR - 37,
59.00 141.50 54.49 SOLUTION DID NOT CONVERGE
ITERATION & SLICES WITH LOW DENOMINATOR - 30,
ITERATION 7 SLICES WITH LOW DENOMINATOR - 30,
ITERATION 8 SLICES WITH LOW DENOMINATOR - 30,
ITERATION 3 SLICES WITH LOW DENOMINATOR - 43,
ITERATION 4 SLICES WITH LOW DENOMINATOR - 43,46,
ITERATION 5 SLICES WITH LOW DENOMINATOR - 43,
ITERATION 6 SLICES WITH LOW DENOMINATOR - 43,46,
ITERATION 7 SLICES WITH LOW DENOMINATOR - 43,46,
54.50 140.00 54.49 SOLUTION DID NOT CONVERGE

**xxx% CAUTION - F COULD NOT BE COMPUTED FOR SCME OF GRID POINTS AROUND MINIMUM

BARRAGEM ANGICOS ~ TALUDES DE MONTANTE E JUSANTE -FINAL DE CONSTRUCAO-ES

*xxx%x CRITICAL CIRCLE INFORMATION ***%%

X COORDINATE OF CENTER
Y COORDINATE OF CENTER
RADIUS
FACTOR OF SAFETY
SIDE FORCE INCLINATION (DEGREES) - -
SECONDS REQUIRED TO LOCATE CIRCLE -

24.50
141.50
54.49
1.777
-16.40
0.000
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10
11
12
13
14
15
16
17
18
19
20
21
22

LEFT
CEITER
RIGHT

36.

38.

40,

42.

44,

44,

46.

47.

49,

51.

53

54.

56.

58.
60.

62

64.

64.

66

66,
68.

70.

72

74.

70

37.

60

39.

52

41.

47

43.

42

44.

55

45.

52

46.

05

48.

04

50.

03

52.

03
53
50

55.

50

57.

50

29,

49

61.

47

63.

44

64,

55

65.
.51
66.

55

67.

49

69.

42

71.

30

18

65
56
49
44
49
o4
79
04
03

03

.76

50
50
49
48
46
50
53
53
52
45

36

Y

LEFT
CENTER
RIGHT

90.

89.

88.

88.

87.

87.

87.

87.

87.

87.

87.

87
87

87

87.

87

87.

87

88.

88.

88.

89.

90,

00

89.

38

89.

83

a8,

36

88.

95
87
93

87.

60

87.

52

87.

28

87.

12

87.

03
87

.01

87

.05
87.

.16
87.

34
87

.60
87.

93

87.
.94
88.

35

88.

36

88,

84

89.

39

89.
.00

69

69
11
59

15

.94

76
56
40
20
08
02
03
10
25

.47

76
93
15
35
60
11
69

E I

WEIGHT
(TF/M)

10.

16.
20.
24.
20.

30

33.
35.
38.

40,

40.

39,

40.
40.

N F O R M

COHESION FRICTION
(TF/M2) ANGLE
(DEGS)
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 28.00
0.00 238.00
0.00 28.00

A

m

1

PORE

PRESSURE*

58

I 0

N

*BOUNDARY FORCES*

AT SURFACE

*

(TF/M) *kskkkkhhkkkkkkkx

* PORCE-LOCATION*

.31
.89
.41
.85
.06
.24
.44
.60
.80
.92
.98
.97
.90
.75
.53
.24
.07
.85
.65
.40
.89

W31

x (TF)
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00*
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00*
*

.00*

*
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%
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x
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*
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*
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*

.00*

*

.00*

*
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x
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*
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.00x
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*
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.00*

*

.00=*

. 00*



NO.

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

AR

LEFT
CENTER

RIG=T

74

74.

76.

78.

80.

82
83

85.

87

88,
90.
91.
93.
93.
95.
95.
95.
95.
926.
96.

96
96

98.

-
-

74.

97

73.

81

77.

62

79.

39
81

.13
82.

.84
84.

50

86.

13

87.

71

89.

24

90.

73

92.

16

93.

80

94,

16

95.

80

95.

81

93.

81

96.

80

96.

81

96.
.81

96.
.82

97.

05

ao

L i

C

Y

LEFT
CENTER
RIGRT

G0,

57

91
89

91
71

92
50

93.
.26
94,

99

95.

67

926,

32

97.

92

99.

47

100.

98

101.

44

103.

48

103.

48

105.

48

105.

80

105.

81

105.

31

107.

81

107.

8l

107.

82

107.

44

108.

11

FRVIEIN

59
20

.00
91.

.79
92.

.64
93.

35

94.

54

85.

58

96.

69

97.

86

88.

0%

99.

37

101.

71

102.

10

103.

76

104,

22

105.

95

105.

98

105.

97

106.

15

107.

16

107.

16
107
18

107.

75
1NR

-1V

84
39
21
10
05
06
14
27
47
73
04
40
43
49
59
96
97
56
16
16
17
96

Pﬁ

B i

WEIGHT
{TF/M)

17

38.
37.
35.
34.
31.
29.
26,
24,
21.

18.

12

N F 9] R M

COHESION FRICTION
(TF/M2Z) ANGLE
{DEGS)
0.00 30.00
4.5 28.30
4.58 28.30
4,58 28.30
4.58 28.30
4.58 28.30
4.58 28.30
4,58 28.30
4.58 28.30
4.58 28.30
4.58 28.30
4.58 28.30
4 58 28.30
4.58 28.30
4.58 28.30
4.58 28.30
0.00 30.00
0.00 30.00
0.00 30.00
0.00 30.00
4.58 28.30
4.58 28.30
4 RY 29 2N

A T

PORE

PRESSURE*

58

I ©

N

*BOUNDARY FORCES*

AT SURFACE *

(TE/M) *kkkkiekkkkkkkrhkx

* FORCE-LOCATION*

6.37
6.26
6.11
5.91
5.66
5 36
5.01
4,62
4.18
3.70
3.32
2.74
2.06
1.82
0.00
0.00
0.00
0.00
1.08

n Ny

* (IF)

OO N N % M N N N % N O X kW ¥ N O N W o N N OE N N N O A N NN N N % N N N K X N N OF N N ¥

o

o O O O

[ B -

o O

X *
*
*

0.00*
*

0.00*
%

.00*
x

.00*
*

.00*

*

.00*
*

0.00*

*

0.00*
*

0.00*
*

0.00*

*

0.00*

*

0.00*
*

0.00*

*

0.00*

*

0.00*

*

0.00%

x

.00*

*

.00*

*

.00*

*

.00

*

.00*
*

.00*
*
0 On*

o

o O O

o o o O O o

000068




ITERATION INFORMATION

ITER

SLICE
NO.

WO Wk O

60

F THETA DELF DELT FORCE INBAL MOMENT INBAL
(RADIANS DEGREES) (RADIAN) {T.) (T.M)
7763 -0.28630 16 404
0.0000 0.006000 0.
S 0OL U T I ON I NF 0O RM ATTI O N
FACTOR OF SAFETY = 1.777 ( 1 ITERATIONS)
SIDE FORCE INCLINATION =-16.40 DEGREES
XAVG NORMAL SHEAR * LINE OF THRUST * E-FORCE
STRESS STRESS #*kkkkkkkkkkkkkkkkXk**kKkkkkx%x  (T)
(TF/M2) (TF/M2} % *
* X YT{TOT) FRACTION *
* *
* 36.7 90.0 0.0000 =* 0.
37.6 1. 0. =* 38.6 90.0 0.9526 ~* 1.
39.6 2. 0. =* 40.5 89.7 0.7504 * 3.
41.5 3 1. * 42.5 89.6 0.7410 = 5.
43.4 4. 1. = 44.4 89.5 0.7644 * 9.
44.5 5. 1, * 44 5 89.5 0.7664 = 9.
45.5 6. 1. * 46.5 89.4 0.5746 = 13.
46.8 8. 2. * 47.0 89.4 0.53%6 = 15.
48.0 9. 2. % 49.0 89.3 0.4494 «* 21.
50.0 11. 3. % 51.0 89.3 0.3974 «x 28.
52.0 13 3. * 53 0 89.4 0.3655 « 35.
53.8 15. 3. * 54.3 89.4 (0.3493 * 40.
55.5 16. 4. * 56.5 89.6 0.3333 * 48.
57.5 17. 4, * 58.5 89.9 0.3217 = 54.
59.5 18. 5 % 60.5 90.2 0.31298 +* 6G.
61.5 18. 5., * 62.5 90.5 0.30588 = 65.
63.5 20. 5. % 64.4 90.9 0.2998 =« 69.
64.5 20. 5 64.6 91.0 0.2996 ~* 69.
65.5 19. 5. = 66.5 91.4 0.3189 = 71.
66.5 19, 5. % 66.6 91.4 0.3194 * 71.
£7.5 19. 5. * 68.3 92.0 0.3142 = 73.
69.5 19. 5. * 70.4 92.5 0.3091 = 73.
71.4 19. 6., * 72.3 93.1 0.3039 ~* 72.
73.2 19. 6. * 74.2 93.7 0.2952 * 70.
74.6 19. 6. * 75.0 94.0 0 2918 =« 69.
75.9 18. 6. * 76.8 94,7 0 2824 = 66.
77.7 18. 6. * 78.6 95.4 0.2730 * 62.
79.5 17. 6. * 80.4 96.2 0.2631 +* 57.
81.3 16. 6. * 82.1 97.0 0.2521 =* 50.
83.0 15. 5. * 83.8 97.8 0.2394 * 44.
84.7 14. 5. * 85.5 98.7 0.2238 =* 37.
86.3 13. 5. * 87.1 99.6 0.2037 * 29.
87.9 12. 5. % 88.7 100.5 0.1760 =* 22.
89.5 10. 4, * 90.2 101.3 0.1339 = 16.
o1 N ) A a1 7 17 1 A NRAY * 9
vé.4 o. 4, ¥ Bo.2 RV R VIR VIV VLV 4.
93.5 7. 4. * 93.8 101.7 0.0000 = 2.



37
38

-~
-t

49
41
&2
43

NC.

44
45
46

61

94.5 5 3 % 95.2 113.0 1.0C00 = ~1.
85.5 3 3. * 95.8 110.0 1.0000 =* ~1.
95.8 1 2 % 95.8 110.0 1.0000 * ~1.
85.8 -1 0] * 95.8 110 0O 1.0000 =* ~1.
96.3 3 1 =* 96.8 107.9  0.4047 * ~4,
96 8 2 i, = 96 8 107.9 0.4001 = -4,
96.8 0. 0 * 96.8 107.9 0.4005 = ~4.
S OL UuTTIT O N I NF ORMOATTI ON
FACTOR OF SAFETY = 1.777 ( 1 ITERATIONS)
SIDE FORCE INCLINATION =-16.40 DEGREES
SLICE ZAVG NORMAL SHEAR * LINE OF THRUST * E-FORCE
STRESS STRESS  hikkdkkkkkhkkkkkkkkkkkhhkkkkkkrkk (T)
(TF/M2) (TF/M2) = *
* X YT(TOT) FRACTION *
* *
96.8 1. 2. * 96.8  107.9 0.3991 * ~4,
97.4 0 2. * 98.1  108.8 0.4065 * 0.
98.1 -1 2. * 98.2  108.9 0.0000 * 0.
SEARCH COMPLETED Fl = 1.776523 THETAL = -16.403755

BRRRAGEM ANGICOS - TALUDES DE MONTANTE E JUSANTE -FINAL DE CONSTRUCAC-ES

*%x* INITIAL SEARCH INFORMATION ***

X COORDINATE FOR CENTER OF FIRST GRID - = = = = - - = - -
Y COORDINATE FOR CENTER OF FIRST GRID = = = -~ = = = = = ~
ALL CIRCLES TANGENT TO A ROCKLINE AT ELEVATION, Y - - - -
OVERALL CRITICAL CIRCLE LOCATED

NO CIRCLE ALLOWED TO PASS BELOW ELEVATION, ¥ - - - - - —
REQUIRED ACCURACY IN CRITICAL CENTER LOCATION - - - - - -
TIME LIMIT - — — — = — = = — = = = = = = = = = — = = = =
CONSTANT ARC LENGTH SPECIFIED AS - — - — - = = = = — — =
ASSUMED DEPTH OF TENSION CRACK - - — — — — — — = = — — —
ASSUMED DEPTH OF WATER IN TENSION CRACK - - - = - = - -~ ~
UNIT WEIGHT OF WATER - - - — = — — — — — = = — = — — ~ ~
INITIAL ASSUMED VALUE FOR FACTOR OF SAFETY - - - - - — -

J— - - s = = ran - " - - - —~ e = ~ = mmy = om —mmar

ITERATION LIMIT — - — — = = = = = = — — = — — — — — — — _

125.

140.

87.

87.

120

00 M
00 M

Ol M

00 M

.50 M

.00 SECS.
.00 M

.00 M

00 M

.00 TF/M3
.00

[nlali ol ="aiol o) rlal

20

000N 7o




ALLOWED FORCE INBALANCE SPECIFIED

ALLOWED MOMENT INBALANCE SPECIFIED

ITERATION 3

ITERATION 4

ITERATION 5

ITERATION 6
95.00
95.00
95 00

ITERATION 3
125.00

185.00
185.00
185.00
185.00

170

ITERATION 1
155.00

ITERATION 3
155.00
140.00

ITERATION 1
132.50

ITERATION 3
140.00

ITERATION 3
ITERATION 4
ITERATION 5
ITERATION 6

ITERATION 7

132.50

ITERATION 3
140 AN qERD

ITERATION 3

110.
140,
170.

170.

140.

200.

230.

207.

185.

1le2.

155.

155.

170.

SLICES WITH LOW DENOMINATOR -

SLICES WITH
SLICES WITH

SLICES WITH
00 22.99
00 52.99
00 82.99

SLICES WITH
00 82.99

00
00
00
00

52.99
82.99
112.99
142.99

SLICES WITH
50  120.49

SLICES WITH

00 97.99
50 75.49

SLICES WITH
00 67.99

SLICES WITH
00 67.99

SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH

SLICES WITH
00 82.99

SLICES WITH

[ala] rEa i ale)

SLICES WITH

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

DENOMINATOR

DENOMINATOR -

DENOMINATOR

DENOMINATOR

62

———————— 0.04 TF
——————— 0.01 TF-M
1, 2, 3, 4,
1, 2, 3, 4,
1, 2, 3, 4,
2, 3,
SOLUTION DID NOT CONVERGE

SOLUTION DID NOT CONVERGE

SOLUTION DID NOT CONVERGE

18,

SOLUTION DID NOT CONVERGE

*xx%x* SPRCIFIED STARTING POINT
FOR GRID IS NOT OPTIMUM

- RESET BY PROGRAM

CIRCLE DOES NOT INTERSECT SLOPE

CIRCLE DOES NOT INTERSECT

SLOPE

CIRCLE DOES NOT INTERSECT SLOPE

DENOMINATOR

DENCMINATCR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR -

DENOMINATOR -

DENCMINATOR -

CIRCLE DOES NOT INTERSECT

7,
SOLUTION DID NOT CONVERGE

8,
SOLUTION DID NOT CONVERGE

SLOPE

CENTER OF CIRCLE IS OUTSIDE OF
GRID - CIRCLE REJECTED - GRID

RELOCATION INITIATED

9,
SOLUTION DID NOT CONVERGE

9,
SOLUTION DID NOT CONVERGE

11,
11,
11,
11,

11,
SOLUTION DID NOT CONVERGE

7,

TATIIMTAR TITT MAT  CANTEDOR

9,

000071



KO.

SLICES WITH
.00 79.99

ITERATION 4 LOW DENOMINATOR

144.50 167

SLICES WITH
00 61 99

ITERATION 3 LOW DENOMINATOR

135 50  149.
LOW

ITERATION 1 DENOMINATOR

108.50 113

SLICES WITH
00 55.99

ITERATION 3 SLICES WITH LOW DENOMINATCR

ITERATION 4 SLICES WITH LOW DENCMINATOR

ITERATION 5 SLICES WITH LOW DENCMINATOR

ITERATION 6 SLICES WITH LOW DENOMINATOR

ITERATION 7 LOW DENOMINATOR
138.50  113.
168.50 113.
168.50  143.
108.50 173.
138 50 173.

168.50 173.

SLICES WITH
00 55.99
oo 55.99
00 55.99
00 55.99
00 55.99
00 55.99
SLICES WITH DENOMINATOR

ITERATION 9 LOW

ITERATION 10 SLICES WITH LOW DENOMINATOR

ITERATION 11 DENOMINATOR
131.00 135.50
146.00 150.50

SLICES WITH
55.99
55,99

LOW

BARRAGEM ANGICOS - TALUDES DE MONTANTE E

*xxxx CRITICAL CIRCLE INFORMATION **#%*

63

- 9,
SOLUTICN DID NOT CONVERGE

- 10,
SOLUTION DID NOT CONVERGE

- 68,
SOLUTION DID NOT CONVERGE

~ 65,66,67,68,69,70,71,72,73,

65,66,67,68,69,70,71,72,73,82,

- 64,65,66,67,68,69,70,

63,64,65,66,67,68,69,70,71,

62,63,64,65,66,67,68,69,70,
SOLUTION DID NOT CONVERGE
CIRCLE DOES NOT INTERSECT SLOPE
SOLUTION DID NOT CONVERGE
CIRCLE DOES NOT INTERSECT SLOPE
CIRCLE DOES NOT INTERSECT SLOPE
CIRCLE DOES NOT INTERSECT SLOPE

- 16,
-~ 11,16,
- 11,186,

SOLUTION DID NOT CONVERGE
SOLUTION DID NOT CONVERGE

JUSANTE -FINAL DE CONSTRUCAO-ES

X COORDINATE OF CENTER - — - - — - —~ 138.50
Y COORDINATE OF CENTER - - - - - — = 143.00
RADIUS — — - = ~ = — =« — — = = = = ~ 55.99
FACTOR QF SAFETY - - - - — — — — -~ =~ 1.809
SIDE FORCE INCLINATICN (DEGREES) - - 16.03
SECONDS REQUIRED TO LOCATE CIRCLE - 0.000
s L I ¢ & I N F O R M A T I 0O N
X Y WEIGHT CCOHESION FRICTION PORE *BOUNDARY FORCES*
(TF/M) (TF/M2) ANGLE PRESSURE* AT SURFACE *
LEFT LEFT (DEGS) (TF/M) **kkkkxhkkAxkxihk
CENTER CENTER * FORCE-LOCATION*
T - T sy v oo
* *)
94.09 108.90 * *

000072



[l

95.
95.
95.
95.
26.
96.

96

96.

98.

10

99.

11

99.

12

100.

13

101.

14

103.

15

103.

16
105
17

107,

18

i08.

19

110.

20

112,

21

114,

22

115.

23

117.

NG.

A

.

34

95.

80

95.

81

g1

~

9p

80

S6.

1
wh

96.
.81
96.

82

97.

18

98.

59

99.

80

99.

15

100.

63

102.

16

103.

85

104.
.44
106.

08

167.

75

109.

47

111.

21

113.

00

114.

81

116,

65

LEFT
CENTER

RT(FT

117

.65

95.

106.

105.

81

105.

81

105.

82

105.

50

104.

89

102.

70

102.

98

102.

89
100
40

99.

50

99.

65

97.

26

96.

92

95,

61

94,

34
93
11

92.

S0

91.

73

91.

108.
.34

107,
.18

106.
17

-

iln

77

106.

64
105
63

105.

62

105.

61

104.

15

103.

73

102.

54

102.

21

101.

86
100
57

9s.

02

98.

g1

97.

66

96.

37

95.

53
94
56

93.

92.

81

91.

04

LEFT
CENTER
PTGHT

91.

04

12
06
78

20

.63

62
62
88
44
64
37
53
22
30
42
23
11

05

.05

11
23

42

<

wn

11.

16.

21.
24.

12.

28

31

33.
35.
37.
39.
40,

41.

WEIGHT
(TF/M)

4.58

4.58

4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58

COHESION FRICTION

{TF/M2)

28,
28.

28.

PRV

30.
30.
30.
28.
28.
28.
28,

28.

28

28.
28.
28.
28.
28.
28.
28.
28,
28.

28.

30
30

30

00
00
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

ANGLE

(DEGS)

1.14

1.32

0.00
0.00
0.00
2.04
2.49
3.39
3.89
4.01
4,30
4.75
5.04
5.31
5.64
5.93
6.16
6.36
6.50
6.60

PORE

PRESSURE*

Wodk Mo N X MW % M o W N XN X A E N N N N W M NN NN N AN XN A A AN AN
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<
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fp
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*
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*
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o

*
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*

*BOUNDARY FORCES*

AT SURFACE *

(TF/M) *rxExkFxEIRIKK KKK
* FORCE-LOCATION*

* (71

*

X

A

nnno73



24

119.

25

120.

26

A .
—Li

27

122.

28

124.

29

126.

30
127
31

129.

32

130.

33

132.

34
134
35

136,

36

138.

37

140.

38

142,

39
144
40

146.

41

148,

42

150.

43

151.

44

152.

45

154.

46

i56.

118,

15
1i9
45
121
95

122.

50
123
43

125,

37

126.
.05
128.

01

130.

99

131.

98

133.

97
135
97
137
50

139.

50

141.

50

143.

49

145.

47
147
45
149
41
150
05

152,

99

153.

91

155.

55

40
80
20
23

.46

40
71
03
00
98

97

.97

73
50
50
49
48

.46
.43

73
02
95
73

ITERATION

ITER

90.75 33. 4,
90.46

90.23 29. 4.
90.00

89.76 33 4
82 51

83.43 12. 0
89.34

89.08 41. 0.
88 81

83 57 40. 0.
88.34

88.27 14 0
88.19

88.01 39 0
87.82

87.67 38. 0.
87.52

87.40 36. 0.
87.28

87.20 35. 0.
87.12

87.08 32 0
87.03

87.02 23. 0.
87.01

87.03 28. 0.
87.05

87.10 25 0.
87.15

87.24 21. 0.
87 33

87.46 18, 0.
87.58

87.74 14. 0.
87.90

88.10 10 0.
88.29

88.36 2. 0.
88.43

88.68 5 0.
88.92

89.19 3. 0.
89.47

89.73 1 0
90.00
INFORMATION

THETA DELF

(RADIANS DEGREES)

voea - _ - T

0.0000

.63

h

0.92
1.43
1.73
1.99
2.33
2.60
2.80
2.92
2.98
2.97
2.90
2.76
2.54
2.26
1.90
1.64

1.32

b A B O B R R R R R R I R R

65

0. 0.00*
*
0. 0.00*
*
0. 0.00*
+
0. 0.00%
*
0. 0.00x
*
0. 0.0C*
*
0. 0.00*
*
0. 0.00*
*
0. 0.00*
*
0 0.00*
*
0. 0.00*
*
0. 0.00*
*
0. 0.00%
*
0. 0.00%
*
0. 0.00*
*
0 G.Q00*
*
0. 0.00*
*
0. 0.00*
*
. 0.00*
*
0. 0.00*
*
0. 0.00*
*
0. 0.00*
*
0. 0.00*

FORCE INBAL MOMENT INBAL

58 28.30
58  28.30
58 28 30
00 28.00
00 28.00
00 28 00
00 28.00
00 28.00
00 28.00
00 28.00
00 28.00
00  28.00
00 28.00
00 28.00
00 28.00
00 28.00
00  28.00
00 28.00
00 28.00
00 28.00
00 28.00
00 28.00
.00 28.00
DELT
(RADIAN)
0.00000

(T.)

{T.M)

000074




XAVG NORMAL
STRESS

(TF/M2)

94 7 0.
95.6 1.
95.8 1.
95.8 -2
96.3 3.
96.8 4,
96.8 1.
9.8 5
97.5 4.
98.9 7.
99.7 8.
100.0 8.
100.9 9.
102.4 11.
103.5 12.
104.6 13.
106.3 14.
107.9 15,
109.6 16
1131.3 17.
113.1 18.
114.9 18.
116.7 19.
118.4 19.
116.8 20
121.2 20.
122.2 20.
123.5 20,
125.4 20
126.7 19.
128.0 19.
130.0 19.
132.0 19.
134.0 18.
136.0 17.
137.7 16.
139.5 15.
141.5 14
143.5 12.
145.5 10.
147.5 8.
150.7 4.

S 0L U T I O N

66

I NF ORMATTI ON

FACTOR OF SAFETY = 1.809 (

1 ITERATIONS)

SIDE FORCE INCLINATION = 16.03 DEGREES

AN NWWER R R RNV OO IO e b bWk OFRPRPRNOWN

SHEAR
STRESS
{TF/M2)
*

s

L B - T R - R O R R R R - R N R N

x

X

94.
95.
95.
95.
95.
86.
96.
96.
96,
98.
Q9.
99.

100

101.
103.
103.
105.

107

108.

110

112,
114.
115.
117.
119.
120.
122,
122.
124.
126.
127.
129,
131.
133.
135.
137.
138.
140.
142.
144.
146.
148.

1 R0

ibi.

oA OO OO QORRP RO ERBN-JTOONUVOEFRHAEDODAINORND OO WH

LINE OF

TEHRUST

* E-FORCE

KhkXRARZ Ak khhkhkkdhkkkhxkhhkkhkkik

YT(TOT) FRACTION *

108,
107.
107,
107.
107.

110

110.
110.
110,
98.
102.
102,
102.
101.
100.
100.
99.
98.
97.

97

96.
95.
94.
94,
93.
93.
92.
92.
92.
91.
91.
90.
90.
90.
89.
89.
89.
89.
89.
89.
89.
89.
[alal

&Y.

CCMWNMNNWOAOARYN OO ONOROUMNO DI E 0NN WWEE N~~~ -]~ W0 WO

C 2000000000000 OOCOOOOCKHFRERREROOCOOOO

.0000
. 3856
4311
4325
.4323
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0006
.0976
.1485

1644

L1926
.2135
.2300
.2435
.2552
. 2656
2753
.2849
.2927
.2997
.3085
.3102
.3159
.3217
.3237
.3254
.3274
.3297
.3327
.3368
. 3410
. 3488
.3608
. 3808
.4166
.4881

~ANE

L1296

B ocF 4 % % % % N M o o o o o o % o % M ok % M A X N ¥ NN X N N R N N X O W M % N OE A K
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S 0L UT I ON I N F O RMATTION
FACTOR OF SAFETY = 1 809 ( 1 ITERATIONS)
SIDE FORCE INCLINATION = 16.03 DEGREES

LICE  XAVG NORMAL SHEAR * LINE OF THRUST * E-FORCE

42

NO. STRESS STRESS X*A*kX¥kKkkKXERXXXKR KRk Kk kkHkk*A*  (T)
(TF/M2) (TF/M2) * x
* X YT(TOT) FRACTION *
* *
44 152.0 3. 1. * 153.0 89,7 0.7404 * 2.
45 154.0 2. 0. =* 154.9 90.0 0.9393 * 1.
46 155.7 1. 0, * 156.6 90 0 0.0000 = 0.
SEARCH COMPLETED Fl = 1.809484 THETAL = 16.026775
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BARRAGEM ANGICOS
ANALISE: REGIME DE OPERACAO’ TALUDE DE JUSANTE

PROGRAM SSTAB1 - CODED BY S. G. WRIGHT

CODED NOVEMBER, 1970

NUMBER OF SOII. PROFILES ANALYZED =

1

BARRAGEM ANGICOS - EST.27 - TALUDE JUSANTE

PROFILE LINE NO. 1
COORDINATES **xkxx X

0.00
44.55
47.05
64.55
66.55
93.80
99.80

103.85
127.05
151.05
190.00

PROFILE LINE NO. 2
COORDINATES ***x% X
44 .55
47.05
95.80
95.81
96.81
96.82
PROFILE LINE NO. 3
COORDINATES **#*xx X

0.00
96.80
99.80

118.80
121.80

PROFILE LINE NO. 4

COORDINATES ****x X

190.00

MATERIAL TYPE 1

Y

90.
90.
1.
98.
98.
108.
108.
107.
98.
90.
90.

MATERIAL TYPE 2

Y

90.
91.
91.
107.
107.
90.

MATERIAL TYPE 3

9.
90.
87.
87.
90.

MATERTAL TYPE 4

87.

00
00
00
00
00
90
90
28
00
00
00

00
00
00
28
28
00

00
00
00
00
00

00

68

REGIME DE OPERACAOQ -VB
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BARRAGEM ANGICOS -~ EST.27 - TALUDE JUSANTE -~ REGIME DE OPERACAO -VB

MATERIAL DATA - TYPE 1

COHESION (UNDRAINED STRENGTH) -  ISOTROPIC

c C/Z REF. HT.

0. 4.58 0.00 0.00

PHI - - - - = - = - = = = — ~ 28.30 DEGREES
UNITWEBIGHT - - - - - - - - - 2.07 TF/M3

PORE PRESSURES DETERMINED FROM PIEZOMETRIC LINE

UNIT WEIGHT OF WATER - - - ~  1.00 TF/M3
MATERIAL DATA - TYPE 2
COHESION (UNDRAINED STRENGTH) -  ISOTROPIC
c C/Z  REF. HT.
0. 0.00  0.00 0.00
PHI - -~ = = = = — = = — ~ — 30.00 DEGREES
UNIT WRIGHT — - - — = ~ — — 2.00 TF/M3

PORE PRESSURES DETERMINED FROM PIEZOMETRIC LINE
UNIT WRIGHT OF WATER - - - - 1.00 TF/M3

BARRAGEM ANGICOS - EST.27 - TALUDE JUSANTE - REGIME DE OPERACAQ -VB

MATERIAL DATA - TYPE 3

COHESION (UNDRAINED STRENGTH) -~  ISOTROPIC

c C/Z RE¥F. HT.

0. 0.00 0.00 0.00

PHl - - - - -~ -~ - - - - - 28.00 DEGREES
UNIT WEIGHT - - - - — — - —~ — 2.00 TF/M3

PORE PRESSURES DETERMINED FROM PIRZOMETRIC LINE
UNIT WBIGHT OF WATER - - — — 1.00 TF/M3

000078
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MATERIAL DATA - TYPE 4
COHESION (UNDRAINED STRENGTH) -~  ISOTROPIC
C C/Z REF. HT.
0. 50.00 0.00 0 00
PHI -----"-"=-=-=-=-~- -~ 45.00 DEGREES
UNIT WEIGHT - ~ - -~ ~ — — — — 2.50 TF/M3
PORE PRESSURE — — - = = - - — 0.00 TF/M2
1 BARRAGEM ANGICOS - EST.27 - TALUDE JUSANTE - REGIME DE OPERACAC -VB

PIEZOMETRIC ELEVATION DATA - NPIEZ =

X Y
1 0.00 90.00
2 50.00 90.00
3 96.81 95.00
4 96.82 100.00
5 111.95 107.28
6 190.00 107.28

5

1 SLOPE(S) ANALYZED FOR SOIL PROFILE TITLED -

BARRAGEM ANGICOS - EST.27
KEEP1 = O KEEPZ2 = O
1 SLOPE DESIGNATION -

BARRAGEM ANGICOS ~ TALUDE DE JUSANTE

SLOPE POINTS X
0.00
44.55
47.05
64.55
66.55
93.80
99.80
103.85
127.05
151.05
190.00

— TALUDE JUSANTE -

KEEP3 = O

REGIME DE OPFRACAQ -VB

REGIME DE OPERACAQ - EST. 27 -V

.00
.00
.00
.00
.00
.90
.90
.28
.00

.00
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1 SHEAR SURFACE(S) OR SEARCH(ES) CONSIDERED
BARRAGEM ANGICOS — TALUDE DE JUSANTE - REGIME DE OPERACAQ — EST. 27 -V

**% TNITIAL SEARCH INFORMATION *%*

X CCORDINATE FOR CENTER OF FIRST GRID - - - = - - - - - - 60.00 M
Y COORDINATE FOR CENTER OF FIRST GRID - - - - = = = - - - 140.00 M
ALL CIRCLES TANGENT TO A ROCKLINE AT ELEVATION, Y — - — — 87.01 M

CVERALL CRITICAL CIRCLE LOCATED

NO CIRCLE ALLOWED TO PASS BELOW ELEVATION, ¥ — - - - — — 87.00 M
REQUIRED ACCURACY IN CRITICAL CENTER LOCATION - - — — - — 1.50 M
TIME LIMIT - —~ -~ = — ~ —~ -~ — — = ~ ~ = - — — — — — — — — 120.00 SECS.
CONSTANT ARC LENGTH SPECIFIED AS ~ - ~ ~ — = - — — - — - 0.00 M
ASSUMED DEPTH OF TENSION CRACK - - - - - - - = = - — — — 0.00 M
ASSUMED DEPTH OF WATER IN TENSION CRACK - - - - - - - — — 0.00 M
UNIT WEIGHT OF WATER - ~ -~ — - ~ ~ - -~ - = = - = - - — ~ 1.00 TF/M3
INITIAL ASSUMED VALUE FOR FACTOR OF SAFETY - - - - — — - 2.00
INITIAL ASSUMED VALUE FOR SIDE FORCE INCLINATION - - — - 20.00 DEGREES
ITERATION LIMIT - - - - - - - - - - = = - = = — = - - - - 20
ALLOWED FORCE INBALANCE SPECIFIED ~ ~ — - = = - = = ~ — ~ 0.04 TF
ALLOWED MOMENT INBALANCE SPECIFIED - - - — - - — — - — — 0.01 TF-M

30.00 110.00 22.99 SOLUTION DID NOT CONVERGE

66.00 110.00 22.99 SOLUTION DID KROT CONVERGE

ITERATION 3 SLICES WITH LOW DENOMINATOR - 1, 2, 3, 4,
ITERATION 4 SLICES WITH LOW DENOMINATOR — 1, 2, 3, 4, 5,
ITERATION 5 SLICES WITH LOW DENOMINATOR - 3, 4, 5,
ITRRATION 6 SLICES WITH LOW DENOMINATOR — 4, 5, 6, 7,
ITERATION 7 SLICES WITH LOW DENOMINATOR - 7, 8, 9,
90.00 110.00  22.99 SOLUTION DID NOT CONVERGE

ITERATION 18 SLTCES WITH LOW DENOMTNATOR - 1,

nonngo




ITERATION 20
30.00

ITERATION 10
ITERATION 11
ITERATION 12
ITERATION 13

ITERATION 14

90.00 140
ITERATION 3
ITERATION 4
ITERATION 5
ITERATION 6

ITERATION 7

60.00
ITERATION 12
ITERATION 13
ITERATION 14
ITERATION 15

ITERATION 16
90.00

ITERATION 3

ITERATION 5

ITERATION 6

ITERATION 7
67.50

ITERATION 3
64.50 128
28.50

ITERATION 3
58.50 104

140.

170.

170.

140.

104.

SLICES WITH LOW DENOMINATOR
00 52.99

SLICES WITH LOW DENOMINATOR
SLICES WITH 1.OW DENOMINATOR
SLICES WITH LOW DENOMINATOR
SLICES WITH LOW DENOMINATOR

SLICES WITH LOW DENOMINATOR
.00 52.99

SLICES WITH LOW DENOMINATOR
SLICES WITH LOW DENOMINATOR
SLICES WITH LOW DENOMINATOR
SLICES WITH L.OW DENOMINATOR

SLICES WITH
00 82.99

LOW DENCMINATOR

SLICES WITH LOW DENOMINATOR

SLICES WITH LOW DENOMINATOR
SLICES WITH LOW DENOMINATOR
SLICES WITH LOW DENOMINATOR

SLICES WITH
00 82.99

LOW DENOMINATOR

SLICES WITH LOW DENOMINATOR

SLICES WITH LOW DENOMINATOR
SLICES WITH LOW DENOMINATOR

SLICES WITH LOW DENOMINATOR
00 52,99

72

1, 2,
SOLUTION DID NOT CONVERGE

1, 2,

1! 2!
SOLUTION DID NOT CONVERGE

36,42,
36,42,
36,

36,42,

36,42,
SOLUTION PID NOT CONVERGE

2,
2,

1, 2,
SOLUTION DID NOT CONVERGE

38,
38,
38,

38,
SOLUTION DID NOT CONVERGE

SLICES WITH LOW DENOMINATOR - 39,

.00
00

40.99
46.99

SLICES WITH
.00 46.99

LOW DENOMINATOR

SOLUTION DID NOT CONVERGE
CIRCLE DOES NOT INTERSECT SLOPE

9,10,11,12,13,
SOLUTION DID NOT CONVERGE



ITERATION 3 SLICES WITH LOW

88.50
28.50

104.
134.

ITERATION 8
ITERATION 9
ITERATION 10
ITERATION 11
ITERATION 12
88.50 134.
28.50 164
58.50 164.
88.50 164.
51.00 126.
ITERATION 9
ITERATION 11
ITERATION 13
ITERATION 14
ITERATION 15
66.00 126.
51.00 134.
ITERATION 3

ITERATION 4
66.00 141,

ITERATION 3
ITERATION 4
ITERATION 5
ITERATION 6

ITERATION 8
58.5G  129.

ITERATION 3

ITERATION

T R

ITERATION

TOTY R T WY [

50 46.99

DENOMINATOR

73

~ 13,14,15,1s6,

00  46.99 SOLUTION DID NOT CONVERGE

00  46.99 SOLUTION DID NOT CONVERGE
SLICES WITH LOW DENOMINATOR - 1,

SLICES WITH LOW DENOMINATOR - 1,

SLICES WITH LOW DENOMINATOR - 1, 2,

SLICES WITH LOW DENOMINATOR - 1, 2,

SLICES WITH LOW DENOMINATOR — 1, 2,

00  46.99 SOLUTION DID NOT CONVERGE

.00  46.99 CIRCLE DOES NOT INTERSECT SLOPE
00  46.99 CIRCLE DOES NOT INTERSECT SLOPE
00  46.99 CIRCLE DOES NOT INTERSECT SLOPE
50  46.99 SOLUTION DID NOT CONVERGE
SLICES WITH LOW DENOMINATOR - 1,

SLICES WITH LOW DENOMINATOR ~ 1, 2,

SLICES WITH LOW DENOMINATOR - 1, 2,

SLICES WITH LOW DENOMINATOR — 1, 2, 3, 4,

SLICES WITH LOW DENOMINATOR — 1, 2, 4,

50  46.99 SOLUTION DID NOT CONVERGE

00  46.99 SOLUTION DID NOT CONVERGE
SILICES WITH LOW DENOMINATOR — 25,

SLICES WITH LOW DENOMINATOR - 25,

50  46.99 SOLUTION DID NOT CONVERGE
SLICES WITH LOW DENOMINATOR - 49,

SLICES WITH LOW DENOMINATOR — 49,

SLICES WITH LOW DENOMINATOR — 49,

SLICES WITH LOW DENOMINATOR — 49,

SLICES WITH LOW DENOMINATOR — 49,

SOLUTION DID NOT CONVERGE

SLICES WITH LOW DENOMINATOR — 38,
SLICES WITH LOW DENOMINATOR - 38,

SLICES WITH LOW DENOMINATOR - 38,

O TR0 1ITPTT TN PORTOTYOTRmAT, . 0
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1

ITERATION
ITERATION
ITERATION
ITERATION

ITERATION

57.00 132.50

ITERATION
ITERATION

ITERATION

8 SLICES WITH LOW DENOMINATOR - 1,

9 SLICES WITH LOW DENOMINATOR -
10 SLICES WITH LOW DENOMINATOR -
11 SLICES WITH LCW DENCMINATOR -

12 SLICES WITH LOW DENCMINATOR -
46.99

1, 2, 3,

1, 2, 3, 4, 5,
L, 2,3,4,7,

1, 2,3, 4,5,

SOLUTION DID NOT

3 SLICES WITH LOW DENOMINATOR - 42,

5 SLICES WITH LOW DENOMINATOR - 42,

7 SLICES WITH LOW DENOMINATOR - 42,

*x%x%x CAUTION —~ F COULD NOT BE COMPUTED FOR SOME OF GRID POINTS ARCUND MINIMUM

BARRAGEM ANGICOS - TALUDE DE JUSANTE
**%x4x%x CRITICAL CIRCLE INFORMATION ****%

X COORDINATE OF CENTER
Y COCRDINATE OF CENTER

RADIUS — - = — — = — = — — = = = = ~
SAFETY — ~ — — - — — ~ — —
SIDE FORCE INCLINATION (DEGREES) - -

FACTOR OF

SECONDS REQUIRED TO LOCATE CIRCLE

S L

LEFT
CENTER
RIGHT

42.01

1 42.95
43.89

2 44,22
44 .55

3 45.51
46.47

4 46.76
47.05

b 48.02
49.00

6 49.50
50.00

7 50.99
51 Q7

[¥] eV ¥

53.96

1 ¢C

Y

LEFT
CENTER
RIGHT

90.00
89.67
89.34
89.23
89.13
88.85
88.58
83.50
88.43
88.20
87.98
87.88
87.79
87.63
f7 AT
Qf.Jd

87.23

i

WEIGHT
(TF/M)

12,

20.

L4,

N

F O

REGIME DE OPERACAC - EST. 27 -V

58.50

134.00

46.99

1.942
~15.34
0.000
R M

A

COHESION FRICTION PORE
{TF/M2)

0.00
0.00
0.00
0.00
0.00
0.00

0.00

ANGLE

{DEGS)

28.00
28.00
28.00
28.00
28.00
28.00
28.00

6 .Uy

= o O

NN = =

.33
.1
.15
.50

.12

LYy

*BOUNDARY FORCES*
PRESSURE* AT SURFACE *
(TF/M) FXRAKRARKAKKIRXKKK

* FORCE-LOCATION*

*
—
=
=1
S

oM N N Mo N N W NNk % N RN

o O

o O O O o O

X %
*
*
0.00*

X

0.00*
*

0.00*
x

0.00*
*

0.00*
*

0.00*
*

0.00*
*

0.00*
*

100N83




9 54,96 87.15 28. 0.00 28.00 3.38 0. 0.00%
55.95 87.08 * *

10 56.95 87.05 32. 0.00 28.00 3.70 =* 0. 0.00*
57.95 87.01 * *

11 58.23 87.01 9. 0.00 28.00 3.87 = 0. 0.00*
58.50 87.01 * *

12 59.50 87.03 36. 0.00 28.00 398 * 0. 0.00*
60.50 87.05 * *

13 61.50 87.12 39, 0.00 28.00 4.11 = 0. 0.00*
62.50 87.18 * *

14 63.49 87.29 42, 0.00 28.00 4,15 =* 0. 0.00*
64.48 87.39 * *

15 64.52 87.40 1. 0.00 28.00 4,15 = 0. 0.00*
64.55 87.40 * *

16 65.54 87.55 42. 0.00 28.00 4.11 0. 0.00*
66.53 87.70 * *

17 66.54 87.70 0. 0.00 28.00 4.06 * 0. 0.00%
66.55 87.70 * *

18 67.53 87.90 42. 0.00 28.00 3.98 = 0. 0.00*
68.51 88.09 x *

19 69.48 88.32 43. 0.00 28.00 3.76 = 0. 0.00*
70.46 88.56 * *

20 71.42 88.83 44. 0.00 28.00 3.46 0. 0.00*
72.38 89.11 * *

21 73.33 89.42 44. 0.00 28.00 3.07 0. 0.00*
74.28 89.74 * *

22 74.64 89.87 17. 0.00 28.00 2.76 * 0. 0.00*
74.99 90.00 * *

23 75.92 90.37 44, 0.00 30.00 2.40 = 0. 0.00%
76.85 90.74 * *

S L I C E I N FP O R M A T I 0O N

NO. X Y WEIGHT COHESION FRICTION PORE *BOUNDARY FORCES*
(TF/M) (TF/M2) ANGLE PRESSURE* AT SURFACE *
LEFT LEFT ( DEGS) (TF /H) AAKRERKERRKRAKI KKK
CENTER CENTER * PORCE-LOCATION*

RIGHT RIGHT * {TF) X *

* x*

76.85 90.74 * *
24 77.15 90.87 14. 0.00 30.00 2.03 * 0 0.00*
77.45 91.00 * *

25 78.36 91.42 42. 4.58 28.30 1.61 * 0 0.00*
79.26 91.85 * *

26 80.15 92.31 41. 4,58 28.30 0.91 =* 0 0.00*
81.04 92.77 * *
27 81.63 93.10 27. 4,58 28.30 0.27 * 0. 0.00%
82.23 93.44 * *

28 83.08 93.97 38. 4.58 28.30 0.00 * 0 0.00*
83.94 94,49 * *
29 84.76 95.05 35. 4.58 28.30 0.00 =* 0 0.00*
85.59 95.61 * *

30 86.40 96.20 32. 4.58 28.30 0.00 =* 0 0.00*
87.20 96.79 * *

_ e - [ [V I (VR VIV

88.76 93.05 * *
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32 89.51 98.71 26. 4.58 28.30 0.00 * 0. 0
90.26 99.37 *
33 90.98  100.06 23. 4.58 28.30 0.00 * 0. 0
91.71  100.75 *
34 92.40  101.47 20. 4.58 28.30 0.00 * 0. 0
93.09  102.20 *
35 93.45  102.59 g. 4.58  28.30 0.00 * 9. ©
93.80  102.98 *
36 94.44  103.75 14, 4.58 28.30 0.00 * 0 0
95.09  104.51 *
37 95.44  104.97 6. 4.58 28.30 0.00 * 0. 0
95.80  105.42 *
38 95.80  105.42 0. 4.58 28.30 0.00 * 0. 0
95.81  105.43 *
39 95.81  105.43 0. 0.00 30.00 0.00 * 0. 0
95.81  105.43 *
40 96.31  106.10 6. 0.00 30.00 0.00 * 0. O
96.80  106.78 x
41 96.81  106.78 0. 0.00 30.00 0.00 * 0. 0
96.81  106.79 *
42 96.81  106.79 0. 0.00 30.00 0.00 * 0. 0
96.81  106.79 *
43 96.82  106.80 0. 4.58 28.30 0.00 x 0. 0
96.82  106.80 *
44 97.38  107.63 3. 4.58 28.30 0.00 * 0. ©
97.94  108.46 *
45 98.08  108.68 0. 4.58 28.30 0.00 * 0. 0
98.22  108.90 *
1
ITERATION INFORMATION
ITER F THETA DELF DELT FORCE INBAL MOMENT INBAL
(RADIANS DEGREES) (RADIAN)  (T.) (T.M)
1 1.9416 -0.26766 -15.336
0.0000 0.00000 0. 0.
1 S OLUTTION I NF ORMAMATTION

FACTOR OF SAFETY = 1.942 ( 1 ITERATIONS)

SIDE FORCE INCLINATION =-15.34 DEGREES

SLICE XAVG NORMAL SHEAR * LINE OF THRUST * E-FORCE

N ndeWwNREO

STRESS STRESS *AXAXXkXkXXXXAXXXKKKXKKAXIXX*XX  (T)
(TF/M2) (TF/M2) * *
* X YT(TOT) FRACTION *
* *
* 42.0 90.0 0.0000 =* 0.
42.9 1. 0. * 43.9 89.9 0.8909 * 1.
44.2 2. 0. * 44.5 89.8 0.7412 = 1.
45.5 4, 1. = 46.5 89.5 0.4018 = 5.
46.8 6. 1. = 47.0 89.4 0.3647 =* 6.
LRI o o 2 + AC N o0 9 n 2148 13
49.2 iU, £, * LIVRY) by.L U.dUzl # 1/.
51.0 12. 3. * 52.0 89.1 0.2898 = 26,

nonos

.00*
.00*
.00*
.00*
.00x
.00*
.00*
.00*
.00*
.00*
.00*
.00*
.00*

. 00*



10
11
12
13
14
15
i6
17
18
i9
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

53.0 14. 3. *
55.0 16. 3. =
57.0 17. 4, *
58.2 18. 4, =
59.5 19, 4, *
61.5 20. 4, *
63.5 21, 5. %
64.5 22. 5. *
65.5 21. 5. %
66.5 21. 5 =
67.5 21. 5. =*
69.5 21. 5. *
71.4 21. 5. =
73.3 21. 5. =%
74.6 21. 5. *
75.9 21. 5. *
77.2 20. 5. «x
78.4 19. 7. =%
80.1 19. 7. *
81.6 18. 7. %
83.1 17. 7. *
84.8 16. 7. *
86.4 14, 6. *
88.0 13. 6. *
89.5 11. 6. *
9.0 10. 5. %
92.4 8. 5. %
93.4 7. 4. =*
94.4 5. 4. *
95.4 4, 3. =
95.8 4, 4., *
95.8 2. 1. =
96.3 3. 1. %
96.8 3. 1. =
96.8 1. 0. =
96.8 1 3. *

E 0OL UTTION

FACTOR OF SAFRTY = 1.942 {

54.0
56.0
58.0
58.5
60.5
62.5
64.5
64.6
66.5
66.6
68.5
70.5
72.4
74.3
75.0
76.9

-~
~1
"3

79.

o 00 2]
IRE]X
N NO

O \O O O WO [¥ed

00 0 00 00 00 00 1= 00 1= = Lo 00

WO WO O
N

96.8

89.1
89.2
89.3
89.4
89.6
89.9
90.3
90.3
90.7
90.7
91.2
91.8
92.4
93.1
93.4
94,2
94.4
95.1
95.8
96.4
97.2
98.0
98.9
99.8
100.7
101.5
102.1
102.0
89.1
119.5
119.5
119.2
107.7
107.7
107.7
107.7

I NF ORM

1 ITERATIONS)

SIDE FORCE INCLINATION =-15.34 DEGREES

)

h

0

o
O*N‘****&-*‘&*31-*)t-#**ﬂ-***ﬂ-***************

SLICE XAVG NORMAL SHEAR * LINE OF THRUST *

YT{TOT) FRACTION *

108.6
108.9

0.4168
0.0000

*
*
*

STRESS STRESS AXAXAAXARKEXKKAKKAAERRKRA kX k kK%
(TF/M2) (TF/M2) =
* X
*
97.4 0. 2, * 97.9
98.1 -1. 2. * 98.2
SEARCH COMPLETED Fl = 1.941588

THETAL =

77

45.

E-FORCE

-15.335624
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BARRAGEM ANGICOS
ANALISE: REBATXAMENTO' RAPIDO TALUDE MONTANTE

PROGRAM SSTABL - CODED BY S. G. WRIGHT
CODED NOVEMBER, 1970

NUMEER OF SOIL PPOFILES ANALYZED = 1
BARRAGEM ANGICOS - EST.27 - TALUDE DE MONTANTE -~ REBAIXAMENTO RAPIDO

PROFILE LINE NO 1 MATERIAL TYPE 1

COORDINATES ***%x X Y
0.00 50.00
44.55 90.00
47.05 91.00
64.55 98.00
66.55 98.00
93.80 108.90
99.80 108,90
103.85 107.28
127.05 98.00
151.05 90.00

PROFILE LINE NO. 2 MATERIAL TYPE 2

COCRDINATES ***%% X Y
44.55 90.00
47.05 91.00
95.80 91.00
95.81 107.28
96.81 107.28
96.82 90.00

PROFILE LINE NO. 3 MATERIAL TYPE 3

COORDINATES ***x* X Y
0.00 90.00
96.80 90.00
100.15 87.00
119.15 87.00
122.50 90.00
190.00 90.00

PROFILE LINE NO. 4 MATERIAL TYPE 4

COORDINATES *¥**%% X Y
0.00 87.00
190.00 87.00
FRYL VLN SURRY FPr Y R S VR S T ol A d drhei kA md A © pawotaaasenad iy KAPLLO

n0no87



MATERIAL DATA - TYPE 1

COHESION (UNDRAINED STRENGTH) -  ISOTROPIC

c C/2 REF. HT.

J 4.58 0 G0 0 Co

PHI - - - - =--=- - - - - - - 28.30 DEGREES
UNIT WEIGHT - - - - - - - - - 2.07 TF/M3

PORE PRESSURES INTERPCLATED FROM PORE PRESSURE DATA

MATERIAL DATA - TYPE 2

COHESION (UNDRAINED STRENGTH) -  ISOTROPIC

c c/Z REF HT.

0. 0.00 0.00 0.00

PHI - - - - - = = = ~ ~ - - - 30.00 DEGREES
UNIT WEIGHT -~ ~ - ~ - = = = -~ 2.00 TF/M3

PORE PRESSURES DETERMINED FROM PIEZOMETRIC LINE

UNIT WEIGHT OF WATER - - - ~  1.00 TF/M3
MATERIAL DATA - TYPE 3
COHESION (UNDRAINED STRENGTH) -  ISOTROPIC
C C/Z  REF. HT.
0. 0.00  0.00 0.00
PHI - - = = - = = = = = - — - 28.00 DEGREES
UNIT WRIGHT - — - - — — — — ~ 2.00 TF/M3

PORE PRESSURES DETERMINED FROM PIEZOMETRIC LINE

UNIT WEBIGHT OF WATER - - - - 1.00 TF/M3
BARRAGEM ANGICOS -~ EST.27 - TALUDE DE MONTANTE

79

- REBAIXAMENTO RAPIDO
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MATERIAL DATA - TVYPE 4
COHESION (UNDRAINED STRENGTH) -  ISOTROPIC
c c/Z REF. HT.
6. 30 00 0 GO 0.00
PHI - - - - = = = = = = = = = 45,00 DEGREES
UNIT WEIGHT -~ - - = = - - - ~ 2.50 TF/M3
PORE PRESSURE ~ ~ ~ - — - — — 0.00 TF/M2

BARRAGEM ANGICOS - EST.27 - TALUDE DE MONTANTE - REBAIXAMENTO RAPIDO

PORE PRESSURE INTERPOLATION DATA

X Y U OR R(U) MATERIAL TYPE
1 1060.00 105.00 0.00 1
2 105.00 105.00 1.00 1
3 100.00 160.00 1.50 1
4 105.00 100.00 3.00 1
5 110.00 100.00 3.00 1
6 100.00 65.00 4.00 1
7 105 00 95.00 4.50 1
8 110.00 95.00 4.50 1
9 115.00 35.00 4,30 1
10 120.00 95.00 4.00 1
11 125 00 85.00 3.00 1
12 130.00 95.00 1.50 1
13 105.00 90.10 9.50 1
14 110.00 90.10 9.50 1
15 115.00 90.10 8.50 1
16 120.00 90.10 7.50 1
17 125.00 90.10 6.60 1
18 130.00 90.10 6.60 1
15 135.00 90.10 6.70 1
20 145.00 90.10 6.80 1

BARRAGEM ANGICOS - EST.27 - TALUDE DE MONTANTE - REBAIXAMENTO RAPIDO

PIEZOMETRIC ELEVATION DATA - NPIEZ = 5

X Y

0.00 90.00

96.80 90.00
100.00 90.00
130.05 90.00
190.00 90.00

U W
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Bl

1 SLOPE(S) ANALYZED FOR SOIL PROFILE TITLED -
BARRAGEM ANGICOS -~ EST.27 - TALUDE DE MONTANTE - REBAIXAMENTQO RAPIDO

KEEP1 = 0 KEEPZ2 = 0 KEEP3 = O

T AT NTIOT AR MY T
g f=11 p_—

——— T - —rr

BARRAGEM ANGICOS - TALUDE DE MCNTANTE REBAIXAMENTO RAPIDO - EST 27

SLOPE POINTS X Y
0.00 90.00
44.55 90.00
47.05 91.00
64.55 98.00
66.55 98.00
93.80 108.90
99.80 108.90
103.85 107.28
127.05 98.00
151.05 90.00
190.60 90.00

1 SHEAR SURFACE(S) OR SEARCH(ES) CONSIDERED
BARRAGEM ANGICOS — TALUDE DE MONTANTE — REBAIXAMENTO RAPIDO - EST. 27

*x%% INITIAL SEARCH INFORMATION ***

X COORDINATE FOR CENTER OF FIRST GRID ~ - - = = - - - - - 125.00 M
Y COORDINATE FOR CENTER OF FIRST GRID - - - = = = - - = - 140.00 M
ALL CIRCLES TANGENT TO A ROCKLINE AT ELEVATION, Y - - - - 87.01 M

OVERALL CRITICAL CIRCLE LOCATED

NO CIRCLE ALLOWED TO PASS BELOW ELEVATION, ¥ - - - - - ~ 87.00 M
REQUIRED ACCURACY IN CRITICAL CENTER LOCATION - - - - - - 1.50 M
TIME LIMIT - - - = = = = = = = = — = = — — = = = = = = = 120.00 SECS.
CONSTANT ARC LENGTH SPECIFIED AS - - — — = = — = = = — - 0.00 M
ASSUMED DEPTH OF TENSION CRACK - - - -~ -~ = - - = = - = — 0.00 M

NNN0go




ASSUMED DEPTH OF WATER IN TENSION CRACK
UNIT WEIGHT CF WATER
INITIAL ASSUMED VALUE FOR FACTOR OF SAFETY
INITIAL ASSUMED VALUE FOR SIDE FORCE INCLINATION
ITERATION LIMIT

ALLOWED FORCE INBALANCE SPECIFIED

ALLOWED MOMENT INBALANCE

ITERATION 3

ITERATION 4
ITERATION 5
ITERATION 6

ITERATION 7
95.00 110.

ITERATION 2
125.00 110.

ITERATION 4
ITERATION 9

ITERATION 10
95.00 140,

ITERATION 3
ITERATION 4
ITERATION 5
155.00  140.

95.00 170.
ITERATION 3
ITERATION 4
ITERATION 5
ITERATION 7

8
170.

ITERATION
125.00

SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH

SLICES WITH
00 22,99

SLICES WITH
00 22.99

SLICES WITH
SLICES WITH

SLICES WITH
00 52.99

SLICES WITH
SLICES WITH
SLICES WITH
60 52.99
00 82.99
SLICES WITH
SLICES WITH
SLICES WITH
SLICES WITH

SLICES WITH
00 82.99

SPECIFIED

LOW
LOW
LOoW
LOW

LOW

LOW

LOW
LOW

LOW

LOW
LOW

LOW

LOW
LOW
LOW
LOw

LOW

DENCMINATOR
DENOMINATOR
DENOMINATOR
DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR
DENOMINATOR

DENOMINATOR

DENOMINATOR
DENOMINATOR

DENOMINATOR

DENOMINATOR
DENOMINATOR
DENOMINATOR
DENOMINATOR

DENOMINATOR

82

1.00
1.50

- == - 20 00

20

0.04

[2)]
-~
=]

¢ 8
7, 8,

5,6, 7,8, 9,
SOLUTION DID NOT CONVERGE

- 31,
SOLUTION DID NOT CONVERGE

16,
- 16,

16,
SOLUTION DID NOT CONVERGE

- 32,
- 28,29,30,31,32,
~ 26,27,28,29,30,31,

SOLUTION DID NOT CONVERGE
SOLUTION DID NOT CONVERGE

51,52,53,
13,
13,

13,

- 13,
SOLUTION DID NOT CONVERGE

0.00 M

TF/M3

DEGREES

TF

0.01 TF-M

i g e memare s
4 e omieer araekand ol ULV

FOR GRID IS NOT OPTIMUM

— RESET BY PROGRAM
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185.00  140.
185.00 170.
ITERATION 5

ITFPRATION 14
ITERATION 15
ITERATION 16
125.00 200
185.00
125.00
185.00

ITERATION 3
155.00

ITERATION 3

155.00
140.00

ITERATION 3

ITERATION 4
140.00

ITERATICN 3
138.50 153

ITERATION 3

ITERATION 4
138.50

ITERATION 3
138.50

ITERATION 3

144.50

ITERATION 3

ITERATION 4

ITERATION 5

ITERATION ©

200.
230.
230.

207.

185,
162.

155.

162.

149,

155.

00 52.99
0o 82.99
SLICES WITH

SLICES WITH
SLICES WITH
SLICES WITH
00 112.9%8
00 112.99
00 142,99
00 142.99

SLICES WITH
50 120.49

SLICES WITH

00 97.99
50 75.49

SLICES WITH

SLICES WITH
00 67.99

SLICES WITH
50 66 49

SLICES WITH

SLICES WITH
50 75.49

SLICES WITH
00 61 99

SLICES WITH

00 67.99

SLICES WITH

SLICES WITH

SLICES WITH

SLICES WITH

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

LOW

DENOMINATOR

DENOMTNATOR

DENCMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

DENOMINATOR

83

CIRCLE DOES NOT INTERSECT SLOPE
CIRCLE DOES NOT INTERSECT SLOPE

- 55,
- 19,
- 19,

- 19,

SOLUTION DID NOT CONVERGE
CIRCLE DOES NOT INTERSECT SLOPE
SOLUTION DID NOT CONVERGE
CIRCLE DOES NOT INTERSECT SLOPE

- 7

r
SOLUTION DID NOT CONVERGE

- 8

SOLGTION DID NOT CONVERGE
CENTER OF CIRCLE IS QUTSIDE OF
GRID - CIRCLE REJECTED - GRID

RELOCATION INITIATED

- 9’

-9

SOLGTION DID NOT CONVERGE

- 7

SOLUTION DID NOT CONVERGE

- 8,

- 8

SOLUTION DID NOT CONVERGE

- 6

SOLUTICN DID NOT CONVERGE

- 6

!
SOLUTION DID NOT CONVERGE

82,83,

82,83,

]

64,65,66,67,68,69,70,71,72,73,
64,65,66,67,68,69,70,71,72,73,
63,64,65,66,67,68,69,70,71,82,

62,63,64,65,66,67,68,69,70,71,

nannaz




NO.

84

ITERATION 7 SLICES WITH LOW DENOMINATOR - 62,63,64,65,66,

111 50 119.00 61.93 SOLUTION DID NOT CCNVERGE

141 50 119.00 61.99 CIRCLE DOES NOT INTERSECT SLOPE
171 50  119.00 51.99 CIRCLE DOES NOT INTERSECT SLOPE
171 30 149.GC 61.99 CIRCLE DOES NOT INTERSECT SLOPE
111 33 173 &3 i 9% CIRCTE DCES NOT INTERSECT SLOFZ
141.53 179 00 &1 99 CIRCLE DOES NOT INTERSECT SLOPE
171 22 179 00 52 99 CIRCLE DOES NOT INTERSECT SLOPH
ITERATION 3 SLICES WITH LOW DENOMINATOR - 11,

134 00 149 Q0 61.99 SOLUTION DID NOT CCNVERGE
149.00 156.50 61.99 CIRCLE DOES NOT INTERSECT SLOPE
ITERATION 10 SLICES WITH LOW DENOMINATOR - 6,

ITERATION 11 SLICES WITH LOW DENOMINATOR - 6,

146.00  144.50 61.99 SOLUTION DID NOT CONVERGE
ITERATION 3 SLICES WITH LOW DENOMINATOR - 7,

137.00 149.00 61.99 SOLUTION DID NOT CONVERGE
ITERATION 3 SLICES WITH LOW DENOMINATOR - 7,

ITERATION 4 SLICES WITH LOW DENOMINATOR - 7,

137.00 153 50 61.99 SOLUTION DID NOT CONVERGE
ITERATION 3 SLICES WITH LOW DENOMINATCR - 9,

BARRAGEM ANGICOS — TALUDE DE

*%%%% CRITICAL CIRCLE INFORMATION #**%%%

X COORDINATE OF CENTER
Y COORDINATE OF CENTER
RADIUS
FACTOR OF SAFETY
SIDE FORCE INCLINATICN (DEGREES) - -
SECONDS REQUIRED TO LOCATE CIRCLE -

S L I C E I N F 0
X ¥ WEIGHT CCHESION
(TF/M) (TF/M2)
LEFT LEFT
CENTER CENTER

RIGHT RIGHT
94,23 108.90

i 94.89 108.15 2. 4.58
95.54 107.40

27 as /7 107 2R 1 A R]
Y. PRV,

3 95.80 107.11 0. 4,58
95.81 107.11

MONTANTE -

REBAIXAMENTO RAPIDO - EST. 27

141.50

149.00

61 99
1 885
14.83
0.000

FRICTION PORE *BOUNDARY FORCES*
ANGLE PRESSURE* AT SURFACE *
(DEGS) (TF/M) ***KKERIKKKKKIKXX

* FORCE-LOCATION*
* (TF) X *
* *
* *
28.30 0.00 * 0. 0.00*
* *
PR 0 0.0n = 0. 0.00*
28.30 0.00 * 0. 0.00*
* *
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96.

98.

10

99.

11

99.

12

100.

13

100.

14
101
15

103,

16

103.

17
105
18
107
19

108.

20

110.

21

112.

22

114.

23

115.

NO.

95.

81
96
g9

96,

81

95.

4
L

96.

82

g7.

23

98.

68

99.

80

99.

00

100.

15

100.
.66
102.

21

103.

85

104.

46

106.

10

107.

79

109,

50

111.

25

113.

03

114.

83

LEFT
CENTER
RIGHT

115.

24

117.

83

ile.

67

119.15
120.09

26

106.

104.

96

103.

74

103.

90

102.

07

102.

91
101
44
100
53

99.

65

98.

28
97
94

96.

64

95.

37

94.

14
93
93

92.

107

11
106.

.05
106.

(g2

106.

04

106.

03

105.

61

103.

24

103.

13

103.

95

102.

82

102.
.51
100.

25

100.

75

99.

56

98.
.43
96.

35

95.

32

94,

35

93.
.43
93.

57

LEFT
CENTER
RIGHT

92.

75

91.

91

57

92.

77

.18

11
58

05

04
32
92
18
04

16
88
00
16
00
89
83
83
89
00

17

90.83

20.

22

10.

26.

28

30.

32

34,

36.

37

WEIGHT
(TF/M)

38.

39.

0.00

0 00

=3

58

.58

>

.58

4.58
4 58
4.58
4.58
4.58
4.58
4.58
4.58

4.58

COHESION
(TF/M2)

4.58

4.58

28.

28.

28.
28.

28

28

28.
28.
28.
28.
28.
28.

FRICTION

.00

.00

00

30
30
30
30
30
30
30
30
30
30
30
30

ANGLE

(DEGS)

28.

28.

30

30

0.C0
0 00

0.00
J3.00
0.09
0.48
0.56
0.65
1.08
1.93
2 56
316
3.60

3.93

4.66

¥oX O H N N O OF O X X N % ¥ A O % N S N N N N N X X N W o ¥ N N O % N ¥ % F ¥

85

o o O

PORE *BOUNDARY FORCES*
PRESSURE* AT SURFACE *

(TF/M) *xkxkkrkkrxxkrhkhx

* FORCE-LOCATION*

* (TF)

L I

6.53

*

6.96

X *
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130.

132.

36

134.

37

135.

38

137.

39

139.

40
141
41

143.

42

145,

43

147,

44

149.

45

151.

46

153.

NO.

.03

121

.43
122.

49

122.

30

123.
.41

125.
.34

126

.05
128.

.00
129.

131.

02

133,

00

135.

99
136
99

138.

98
140

142.

50

144.

50

i46.

49

148.

48

150.

05

152.

02

LEFT
CENTER
RIGHT

153.

154.

48

156.

P P

02

98

155.

92

75
49
50
46
38
70
03
53
04
01
00
99

98

.74

50
50
49
48
26
04

85

90.49
90.24 30
90 00
90.00 0
a0 €0
89 99 0
89 99
85.70 39.
89.41
89.15 38
88.89
88.80 14.
88.72
88.50 37.
88.28
88.18 1s.
88.08
87.91 35.
87.74
87.60 34,
87.47
87 36 33
87.20
87 18 31
87.11
87.07 28.
87.03
87.02 20.
87 01
87.03 24,
87.04
87.09 21
87.14
87.22 17.
87.30
87.41 14.
87.53
87.64 8
87.75
87.92 8.
88.09
C E I
Y WEIGHT
(TF/M)
LEFT
CENTER
RIGHT
88.09
88.49
88.73 5.
88.96

A S - A — -

4.58
G 00
G.CO
G.00
0.00
0.00
J Q0
G.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
¢ 00
0.00

COHESION FRICTION

(TF/M2)

0.00

28.
28.
28,
28.
28.
28.

28

28.

28.
28.

28

28.
28.
28.
28.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

ANGLE

(DEGS)

28.00

0.30
0 85
1.20
1.50
1.82
2.09
2.40
2.64
2.82
2.93
2.98
2 97
2.91
2.78
2.59
2.36

2.08

PORE

1.27

86

*
* 0.
* 0
*
* 0.
*x
* 0.
*
* 0.
*
* 0.
*
* 0.
*
* 0
*
* 0.
X
* 0.
*
* 0.
* 0.
*
* 0.
*
* 0.
*
* 0.
*
* 0.
*
* 0.
*
* 0.
*
* 0.
*
* 0.
*
I 0

0.00*
0.00%
0.00*
0.00=
0.00*
0.00*
0.00*
0.00+
0.00*
0.00*
.00*
. Q0*
.G0*
.60*

[« = N o o

00=

L]

.00*
0.00%
o

.00*

(]

.00*
0.00*

*BOUNDARY FORCES*
PRESSURE* AT SURFACE *
(TF/M) **xxxhxK*hXIEX*EK

* FORCE-LOCATION*

* (TF)
*
*

*
*
*

0.

X




49

157.89

158.85

50

159.69

160.52

89.22

89.49

89.74

90.00

ITERATION INFORMATION

ey

THETA
(RADIANS DEGREES)

1 1 8847 0.25880

14.828

3.
1.

DELF

0.00

0.00

2

2

DELT

8.00

8.00

0.78

0.26

* 4 A

87

0.

0.

0.00*

0.00*

FORCE INBAL MOMENT INBAL

(RADIAN)

ITERATION 1 SLICES WITH LOW DENOMINATOR -

141.50

SLICE
NO.

WRIJAhwnd WO

XAVG

94,
95.
95,
95.
96.
96.
96.
96.
97.
99.
99.
99.
100.
100.
102.
103.
104.
106.
107.
109.
111.
113.
114.

11¢

lic.

120.

s oL UTTI ON

149.00

NORMAL SHEAR

STRESS
(TF/M2)

OW--I~\1OhE=NOdWRE PO

FACTOR OF SAFETY = 1.885 (

7,

(T.)

(T.M)

0.

0.0000 0.00000 0.
61.99 SOLUTION DID NOT CONVERGE
PROBLEM ABORTED
I N F ORMATTI ON
1 ITERATIONS)
SIDE FORCE INCLINATION = 14.83 DEGREES
* LINE OF THRUST * E-FORCE
STRESS  **kxkkxikxkkkkhkkkkkkxxkkkxkkx (T)
(TF/M2) * *
* X YT(TOT) FRACTION *
* *

* 94.2 108.9 0.0000 * 0.
2. % 95.5 108.0 (0.3840 * ~4.
3. % 85.8 107.8 0.4019 * -4.
3. * 95.8 107.8 0.4023 * -4,
0. = 95.8 107.8 0.4026 = -4,
i, x 96.8 109.1 1.0000 =* =2.
1. * 96.8 109.1 1.0000 =* -2.
8. * 96.8 109.0 1.0000 * -2.
3 * 96.8 109.0 1.0000 =* -2,
4, * 98.2 109.7 1.0000 = -1.
4 * 99,7 95.4 0.0000 =* 1.
4, * 99.8 97.1 0.0000 =* 1.
4. x 100.0 98.8 0.0000 =* 2.
4, * 100.2 99.5 0.0000 =x 2.
5., * 101.7 101.0 0.0000 * 6.
5. * 103.2 100.6 0.0539 * 11.
5. * 103.8 100.4 0.0830 =* 13.
5. =* 105.5 99.6 0.1336 =* 19,
5. * 107.1 98.9 0.1678 * 26.
5. * 108.8 88.1 0.1936 * 32.
5. * 110.5 97.3 0.2144 * 38.
6. * 112.2 96.6 0.2317 =* 43.
6. * 114.0 95.8 0.2456 * 48,
6. * 115.8 95.1 0.2577 * 53.
£ * 117 7 Q4 5 0 7697 % R7.
v, - i1iv.c Hia, U U.2/oa ~ Y,
6, * 121.0 93.4 0.2900 * 61.

e DORMRIOWIOh OO0 00w do-dw
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27  121.8 18. 6. *  122.5 92.9  0.2997 *
28  122.5 18. 6. *  122.5 92.9 0.2998 *
29  122.5 18. 5. % 1225 92.9 0.2998 *
30 123.5 18. 5 x 124 4 92.4 0 3087 *
31 125.4 18. 5. * 126 3 91.9 0.3179 *
22 126 7 18 5. * 127 1 91,7 0 3213 *
33 123.0 18. 5. *  129.0 91.2 0.3266 *
3¢  129.5 18. 5 * 1301 91.0 0 3297 =
35 131.0 18. 4 *  132.0 90.6 0.3360 *
3  133.0 17. 4. * 1340 90.3 0.3434 *
7 135.0 17. 4 *  136.0 90.0 0 3526 *
38  137.0 16. 4, *  138.0 89.7 0.3643 *
39 139.0 15. 3 *x  140.0 89.6 0.3798 *
40  140.7 14. 3. % 141.5 89.5 0 3954 *
41 142.5 13. 3+  143.5 89.4 0.4236 *
42 144.5 11. 2. *  145.5 89.3 0.4656 *
43 146.5 10. 2. *x  147.5 89.4 0.5310 x
S 0L UTTION I NF ORMATTIO
FACTOR OF SAFETY = 1.885 ( 1 ITERATIONS)
SIDE FORCE INCLINATION = 14.83 DEGREES
SLICE XAVG NORMAL SHEAR * LINE OF THRUST %
NO. STRESS STRESS  HkdkkkkkrkkxkkXkkkAxkhkdkxkkhrk*
(TF/M2) (TF/M2)  *
* X YT(TOT) FRACTION *
* *
44  148.5 8. 1 * 1495 89.4 0.6357 x
45  150.3 6. 1 *  151.1 89.5 0.7616 *
46  152.0 5. 1. *  153.0 89.5 0.7313 *
47  154.0 4 1. *  155.0 89.6 0.7138 *
48  156.0 3. 0. *  156.9 89.7 0.7277 *
49  157.9 2. 0 *  158.9 90.0 0.9293 *
50  159.7 1. 0. * 160.5  121.0 0.0000 *
SEARCH COMPLETED F1 =  1.884739 THETAL =

St o wl v coalreaBRde ¥ o e o

62.
62.
62.
63.
63.
62.
61.
60.
57.
54.
50.

39,
35,

23,
18.

E-FORCE

(T)

13.

-
QO N IO

14.827871

nNNng7;
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91

. C/J/wa .z Fonga g: ﬁﬂﬂﬁm(ﬁmeﬂro (T}

_IMA MAXMAY - fo}y 29

2
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